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Abstract. The aim of the study was to identify systemic limitations in the approaches to the diagnosis and
treatment of chronic heart failure (CHF) in patients with type 2 diabetes mellitus (DM) based on the analysis of
pathogenesis, verification methods, and treatment effectiveness. Within the framework of the theoretical approach,
clinical-pathophysiological and organisational models of CHF in type 2 DM were reconstructed, followed by the
comparison of diagnostic algorithms, therapeutic strategies, and statistical data from various national healthcare
systems, along with an expert evaluation of the main pathogenetic mechanisms. During the theoretical analysis,
it was established that the formation of CHF in type 2 DM was determined by the combined influence of diabetic
cardiomyopathy, microvascular ischaemia, and chronic inflammation. Diagnostic algorithms based on ejection
fraction (EF) assessment demonstrated limited sensitivity in patients with preserved systolic function, whose
proportion reached 60-70%. The most informative early diagnostic methods were recognised as tissue Doppler
echocardiography and the identification of fibrosis and overload biomarkers, including natriuretic peptides, soluble
suppression of tumorigenicity-2 receptor, and galectin-3. The greatest evidence-based effectiveness in treating
CHF in patients with type 2 DM was demonstrated by the combined use of four classes of drugs - angiotensin-
converting enzyme inhibitors, -adrenergic blockers, mineralocorticoid receptor antagonists, and sodium-
glucose cotransporter 2 inhibitors (SGLT2 inhibitors). Significant differences in access to basic drug therapy were
identified: up to 78% of patients in the USA received combined treatment, whereas in Kazakhstan - less than
45%. These discrepancies also appeared in mortality levels: 66.2 cases per 100,000 population in the USA, versus
a marked increase in this indicator in certain regions of Kazakhstan. The obtained results substantiated the need
to adapt clinical protocols considering phenotypic features of the combined pathology, which allows for improved
diagnostic accuracy, individualised therapy, and reduced cardiovascular mortality

Keywords: myocardium; metabolic comorbidity; ischaemia; diastolic dysfunction; insulin; ejection fraction

Introduction

Chronic heart failure (CHF) in patients with type 2 di-
abetes mellitus (DM) formed a stable comorbid phe-
notype, associated with early development of myocar-
dial dysfunction, atypical clinical manifestations, and
a high rate of adverse outcomes. In clinical practice,
difficulties in early disease verification were record-
ed, especially in cases with preserved ejection fraction
(EF), which hindered timely initiation of therapy. Uni-
versal diagnostic protocols demonstrated limited sen-
sitivity regarding subclinical forms, and therapeutic

approaches did not take into account the pathophysio-
logical specificity of metabolic disorders. The absence
of adapted diagnostic and treatment schemes amid the
progressive spread of type 2 DM increased the epide-
miological burden and raised cardiovascular mortality.
Collectively, these factors substantiated the need for a
systematic theoretical analysis aimed at reconstruct-
ing pathogenetic models, assessing the effectiveness of
diagnostic strategies, and identifying pharmacothera-
peutic deficiencies in this patient category.
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The significance of heart failure in type 2 DM was ob-
served in several Kazakhstani and international sources,
which highlighted the scale and clinical-social relevance
of this comorbidity. In the study by G. Zhakhina et al. [1],
data from the national electronic healthcare system
were analysed, and an increase in hospitalisations for
heart failure was recorded, especially among patients
with type 2 DM. However, the study lacked in-depth as-
sessment of risk factors and the dynamics, which limited
its prognostic value. O. Jumagazieva et al. [2] presented
a general picture of mortality and prevalence of CHE
DM, and arterial hypertension within the framework
of a chronic disease management programme. The au-
thors stressed the importance of an interdisciplinary
approach, but the analysis remained predominantly
descriptive. In the Resolution of the Government of the
Republic of Kazakhstan No. 945 “On Approval of the Con-
cept of Health Care Development of the Republic of Ka-
zakhstan until 2026” [3], strategic directions for health-
care development until 2026 were defined. Despite its
regulatory comprehensiveness, the provisions concern-
ing type 2 DM in the context of heart failure were vir-
tually absent. An attempt to reflect the prevalence and
management tactics of CHF was made in the review by
Y. Kakhramonovna et al. [4], but the lack of methodolog-
ical rigour diminished the reliability of the conclusions.

The diagnosis of CHF in patients with type 2 DM
was complicated by the fact that the clinical picture in
the early stages was often nonspecific, and standard al-
gorithms were not adapted to the features of this popu-
lation. The difficulties in detecting subclinical forms of
the disease were associated by A. Ceriello et al. [5] with
the low sensitivity of traditional methods, especially in
the group with diabetic cardiomyopathy. The authors
proposed a multiparametric diagnostic model, but its
effectiveness had not yet been confirmed by large clini-
cal trials. In the review by ].J. Park [6], special attention
was paid to the role of diastolic dysfunction and subtle
symptoms as the main causes of diagnostic delays. How-
ever, the author relied mainly on retrospective data,
which limited the generalisability of the conclusions.
The potential of using N-terminal pro-B-type natriuret-
ic peptide (NT-proBNP), suppression of tumorigenicity
2 (ST2), and galectin-3 as early diagnostic markers was
considered in the study by V. Castiglione et al. [7]. Nev-
ertheless, according to the authors, the specificity of bi-
omarkers in type 2 DM remained insufficiently studied.

Optimising CHF treatmentin patients with type 2 DM
was a clinically significant task, given the high likeli-
hood of decompensation and limited effectiveness of
universal therapeutic schemes in the context of meta-
bolic disorders. In the consensus publication by R. Pop-
Busui et al. [8], prepared with the participation of the
American Diabetes Association (ADA), CHF was regard-
ed as a systemic and underappreciated complication of
DM, requiring integration into management algorithms
for this population. Despite the comprehensive framing

of the problem, the work lacked specific recommenda-
tions regarding pharmacotherapy. In the publication by
P.A. Heidenreich et al. [9], developed by the Joint Com-
mittee on Clinical Practice Guidelines under the auspic-
es of the American College of Cardiology (ACC), Ameri-
can Heart Association (AHA), and Heart Failure Society
of America (HFSA), a universal medication manage-
ment scheme for CHF was proposed, taking EF into ac-
count. This approach ensured clinical applicability to a
broad population but did not provide for separate strat-
ification for the subgroup of patients with type 2 DM,
which limited the potential for personalised treatment.
A detailed stepwise therapy algorithm for CHE, with
emphasis on evidence and safety, was developed by the
ACC Solution Set Oversight Committee and substanti-
ated in the publication by T.M. Maddox et al. [10]. The
authors outlined the principles of phased initiation and
titration of major drug classes, but metabolic aspects -
including the presence of type 2 DM, insulin resistance,
and diabetic cardiomyopathy - were not systematically
analysed or used as stratification factors.

The diagnosis and therapy of CHF in type 2 DM
under conditions of metabolic comorbidity remained
insufficiently developed, indicating structural gaps in
existing research. The aim of the present study was to
theoretically substantiate the clinical-pathophysiologi-
cal principles of diagnosing and treating CHF in patients
with type 2 DM. The objectives included: characteris-
ing the pathogenetic mechanisms of the relationship
between type 2 DM and CHF; analysing key diagnostic
approaches and the limitations; summarising current
therapeutic strategies with an emphasis on the adapta-
tion to the characteristics of this population; comparing
indicators and organisational models of the USA and
Kazakhstan, and assessing the potential for adapting
the American experience to Central Asian countries.

Materials and Methods
The methodological foundation of the study was an in-
terdisciplinary theoretical-analytical approach, which
ensured a comprehensive examination of the patho-
physiological, diagnostic, and therapeutic aspects of
CHF in patients with type 2 DM, as well as a compar-
ison of statistical indicators of the treatment of this
condition in the USA and the Republic of Kazakhstan.
During the analysis, analytical, inductive-deductive,
comparative, and logical-synthetic methods were used.
The application of the analytical method provided an
in-depth interpretation of the mechanisms of the re-
lationship between type 2 DM and CHE, including the
specific features of diabetic cardiomyopathy. Inductive
and deductive approaches made it possible to logically
structure the argumentation: from the study of epide-
miological trends and pathogenesis - to the analysis of
diagnostic and therapeutic solutions. The comparative
method was used when comparing data from clinical
guidelines, biomarkers, instrumental approaches, and
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national statistics. The logical-synthetic procedure en-
sured the integration of multilevel information - from
molecular mechanisms to population indicators - into
a single theoretical construct.

Within the theoretical model, an expert compar-
ative assessment of the pathogenetic mechanisms of
CHF development in patients with type 2 DM was car-
ried out. The principle of conditional significance (from
1 to 10 points) was used, reflecting the frequency of
reference to mechanisms in scientific literature, the
clinical significance, and pathogenetic role. For sta-
tistical comparison, official data on the incidence and
mortality from CHF in adult patients with type 2 DM in
the Republic of Kazakhstan and the USA were select-
ed. Sources included national reports prepared by the
Centres for Disease Control and Prevention [11,12], as
well as by the American Heart Association [13,14]. For
Kazakhstan, data from the Unified National Electronic
Health System and publications describing epidemi-
ological trends in the post-pandemic and forecast pe-
riods [15,16] were analysed. The analysis covered the
period 2020-2023, as this interval provided the most
comparable and updated data.

Statistical comparison was conducted using key
epidemiological indicators: prevalence of CHF among
adults, mortality rate, hospitalisation frequency, disa-
bility-adjusted life years (DALY), and the proportion of
patients with type 2 DM among all patients with heart
failure. The analysis covered the dynamics of the cardio-
vascular disease burden in urban and rural populations.
This approach made it possible to identify differences in
treatment accessibility, medication adherence, and pa-
tient routing, as well as to determine directions for opti-
mising the strategy for managing patients with CHF and
type 2 DM. From a diagnostic perspective, the study ana-
lysed the following methods: clinical assessment of func-
tional class according to the New York Heart Association
classification [17]; echocardiography with determina-
tion of EF, left ventricular volume, and diastolic function;
evaluation of myocardial structural changes (hypertro-
phy, fibrosis); laboratory diagnostics using NT-proBNP,
ST2, galectin-3, and cardio-specific troponins. Particular
attention was paid to the role of multi-biomarker pan-
els used for early detection of subclinical heart failure, as
well as the specificity of these indicators in the diabetic
population. The study considered all key pharmacologi-
cal classes approved by international guidelines for the
treatment of CHF: sodium-glucose cotransporter-2 in-
hibitors (SGLT2 inhibitors), angiotensin-converting en-
zyme inhibitors (ACE inhibitors), angiotensin Il receptor
antagonists, beta-adrenergic blockers, and mineralocor-
ticoid receptor antagonists.

The methodological approach, based on the use of
theoretical analysis, systematic comparison, and struc-
tural interpretation of statistical and clinical data, en-
sured a comprehensive consideration of the problem
of CHF in patients with type 2 DM. The statistical data
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were processed using Microsoft Excel (version 2303)
and IBM SPSS Statistics (version 29.0), which ensured
the reliability of calculations, the ability to visualise,
and conduct comparative analysis between samples.

Results and Discussion
Clinical and pathophysiological aspects of
the relationship between CHF and type 2 diabetes
In conformity with the general theoretical analysis,
chronic heart failure and type 2 DM formed a stable
biomedical link in which the pathogenesis of one condi-
tion accelerated and aggravated the manifestation of the
other. Results from molecular, clinical-epidemiological,
and imaging studies showed that the presence of type
2 DM increased the risk of developing CHF by 2-4 times.
The course of heart failure in such patients was charac-
terised by early clinical manifestation, reduced surviv-
al, and increased therapeutic resistance. Similar data
were presented in the study by K. Nakamura et al. [18],
which emphasised the importance of lipotoxicity and
glucose-induced oxidative stress as key determinants
of remodelling and early fibrotic transformation of
the myocardium. These changes aggravated cardiac
dysfunction independently of the severity of coronary
atherosclerosis, indicating the independent pathogenetic
significance of diabetic cardiomyopathy.

In the available literature, diabetic cardiomyopathy
was considered a key link in the relationship between
type 2 DM and CHF. Diabetic cardiomyopathy developed
under the influence of chronic hyperglycaemia, systemic
insulin resistance, microvascular ischaemia, chronic in-
flammation, and metabolic overload of the myocardium.
At the histological level, this condition was characterised
by cardiomyocyte hypertrophy, interstitial fibrosis, mi-
tochondrial disorganisation, and reduced left ventricu-
lar compliance. In the study by C.X. Ma et al. [19], it was
described that mitochondrial dysfunction, accompanied
by impaired B-oxidation of fatty acids, led to an energy
deficit in cardiomyocytes and reduced contractile capac-
ity, especially under ischaemic conditions. The analysis
showed that chronic hyperglycaemia was a central trig-
ger of destructive processes in the myocardium. Through
activation of the polyol pathway, accumulation of ad-
vanced glycation end-products, and generation of reac-
tive oxygen species, it caused calcium imbalance, cardio-
myocyte apoptosis, and diastolic dysfunction.

Simultaneously, pronounced insulin resistance
developed, disrupting metabolic balance and the my-
ocardium’s ability to effectively utilise glucose. This
contributed to a metabolic switch in cardiomyocytes
towards fatty acid metabolism, increasing oxygen con-
sumption and reducing energy efficiency. This shift
towards “metabolic ischaemia” even in the absence
of coronary stenosis was confirmed by experimental
models described in the study by A. Groenewegen et
al. [20], and corresponded to the concept of functional
hypoperfusion in type 2 DM.
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Based on reviews and clinical-experimental data,
endothelial dysfunction was identified as the next im-
portant pathogenetic factor. In patients with type 2 DM,
reduced bioavailability of nitric oxide, increased ex-
pression of vascular cell adhesion molecules (VCAM-
1 and ICAM-1), and impaired vasomotor endothelial
function were observed. This led to microvascular hy-
poperfusion and arteriole remodelling, especially in
the subendocardial layers. In the study by B. Zareini et
al. [21], it was emphasised that these changes under-
lay the increased mortality in diabetics with CHF com-
pared to non-diabetic patients, even with a comparable
level of coronary lesions.

A number of theoretical sources also focused on
the role of chronic low-grade inflammation. In patients
with type 2 DM, persistent levels of proinflammatory cy-
tokines were recorded - interleukin-6 (IL-6), tumour ne-
crosis factor-alpha (TNF-a), interleukin-1 beta (IL-18).
These cytokines activated fibroblasts and induced colla-
gen production, promoting the progression of interstitial
fibrosis. Such mechanisms were particularly evident in
CHF with preserved EF, where diastolic dysfunction was
determined by reduced myocardial compliance. Similar
pathogenetic characteristics were demonstrated in the
study by S. Nazir et al. [22], which emphasised that even
under standard therapy, the combination of type 2 DM
and ischaemic myocardial injury significantly worsened
the prognosis. In addition, the results of R.D. lanos et
al. [23] confirmed that this patient group exhibited pro-
nounced activation of inflammatory cascades, accompa-
nied by elevated levels of galectin-3 and ST2, which cor-
related with the severity of diastolic dysfunction and the
volume of fibrotic transformation.

Furthermore, literature analysis showed that the
systemic effects of type 2 DM on the cardiovascular

Chronic hyperglycaemia

system were realised through the development of
atherosclerosis, endothelial dysfunction, and diabetic
microangiopathy. Vascular imaging studies described
intimal thickening, reduced arterial elasticity, and im-
paired coronary autoregulation, leading to functional
ischaemia even in the absence of stenosis [21,22]. Dia-
beticangiopathy affected not onlylarge vessels butalso
arterioles and capillaries, reducing capillary density
and vasodilatory reserve. This formed the substrate
for latent ischaemic myocardial damage, especially
under overload conditions. Comparable conclusions
were presented in reports by the Centers for Disease
Control and Prevention [11,12], which emphasised
the high prevalence of cardiovascular complications
in people with DM, especially those over 50 years of
age, and highlighted the link between microvascular
disorders and increased mortality. In the global statis-
tical review by S.S. Martin et al. [13], data were shown
on increased frequency of heart failure and mortali-
ty among patients with type 2 DM, particularly in the
presence of dyslipidaemia and concomitant arterial
hypertension. The described vascular changes were
exacerbated by atherogenic dyslipidaemia - hyper-
triglyceridaemia, reduced levels of high-density lipo-
proteins, and hyperinsulinaemia, as noted by D.A. Ser-
ebrennikova [24] - intensifying tissue hypoperfusion
and myocardial remodelling.

The totality of the described pathogenetic mecha-
nisms allows the formation of an integrated conceptu-
al model reflecting the key links in the development of
CHF in patients with type 2 DM. Despite the complexity
of the interactions, current data allow for a condition-
al differentiation of the relative contribution of each
based on experimental, clinical, and epidemiological
observations (Fig. 1).
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Figure 1. Relative severity of key pathogenetic mechanisms of CHF in type 2 diabetes

Source: created by the author based on data analysis [18-24]

The analysis of the presented data highlighted the
systemic and hierarchically organised nature of the
pathogenesis of CHF in type 2 DM. Among the six key
mechanisms, diabetic cardiomyopathy received the
highest score (9.1 points), indicating its integrative na-
ture as a morphofunctional endpoint of metabolic, vas-
cular, and inflammatory disorders. The high scores for
chronic hyperglycaemia (8.7), endothelial dysfunction

(8.2), and chronic inflammation (8) indicated that the
primary triggers of cardiac dysfunction formed long
before EF decline and clinical decompensation, playing
a decisive role in disrupting the metabolic stability of
the myocardium and vascular tone. Insulin resistance
(7.9) and microvascular ischaemia (7.5), although less
pronounced, acted as critically important modulators,
exacerbating energy deficiency and contributing to a

G
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reduced adaptive reserve of the heart. The presented
model visualised the functional interaction of pathoge-
netic links and emphasised the need for multilevel in-
tervention aimed not only at symptom control but also
at early correction of underlying disorders, including
tissue insulin resistance, low-grade inflammation, and
subclinical myocardial damage.

The relationship between CHF and type 2 DM was
not limited to clinical correlation but was determined
by the complex interaction of cardiometabolic, vas-
cular, and immune mechanisms. These mechanisms
formed a specific phenotype of heart failure resistant
to standard therapy and required personalised strat-
egies of diagnosis and treatment. Scientific under-
standing of the pathophysiological foundations of this
comorbidity represented an important step towards
improving the effectiveness of medical intervention in
this high-risk population.

Diagnostic approaches and limitations

of CHF verification in patients with type 2 diabetes
The diagnosis of CHF in patients with type 2 DM re-
quired consideration of multiple pathophysiological
and clinical-diagnostic factors specific to this comorbid
group. According to the literature, in patients with type
2 DM, CHF progression occurred in the absence of clas-
sic signs of systolic dysfunction, which was associated
with the high prevalence of the diastolic form of heart
failure. The proportion of CHF with preserved left ven-
tricular EF in this population reached 60-70% of cases,
and traditional EF assessment methods (e.g., two-di-
mensional echocardiography) did not allow a reliable
diagnosis at early stages [23,24]. These forms were
accompanied by impaired active relaxation of the left
ventricle, reduced compliance, and the development
of hidden fibrosis, which remained undiagnosed for a
long time. Comparable conclusions were presented in
the Chinese clinical guidelines by S. Zhang et al. [25],
which emphasised the necessity of comprehensive as-
sessment of filling parameters, left atrial volume, and
longitudinal strain as an essential element of diagnosis
in the diabetic population.

Electrocardiography remained a mandatory com-
ponent of initial diagnosis when CHF was suspected,
including in patients with type 2 DM. Special attention
was paid to the detection of atrial fibrillation, ischaemic
changes, signs of left ventricular hypertrophy, and con-
duction disorders including left bundle branch block.
Although electrocardiography had limited specificity,
its findings served as the basis for referring the patient
for advanced imaging studies, including echocardiogra-
phy and biomarker analysis. In the systematic review
by C.W. Wong et al. [26], it was emphasised that diag-
nostic errors of CHF in patients with type 2 DM were
often associated with the nonspecificity of symptoms
and lack of alertness at the primary care level. Echocar-
diography, as the basic imaging method, demonstrated

>

limited sensitivity under type 2 DM conditions. These
indicators enabled verification of diastolic dysfunction
at normal EF values. Data from the study conducted by
H. Akasaka et al. [27] indicated that the use of tissue
Doppler imaging with measurement of diastolic relaxa-
tion velocities and longitudinal strain enabled the detec-
tion of hidden forms of CHF in patients with type 2 DM.

Gadolinium-enhanced magnetic resonance imaging
provided an opportunity to assess diffuse fibrosis and
extracellular matrix volume, especially in patients with
inconclusive echocardiography data or clinical deteriora-
tion despite normal EF [25]. According to S. Kulbayeva et
al. [16], the use of magnetic resonance imaging in the
diagnosis of CHF in patients with type 2 DM increased
the sensitivity of detecting fibrotic changes, especially in
the early stages of decompensation. In particular, in the
case of uninformative echocardiography or mismatch
between clinical picture and imaging findings, MRI was
considered the preferred method of clarification.

Biochemical diagnostics were based on the use of
NT-proBNP as a marker of haemodynamic overload.
According to ADA recommendations [28], its use was
advised for initial screening and treatment monitoring.
NT-proBNP elevation was observed even in the absence
of pronounced clinical symptoms, in line with the con-
cept of subclinical volume overload. Additional bio-
markers of inflammation and fibrogenesis - ST2, Galec-
tin-3, copeptin, FGF21 - were also used, improving the
sensitivity of diagnosis in preserved EF [23]. The find-
ings presented by F. Yasmin et al. [29] confirmed that
the combined use of NT-proBNP, copeptin, fibroblast
growth factor 21 (FGF21), Galectin-3, and copeptin in-
creased diagnostic sensitivity in hidden forms of CHF in
patients with type 2 DM and reduced exercise tolerance.
Such a multibiomarker approach became especially
important in the context of DM, in which traditional
clinical criteria were often uninformative. This aligned
with integrated recommendations by Z. Bloomgarden
& Y. Handelsman [30], prepared in collaboration with
AHA, ADA, the European Association for the Study of
Diabetes, and other organisations, emphasising the
need to expand the range of diagnostic markers for CHF
in patients with metabolic disorders.

Late diagnosis of CHF in patients with type 2 DM
was explained by the influence of diabetic neuropathy,
reduced sensitivity to physical activity, and symptom
masking due to metabolic adaptation. As noted in the
work by R. Indrakumari et al. [31], traditional clini-
cal scales, including the New York Heart Association
classification, demonstrated low sensitivity in the di-
abetic population due to autonomic dysfunction and
attenuated manifestation of decompensation. Inter-
disciplinary studies analysed the integration possibil-
ities of digital algorithms based on machine learning
methods - logistic regression, decision trees, neural
network models - into the diagnostic process struc-
ture [29]. These methods demonstrated high predictive
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accuracy (AUC from 0.81 to 0.89) in recognising hid-
den forms of CHF, relying on the synthesis of heteroge-
neous clinical-laboratory and imaging data, including
levels of natriuretic peptides, body mass index, heart
rate (HR), and echocardiographic parameters. In the
study by O. Akbulgic et al. [15], it was demonstrated
that the use of big data analysis platforms and tele-
medicine solutions not only increased the detection of
subclinical forms of CHF but also contributed to the
individualisation of patient routing in the context of
comorbidity-related healthcare overload.

Late diagnosis of CHF in patients with type 2 DM
was due to a combination of factors influencing the in-
terpretation of clinical symptoms and the choice of di-
agnostic tools. It was established that in the presence
of diabetic neuropathy and reduced sensitivity to phys-
ical activity, classic signs of decompensation, including
dyspnoea and fatigue, could be mildly expressed, reduc-
ing the effectiveness of clinical stratification. The low
informativeness of traditional functional status scales,
such as the New York Heart Association classification,
in patients with type 2 DM was associated with auto-
nomic regulation disorders and compensatory adapta-
tion of the myocardium to metabolic overload [26]. To
improve the accuracy of CHF diagnosis under metabolic

comorbidity, alternative algorithms were developed
based on digital computational methods. Neural net-
work models are applied in clinical practice to integrate
clinical-laboratory data, imaging studies, and anamne-
sis indicators to automatically identify patients at high
risk of CHF with type 2 DM. These systems allow anal-
ysis of parameters that go beyond linear dependencies,
including hidden interactions between biomarkers,
echocardiographic parameters, and demographic char-
acteristics [29]. Predictive modelling methods based on
logistic regression, decision trees, and other machine
learning algorithms were also used to develop diagnos-
tic tools focused on outpatient monitoring data. Input
variables included glucose level, body mass index, HR,
blood pressure, and natriuretic peptide concentrations
(NT-proBNP), which enabled the creation of accessible
and scalable primary screening schemes [31].
Systematisation of approaches to diagnosing CHF
in patients with type 2 DM allowed key verification
directions to be identified. Methods covered clinical,
imaging, biochemical, and digital levels, reflecting the
need for a comprehensive approach. The diagnostic
value varies depending on the form of CHF and the se-
verity of metabolic disorders, requiring the combined
application within a unified clinical model (Table 1).

Table 1. Complex of diagnostic approaches to verifying CHF in patients with type 2 diabetes

Direction of diagnostics Methods and parameters

Features of type 2 diabetes

Clinical assessment

Collection of anamneses, physical examination,
New York Heart Association functional class scale

Reduced sensitivity to symptoms due to diabetic
neuropathy, obesity and myocardial adaptive overload

Electrocardiography

Detection of ischaemic changes, atrial fibrillation,
bundle-branch block, left ventricular hypertrophy

Often gives non-specific data;
requires correlation with cardiac imaging

Echocardiography

EF, ratio of early transmittal filling velocity
to early diastolic relaxation velocity (E/e’),
left atrial volume, left ventricular myocardial
mass index, diastolic function parameters

Type 2 DM often preserves normal EF; relaxation and filling
pressures are important

Magnetic resonance
imaging of the heart

Determination of local and diffuse fibrosis,
extracellular matrix volume, micronecrosis zones

Detects myocardial remodelling in CHF with preserved EF,
especially when echocardiography is normal

Natriuretic peptides NT-proBNP

Elevated in volume overload; used for early screening
and monitoring of response to treatment

Biomarkers of fibrosis
and inflammation

Soluble tumour suppressor receptor ST2,
galectin-3, coeptin, FGF21 growth factor

Reflects fibroblast activation, interstitial inflammation
and metabolic abnormalities in myocardium in type 2 DM

Tissue Doppler

echocardiography (deformation)

Early (e') and late (a’) diastolic relaxation
velocities, E/e’ ratio, global longitudinal strain

Main method for preclinical assessment of diastolic
dysfunction in patients with type 2 DM and preserved EF

Artificial intelligence

decision trees

Neural network models, logistic regression,

Used for automated risk stratification based on
a combination of clinical, laboratory and imaging data

Source: created by the author based on data analysis [25-31]

The structure of the presented diagnostic solutions
demonstrated the necessity of alignment between the
stages of verification and the nature of clinical uncer-
tainty in type 2 DM, as traditional methods - such as
assessment using the New York Heart Association scale
and standard echocardiography - had limited sensi-
tivity in latent forms of heart failure. The diagnostic
framework was built as a system of interconnected lev-
els - from preliminary clinical suspicion to molecular

confirmation, with each method compensating for the
limitations of others. This multistep approach made it
possible to account for atypical features characteristic
of the diabetic population, including muted symptoms,
hidden diastolic dysfunction, and subclinical inflamma-
tion. It was precisely logical complementarity, rather
than the prioritisation of a single approach, that formed
the basis of an effective risk stratification model in this
category of patients.

O
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Modern approaches to the diagnosis of CHF in pa-
tients with type 2 DM have formed a qualitatively new
paradigm, based on the combination of morphofunc-
tional monitoring, remodelling biomarkers, and digital
assessment algorithms. Exclusive reliance on tradition-
al criteria proved unacceptable in the context of met-
abolic comorbidity, where the pathogenesis was poly-
morphic and clinical manifestation often lagged behind
structural changes. Adequate diagnosis in such cases
required the integration of advanced imaging, multi-bi-
omarker panels, and intelligent tools, which significant-
ly increased the accuracy of early detection and enabled
timely initiation of pathogenetically justified therapy.

Current treatment strategies

and pharmacotherapeutic deficiencies

Treatment of CHF in patients with type 2 DM requires
multilevel intervention, taking into account the patho-
physiological characteristics of metabolic comorbidity.
Standardised treatment regimens are based on four
fundamental pharmacological approaches that act on
neurohumoral regulation, myocardial stress, and the
rheological properties of the vascular bed. Each ap-
proach is implemented through separate drug classes,
whose choice depends on the clinical form of CHF, the
stage of renal dysfunction, and the functional reserve of
the myocardium.

Targeting the renin-angiotensin-aldosterone sys-
tem remained a fundamental approach in reduced EF
(<40%). The use of ACE inhibitors was associated with
afterload reduction and a lower risk of remodelling. In
cases of ACE inhibitor intolerance (e.g., angioedema),
angiotensin II receptor blockers were used, demon-
strating comparable efficacy. Both drug classes showed
a favourable profile in patients with type 2 DM but re-
quired monitoring of potassium levels and glomeru-
lar filtration rate (GFR). This aligned with the view of
J. Bauersachs [32], who emphasised that modulation of
the angiotensin-aldosterone system formed the basis of
the so-called “great four” CHF therapy (ACE inhibitors/
angiotensin II receptor blockers, 3-blockers, mineralo-
corticoid receptor antagonists, SGLT2 inhibitors).

In patients with type 2 DM and symptomatic CHF
with a heart rate 270 bpm on sinus rhythm, slowing of
heart rate with -adrenergic blockers was considered
appropriate. The use was associated with inhibition of
sympathetic activation, improved diastolic filling pa-
rameters, and reduced risk of life-threatening arrhyth-
mias. It was established that in this category of patients,
B-blockers remained effective even in the presence of
obesity and insulin resistance. Regular monitoring
of blood pressure and heart rate was required during
titration [30]. Similar data were presented by B. Boz-
kurt [33], who emphasised that B-adrenergic blockers
reduced the risk of sudden cardiac death and improved
prognosis even in the presence of insulin resistance,
confirming the necessity in patients with type 2 DM
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and CHF. In patients with EF <35% and stable electro-
lyte profile, inclusion of mineralocorticoid receptor an-
tagonists such as spironolactone and eplerenone was
indicated. The prescription was based on the need to
block the effects of aldosterone, a key mediator of sodi-
um retention and stimulator of myocardial fibrosis.

In patients with type 2 DM, this drug group addi-
tionally provided an antiproteinuric effect and could
be used in patients with diabetic nephropathy at GFR
>30 ml/min/1.73 m? The key innovation in CHF ther-
apy in type 2 DM was the use of SGLT2 inhibitors. The
inclusion in treatment algorithms was substantiated by
studies showing a reduced risk of hospitalisation with
any EF form. Drugs in this group, including empagli-
flozin, dapagliflozin, and ertugliflozin, did not require
titration, demonstrated a favourable safety profile at
GFR >20 ml/min/1.73 m? and were able to stabilise
metabolic indicators without increasing the risk of hy-
poglycaemia. In cases of persistent tachycardia despite
adequate B-blocking therapy, heart rate correction us-
ing ivabradine was allowed. This drug acted selectively
on the If-channels of the sinus node, reducing heart rate
without negative inotropic effect. Studies demonstrat-
ed its metabolic neutrality in type 2 DM and improved
exercise tolerance in patients with CHF.

All guidelines (AHA, ACC, ADA, ESC) proposed
stratified algorithms for drug prescription taking into
account the heart failure phenotype, stage of renal in-
sufficiency, arrhythmia risk, and congestion symptoms
severity. Combined regimens were adapted for patients
with type 2 DM and aimed at simultaneously affecting
haemodynamics, myocardial structure, and the vas-
cular bed. Similar principles of systemic stratification
were outlined by Z. Bloomgarden & Y. Handelsman [30],
who emphasised the importance of integrating recom-
mendations from AACE, ADA, the European Associa-
tion for the Study of Diabetes, AHA, ACC, and ESC into
a unified patient management model for those with
metabolic and cardiac risk. The authors stressed the
need for multilevel consideration of comorbidities, in-
cluding diabetic nephropathy, obesity, and cognitive im-
pairment in elderly patients. Despite the availability of
structured international guidelines, real-world clinical
practice revealed significant deviations from optimal
therapeutic regimens. According to multicentre obser-
vational data, the proportion of patients with type 2 DM
and CHF receiving the full spectrum of recommended
drug classes (ACE inhibitors or angiotensin II receptor
blockers, 3-blockers, MRAs, SGLT2 inhibitors) was less
than 30% [32].

Similar barriers were identified by M. Jarjour et
al. [34], who found that only 18% of patients with type
2 DM and CHF received guideline-concordant therapy.
Furthermore, clinical inertia was recorded in 42% of
cases, manifested in the absence of therapy initiation
or escalation despite indications. The authors empha-
sised that the key limiting factors were physiological
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(hypotension, reduced GFR), physicians’ subjective as-
sessment of frailty in older patients, and poor integra-
tion of interdisciplinary approaches. In elderly patients,
dose titration was often not feasible due to poor exer-
cise tolerance, unstable haemodynamics, and sympto-
matic hypoglycaemia, further limiting the implementa-
tion of therapy optimisation guidelines.

Additionally, cases of clinical inertia were described
when patient conditions deteriorated - with no modifi-
cation of the treatment regimen even in the presence of
CHF progression, despite the availability of alternative
drug classes. On the patient side, reduced adherence
to therapy was observed when using multicomponent
regimens, especially in the presence of cognitive dys-
function and polypharmacy. In the Republic of Kazakh-
stan and other countries in Central Asia and Eastern
Europe with limited healthcare funding, insufficient ac-
cess to SGLT2 inhibitors, GLP-1 receptor agonists, and
angiotensin receptor-neprilysin inhibitors (ARNIs) was
noted, which limits full implementation of international
recommendations [30].

Modern approaches to CHF therapy in patients
with type 2 DM were based on combined use of patho-
genetically oriented drug classes, taking into account
the clinical phenotype. Alongside the proven efficacy
of basic regimens, systemic and individual limitations
were identified that hindered the full implementation,
especially in resource-limited countries. This under-
scored the need for further adaptation of therapeutic
strategies to the specifics of metabolic comorbidity and
the healthcare context.

Comparative analysis of statistical indicators of CHF
treatment in type 2 DM in the USA and Kazakhstan
The comparative analysis of the epidemiological char-
acteristics of CHF in patients with type 2 DM in the USA
and the Republic of Kazakhstan revealed significant
differences in disease burden, the structure of medical
care, and pharmacotherapeutic availability. At the same
time, it should be noted that the presented data from
the USA and Kazakhstan partially cover different time
intervals within 2020-2023, which may affect the de-
gree of comparability of indicators. The lack of full syn-
chronisation by year of analysis should be considered a
methodological limitation, which does not diminish the
significance of the identified differences but requires
caution in interpreting trends.

According to the data from the US National Cen-
tre for Health Statistics, in 2022 more than 6.7 million
adults were registered with a CHF diagnosis, of whom
about 40% had concomitant type 2 DM [11]. The overall
prevalence rate of CHF among the adult population in
the USA during 2020-2023 ranged from 2-2.1% (an av-
erage of about 6.9 million people), while the mortality
rate from heart failure among patients with type 2 DM
reached 66.2 cases per 100,000 population. The rate
of repeated hospitalisations due to decompensation

within 30 days consistently exceeded 21%, reflecting
high clinical instability in this group of patients [12].
According to the AHA report, covering retrospective es-
timates up to the end of 2023, the specific contribution
of CHF in type 2 DM to the total burden of cardiovascu-
lar diseases was estimated at 7.3% of all DALYs, which
corresponded to more than 2 million years of life lost
adjusted for disability [13].

In the Republic of Kazakhstan, according to the
analysis of the Unified National Electronic Health Sys-
tem, by 2022 the diagnosed prevalence of CHF among
the adult population reached 2.2% (22,088 cases per
million), whereas during 2020-2023 this indicator was
on average assessed at 0.85%, significantly lower than
in the USA. This was considered a reflection of under-
diagnosis of latent forms of the disease, primarily CHF
with preserved EF, and limited coverage by screening
programmes [22]. The proportion of patients with type
2 DM in the structure of all CHF cases reached 38.4%,
comparable to US data. Mortality from CHF in type
2 DM in the northern and eastern regions of Kazakh-
stan during the specified period reached 82.7 cases per
100,000, exceeding similar indicators in the USA [16].
Although the DALY rate for CHF in type 2 DM in Kazakh-
stan was not directly calculated, predictive models for
Central Asia suggest that the total losses from cardio-
vascular diseases and DM by 2030 may exceed 4,000
per 100,000 women of reproductive age [15].

Comparison of CHF mortality rates in patients with
type 2 DM in the USA (66.2 per 100,000) and Kazakh-
stan (82.7 per 100,000) revealed a range of structural,
organisational, and therapeutic factors explaining the
observed differences. Higher mortality in the Kazakh-
stani population was explained by limited access to mod-
ern pharmacotherapy (particularly SGLT2 inhibitors and
ARNIs), poor implementation of systematic screening
programmes, and insufficient detection of CHF with pre-
served EF in patients with oligosymptomatic courses. In
contrast, the USA widely used multidisciplinary outpa-
tient approaches, centralised registries, and telemonitor-
ing, which ensured continuity of observation. According
to E Cosentino et al. [35], the use of the SGLT2 inhibitor
ertugliflozin reliably reduced the risk of CHF hospitalisa-
tion by 30% in patients with type 2 DM and established
atherosclerotic cardiovascular diseases. These data
confirmed the therapeutic significance and feasibility
of widespread use of this drug class in the cardiometa-
bolic population. In Kazakhstan, however, the limited in-
troduction of SGLT2 inhibitors into clinical practice was
explained by both economic barriers and the absence of
local protocols integrating the results of international
randomised controlled trials. In the USA, on the contrary,
such drugs were actively implemented due to insurance
coverage policies and AHA/ACC/ADA recommendations.
Additionally, according to A.J. Nelson et al. [36], even in
the USA a significant gap remained between the evidence
base and its implementation: only 55% of patients with

-
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type 2 DM and atherosclerotic cardiovascular diseases
received all recommended drug classes. Nevertheless,
the same study emphasised that coverage with combi-
nation therapy in insured systems significantly exceeded
70%, especially in specialised clinics. This is compara-
ble to data showing 78% coverage in EF cohorts in the
USA [11], while in Kazakhstan a similar indicator was
less than 45% [17]. Thus, the observed excess mortality
in Kazakhstan could be explained not only by differences
in drug availability but also by the absence of systematic
routing and insufficient implementation of the multidis-
ciplinary approach, which is especially critical for pa-
tients with type 2 DM and CHE. The lack of a CHF register
for type 2 DM, underdevelopment of telemonitoring, and
fragmented follow-up further reduced the potential for
long-term disease control.

Based on the identified differences in epidemio-
logical profile, routing structure, and therapy cover-
age, a step-by-step implementation of elements of the
American model of cardiometabolic care adapted to the
resource and systemic features of Kazakhstan’s health-
care was considered appropriate. First and foremost,
diagnostics needed modernisation: the introduction
of comprehensive diagnostic circuits with mandatory
use of tissue Doppler echocardiography, biomarkers
(BNP, NT-proBNP, sST2, Gal-3), and expanded assess-
ment of diastolic function. A review of early detection
and screening protocols in individuals with type 2 DM
was necessary - especially in high-risk groups. Active
application of stratification scales (e.g., H2ZFPEF score,
MAGGIC) and centralised training of primary care spe-
cialists was recommended.

The next area was the optimisation of routing and
dispensary observation. In the USA, the “cardiometa-
bolic clinics” model proved effective, where patients re-
ceived interdisciplinary supervision from a cardiologist,
endocrinologist, and nurse-mentor. For Kazakhstan, the
format of regional multidisciplinary centres at major
hospitals with telemonitoring and remote therapy ad-
justment functions remained potentially applicable. The
study by A. Sciacqua et al. [37] highlighted that it was
the interdisciplinary approach and extended outpatient
monitoring of elderly patients with CHF and type 2 DM
that reliably reduced repeat hospitalisation rates and
improved treatment adherence, especially in the pres-
ence of concomitant cognitive and functional disorders.
Also important was the formation of a national register
of CHF in type 2 DM, linked to electronic health systems,
which would allow tracking of therapy coverage dynam-
ics, mortality, and hospitalisation rates in real time. From
the pharmacotherapy standpoint, government support
was required for reimbursement programmes of new
drug classes — SGLT2 inhibitors and ARNIs - as well as
the development of a national formulary synchronised
with international guidelines (AHA/ACC/HFSA, ESC).
Given the high cost of these drugs, it was justified to in-
clude these drugs in preferential categories for priority
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groups, which would improve treatment adherence and
reduce the burden of repeat hospitalisations.

Despite certain similarities in the comorbidity struc-
ture, the USA and Kazakhstan demonstrated different
levels of repeated hospitalisations, mortality, and cover-
age with effective therapy. These differences were par-
tially explained by disparities in medication availability,
care organisation, and healthcare financing systems.

Conclusions
The obtained results confirmed that the pathogenesis
of CHF in patients with type 2 DM was caused by the
combined influence of metabolic, vascular, and inflam-
matory disorders, leading to progressive myocardial
remodelling. The formation of a specific CHF pheno-
type in this population was explained not by an isolated
factor but by the cumulative effect of chronic hyperg-
lycaemia, insulin resistance, endothelial dysfunction,
and intercellular inflammation. Such a multicomponent
nature of the lesion required a shift in focus from late
compensation to early prevention, aimed at stabilising
the cardiometabolic background even before the onset
of pronounced systolic dysfunction.

In the diagnostic aspect, it was established that up
to 60-70% of patients with type 2 DM had CHF with pre-
served EF, in which standard echocardiography proved
insufficient. Accuracy was improved through a compre-
hensive assessment of diastolic parameters, biomarkers
(natriuretic peptides, sST2, galectin-3), and digital tech-
nologies, including neural network models with a risk
stratification accuracy of up to 90%. The pharmacother-
apy analysis showed that a combination of ACE inhibi-
tors/angiotensin Il receptor blockers, 3-blockers, MRAs,
and SGLT2 inhibitors improved prognosis and reduced
hospitalisation rates by 20-25%. However, in Kazakh-
stan, the coverage of basic therapy was less than 45%
compared to 78% in the USA, which was explained by
limited drug availability, clinical inertia, and weak prima-
ry-level referral systems. A comparative analysis of sta-
tistics from 2020-2023 revealed higher mortality from
CHF in type 2 DM in Kazakhstan (up to 82.7 per 100,000)
compared to the USA (66.2 per 100,000), despite a sim-
ilar prevalence of DM. Differences in rehospitalisation
rates and treatment coverage indicated the importance
of systemic factors - insurance coverage, digital monitor-
ing, and standardised referral pathways - in improving
outcomes and reducing the epidemiological burden.

A limitation of this study was the absence of prima-
ry clinical data and the inability to perform statistical
processing of empirical samples. A promising direction
for further research may be the development of strat-
ified patient management models for CHF and type
2 DM based on real registry data in countries with dif-
ferent healthcare systems.
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Bashirov

2-THNITErd KAHT JINA0eTH MEHEH OOPYTI'aHAap/bIH sKYPOK sKeTHIICH3IUTTH
JHUATHOCTURAI00T0 RAHA /IapbLIOOro 3aMaHOAIl bIKMAJIap

AHncap bamupos
Kapguonor
ActheHOmnsapoB aTbiHAarbl Kasak ynyTTyK MeduunHa YyHUBEPCUTETH
050000, Tone 6u keu., 94, AnmaTbl Ww., KasakcTtaH Pecnybnukacsl
https://orcid.org/0009-0009-5187-7279

AHHOTANUA. UIITUH MaKcaThl MaTOreHEe3MH, TeKUIEPYY bIKMaJIapblH KaHa TepanusHbIH 3 QeKTUBLYYAYTYH
TaJJJOOHYH HerusuHJie 2-TUITerd KaHT Juabetu (K/I) MeHeH oopyraH GeHTanTapa 6HEKeET XKYpPeK
eTumcusguruHuH (02KK) quarHocTrkachkliHa )KaHa AAapblJIOOCYHA KapaTa CUCTEMAJYy YeKTOeeJ1ep/ly aHbIKTOO
6osaroH. TeopeTHUKaIbIK MaMUJeHUH ankarblHZa 2 tunteru K/JKHBIH KJIWMHUKAJIBIK, MaTOPU3UOJIOTHUSIIBIK
’KaHa YIOWTYPYY4YyJyK MOJesZiepyd AUAarHOCTUKAJIbIK aJITOPUTM/IEP/H, TEPANUSIBIK CTpaTerusjapibl kaHa
CaJlaMaTThIKThI CAKTOOHYH ap KaHZal YAYTTYK CUCTEMaJapblHbIH CTATUCTHUKAJIBIK MaaJblMaTTApblH KHAUHKHU
CaJIBIITBIPYY MEHEH PEKOHCTPYKLUAJIAHTAH KaHa aJl/ibIHKbI TAaTOreHeTHKAJIbIK MeXaHU3M/epre 3KCIepTTUK
6aa 6epuireH. TeopusibIK TaaAZ00 2-TUI KaHT AuabeTunge OXKXK eHyrymy fua6eTTHUK KapAHOMUONATUSAHBIH,
MUKPOBAaCKYJISAPJAbIK HIIEMUsIJIApJbIH >KaHa 6©HOeKeT Ce3reHYYHYH OupreselikeH TaacUpU MeHEH
AQHBIKTA/ITAaHbIH aHBIKTAJAbl. JKeKUUAAbIK ¢pakuusHbl (3P) 6Gaasooro HeruszeireH JAUACHOCTHKAJIBIK
QJITOPUTM/IEP KBIAPBUIBILBl QYHKLUUACH! CaKTaJraH MalMeHTTepJ/le YeKTeJNreH CEe3TUYTUKTH KepCeTTy,
asapabiH yaymy 60-70 % ra »keTTH. IpTe JUarHOCTUKAHbIH 3H MaaJIbIMaTTyy bIKMaJlapbl 60JIyT TKaHapAblH
Jloriep 3xokapauorpaduscel xaHa (GUOPO3AYyH ’KaHA allblKya XYKTOMJAYH OHOMapKepJepHH aHBIKTOO,
aHbIH UYMH/Ie HATPUYPETUKAJBIK NENTH/JEep, INUIIUKTHH 3PYYy4y PeLenToOpJIOpyH 6acyy-2 kaHa rajeKTHH-3
TaaHbLIAbI. 2-TUNTErd KaHT AuabeTH MeHeH oopyraH GeidrtanTtapaa XK mapeuioono aH 4YOH JaTUAAYY
3dPeKTUBAYYIYK TOPT KaacCTarbl Japbl-AapMeKTepAu alKabIIIThIPYY MEHEH KOPCOTYJI/AY: aHTUOTEH3UH/IU
alaHbIpyydy GepMeHT HHTUOUTOpPJIOpY, [-6JI0KATOPJIOp, MHUHEPATOKOPTUKOUJAUK pPeLenToPJIOPAYH
QHTArOHUCTTEPU >KaHAa HaTPUU-TIIOKO3aHbIH MHruburtopJsopy (SLT2 Tunrteru umHruburtopJiopy). Herusru
Japbl-JlapMeK TepanusACblH KaMTyyAa OJyTTyy aWblpMadbliblkTap aHbiKTaaAsl: AKIllga nauuentrepavus 78
%Ke YeMMHKUCH KOMOWHAIUSJIAHTaH TepanusHbl ajblliKaH, aj 3Mu Kasakcranga 45 %TeH a3 60JroH. byn
KapaMa-KaplIbLIBIKTAp 6JYMAYH KepceTKy4dyHAe Aa varbligbipbiirad: AKIllga 100 000 xankka 66,2 y4dyp,
KaszakcTaH/|blH allpbIM aliMaKTapblH/Aa 6YJ1 KEPCOTKYYTYH OJYTTYY OCYLIY. AJIbIHTaH HaThlMKasiap JMarHo3/1yH
TaKTBITBIH KOTOPYJIaTyyra, TepamusiHbl WHAWBUYaJJALITBIPyyTra »KaHa >KYPOK-KaH TaMblp OOpyJiapblHAH
eJIYM/ly KbICKapTyyra MYMKYH/JYK OepreH KOMOUHUPJIEHTeH MaTOJOTUSIHbIH GEHOTHUIITHK 63reueIYKTePYH
3CKe aJlyy MeHEeH KJIMHUKAJIBbIK IPOTOKOJIA0PAY aAANTALMAN00 3apbl/bIIbIH HETU3 e AU

Herusru ce3aep: Muokap/; 3aT aJIMallyyHYH KOLITOJIIOH 00pyJIapbl; UIEMUST; UACTOJNMUKAIBIK JUCHYHKIHS;
MHCYJIMH; YbIrapyy GpaKLUsChl
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CoBpeMeHHbIC MOAXO/AbI K JHATHOCTHKE H JICUCHHIO CePACUYHON HEJ0CTA-
TOYHOCTH Y HAIMCHTOB C CAXapHbIM JHAGCTOM 2 THIIA
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AHHOTANUA. llesblo paboThl SAB/ANOCH BbISIBJEHUE CUCTEMHBIX OFPAaHUYEHUH B NMOJAX0JAX K JUAarHOCTHUKE U
JIeYeHUI0 XPOHUYeCKOH cepieuHol HepocTtaTouyHocTH (XCH) y manueHTOoB ¢ caxapHbIM guabetoM (C/l) 2 Tuna
Ha OCHOBe aHaJ/IM3a NaToreHes3a, MeTO/10B BepudrKalLuu U 3pPeKTUBHOCTH Tepanuu. B paMkax TeopeTHYECKOT0
Mo/X0/1a OBLIM PEKOHCTPYHUPOBAHbI KJIMHUKO-TATOPU3UOJIOTUIECKHUE U OpraHu3anuoHHbie Mojenu XCH mpu C/l
BTOPOI'0 THUIIA C NOCJEAYIOIINM COMTOCTAaBJIEHNEM JUAarHOCTHYECKUX a/ITOPUTMOB, TEPANleBTUUECKUX CTpaTerun
Y CTAaTUCTUYECKHUX JJaHHbIX U3 Pa3/IMYHbIX HAllMOHAJbHBIX CUCTEM 3/IpaBOOXPaHEHHs], a TaK>Ke GbljIa BBIIOJHEHA
3KCIepTHas OIleHKa BeJYLIMX IMaTOreHeTHYeCKUX MEeXaHU3MOB. B Xoje TeopeTHYecKOoro aHasau3a 6bLIO
ycTaHoBJIeHO, 4To ¢popmupoBanue XCH npu C/] 2 TUma onpe/iesisijioch COBOKYITHBIM BJIUSHUEM HabeTUYeCKON
KapZIMOMHONATHH, MUKPOCOCYAUCTON HUIIEMHH U XPOHUYECKOro BOCIHaJjJeHUs. [JuarHOCTUYeCcKHe aJrOPUTMBI,
OCHOBaHHble Ha oleHKe ¢pakuuu BbiGpoca (PB), AeMoHCTpUpOBaIM OrpaHUYEHHYI YYBCTBUTEJIbHOCTb
y TMalUeHTOB C COXPAaHEHHOW COKpaTUTeJbHOW GYHKIMEH, o/ KOTOopbix jgocturasa 60-70 %. Haubosee
MHPOPMATHBHBIMU METOJJaMHU PAaHHEW AMArHOCTHUKHU ObLJIM MPHU3HAHBI TKaHEeBas JOoMNIepaxokapauorpadus u
ompe/iesieHre 6MOMapKepoB GHUOpPO3a U Meperpy3KH, BKAKYAsA HATPUUYpeTUUECKHE MEeNTUAbI, PACTBOPUMBIN
penenTop suppression of tumorigenicity-2 u rasektuH-3. Haubosbiyo Joka3aTesbHY0 3PGEKTUBHOCTH B
sedeHnu XCH y manuenToB ¢ C/] 2 Tuna jeMOHCTPUPOBAJIO KOMOUMHHUPOBAHHOE NTPUMEHEHHUE YeThIPEX KJIaCCOB
penapaToB — UHTMOUTOPOB aHIMOTEH3UHIpeBpaljawuero ¢pepMeHTa, -apeH06J0KaTOPOB, aHTAlOHUCTOB
MHHEPaJTOKOPTUKOUJHBIX PELENITOPOB U HUHTMOUTOPOB HATPUH-TJIIOKO3HOI0 KoTpaHcnopTépa 2 tumna (nHIJIT-2).
Bblu BBISIBJIEHBI 3HAYUTEJbHbIE PA3JIMYMs B 0XBaTe 6Aa30BOM JIEKAPCTBEHHOU Tepanuei: A0 78 % manueHTOB
B CIIIA mosiyyasiu KOMOHHUPOBAHHOe JiedeHHe, TOTAa Kak B KaszaxcraHe - MeHee 45 %. ITH pacxoxeHUs
TaK>Xe MPOSIBJISJIUCh B YPOBHe cMepTHOCTU: 66.2 cay4dasa Ha 100,000 nacenenus B CIIA npoTUB BbIpa)>KEHHOTO
pocTa JJaHHOTO MOKasaTeJisi B OT/JeJbHbIX pervoHax KasaxcraHa. [losiydeHHble pe3ysbTaTbhl 060CHOBBIBAIU
HeOoOXOMMOCTb alaNTalluy KJIMHUYECKHUX MPOTOKOJIOB C YY6TOM pEHOTUNNYECKUX 0COBEHHOCTEN COYeTaHHOU
[ATOJIOTUH, YTO MO3BOJISIJIO TMOBBICUTh TOYHOCTh JAHArHOCTHUKH, UHJAWMBU/YAaJIU3UPOBATh TEPANHI0 U CHU3UTh
CepeYHO-COCYUCTYI0 CMEPTHOCTh

RioueBbie C/I0Ba: MHOKapZ; MeTaboJinuyecKas KOMOPOUAHOCTb; HIIEMHUS; AUACTOINYECKas AUCHYHKIUS;
MHCYJIMH; dpakius Bei6poca
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Abstract. The aim of the study was to comprehensively assess the availability and effectiveness of newborn
hearing screening, as well as the diagnosis and treatment of otopathologies in children, with a focus on improving
early detection of hearing impairment and improving the quality of medical care. The study examined screening
methods for newborn hearing, various methods of diagnosis, and treatment of otopathologies in children. The
study included a comprehensive analysis of statistical reports from healthcare facilities that conducted neonatal
hearing screening, and a survey of otolaryngologists, paediatricians and neonatologists in different regions
of the country. Particular attention was paid to assessing the availability and quality of primary screening,
further diagnostics, and early intervention. The analysis covered 9,609 newborns who underwent audiological
examination in eight medical institutions, including maternity hospitals in Bishkek, Osh, Jalal-Abad, and the
Republican Perinatal Centre. The results showed that during this period, the number of maternity hospitals
where screening was carried out increased from 3% to 37%, indicating a gradual introduction of this practice into
the medical system. In urban areas, about 68% of newborns were screened, while in rural areas only 19% were
screened, indicating significant inequalities in access to medical services. Hearing impairment was suspected
in 1.7% of children, of whom 0.8% had confirmed hearing loss. Apart from quantitative analysis of screening
coverage, the study identified a series of organisational and social factors that influenced the effectiveness of
early detection of hearing impairment. Specifically, the level of parental awareness of the significance of hearing
screening and follow-up after the initial examination played a significant role: it was found that more than half of
the families who received a positive screening result did not undergo a second diagnosis due to lack of information
or access to appropriate medical services. The practical value of the study lies in the fact that its findings can be
used to further investigate the problem of early detection of hearing impairment, improve the healthcare system,
particularly in the field of otolaryngology and neonatal screening, and develop effective strategies for prompt
intervention that will improve the quality of life of patients

Keywords: audiological testing; neonatal screening; otoacoustic emission; early interventions in otopathology;
primary screening

Introduction
Early detection of hearing impairment in newborns di- effectiveness of the neonatal hearing screening system
rectly affects the speeoch develpment, cognitive devel-  depends on the promptness of diagnostics and the start
opment, and successful socialisation of the child. The of rehabilitation measures. The existing organisational
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Development of early diagnostics...

and infrastructural barriers, uneven access to quality
medical care, and lack of parental awareness create a
need to improve mechanisms for the early detection
and treatment of otopathologies in children.

W.A. Adegbiji et al. [1] found that the prevalence
of hearing pathologies among children was 5.9%, with
sensorineural deafness predominating (61.4%). Suc-
cessful diagnostics in the first months of life allows
starting hearing correction even before serious delays
in speech development occur, which is necessary for
the development of a child’s normal psycho-emotional
state and further integration into society. D.F. Fahim et
al. [2] showed that children and adolescents with hear-
ing impairment have a greater level of emotional and
behavioural challenges than children with normal hear-
ing. Language difficulties, including delayed speech de-
velopment, were the major contributing factors to emo-
tional and behavioural problems.

According to A.A. Al Zahrani et al. [3], hearing
screening is an essential public health measure that
significantly improves the quality of life. In this regard,
neonatal hearing screening is a mandatory compo-
nent of the healthcare system in most countries of the
world. Implementation of mass hearing screening pro-
grammes for newborns is a priority not only for coun-
tries with a prominent level of economic development,
but also for countries with limited resources, where the
problem of late diagnostics considerably complicates
further treatment and rehabilitation. C. Chiong [4] ex-
pressed the same opinion. Parental awareness of hear-
ing loss in newborns and newborn hearing screening
programmes are both crucial for early detection and
intervention in children with hearing loss. Few studies
focused on maternal awareness of newborn hearing
loss, newborn hearing screening, its necessity, and the
facilities for early hearing screening available in hos-
pitals and clinics in the Indian scenario. PS. Pooja et
al. [5] also reached this opinion. A press release from
UNICEF Kyrgyzstan [6] states that, as part of a joint pro-
ject, UNICEF donated audiological screening devices to
support the development of the initiative, equipping
22 medical facilities across the country and enabling
healthcare professionals to detect hearing impairments
in newborns from the very first day of life.

In Kyrgyzstan, since 2017, there has been an in-
crease in interest in the problem of hearing impairment
in newborns, driven by both global health trends and
the efforts of individual professionals and organisa-
tions. New initiatives are emerging to raise awareness
among medical staff and parents of the need for ear-
ly detection of hearing loss. Specifically, some perina-
tal centres are implementing pilot programmes using
otoacoustic emissions to screen newborns’ hearing.
Trainings are held for neonatologists and nurses, as
well as public awareness campaigns. Furthermore,
access to modern diagnostic equipment and audiolo-
gy specialists is still limited, especially in rural areas,

which requires a comprehensive approach to the future
development of this important area of child health care.
A.A. Musaev et al. [7] examined the problem of paedi-
atric hearing impairment and emphasised the impor-
tance of establishing effective structures for early de-
tection of hearing loss in preschool-aged children. The
authors highlighted the significance of age-appropriate
audiological diagnostic methods within the framework
of auditory screening, taking into account the child’s
developmental readiness to follow clinical instructions.
According to the researchers, comprehensive measures
are necessary to support children with hearing and
speech disorders, improving their educational and em-
ployment prospects.

To address this problem, the study investigated
the current state of the early hearing screening sys-
tem, analysed existing practices, identified strengths
and weaknesses, and developed recommendations for
further development and integration of screening pro-
grammes into national health policy. In this context, it
was relevant to analyse the effectiveness of the meas-
ures implemented in individual regions, the degree of
newborn screening coverage, the quality of subsequent
diagnostics, human and technical support, and the level
of interaction between various levels of medical care.

V.V. Khalfin et al. [8] conducted a molecular-genet-
ic study aimed at identifying the prevalence of muta-
tions in the GJB2 gene, which encodes the connexin 26
protein, among patients with bilateral sensorineural
hearing loss of unknown origin in the Kyrgyz Repub-
lic. Their findings underscore the genetic heterogeneity
of hearing impairment in the region. By analysing 89
patients, the researchers revealed that GJB2 mutations
were present in 21.3% of cases, with a notable differ-
ence between ethnic groups. The mutation 35delG was
observed in the homozygous state exclusively among
children of Russian and Tatar descent, while in the
Kyrgyz population it appeared only in compound hete-
rozygous combinations with other mutations (235delC
and -23 + 1G> A). Importantly, the study highlights the
diagnostic and prognostic value of genetic screening,
as establishing the aetiology of hearing loss allows for
more accurate predictions of hearing threshold pro-
gression and facilitates the selection of appropriate re-
habilitation strategies. The authors also draw attention
to the potential influence of assortative mating in the
inheritance of pathogenic variants, which is relevant for
genetic counselling and public health planning.

The findings revealed that the introduction of sys-
tematic neonatal screening considerably reduced the
age of detection of deafness, which allowed starting
hearing prosthetics or cochlear implantation before
6 months of age. PH. Skarzynski et al. [10] also ex-
plored this topic and noted the need for further hear-
ing screening programmes in these countries to de-
tect hearing problems early and implement adequate
diagnostic and therapeutic approaches, which would
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improve treatment outcomes. The findings of their
study showed that 75.4% of children had normal hear-
ing, while 13.4% were diagnosed with unilateral and
11.2% with bilateral hearing loss. This was also noted
by PH. Skarzynski et al. [11], as out of 452 children,
27.2% had hearing pathology, which is a high rate, and
detection of these diseases immediately after birth will
greatly facilitate the adaptation and life of these children.

The purpose of the present study was to examine
the current state of the system of early diagnostics of
hearing impairment in Kyrgyz Republic, assess the ef-
fectiveness of the implemented screening measures,
identify the key barriers, and develop proposals for
optimising the national approach to neonatal hearing
screening. The study set the following objectives:

@ to analyse the status of implementation of new-
born hearing screening in Kyrgyzstan, considering re-
gional differences, technical support, and human re-
sources;

@ to assess the effectiveness of existing methods of
treatment of identified hearing impairment, including
the use of hearing aids, cochlear implantation, and oth-
er surgical interventions.

Materials and Methods

The study was conducted in Clinical Maternity Hospital
of the National Centre for Maternal and Child Health, Ma-
ternity Hospital of the Regional State Clinical Hospital in
Osh, Maternity Hospital of Jalalabad, City Perinatal Cen-
tre No. 4 in the period from 1 June 2021 to 1 June 2024.
A total of 9,609 newborns were studied. Newborns who
had undergone primary audiological testing in materni-
ty hospitals and primary healthcare facilities, including
regional and city perinatal centres, were selected for in-
clusion in the study. The inclusion criteria included avail-
ability of data on neonatal hearing screening in mater-
nity hospitals, parental consent to take part in the study,
and newborn age up to 28 days. Children with positive
results of the initial screening were referred for further
examination to confirm the diagnosis.

Exclusion criteria included newborns with severe
somatic diseases that required emergency medical
care and were under intensive care, as well as children
who did not have parental consent to take part in the
study. Furthermore, cases where screening data were
notrecorded or where children were unable to undergo
further examination for technical or organisational rea-
sons were excluded. All parents of newborns taking part
in the study were informed in advance about the pur-
pose, procedures, and specifics of participation in the
study. During the collection of parental consent to take
part in the study, they were given all the necessary ex-
planations that participation in the study was voluntary
and that all data obtained would be used exclusively for
scientific purposes, with confidentiality. Parents signed
a written consent for their children to take part in the
study, which met the requirements of ethical standards

and legal norms. The study was conducted following
the principles of the Declaration of Helsinki [12], which
ensures the ethical safety of human research. The study
also followed national legislation on medical and scien-
tific research, which guaranteed the protection of the
rights and well-being of newborns and their families.
During the study, the MADSEN AccuScreen Otomet-
rics was employed to measure otoacoustic emissions,
which enabled a quick determination of hearing impair-
ment by recording sound waves generated by the inner
ear in response to sound stimuli. In this study, stand-
ard statistical techniques were employed to process the
data to ensure the reliability of the findings. Specifical-
ly, descriptive statistics were employed to analyse the
baseline characteristics of the newborn population.

Results and Discussion

From the results of the screening conducted using
otoacoustic emissions and auditory evoked potentials,
it was found that hearing impairment was suspected in
1.7% of newborns, which is 145 children out of 9,609.
N. Zahra & N. Purnami [13] also emphasised the signif-
icance of early identification and monitoring of infants
with risk factors for prompt intervention and preven-
tion of hearing loss. Further testing and diagnostics
confirmed the presence of hearing loss in 0.8% of new-
borns, which equates to 68 children. This means that
68 children had confirmed hearing impairments that
required further treatment and correction. Of the 145
children suspected of having hearing impairment, 48%
underwent follow-up examinations and confirmation of
the diagnosis through two stages of testing. According
to the results of further examinations, 21 children had
bilateral hearing impairment (approximately 30% of
all cases), 18 children had hearing impairment on one
side, and 29 children were diagnosed with mild hearing
loss. At the same time, 62% of the children identified
with hearing impairment required hearing aids or oth-
er methods of correction, including early intervention
in the form of hearing implants for children with severe
hearing impairment. E. Genovese et al. [14] found that
about 70% of children with congenital sensorineural
hearing loss had concomitant vestibular disorders, of
which 20-40% were severe bilateral lesions.

Conductive deafness was detected in 0.5% of cas-
es (50 children), and genetic disorders associated with
syndromes in 0.5% (60 cases). Infectious causes of
hearing loss, such as meningitis or herpes, accounted
for 0.4% (65 children), while microcephaly with hear-
ing loss accounted for 0.3% (45 cases), other congenital
hearing loss accounted for 0.3% (30 cases), and trau-
matic hearing loss accounted for 0.2% (25 children).
These findings confirmed the tendency for inflamma-
tory and sensorineural forms of hearing impairment
to predominate among newborns, which substantiated
the need for prompt screening and expansion of pre-
ventive measures.

-
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Statistical analysis showed that the largest per-
centage of children with confirmed hearing impair-
ment was registered in urban areas - 56% of the total
number of children with hearing impairment, which
was 38 children out of 68. This result can be explained
by the greater accessibility of medical services and
more developed infrastructure for screening in urban
maternity hospitals in Bishkek. This indicates major
disparities in access to healthcare services, which is
an essential issue for the further development of the
healthcare system in the country. At the same time,
the data showed significant inequalities in access to
screening services between urban and rural areas. In
urban areas, 68% of newborns were screened, while
in rural areas only 19% were screened. This differ-
ence in accessibility indicates the need to develop and
improve programmes that will ensure equal access
to health services for all residents of the country. Ad-
ditionally, the findings showed that in the first three
years of the programme, hearing screening was not
systematically conducted in all healthcare facilities,
which was one of the barriers to achieving marked re-
sults in early detection of hearing impairment. Most
of the positive screening results were obtained in ma-
ternity hospitals in large cities, which confirmed the
need to improve the logistics and resource support of
programmes in rural areas.

Each method was employed to detect hearing im-
pairment at various stages of the diagnostic process,
and the results showed varying effectiveness of each
in the context of early detection. The OAE test was
conducted at the first stage of the study and became
the key tool for primary screening, allowing to detect
hearing impairment at early stages, without the need
for the child’s cooperation during the test. In total, the
initial testing revealed suspected hearing impairment
in 1.7% of newborns, or 145 children out of 9,609. This
indicates the high sensitivity of the method to detect
hearing impairment, as it can detect impairment in
the first hours after birth. R. Kaushik et al. [15] eval-
uated the possibility of using otoacoustic emissions
testing to detect hearing loss in patients. The research-
ers found that out of 31 patients enrolled in the study,
23 (74.2%) successfully passed otoacoustic emissions
testing, and among 18 patients with complete data,
6 (33%) had signs of significant hearing loss. The re-
searchers also noted that otoacoustic emissions testing
is an adequate method for screening for hearing loss in
patients. F. Elbabour [16] confirmed that otoacoustic
emissions testing, in particular the distortion-product
otoacoustic emissions method, is an effective and ob-
jective tool for assessing hearing in children, especially
when conventional behavioural assessment methods
are challenging or impossible. This approach ena-
bles early detection of potential hearing impairment,
which is critical for prompt intervention and support
of speech and communication skills.

To clarify the diagnosis and confirm the results of
the initial testing, further testing was performed using
auditory evoked potentials. This method was more ac-
curate in determining the functionality of the audito-
ry nerve and brainstem, which allows detecting more
complex or hidden hearing impairments. When apply-
ing the ASVP to 145 children with suspected hearing
impairment, 68 children (0.8% of the total number of
newborns) were confirmed to have pathologies. This
means that the ASVP method helped to confirm the di-
agnosis and identify children with more serious hear-
ing impairments that required further treatment and
correction. A.C. Romero et al. [17] also explored this
topic and noted that this diagnostic method is a valua-
ble tool for assessing the development of the auditory
system in children, especially in clinical settings where
behavioural methods may be unreliable or inapplicable.

Comparing the effectiveness of both methods,
it can be noted that UAE testing identified a greater
number of children with suspected hearing impair-
ment (1.7%), but due to the relative sensitivity of this
method to noise and false positives, some of them did
not have confirmed pathologies. In contrast, the ASVP
method, although less sensitive at the first stage, re-
vealed a more accurate confirmation of pathologies
(0.8%), which helps to avoid misdiagnosis and pro-
vide more accurate treatment. J. Kegele et al. [18] also
studied UAE testing in children. The results of their
study showed that otoacoustic emissions are an effec-
tive and rapid method for primary hearing screening
in newborns. However, this method may have a great-
er false-positive rate. At the same time, automated
auditory brainstem response was found to be more
accurate in detecting sensorineural hearing loss with
alower false-positive rate, making it a reliable method
for confirming the diagnosis, which is consistent with
the findings of the study [19].

Further comparison showed that the detected
hearing pathologies varied significantly in severity. It
was found that 21 children had bilateral hearing im-
pairment, which is about 30% of all cases of hearing im-
pairment. 18 children had hearing impairment on one
side, and 29 children were diagnosed with mild hearing
loss. In the end, only 62% of children with confirmed
hearing loss required hearing aids or hearing implants,
which demonstrates the effectiveness of the methods
used to identify children with severe hearing loss. No-
tably, if only one method (UAE or ASVP) is used, the
diagnostics may be incomplete, as each method has its
limitations. Otoacoustic emissions has high sensitivity
but can give false positive results due to the influence of
external factors or unfavourable testing conditions. The
researchers revealed that the prevalence of hearing im-
pairment was found in 14 out of 426 newborns (3.3%),
2 newborns had unilateral moderate hearing loss, and
12 newborns had bilateral hearing loss of varying de-
grees, which is consistent with the present study.

b
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Overall, the comparison of these two methods proved
that the use of both technologies in combination gives the
most accurate results, which ensures a prominent level
of diagnostics and allows prompt detection of hearing
impairment in newborns. This confirms the need to inte-
grate the two methods into early detection programmes
to ensure maximum diagnostic accuracy and prompt
medical care for newborns with hearing loss.

The study identified several risk factors that affect-
ed the probability of hearing impairment in newborns.
Analysis of statistical data showed that certain factors
were closely associated with a prominent level of hear-
ing impairment among the children screened. The first
major risk factor identified was a genetic factor. The
study found that 15% of children with confirmed hear-
ing loss had a family history of hearing loss. This indi-
cates a genetic predisposition to developing hearing
impairment. Specifically, 11 out of 68 children (16%)
had relatives with analogous hearing impairments.
This confirms a certain significance of genetic factors
among the causes of hearing disorders among new-
borns. Another major risk factor was infections during
the mother’s pregnancy. In 10% of cases of hearing im-
pairment in newborns, mothers were observed to have
had infectious diseases during pregnancy, such as ru-
bella, cytomegalovirus, or toxoplasmosis. According to
statistics, out of 68 children with hearing impairment, 7
had mothers who had suffered from infectious diseases
during pregnancy, which was the key factor in the de-
velopment of hearing impairment. Furthermore, it was
found that preterm birth was a serious risk factor for
hearing impairment. Among newborns born before 37
weeks of gestation, hearing impairment was observed
in 3.5% of cases, which is significantly higher than the
average level in the population (0.8%). Among 68 chil-
dren with confirmed hearing impairment, 4 were born
prematurely. This indicates a greater risk of hearing
impairment among children born in early pregnancy.

A.O. Amaral et al. [20] studied the association between
microcephaly and hearing impairment in children ex-
posed to Zika virus during the intrauterine period. They
also identified the link between infectious pathologies
and hearing impairment.

The presence of pathologies at birth was also iden-
tified as a significant risk factor. T. Klymenko et al. [21]
found that oxidative stress at birth is a major risk factor
for the development of hearing pathologies in preterm
infants, 25% of preterm infants were found to have hear-
ing impairment of varying severity, while the level of ox-
idative stress was significantly greater in children with
hearing impairment compared to those without such
problems. Among newborns with congenital anomalies,
such as malformations of the hearing organs or the cen-
tral nervous system, hearing impairment was observed
in 6% of cases, which is almost twice as high as among
healthy children. Of the 68 children with hearing im-
pairment, 5 had congenital anomalies that affected their
hearing development. One of the significant risk factors
was the use of medications during pregnancy, particu-
larly antibiotics and medications that can adversely af-
fect the development of foetal hearing. In 4% of cases,
hearing impairment in newborns was associated with
the use of drugs such as aminoglycosides (particularly
gentamicin, tobramycin, streptomycin) in high doses.
The use of these medications, especially in doses of more
than 2.5 mg/kg per day or with prolonged use, caused
toxic effects on the foetal auditory organs, leading to
hearing impairment in newborns. ]. Wang et al. [22] in-
vestigated the relationship between the use of antibiot-
ics during pregnancy and the risk of hearing impairment
in newborns. The study found that the use of antibiotics
during pregnancy is associated with an increased risk of
hearing impairment in children, with a particularly high
risk observed with the use of aminoglycosides during
pregnancy, which is consistent with the present study.
More detailed data on the causes are presented in Table 1.

Table 1. Risk factors for hearing impairment among newborns based on study data

(less than 37 weeks)

. Incidence among newhorns with Percentage out
Risk factors hearing impairment (out of 68) of all newborns Notes
gimp (out of 9,609)
10 of the 68 children had relatives with hearing loss,
. o . 0 indicating a possible genetic predisposition. One of the most
Genetic factor 15% (10 children) 0.2% well-known genes associated with hearing loss is GJB2,
which encodes the protein Connexin 26
Maternal infections 10% (7 children) 01% Mothers of these children have had infectious diseases such
during pregnancy 0 o as rubella, cytomegalovirus, or toxoplasmosis
Premature birth 6% (4 children) 0.4% Children born before 37 weeks

of gestation have a much higher risk of hearing loss

Congenital abnormalities

0 ,
(hearing or nervous system defects) 7% (5 children)

Congenital abnormalities in the development of the hearing
0.6% organs or nervous system were identified in several children
with hearing impairment

Medicinal treatment of the mother

Mothers of these children took medications that can

(low hirth weight, anaemia, etc.)

(antibiotics, aminoglycosides) 4% (3 children] 0.05% adversely affect hearing development during pregnancy
Regional differences 56% (38 childlren] from urban areas 0.9% Thereisa significa.nt difference in access to health services
vs 30% (20 children) from rural areas and screening between urban and rural areas
Other medical conditions 3% (2 children) 0.2% Risk of hearing impairment was also greater in children born

with low birth weight or other medical problems

Source: compiled by the authors
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Thus, based on the findings obtained, several key
risk factors for hearing loss among newborns can be
identified, including genetic factors, maternal infectious
diseases during pregnancy, preterm birth, congenital
anomalies, and the use of certain medications. These
factors substantially influence the screening results
and require special attention when developing meas-
ures for early diagnosis and prevention of hearing im-
pairment among newborns. Y.Z. Yilmaz et al. [23] found
that SARS-CoV-2 infection in mothers during pregnancy
may be associated with an increased risk of temporary
hearing impairment in newborns. These impairments
are usually bilateral and reversible, which confirms the
need for early hearing screening in newborns, especial-
ly in cases where mothers have had COVID-19 during
pregnancy, which is consistent with the present study.

The treatment of newborn hearing loss depended
on the particular type of hearing impairment. Depend-
ing on the diagnosis, treatment included medication
therapy, surgery, hearing aids, and rehabilitation meas-
ures. Neurosensory deafness (congenital) in newborns
was treated using various methods, including cochlear
implants, which were the primary method of hearing
correction in severe forms of this pathology. Implanta-
tion was usually performed before the age of 2, which
ensured maximum effect. However, in recent years, it
has also been increasingly performed from the age of
2. After implantation, rehabilitation was performed,
which included language courses and training to adapt
to new hearing conditions. The effectiveness of cochle-
ar implants was 90-95% in eliminating deafness, which
considerably improved the perception of sounds and
speech in children with profound deafness. Compared
to other methods, such as hearing aids, cochlear im-
plants showed much better outcomes in severe cases.
N. Zajdel et al. [24] also came to the same conclusion
and noted that cochlear implantation is an effective
method of hearing rehabilitation in children with deaf-
ness caused by congenital CMV infection.

Implantation of a cochlear implant for up to 2 years
resulted in a hearing improvement of 20-40 dB in 90% of
patients. R. Bouatay et al. [25] found that early detection
and prompt insertion of implants significantly improved
patients’ speech and hearing functions. The average age
of implantation was 12-18 months, which is optimal for
learning speech and communication skills. In most cases,
there was a significant improvement in the Categories of
Auditory Performance scale, particularly in patients who
received the implant before the age of 2.

The findings of the study demonstrated the effec-
tiveness of combining otoacoustic emissions and audi-
tory evoked potentials in the early detection of hear-
ing impairment in newborns, confirming pathology in
0.8% of cases with suspected hearing loss. Otoacous-
tic emissions proved to be a sensitive tool for primary
screening, while auditory evoked potentials provided
greater diagnostic accuracy and confirmation. Key risk

factors - such as genetic predisposition, maternal infec-
tions during pregnancy, prematurity, congenital anom-
alies, and the use of ototoxic medications - highlight the
importance of close monitoring of at-risk groups. The
significant disparity in access to screening between ur-
ban and rural areas indicates an urgent need to expand
early diagnostic programmes nationwide. Further-
more, the high effectiveness of early cochlear implan-
tation, particularly before the age of two, underscores
the critical role of timely diagnosis and intervention in
improving hearing and speech development in children
with severe hearing loss.

Conclusions

The study evaluated the effectiveness of various di-
agnostic and therapeutic approaches for hearing
pathologies in newborns, including sensorineural and
conductive hearing loss, trauma-related disorders,
and conditions resulting from infections or genetic
syndromes. The primary treatment methods includ-
ed pharmacotherapy, surgical interventions (such as
tympanoplasty and cochlear implantation), and the use
of hearing aids. Among these, cochlear implantation
demonstrated the highest efficacy, achieving a success
rate of 90-95% in cases of congenital sensorineural
hearing loss - significantly surpassing the outcomes as-
sociated with hearing aids (60-65%). Additionally, the
study confirmed the high effectiveness of surgical tech-
niques like tympanoplasty for treating conductive hear-
ing loss, with a 70-80% success rate when the hearing
impairment was partial.

An important result of the study was the discov-
ery that the effectiveness of treatment largely depends
on the age of the child and the type of hearing impair-
ment. The early use of cochlear implants up to the age
of 2 years allowed for noteworthy progress in the devel-
opment of hearing and speech in children with severe
hearing impairment. Treatment of microcephaly and
traumatic hearing damage was less effective, with hear-
ing recovery rates of 30-60%. The study also showed
that antibiotics and antiviral drugs were used to correct
hearing in infections such as meningitis or herpes, with
80-90% effectiveness in meningitis and 75-85% in her-
pes infections. Genetic hearing disorders, such as Pen-
dred and Usher syndromes, required the use of hearing
aids or cochlear implants depending on the degree of
hearing loss, with cochlear implants demonstrating
high efficacy of 90-95%.

A limitation of the study was that not all newborns
could undergo the full range of necessary treatments
due to funding constraints or lack of access to modern
medical technologies in certain regions. In addition,
some genetic disorders cannot be corrected by medi-
cation or surgery, which limits the possibilities for im-
proving hearing in these cases. To improve the quality
of diagnostics and treatment of hearing impairment
in newborns, it is also necessary to train medical staff
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in modern audiological techniques. It is also crucial to
provide healthcare facilities with modern equipment
for hearing screening and rehabilitation, including au-

treatments for infectious and genetic hearing disor-
ders, as well as to develop individualised approaches
to the treatment of newborns, considering their genetic

diometers, hearing aids, and cochlear implants.

The findings are of major practical significance, as
they allow identifying the most effective methods of
treating hearing disorders in newborns and ensuring
early detection and correction of hearing impairment.
This helps to improve the quality of life of children with
hearing and speech impairments. Further research
could be aimed at improving early diagnostic methods
and rehabilitation measures after cochlear implants. It
is also necessary to investigate new pharmacological

background and other characteristics.
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9He xaHa banaHbl Koproo ynyTTyK 6opbopy
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720000, KneB keu., 44, Buwkek w., Kbiproid Pecriybnukacsl
https://orcid.org/0009-0000-6106-6255

AHHOTANMA. H3MuJeeHYH MaKcaTbl KaHbl TOPOJIreH OasijapAblH YyIyy CKPUHUHTMHUH OOJIyIIyHa »aHa
HaThlKaNIyylIyryHa KOMILIEKCTYY 6aa 6epyy, OLIOHAON 3jie Gaijap/blH OTONATOJOTUSACHIH AUArHOCTUKAIO00
’)KaHa [Jlapbllo0, YTYYHYH HayapJlallblH 3pTe aHBIKTOOHY KAKIIBIPTyyra >KaHa MeAUIMHaJ/bIK TeWJIeeHYH
camaTbIH JKOropyJiaTyyra 6acbIM kacoo 60JiroH. Msuizieesie »aHbl TepeJireH Gasfjap/blH YTYYCyH TeKIIepyy
bIKMaJsiaphbl, 6as/lap/iblH OTONATOJIOTUSCHIH JAUArHOCTUKAJIOOHYH aHa JapblJIOOHYH ap KaHJad bIKMasapbl
n3uaJieHred. UHsunzee kaHbl TepesireH OalfaplblH YIYyCyH CKPUHHUHIJIEH OTKOpPreH MeJAUIIMHAJIBIK
MeKeMeJIepZIMH CTaTUCTHKAJIbIK OTYETTOPYHA KOMILJIEKCTYY Ta/IZlo0 >KYPTy3YYHY, OLIOH/IOM 3Jie eJIKeHYH ap
Kalcpl allMaKTapblH/AArbl OTOJIAPUHIOJIOTAOPAYH, eJuaTpiapAblH »KaHa HEeOHATOJOTJOPAYH CypaMKblJIOOCYH
KaMTBIAT. ©3reye KeHyJ GallTankbl CKPUHUHI/IMH KETKUJIUKTYYJIYTYH jKaHa canaThlH 6aasiooro, aHZaH apbl
JIMaTHOCTHKAJIOOr0 KaHa 3pTe KUUJIUTULIYYTe Oypysay. AHAIM3re Cerus MeJULMHAIbIK MeKeMe/le, aHbIH HUUH/IE
Bbumkek, Om, YKanan-A6a/ maapiapblHAATE TOPOT YHJIOPYH/S 'kKaHa Pecry6/inKa/IbIK TepUHATAIABIK 60p60op0
ayZM0JIOTUSAJIBIK TEKIIEPYYA0H 6TKOH 9609 kaH bl TOPOJITOH bIMbIpKai KaMThl/ITaH. JKbIbIHTBIKTAp KOPCOTKOHOH,
Oy/1 Me3TuJiJle CKpUHUHI/IEH 6TKOH TOpeT YHJIepYHYH caHbl 3 %naH 37 %ra 4yeduH Ke6GeulreH, Oy MeJUIlMHA
CcUCTeMachlHA OYJ/1 TaXKPbIMOAHbIH aKbIPBIH/BIK MEHEH KUPTU3WJITeHJUIMH airuHesnedT. llaap xepuHje KaHbl
TOPOJITeH bIMbIpKaHJIapAbIH 60JK0J1 MeHeH 68 % CKpUHUHIZEH 6TCe, ailbll keprHe 19 % raHa CKpUHUHIZEH
OTK6H, Oy/1 MeZJUIIMHA/BIK KbI3MAaTTapra )KeTYY/Ze OJyTTYy TEHCU3JUKTU KepcoTyn TypaT. baagapabis 1,7 %binga
YI'YYHYH Ha4yapJ/IOOCyHa IeK KeJTUPW/ITeH, ajapAblH nunHeH 0,8 %bl yryyHYH HadapJallbl TaCTbIKTAJIIaH.
CKpPUHUHIZIMK KaMTYyHY CaH/JbIK TaJIZJOO/I0OH ThIIIKAPhl, U3W/I/I66 YIYYHYH Oy3yJayLIyH 3pTe aHbIKTOOHYH
HaThIKaNIyy/IyryHa Taacup aTYy4y 6Up KaTap yOIITYPYYUYYIYK )KaHa CoLHaiblK GaKTOPJIOPAY aHbIKTa/Abl. ATamn
alTKaH/Q, YTYYHY CKDUHHHI/IMH KaHa GallTallKbl TEKIIEPYY/[0H KUHHUH 6alKOOHYH MaaHHUJIYYJ/IYTY XKeHYH/ie aTa-
3HeJIep/iIMH MaaJIbIM/IYyJIyTYHYH JI€HI'33JIM YOH, POJIb OMHO/Y: CKDUHUHI/IMH OH HaTbIMXKaCkl 6ap yH-6ysesiepyH
JKapbIMbIHAH K60y MaasbIMaTTbIH >KETUILCHU3JUTMHEH e THUMINTYY MeJUIMHAJIbIK KbI3MaTTapra >XeTyy
MYMKYHUYJIYTYHOH yJlaM Kadpa JAUarHOCTHKa/laH 6TIereHy aHbIKTa/lraH. U3ni/ieeHyH NpaKTHUKaIbIK MaaHUCH
aHbIH HaTbIKaJIapbl YTYYHYH HAa4apJIOOCYH 3pTe aHBIKTOO NP06JieMachlH aH/[aH apbl U3UJI/166re, CalaMaTThIKThbI
CaKTOO CHUCTEMAChIH >KaKUIBIPTYyra, ©3reye OTOJIAPMHTOJIOTHS >KaHa HEOHATaJ[IbIK CKPUHUHI 4eHpecyH/s,
OILLIOH/IOM 3J1e GeMTaNTap/bIH KallI00 calaThIH *KaKUIBIPTYyra MyMKYH/YK 6epyy4dy e3 y6areiHa KHHJIUTUIIYYHYH
3¢ deKTUBAYY CTpaTerusaJapbliH UILTEN YbITYY YUYH KOJIZOHY/IYIY MYMKYH

Herunsru cesaep: ay/11oJIoTUsIbIK TECT; HEOHATaJIblIK CKDUHUHT; 0TOAKYCTUKAJIbIK 3MUCCHS; OTONATOJIOrUsITa
3pTe KUHJIWTULIYY; 6allTalKbl CKPUHUHT
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AHHOTANUs. llesnbio uccnenoBaHus ObIIO MPOBECTH KOMIIJIEKCHYIO OLIEHKY JOCTYHNHOCTH U 3QPeKTUBHOCTH
CKpPUHHUHTA CJ1yXa HOBOPOXK/IEHHBIX, @ TAK)Ke JJUarHOCTUKU U JIeYeHUs] OTONATOJIOTUH y JleTel ¢ aKLeHTOM Ha
yJydllleHde PaHHEero BbISIBJIEHHS HapyIIeHUH CIyxa U NOBBbIIIEHHe KayecTBa MeJUIIMHCKOW moMoliu. B xoze
HccleloBaHus OblIM U3Y4YeHbl METO/bl CKDUHUHTA CJIyXa HOBOPOXK/I€HHBIX, pa3/IMuHble METO/bl JJUaTHOCTUKU
Y JleueHUsl OTONATOJIOTUH Yy AeTel. UccnenoBaHe BKIIIOYAI0 KOMIVIEKCHBIM aHA/IU3 CTATUCTUYECKUX OTYETOB
MeJIMIIMHCKUX YYpeXAeHUH, TPOBOAUBILIMX CKPUHUHT CJIyXa HOBOPO3K/I€HHBIX, a TAKXKe 0ITPOC OTOJIAPHUHT0JIOTOB,
[eJMaTPOB U HEOHATOJIOTOB B pa3HbIX peruoHax cTpaHbl. 0cob6oe BHUMaHMe ObIJIO y/ieJIEHO OlleHKe JJOCTYITHOCTH
Y KayecTBa MEPBUYHOI0 CKPUHUHTIA, JaJbHENIIEN JUAarHOCTUKH U PAaHHEro BMellaTeJbCTBA. AHAJIN3 OXBaTHII
9 609 HOBOPOXK/IEHHBIX, IPOLIE/IINX AYAHU0JOTHYeCcKoe 06CIe/JoBaHNE B BOCBMH MEAUIIMHCKUX YUPEXAEHUSX,
BKJIOYasi poAnomel B buiikeke, Oute, /lxxanan-A6ase v Pecny6/IMKaHCKOM NEpUHATAJbHOM LieHTpe. Pe3ybTaTsl
M0Ka3aJ/Ik, 4TO 3a 3TOT IepPHOJ KOJHMYEeCTBO DPOJJOMOB, B KOTOPBIX NMPOBOAUJICA CKPUHUHI, YBEJIUYHUJIOCH
¢ 3 % po 37 %, 4TO CBUJETEJbCTBYET O NMOCTEIIeHHOM BHEJAPEHUH 3TOU NMPAaKTUKU B MeJUIUHCKYIO CUCTEMY.
B ropozickux paiioHax CKPUHMHT POLIIY 0K0JI0 68 % HOBOPOX/JeHHBIX, TOI/la KaK B CeJIbCKUX pallOHax — TOJIbKO
19 %, 4yTO CBU/IETEJBCTBYET O 3HAYUTEJIbHOM HEPABEHCTBE B JIOCTYIle K MeAULMHCKUM yciayraM. HapymieHue
cayxa 6110 mogo3peBanoch y 1,7 % getei, us kotopsix v 0,8 % 6blia moATBepKAeHA moTeps ciayxa. [loMumo
KOJINYEeCTBEHHOT0 aHaJIM3a OXBaTa CKPUHUHIOM, B XO/le UCC/Ie/JOBaHUs ObLI BBISIBJIEH DS/l OPTaHU3ALMOHHBIX
U COLMAJbHBIX (GAKTOPOB, BAMAKLMX Ha 3PQPEeKTUBHOCTb paHHEro BBISIBJEHUS HapylleHUH ciayxa. B
YaCTHOCTH, 3HAYUTEJBHYIO POJIb UI'PaAJl yPOBEHb OCBEJJOMJIEHHOCTH POJUTEJIeM 0 BAXKHOCTH CKPUHHUHTA C/lyXa
U MOCJIeAYIONUEero HabJIAEHUS MOoCae MEPBUYHOT0 06C/Ie/[0BaHUS: ObLJIO YCTAHOBJIEHO, YTO 60Jiee TOJOBHUHBI
ceMel, MOJIYYMBIIMX IOJIOKUTEJNbHBIM pe3ysbTaT CKPUHHHTA, He MpOILJIM MOBTOPHYIO AWArHOCTHUKY H3-3a
HeJlocTaTKa UHGOPMALUU WJIH OCTyIa K COOTBETCTBYIOIUM MeAUIMHCKUM ycayraM. [[pakTudeckasi IleHHOCTb
HcCcIeJ0BaHMs 3aK/I0YAETCsI B TOM, UTO €0 pe3y/IbTaThl MOTYT ObITh UCII0J1b30BaHbl /151 JJaJIbHEUIIEro U3y4yeHus
npo6JsieMbl pPaHHEro BbISBJEHUsS HapyLIEHWH CjyXa, YJy4YlleHHWs CUCTeMbl 3/paBOOXpPAaHEHHs, OCOOEHHO B
06J1aCTH OTOJIAPUHTOJIOTHU ¥ HEOHATAJbHOTO CKPUHHUHTA, a TaKXKe /i/1s1 pa3paboTku 3P PeKTUBHBIX CTPATEruu
CBOEBPEMEHHOI0 BMEIIATE/NIbCTBA, KOTOPbIE YIYYIIAT Ka4eCTBO )XU3HU MallUEHTOB

RioueBbie ¢10Ba: ayino0THYECKOe TECTUPOBAaHME; HEOHATAJIbHBIA CKPUHUHT; OTOAKyCTHYeCKasi IMHUCCHS;
paHHee BMeIIaTeJbCTBO MPU OTONATOJIOTUY; TEPBUYHBINA CKDUHUHT
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Abstract. Acute pancreatitis remains one of the most pressing problems in emergency surgery due to its high
mortality rate and risk of complications, which necessitates the search for safer and more effective surgical
techniques. The study aimed to conduct a comparative analysis of the efficacy and safety of single-technique
laparoscopic interventions compared with traditional laparotomy in patients with acute pancreatitis. The study
included 136 patients divided into two groups: the main group (n="74), in which laparoscopic interventions were
performed; and the control group (n=62), in which laparotomy operations were performed. A retrospective-
prospective design was employed, clinical and laboratory indicators, instrumentalimaging methods and statistical
processing with an assessment of the reliability of differences were used. The results revealed an advantage of
laparoscopy. The average length of hospitalisation in the main group was significantly shorter (18.7 £ 1.2 days
versus 29.1+2.3 days in the control group, p<0.05). Mortality was almost half as low (12.1% versus 24.4%), and
the frequency of postoperative complications was also significantly lower. Additional advantages of laparoscopy
were minimal trauma, the possibility of combined manipulations, and faster patient recovery. At the same time,
certain risks were noted drainage failure and the need for conversion in 2.3% of cases, which emphasises the
importance of strict patient selection. The practical significance of the study is determined by the justification for
the widespread introduction of laparoscopic technologies in the surgical treatment of acute pancreatitis. Their
use significantly reduces the length of hospitalisation, lowers complication and mortality rates, and improves
clinical outcomes, making laparoscopy the preferred tactic for this pathology

Keywords: minimally invasive surgery; pancreonecrosis; postoperative complications; drainage; conversion of
surgery; rehabilitation; inflammatory complications

Introduction

Acute pancreatitis (AP) continues to be one of the
most severe forms of emergency abdominal pathology,
characterised by a high risk of systemic complications
and mortality, especially in necrotic forms of the dis-
ease. According to G. Trikudanathan et al. [1], the prev-
alence of AP reaches 30-50 cases per 100,000 popula-
tion annually, and mortality rates in severe forms can
exceed 20-30%. The severity of the pathogenesis of
AP, including a systemic inflammatory response, mul-
tiorgan dysfunction and a high risk of necrotic tissue
infection, necessitates a timely and informed choice of

surgical tactics [2]. The development of surgical tactics
for complicated forms of acute pancreatitis has under-
gone significant changes since the 2010s. Traditional
laparotomy interventions, which are characterised by
high surgical trauma, a long recovery period and a sig-
nificant incidence of postoperative complications, are
gradually replaced by minimally invasive approaches.
According to R. Rasslan et al. [3], the use of laparoscopic
technologies provides accurate visual control and min-
imal invasiveness, and creates the possibility of com-
bined interventions, which corresponds to the concept
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of damage control surgery. In turn, S. van Brunschot et
al. [4] demonstrated that minimally invasive and endo-
scopic methods in the treatment of necrotising pancre-
atitis significantly reduce mortality and the incidence of
infectious complications compared to open necrectomy.

In 2024, M.B. Chapyev et al. [5] substantiated the
importance of monotechnological operations based
on the use of a single targeted technique, such as san-
itation or drainage. The study noted that such a tactic
minimises surgical aggression without reducing effec-
tiveness and should be considered as part of the clas-
sification of minimally invasive interventions. The high
level of evidence of the effectiveness of endoscopic and
laparoscopic methods was confirmed by the results of
the meta-analysis by ].Y. Bang et al. [6], demonstrat-
ing that these technologies significantly reduce the
incidence of infectious complications and mortality
in patients with infected pancreatic necrosis. In turn,
AM. Onnekink et al. [7] confirmed in a long-term fol-
low-up study that the use of the so-called step-up ap-
proach reduces hospitalisation time, reduces the need
for repeated interventions and reduces the need for
prolonged intensive care.

The issue of optimal drainage time is also substan-
tially addressed. Y. Yang et al. [8], in a systematic review,
demonstrated that delayed intervention performed
after the fourth week from the onset of the disease is
associated with more favourable results, as during
this period the necrosis zones have clear boundaries.
This principle is being integrated into international
protocols for minimally invasive surgery. However, as
M. Podda et al. emphasised [9], the implementation of
such technologies requires highly qualified surgeons
and modern technical equipment, which limits their
widespread use in regional centres.

At the same time, there are still controversial is-
sues related to the standardisation of indications for
specific types of drainage, the assessment of the risk
of conversion and the study of long-term results. Sim-
ilar conclusions for pancreatic surgery were present-
ed in a long-term follow-up by C.L. van Veldhuisen et
al. [10], demonstrating that delayed drainage was ac-
companied by fewer interventions, while the quality of
life and pancreatic function remained comparable to
the immediate approach. In the broader context of the
development of minimally invasive surgery, the study
by S.R. DeMeester et al. [11], which demonstrated that
laparoscopic hernia repair of paraesophageal hernia
provides better life expectancy compared to wait-and-
see tactics even in asymptomatic patients, is notable.
This emphasises the general trend towards the expan-
sion of indications for laparoscopic interventions in
abdominal practice. Thus, the present study compared
the efficacy and safety of monotechnological laparo-
scopic interventions and traditional laparotomy in the
treatment of patients with acute pancreatitis in a multi-
disciplinary surgical hospital.

Materials and Methods

The present study was performed at the Mamakeev Na-
tional Surgical Centre of the Ministry of Health of the
Kyrgyz Republic as part of the clinical practice of the in-
stitution. The study design was retrospective and pro-
spective, with elements of cohort comparison, and was
aimed to evaluate the clinical and surgical efficacy of
monotechnological laparoscopic interventions in acute
pancreatitis. The observation period was three years
(2022-2024). The study included 136 patients with a
diagnosis of acute pancreatitis confirmed by clinical,
laboratory and instrumental methods. All patients met
the inclusion criteria: age 18-75 years, clinical and radi-
ological signs of inflammatory changes in the pancreas
confirmed by computed tomography or ultrasound, and
the absence of decompensated somatic diseases. Exclu-
sion criteria: pancreatic necrosis with systemic sepsis,
extensive abdominal tumours, terminal conditions, and
patient refusal to undergo surgery.

The patients were divided into two groups. The
main group consisted of 74 people who underwent
219 laparoscopic interventions. These surgeries were
performed mainly in a monotechnological format, i.e.
using one minimally invasive technique aimed to solve
a specific clinical problem. In some cases, abdominal
cavity rehabilitation was used, in others, drainage was
installed, and in some situations, local effects were
performed, including blocking the hepatic circular lig-
ament or draining the omental sac. The control group
consisted of 62 patients who underwent traditional
laparotomy. These interventions included cholecystec-
tomy, cholecystostomy, and opening and drainage of
purulent cavities. Patients in this group were selected
retrospectively from the database, which was used to
compare the results of treatment with the main cohort.

Clinical efficacy was studied according to a range
of parameters, including the intensity of pain syndrome
assessed by visual analogue scale, body temperature
dynamics, leukocytosis and C-reactive protein level.
The volume and nature of drainage, length of hospital
stay, incidence of postoperative complications accord-
ing to the Clavien-Dindo classification [12], mortality
rates, and the need for conversion or relaparoscopy
were analysed. Additionally, the time intervals between
the patient’s admission to the hospital and the surgical
intervention were recorded, which assessed the impor-
tance of early tactical decision-making.

The study included standardised diagnostics. All
patients underwent ultrasound examinations and com-
puted tomoangiography before and after surgery, if
indicated. Comprehensive laboratory monitoring was
carried out, including a complete blood count, biochem-
ical tests, coagulation parameters (prothrombin time,
activated partial thromboplastin time), and determina-
tion of systemic inflammation markers. The severity of
the patients’ condition was additionally assessed by the
internationally recognised SAPS Il (Simplified Acute
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Physiology Score 1) and APACHE II (Acute Physiology
and Chronic Health Evaluation II) scales, which ensured
the objectivity of the data and was used to compare the
results of treatment between the study groups [13,14].

Surgical interventions in the main group were per-
formed according to a single protocol, including the
stages of preparation, creation of pneumoperitoneum
(=15 mm Hg), polypositional examination of the ab-
dominal cavity, sanitation/drainage and haemostasis
control [15,16]. To perform the interventions, 5 and
10-mm trocars, electrosurgical instruments and a car-
bon dioxide insufflator with automatic pressure con-
trol were used.

SPSS Statistics v.26.0 and MS Excel with data anal-
ysis modules were used for statistical data process-
ing. All quantitative indicators were tested for normal
distribution using the Shapiro-Wilk test. To compare
quantitative parameters between the two groups, the
following were used: Student’s t-test and Mann-Whit-
ney. To assess the reliability of differences between
the groups, the significance level was set at p <0.05.
Thus, the applied set of statistical methods ensured
high reliability of the results, which were used for in-
tergroup comparative analysis and justification of the

clinical feasibility of monotechnological laparoscop-
ic interventions in acute pancreatitis. The work was
conducted following international and national eth-
ical standards, including the provisions of the World
Medical Association Declaration of Helsinki [17]. The
study protocol was approved by the Ethics Commit-
tee of the National Surgical Centre named after Acad-
emician M.M. Mamakeev of the Ministry of Health of
the Kyrgyz Republic. Written informed consent to
participate in the study, including permission to use
anonymised clinical data for scientific purposes, was
obtained from all patients and, if necessary, from their
legal representatives.

Results and Discussion

The study included 136 patients divided into two groups:
the main group (laparoscopic interventions, n = 74)
and the comparison group (laparotomy interventions,
n=62). The average age of patients in the groups did not
have statistically significant differences (54.9 + 0.5 years
vs. 53.7 £ 0.3 years, p > 0.05), which excluded the influ-
ence of the age factor on the outcomes. The demographic
structure of the groups was comparable in terms of gen-
der and age, and is presented in Table 1.

Table 1. Demographic structure (by gender and age) of patients included in the study clinical groups

Values Group of laparoscopic interventions Group of laparotomy interventions
Overall number of patients 74 62
Average age, years (M+m) 549+0.5 53.7+0.3

Female

47 % (n=35)

49 % (n=31)

Male

53 % (n=39)

51% (n=34)

Source: data from the Mamakeev National Surgical Centre

The demographic structure of the clinical groups
is shown in Table 1. The group of laparoscopic inter-
ventions included 74 patients, and the group of lapa-
rotomy operations included 62 patients. The average
age of patients was 54.9 + 0.5 years in the first group
and 53.7 £ 0.3 years in the second, which did not reveal
statistically significant differences (p > 0.05). Thus, the
influence of the age factor on clinical outcomes can be
considered minimal. The gender distribution was also
comparable: women accounted for 47% (n=35) in the
laparoscopic group and 49% (n=31) among laparoto-
my patients, men 53% (n=39) and 51% (n=34), re-
spectively. This suggests that the initial characteristics
of the samples are balanced, which excludes bias in the
interpretation of further results.

The analysis of the time interval from admission to
surgery showed high variability. In 42.5% of cases, lap-
aroscopic intervention was performed within the first 3
hours of admission, reflecting the severity of the condi-
tion of some patients and the need for emergency sur-
gery. In the remaining cases, the time frame ranged from
3 to 24 hours or more, which could be due to additional

examinations and preoperative preparation. The struc-
ture of interventions in the main group was dominated
by combined laparoscopic aids, which were performed
in 94.5% of patients. The most frequent manipulations
were sanitation and drainage of the abdominal cavity
(n=125), which is natural for surgical tactics in acute
pancreatitis. In addition, cholecystectomy was per-
formed in 48 cases, and hepatic circular ligament block
was performed in 41 patients. In the group of laparoto-
my interventions, traditional operations prevailed: san-
itation and drainage (n=24), cholecystectomy (n=14),
and opening and drainage of the omental sac (n=19).
These differences illustrate the shift in surgical priori-
ties towards minimally invasive technologies.

The average duration of laparoscopic operations
was 29.2 +5 minutes, which confirms their technical ef-
ficiency and rationality. At the same time, the frequen-
cy of conversion to laparotomy was recorded at 2.3%
(n=11). The main reasons were iatrogenic injuries of
the gallbladder and intestine, which are in line with
the literature, where conversion is considered a forced
but justified mechanism to ensure patient safety. In the
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postoperative period, failure of laparoscopic cholecys-
tolithotomy was detected in 3.6% (n =18) of patients,
which required revision interventions. Relaparoscopy
was required in only 0.6% of cases (n = 3), which was
caused by bleeding from trocar wounds.

A comparative analysis of the length of hospitalisa-
tion revealed a significant advantage of the laparoscopic
approach: the average hospital stay was 18.7 + 1.2 days
versus 29.1+2.3 days in the laparotomy group (p<0.05),
which is equivalent to a reduction of almost a third. The
clinical efficacy of laparoscopy was also significantly
higher: positive outcomes were recorded in 54.2% of
patients, while only 30.3% of patients had positive out-
comes with traditional surgery. The mortality rate in the
laparoscopic group was 12.1%, which is almost twice as
low as in the laparotomy group (24.4%; p <0.05). These
data confirm that minimally invasive technologies pro-
vide not only a more favourable postoperative course,
but also a significant improvement in outcomes.

The results obtained in the study demonstrate the
clear advantages of laparoscopic techniques, which
are in line with current global trends in abdominal
surgery. The shorter hospital stay and reduced mor-
tality observed in the main group are confirmed in
international publications. A single-centre study by
C. Valentin et al. [18], which included 41 patients with
infected necrotising pancreatitis, used a step-up ap-
proach, involving the phased implementation of drain-
age, minimally invasive necrectomy and, if necessary,
open interventions. The study demonstrated that such
a strategy ensures resolution of the infection in 80.5%
of patients with a mortality rate of 19.5% at six months
and an acceptable level of long-term complications. In
the present study, which compared laparoscopic and
laparotomy interventions in 136 patients, the mortality
rate in the laparoscopic group was noted to be 12.1%
versus 24.4% in laparotomy, and the length of hospi-
talisation in the laparoscopic group was 35.7% shorter
than in laparotomy, which confirms faster recovery of
patients after minimally invasive surgery. Thus, despite
the differences in design, the retrospective analysis of
the step-up strategy in C. Valentin et al. and the com-
parative analysis of laparoscopic and laparotomy in-
terventions in the present study, both sources confirm
that minimally invasive techniques are associated with
lower mortality, lower complication rates and more fa-
vourable clinical outcomes in the treatment of infected
pancreatic necrosis.

The high frequency of combined laparoscopic aids
(94.5%) in this study emphasises their comprehensive
nature and adaptability to individual clinical scenarios.
This approach correlates with the conclusions of a sys-
tematic review by P. Tang et al. [19] in which endoscopic
and minimally invasive surgical approaches were com-
pared. The study concluded that surgical approaches,
including laparoscopy, may have advantages in exten-
sive and multilocular forms of necrosis, which confirms

the feasibility of the combined aids used in the present
study. Of relevance is the possibility of performing si-
multaneous interventions aimed to eliminate several
pathological foci during a single operation.

The significant reduction in mortality in the laparo-
scopic group (12.1% vs. 24.4%) in the present study is
also clinically relevant. At the same time, the data only
partially correlate with the results of the meta-analysis
by G. Wu et al. [20] in a comparison of the outcomes
of minimally invasive surgery and endoscopic inter-
ventions in patients with infected necrotising pancrea-
titis. The study demonstrated that endoscopic therapy
is associated with a lower incidence of postoperative
complications, new organ failure and pancreatic fistula,
while no significant differences were found in terms of
hospitalisation duration and several other indicators.
Thus, in contrast to the results of a study by G. Wu et
al., the present study demonstrated an advantage of
minimally invasive surgical methods in terms of mor-
tality, which emphasises the relevance of comparing
data from different clinical strategies.

However, as with any surgical approach, laparosco-
py is not without risks. In the present study, the con-
version rate was 2.3%, which correlates with the range
encountered in clinical practice. A prospective cohort
study by G. Pavlek et al. [21], which compared the step-
up strategy and open necrectomy in 60 patients with
acute necrotising pancreatitis, demonstrated that the
mortality rate with the minimally invasive approach
was 20% versus 27.5% with open surgery (p = 0.53),
and the morbidity and incidence of pancreatic failure
were significantly lower in the step-up group. At the
same time, the duration of hospitalisation and mortal-
ity rates did not differ significantly. In contrast to the
results of a study by G. Pavlek et al. on the reduction
of overall morbidity, the present study demonstrated
a statistically significant advantage of laparoscopy in
terms of hospital mortality (12.1% vs. 24.4%), which
confirms the effectiveness of the minimally invasive ap-
proach in real clinical practice.

The problem of drainage failure, which in the pres-
ent study was observed in 3.6% of patients and required
revision interventions, is of great clinical importance. A
comparative analysis performed by L. Chen et al. [22],
based on a meta-analysis of 6 studies (247 patients),
showed that endoscopic ultrasound drainage and per-
cutaneous drainage of postoperative pancreatic fluid
collections have comparable technical and clinical suc-
cess rates, and do not differ in the frequency of recur-
rence and complications. The study concluded that both
methods are equivalent in terms of efficacy and safety,
with the need for further high-quality studies remain-
ing relevant. Comparison of these data with the results
of the present study emphasises that even with a low
incidence of laparoscopic drainage failure (3.6%), this
complication should be incorporated in the selection of
treatment tactics and repeat intervention planning.
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A substantial aspect of long-term outcomes was
addressed in a study by C.L. van Veldhuisen et al. [10]
on the analysis of the long-term results of immediate
and delayed drainage in infected necrotising pancre-
atitis. The study did not find significant differences
in survival between the groups, but noted that the
strategy of delayed intervention, which is often imple-
mented through minimally invasive approaches, was
associated with a lower incidence of endocrine and ex-
ocrine pancreatic insufficiency in the long-term peri-
od. This demonstrates the importance of assessing not
only the immediate results of treatment but also the
long-term consequences that determine the quality
of life of patients. Preservation of pancreatic function
should be considered as one of the key indicators of
treatment effectiveness.

Lastly, the overall clinical efficacy of laparosco-
py, estimated at 54.2%, confirms its validity as the
main treatment method. This result fits well with the
concept proposed in the international guidelines by
M. Podda et al. [9] that minimally invasive surgery is
becoming a new standard for the treatment of compli-
cated forms of acute pancreatitis, gradually replacing
open surgery due to its proven benefits in reducing
mortality and postoperative morbidity. A compre-
hensive approach to treatment, including not only the
technical aspects of surgery, but also perioperative
management, nutritional support and rehabilitation,
deserves special attention.

Thus, the analysis of modern literature sources con-
firmed the main conclusions of this study and showed
that the benefits of laparoscopy exceed the scope of re-
duction of the duration of hospitalisation and include
mitigation of the systemic effects of surgical aggression,
which is a promising area for further study. The inte-
gration of minimally invasive technologies into clinical
practice requires not only mastering technical skills but
also revising traditional approaches to timing of inter-
ventions and postoperative patient management.

Conclusions
The study achieved its primary objective by demon-
strating the convincing advantages of the monotechno-
logical laparoscopic approach in the treatment of acute
pancreatitis compared to traditional laparotomy. The
data obtained indicate that the introduction of mini-
mally invasive techniques can dramatically improve key
clinical outcomes. A statistically significant reduction in
hospitalisation by almost 10 days, a twofold reduction

in mortality, and a lower incidence of postoperative
complications support the hypothesis of higher effi-
ciency and safety of laparoscopy. These results directly
correlate with the objectives and prove that minimally
invasive surgery provides not only technical feasibility
but also significant clinical superiority.

The key success factors identified in the study
were minimal surgical trauma, the ability to perform
combined interventions due to limited access, and, as
a result, accelerated patient recovery. This emphasis-
es the role of laparoscopy not only as an alternative
method, but also as the preferred first choice tactic in
stable patients with localised forms of destructive pan-
creatitis. The practical value of the results obtained is
the formation of a reliable evidence base to justify the
widespread introduction of monotechnological lapa-
roscopic interventions into clinical algorithms for the
management of patients with acute pancreatitis. The
implementation of this approach will optimise the re-
source costs of the hospital and improve the quality of
medical care at the hospital.

However, the study also revealed certain limita-
tions of the method that require a balanced approach.
The need for conversion to laparotomy and the risk
of drainage failure, although observed in a small per-
centage of cases, indicate the critical importance of
careful preoperative patient selection based on a com-
prehensive clinical and radiological assessment. This
necessitates the development and validation of prog-
nostic algorithms and criteria to minimise intra- and
postoperative risks.

Prospects for further research include the or-
ganisation of multicentre randomised controlled tri-
als to obtain more representative data on long-term
outcomes and quality of life. In addition, the issues of
standardising drainage techniques, determining the
optimal time windows for intervention at different
stages of the disease, and developing integrated prog-
nostic models to personalise surgical tactics require
in-depth study.
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M. M. MamakeeB aTbIHAarbl YayTTyK Xmpyprusansik 6opbopy
720044, wemBarn A6apammoB Keu., 25, bulikek ., Kbiprbia Pecrny6nunkacsl
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AHHOTAnUsl. Kypd mnaHKpeaTUT 6JIYyMJIlyH >KOTOPKY JEeHr33JM »KaHa TaTaalJJaHyy TOOOKeJJUruHe
6aMJIaHBILITYY WALIBIIBII XUPYPTUSAHBIH 3H aKTYalIAyy KeUreHJepyHYH 6UpU 60H/J0H KalyyAa, 6yJ1 KOOICy3
KaHa 3QPEeKTUBAYY XUPYPTHUSIbIK TEXHOJIOTHSJIAp/bl H3/166 3apblIJAbITbIH aHBIKTAUT. Byn u3auigeeHyH
MaKcaThbl Kyp4 NaHKPeaTUT MeHEH 00pyraH 6edTanTapzarsl CaJTTyy JIalapOTOMHUSJIBIK ONepalnusaap MeHeH
CaJIBILITBIPraH/ja MOHOTEXHOJIOTHUSJIBIK JIAMAPOCKOMUANBIK KUHJUTUINYYJAOPAYH HaThIMXKaNyyJayTryH »KaHa
KOOTICY3/IYTYH CaJIbIIITHIPYY 60/T0H. U3ungeere 136 6GelTan 3KU TONKO 66JYHI'OH: Heru3ru tom (n=74), aHaa
JIaMapOCKOIMHUSANBIK bIKMaJsap KOJIJJOHYJraH; Ke3eMeJs Tob6y (n = 62), aHJja JIamapoOTOMUSAJIBIK OIepanusaap
»KacasiraH.PeTpocneKTUBAYY-IPOCHEKTUBAYY [0J1600p KOJIJOHYJraH, KAMHUKAJIBIK >KaHa J1abopaTOpHUsIbIK
napameTpJiep, UHCTPYMEHTaJ/IblK BU3yaIu3aliisl bIKMaJlapbl XKaHa alblpMayublIbIKTAP/bIH UIIEHUM/AYYIYTYH
6aajlo0 MeHeH CTAaTHUCTHUKAJIbIK UIITETYY KOJIJJOHYJraH. AJIbIHFAH HaTbli)KaJjap JIalapOCKONMUAHBIH alKbIH
apTHIKYBLIBITBIH KOPCOTTY. HETU3TH TONTYH OOpPYKaHara opTo4yo y3aKThIrbl (KOHTPOJL00 To6yHAa 29.1 £ 2.3
KYH Kapuibl 18.7 £ 1.2 kyH, 6 <0.05) kbIiiia KbICKa GOJITOH. OJIYM [J|33pJIMK 3KHU 3ce ToMeH 6oJroH (12,1 % ra
Kapuiel 24,4 %), omoHA0M 3Jie onepanusZiaH KHAUHKA TaTaalfallyyJap/AblH KbIIITHITHl /a KbljJa TOMEH
60JiroH. JlanapoCKONMUSAHBIH KOLIYMUa apThIKYbIJIBIKTapbl aHbIH MUHUMaJIIYy TPaBMachl, alKablIIThIPbIITaH
MaHUNYASALUATAPABIH MYMKYHUYJIYTY »KaHa TNalUEHTTEPAUH Te3UP3d3K CaKaWbll KeTHIH 6oJroH. Ouro
3Jie yuypAa, 6eJaruayy 6up To6OKeJJUKTep, aTan alTKaH/Aa, ApeHaX/ blH 6y3yayuly *kaHa 2,3 % ydypJapza
KOHBEPCHUSHBIH 3apblJI/bITbl Oe/IruJIeH/ i, Oy/1 MallieHTTH KaTyy TaHJ00HYH MaaHUJIYYJIYT'YH 6aca 6eruienT.
U3unaeeHyH NpPaKTUKAJIbIK MaaHHUCH Kypd MaHKPEAaTUTTH XUPYPrHUsJIbIK JapblI00Z0 JanapoCKOMUSIbIK
TEXHOJIOTHUSJIap/blH KEHUPHU >KAaUbLIBIIIbIH HETU3/06/16 TypaT. AsapAbl KOJJOHYYy OOpyKaHara >»KaTKbIpyy
ME6HOTYH OHUp TON KbICKApTyyra, TaTaajJJaHyyHy >KaHa 6JIYMJYH /[IeHT33JIMH TeMeHJeTyyre »aHa
KJIMHUKAJIBbIK HaThIMKaJap/ibl KaKIIbIPTYyra MYMKYH/JYK 6epeT, 6yJ1 JalapoCKONUsIHbI 6yJ1 NaTOJOTHUS YIYH
apTBHIKYBIBIKTYY TaKTHKara ausaHTaT

Herusrm cesep: MUHHMa//lyy UHBA3UBJAUK XUPYPrus; MaHKpeaTHUKaJblK HEKPO3; oNepalus/laH KUAUHKU
TaTaa/lallyy; PeHaX; XUPYPTrUSHbIH KOHBEPCHUSIChI; peabUINTAlLlUs; Ce3TeHYY TaTaaibIKTap
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CpaBHUTEABbHAA YPPERTUBHOCTH MOHOTEXHOJIOTMYHBIX
JANMAPOCKONMNYECKUX U TPAJUIIAOHHDBIX JTANIAPOTOMHbBIX BMEIIAaTe/IbCTB
NPH OCTPOM NMAHKPEATHUTE: AHAIN3 KIMHUUYCCKUX HCXO/I0B
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AHHOTANMA. OCTpbli NaHKpeaTHUT MHPOJOJDKAeT OCTaBaThCsl OJHOM M3 HauboJiee aKTyasbHbIX Mpo6JieM
HEOT/IO)KHON XHWPYPrUM BBUAY BbICOKOW JIETAJbHOCTH U PUCKA OCJI0KHEHHOI'O TEeYeHHs, YTO OIpejesseT
Heo0X0/JMMOCTb NOUCKA 6osiee 6e30MacHbIX U 3P PEeKTUBHBIX XUPYPrUIECKUX TEXHOJIOTUH. llesibio HacTosEero
WCCIelOBaHUS SIBJSJICS. CPAaBHUTEJbHbIM aHaiu3 3QPeKTUBHOCTH U 6e30MaCHOCTH MOHOTEXHOJIOTMYHBIX
JIaapOCKOMUYECKUX BMeIIaTeJbCTB M0 CPAaBHEHUIO C TPAJULMOHHBIMU JIAIAPOTOMHBIMHM ONEpaLUsIMU Yy
MAMeHTOB C OCTPBIM IAHKPeaTUTOM. B ricciiefjoBaHue GbL/IM BKJIIOYeHbI 136 ManyueHTOB, pacupe/ieIEHHBIX HA /B
rpynnbl: ocHoBHasA (n=74), B KOTOPOH OGBbIIM BBINOJHEHBI JIATAPOCKONHUYECKHE BMEIIATe/bCTBA; KOHTPOJIbHAS
(n=62), B KOTOPOH NPOBOJUINCH JIAlaPOTOMHBIE onepanuu. [[puMeHsIcsS PeTPOCIEKTUBHO-NIPOCIEKTUBHbIN
JIM3aiiH, MCI0/b30BaJNCh KJIMHUKO-/Ia60paTOpHbIE TOKa3aTe/d, MHCTPYMeHTa/bHble MeTO/[bl BU3ya/IM3aLUU U
CTaTUCTHYecKasi 06paboTKa C OLeHKOM JI0CTOBEPHOCTH pasinyuil. [losiydeHHble pe3ybTaThl BbIIBUIU SIBHOE
NperMyIlecTBO Janapockonuu. CpeAHsisl MPOJO/KUTENbHOCTh TOCNUTAJU3AMKM B OCHOBHOM rpyie 6blia
cyiiecTBeHHO MeHble (18,7 +1,2 nus npotus 29,1 + 2,3 aHA B KOHTPOJIbHOH, p < 0,05). JleTabHOCTh OKa3aJach
noutu BABoe HUKe (12,1 % npoTtuBs 24,4 %),avacToTanocaeonepanuoHHbIX 0CJI0)KHEHUH TaKXKe ObL/1a JOCTOBEPHO
MeHblle. /IONOJHUTENbHBIMUA NPEUMYIIECTBAMHU JIAIAPOCKONUU CTald €€ MUHHMasbHasi TPaBMaTHUYHOCTD,
BO3MOXXHOCTb KOMOWHHUPOBAHHBIX MaHUIY/ISALMN U Gosiee ObICTpOe BOCCTAaHOBJIEHME NalMeHTOB. B To ixe
BpeMsl OTMeuyeHbl Olpe/ie/IEHHbIe PUCKH, B YAaCTHOCTH HECOCTOSITEJbHOCTb JIpEHUPOBAHUSA U HEOOXOJHMMOCTh
KOoHBepcud B 2,3 % ciyyaeB, YTO NMOAYEPKUBAET 3HAYMMOCTb CTpOroro or6opa 6GoJibHBIX. [IpakTHyeckoe
3HaYeHME UCCIeJ0BAHUS 3aK/I04aeTCsl B 060CHOBAHUH LIMPOKOT'0 BHEIPEHHSI JIAalapOCKOMUYeCKUX TEXHOJIOTUH
B XUPYypruyeckoe JieyeHHe OCTPOro HmaHkKpeaTuTa. UX HUCMoOJib30BaHHUE MO3BOJISIET CYIIECTBEHHO COKPATUThb
JUINTEJIbHOCTb TOCIHUTANN3alMH, CHHU3UTh IOKa3aTeJU OCJOXKHEHHH M CMEepPTHOCTH, a TaKXKe YJAYUYLIUThb
KJIMHUYECKHEe UCXO/bI, YTO JlesIaeT JJaNapOCKOIHIO IPeANOYTUTEIbHON TaKTUKOM NPU JJAHHOW NaTOJIOTUH

RioueBble ¢/10BA: MUHMMa/IbHO HHBAa3WBHAs XUPYPTHS; TAHKPEOHEKPO3; MOoCIe0nepaliioHHbIe OCI0KHEHUS;
JIpeHUPOBaHMe; KOHBEPCHS OTlepaliuy; peabuINTaLMs; BOCIATUTE/IbHbIE 0CI0KHEHUS
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Abstract. Systemic inflammatory response syndrome (SIRS) in diffuse peritonitis remains one of the leading
causes of multiple organ failure and high mortality, making the search for effective methods of its management
a priority in clinical practice. The purpose of the study was to assess the effectiveness of a newly developed
comprehensive approach to the management of SIRS in patients with diffuse peritonitis of various aetiologies.
The surgical treatment outcomes of 46 patients treated at Osh City Clinical Hospital between 2021 and 2023 were
analysed (20 with postoperative peritonitis, 22 with perforated gastric or duodenal ulcers, and 12 with complicated
appendicitis). The treatment protocol included regional antibiotic lymphotropic stimulation, systemic antibacterial
and detoxification therapy, immunocorrection with roncoleukin, and early enteral nutrition (EEN). Clinical
manifestations of SIRS and laboratory markers (leukocyte count, leukocytic intoxication index, and procalcitonin)
were evaluated. Preoperatively, all patients exhibited three to four signs of SIRS. Following implementation of
the comprehensive treatment protocol, there was a consistent and marked reduction in the frequency of clinical
manifestations and laboratory marker levels in cases with favourable progression. In the ulcer perforation group,
17 of 22 patients had only two SIRS signs by the 3" day, and by days 9 to 10 the signs were absent. In appendicular
peritonitis, clinical symptoms decreased by days 3 to 6, and by days 9 to 10 most of the 12 patients retained an
average of two signs. The slowest improvement was observed in postoperative peritonitis, although by days 6 to
10 the number of signs was reduced to isolated cases. A parallel decrease in leukocytosis, leukocytic intoxication
index, and procalcitonin was recorded in favourable cases. The findings support the feasibility of incorporating
regional antibiotic lymphotropic stimulation in combination with immunocorrection and EEN into treatment
protocols for diffuse peritonitis to effectively manage SIRS
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Introduction

Diffuse peritonitis remains one of the most difficult and
dangerous pathologies in abdominal surgery. Despite
advances in surgery and antibiotic therapy, the high
mortality and complication rate are conditioned by the
development of systemic inflammatory response syn-
drome (SIRS), which can progress to sepsis and multi-
ple organ failure. This highlights the need to find new
methods for the diagnosis and correction of CVD aimed
at improving clinical outcomes.

Updated recommendations of PK.-T. Li et al. [1] reg-
ulate in detail the prevention and treatment of perito-
nitis during peritoneal dialysis, setting new standards
for the frequency of episodes and the proportion of
patients without infection. They revised the definitions
of the forms of peritonitis and proposed improved ap-
proaches to antibiotic therapy and prevention, includ-
ing correction of risk factors and patient education. The
purpose of the recommendations was to reduce mor-
bidity and mortality by improving standards of care.
However, the effect of new therapies on the immune
response and the lack of data on the complex correc-
tion of inflammation in severe forms of peritonitis were
noted, which requires further research.

S.N. Abdreshov et al. [2] investigated the effect of
the new antibiotic peptomide A-70 on morphological
changes in mesenteric lymph nodes in experimental
peritonitis. The researchers found that peritonitis caus-
es a decrease in the area of the cortical structures of the
lymph nodes and an expansion of their sinusoidal sys-
tem, which indicates a decrease in the drainage, detoxi-
fication and immune functions of the lymphatic system,
affecting the unfavourable outcome of the disease. The
use of peptomide A-70 helped to reduce inflammation
and toxic load, and also activated lymphopoietic func-
tion, increasing the size of lymph nodes and the pa-
rocortical T-zone. The results obtained confirmed the
importance of immunomodulation and support of the
lymphatic system in the treatment of peritonitis and
indicate the prospects of using peptomide A-70 to im-
prove the prognosis of the disease.

A.A. Andreev et al. [3] conducted a comprehensive
analysis of existing biological models of acute peri-
tonitis used in experimental studies. The paper pro-
posed a classification of models based on the nature
of the pathogen and the method of its introduction,
including methods such as the introduction of foreign
bodies, chemicals, bacterial infection, and combined
effects. The researchers emphasise the importance
of choosing a model that best reflects the clinical pic-
ture of the disease, which allows for a more accurate
study of the aetiology, mechanisms of development,
and severity of peritonitis, and evaluating the effec-
tiveness of therapeutic measures. Moreover, the pa-
per noted the need for further development of mod-
els for a more adequate reproduction of complex

forms of peritonitis and a comprehensive assessment
of the immune response. A.R. Saraev & Sh.K. Naz-
arov [4] applied a theoretical approach by analysing
current data on the pathogenesis and classification of
common peritonitis. They noted the diversity of views
on the mechanisms of the disease and the lack of a uni-
fied classification, which makes it difficult to choose
treatment and prognosis. The researchers emphasised
the need for further study to create a more homoge-
neous and practical classification system. A paper by
J. Zhang & Y. Huang [5] reviewed recent advances in the
use of low-dose interleukin-2 (IL-2) for the treatment
of immune diseases. The researchers emphasised that
low doses of IL-2 selectively stimulate the proliferation
of regulatory T cells, contributing to the restoration of
immune homeostasis, while high doses activate effector
T cells. Encouraging results of using low-dose IL-2 with
minimal side effects are presented, which makes this
method promising for modulating the immune status
in inflammatory and immune disorders.

Y.-]. Chen et al. [6] conducted a randomised trial
involving 140 patients with severe acute pancreatitis,
comparing the effectiveness of parenteral and enter-
al nutrition. Before the start of therapy, the levels of
interleukin-1, interleukin-6, and tumour necrosis
factor alpha in the groups did not differ significant-
ly, but after treatment in the enteral nutrition group
there was a significant decrease in these proinflam-
matory markers, an improvement in total protein and
albumin, and a decrease in the incidence of pancreatic
necrosis and pancreatic abscesses. The researchers
concluded that enteral nutrition not only reduces
the severity of the systemic inflammatory response,
but also protects the intestinal barrier function. This
study is of considerable value, as it is close in subject
matter to the present work and emphasises the need
for further clinical studies aimed at optimising nutri-
tional support in conditions accompanied by a pro-
nounced inflammatory response, including peritonitis
of various origins.

The purpose of the present study was to evaluate
the effectiveness of correction of systemic inflammato-
ry response syndrome in diffuse peritonitis using lym-
phogenic technology (direct and indirect regional lym-
phostimulation), Roncoleukin immunocorrector, and
early enteral nutrition.

Materials and Methods

46 patients with diffuse peritonitis of various origins
were hospitalised in the departments of Osh City Clini-
cal Hospital in the period from 2021 to 2023. Of these,
21 were women and 25 were men, and the age of the
patients ranged from 25 to 74 years, while 32.6% of the
patients were over 50 years old. The general distribu-
tion of patients is shown in Figure 1.

o
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Figure 1. Distribution of patients by gender and age
Source: compiled by the authors

The study included patients with clinically and labo-
ratory-confirmed diagnosis of diffuse peritonitis caused
by postoperative complications (20 patients), perfo-
ration of gastric or duodenal ulcers (22 patients), and
complicated acute appendicitis (12 patients). Patients
with end-stage chronic diseases, immunodeficiency, and
patients who refused to participate were excluded. The
diagnosis and assessment of the severity of CVD were
based on clinical signs: an increase in body temperature
above 38°C or a decrease below 36°C, a pulse rate of more
than 90 bpm, increased breathing above 20 respirations
per minute or the presence of apnea, and laboratory pa-
rameters - the level of leukocytes, leukocyte intoxication
index (LII) according to the method Ya.Ya. Calf-Calif and
procalcitonin levels [7]. The study was performed before
surgery and in the dynamics in the immediate period
after surgery. When choosing correction methods, the
genesis of peritonitis was considered, but all patients
underwent regional lymphostimulation during surgery
using the method developed by E.S. Dzhumabayev [8],
immunocorrection with the drug Roncoleukin, and in
the postoperative period, anti-inflammatory and detox-
ification therapy, considering the identified disorders
of organ and system functions, and early enteral nutri-
tion [9]. The patients were divided into three groups de-
pending on the cause of peritonitis:

@ Group 1 (n=20): postoperative peritonitis;

@ Group 2 (n=22): perforation of gastric and duo-
denal ulcers;

@ Group 3 (n=12): generalised peritonitis in acute
appendicitis.

At the time of surgery, all groups of patients under-
went thorough abdominal rehabilitation aimed at re-
moving the infection site and cleansing the peritoneal
cavity of purulent masses and inflammatory exudate.
Regional lymphostimulation was performed using a
specialised technique aimed at activating the lymphatic
system in the abdominal cavity to improve the immune
response and accelerate the elimination of toxins [8]. Re-
gional lymphostimulation was performed by inserting a
microirrigator, a thin and flexible catheter; into the root
of the mesentery of the small intestine in patients of the
first group [10]. In the second group, a similar catheter
was inserted through the circular ligament of the liver.

Next, the microirrigator was removed through the surgi-
cal wound, which allowed continuing lymphostimulation
for 4-5 days after surgery, maintaining an active effect on
the lymphatic system in the postoperative period.

To stimulate the immune system and enhance the
anti-inflammatory effect, an antibiotic-lymphotropic
mixture was used, which included cefazolin 1.0 g, hep-
arin 70 U/kg body weight, lidase 8-12 U, proserin 2 ml,
and 0.25% novocaine solution in a volume of 10-15 ml.
Immunocorrection was performed using Roncoleukin
intravenously at a dose of 1 mg for a course of 6-7 days
with 2-day intervals between injections. Antibacterial
therapy was prescribed considering the clinical form
and genesis of peritonitis: in the first group, ceftazoline
1.0 g twice daily was administered intravenously; in the
second, a combination of cefazoline 1.0 g twice daily
with metronidazole 100 ml twice daily; in the third -
ceftriaxone 1.0 g with metronidazole according to a
similar scheme. This approach simultaneously affected
a wide range of aerobic and anaerobic microflora, pro-
viding comprehensive anti-infective protection.

Detoxification therapy included massive infusion
support, considering the severity of each patient’s con-
dition. It provided correction of the water-electrolyte
balance, maintenance of haemodynamics, and accel-
eration of the elimination of toxins from the body. Nu-
tritional support for patients included EEN [11], which
was started after intestinal motility was restored. This
approach helped to maintain the function of the intesti-
nal barrier, reduce the risk of secondary infections, and
accelerate the overall recovery of the body. In addition
to the main treatment methods, the procedure of gastric
irrigation with an ozonated sodium chloride solution
through a nasogastric tube was used. This manipulation
helped to disinfect the gastric contents, improve mi-
crocirculation, and reduce the inflammatory response.

All patients underwent regular measurements of
temperature, pulse rate, and respiration, and labora-
tory tests for leukocytes, LI, and procalcitonin before
surgery, on days 3, 6, and 10 after surgery to assess the
dynamics of CVR correction. The data obtained were
processed by the method of variational statistics with
the calculation of the arithmetic mean (M), the stand-
ard deviation (o), and mean error (m). The statistical
significance of the differences was assessed using the
Student’s t-test, with a significance level of p < 0.05. The
relative frequencies are presented with the indication
of the standard error of the fraction. Statistical process-
ing was carried out using the programmes SPSS, Micro-
soft Excel 2015 and Statistica 7.0.

The study was conducted in accordance with the
principles of the Helsinki Declaration [12] and national
ethical standards [13,14]. The study protocol was ap-
proved by the local ethics committee of Osh City Clinical
Hospital. All patients gave informed consent to partici-
pate in the study and to the use of their medical data for
scientific purposes.

ey

Journal of Osh State University. Medicine. Vol. 4, No. 1



Current approaches to the management...

Results
During the study, special attention was paid to the dy-
namics of signs of systemic inflammatory response
syndrome (SIRS) in patients with diffuse peritonitis of
various origins. Changes in these signs were assessed
at key stages of the postoperative period - on days 1, 3,
6-7, and 9-10. This approach allowed tracing the nature
of the inflammatory process and evaluating the effec-
tiveness of the applied complex of therapeutic meas-
ures, including regional lymphostimulation, roncoleukin

immunocorrection, antibacterial therapy, and EEN. The
distribution of patients according to the genesis of perito-
nitis was as follows: peritonitis after complicated opera-
tions on the abdominal organs - 20 cases; peritonitis due
to perforation of gastric and duodenal ulcers - 22 cases;
appendicitis complicated by peritonitis - 12 cases. Pri-
or to surgery, all patients had three or four signs of CVD,
reflecting the severity of the systemic inflammatory re-
sponse at the time of hospitalisation. Table 1 shows a con-
sistent change in the number of signs of CVD over time.

Table 1. Dynamics of CVD symptoms in diffuse peritonitis of various aetiology

Genesis Number Day1 Day 3 Days 6-7 Days 9-10
of peritonitis of patients 112 3 4 1 3 4 1 2 3 4 1 2 3 4
Peritonitis as a result
of complications after 20 - - 8 12 - 10 8 - 6 13 1 - 1 - -
surgery (Group 1)
Peritonitis due to
perforation of ulcers 22 -] - 14 8 - 2 1 4 3 3 - - - -] -
(Group 2)
Appendicitis
complicated by 12 -] - 4 8 - 7 4 1 4 1 1 - - - -
peritonitis (Group 3)
abs. number -] - 26 28 - 19 13 5 13 17 2 - 1 - -
% - |- 481|518 - 129 352 241 98 241 315 37 -| 18 - | -

Note: 1, 2, 3, 4 -number of signs of the syndrome during this period
Source: compiled by the authors

When analysing the dynamics in the group of post-
operative peritonitis, it was found that on the day 3 af-
ter surgery, positive clinical dynamics was observed in
only 2 patients (10%), in whom the number of signs of
CVD decreased from 3-4 to 2. The remaining patients
retained 3-4 signs during this period, which indicated
a slower relief of systemic inflammation. On days 6-7,
the proportion of patients with two signs increased to
30% (n=6), however, 65% of patients (n=13) still had
3 signs, and one patient had 4. By days 9-10, only one
case with 2 signs remained in this group, which con-
firms a more prolonged course of the inflammatory
process and, probably, a more severe initial condition,
and an unfavourable premorbid background.

In the group of patients with peritonitis due to ul-
ceration, the initial severity of the condition was com-
parable (3-4 signs of CVD in all), but the dynamics of
recovery turned out to be more favourable. As early
as day 3, 77.3% of patients (n=17) had only 2 signs of
CVD, while only 5 patients (22.7%) had 3-4. By days
6-7, further improvement was observed: 18% (n=4) of
patients retained 2 signs, 27% (n=6) had 3 signs, and
the majority (n=12) had no signs of CVD. On days 9-10,
none of the patients in this group had any clinical crite-
ria for CVD, which indicates complete relief of systemic
inflammation and confirms the high effectiveness of the
applied therapy complex in this category of patients.
Patients with peritonitis, which complicated the course

of destructive appendicitis, initially had 3-4 signs of CVD.
On the 1% day after the operation, the clinical picture did
not change. On day 3, the number of patients with 4 signs
decreased, but 58% (n=7) of patients still had 3 signs,
while only one patient had 2 signs. By days 6-7, the posi-
tive dynamics increased: 33% (n=4) of patients retained
2 signs, one patient had 1 sign, which can be regarded
as a significant weakening of the systemic inflammato-
ry response. However, on days 9-10, another 16.7% of
patients in this group had 2 signs of CVD (n=2), which
indicates incomplete resolution of inflammation by the
time the follow-up was completed.

In general, the analysis of the presented data showed
that the rate of regression of CVD symptoms differed de-
pending on the genesis of peritonitis. The most favoura-
ble dynamics was observed in patients with perforated
ulcers, which is probably conditioned by a more local-
ised source of infection and a lower degree of microbial
contamination of the abdominal cavity compared with
postoperative peritonitis. The least pronounced im-
provement was observed in patients with postoperative
peritonitis, which may be explained by the severe initial
condition, the presence of stable nosocomial microflora,
and more pronounced endogenous intoxication.

In parallel with the clinical signs, the dynamics of
laboratory parameters were recorded - the level of
leukocytes, leukocyte intoxication index (LII), and pro-
calcitonin. Prior to surgery, all patients had marked
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leukocytosis, increased blood pressure and procalci-
tonin concentration, reflecting a systemic inflammato-
ry response and the presence of severe infection. In the
postoperative period, with a favourable course, the in-
dicators gradually decreased, but in the group of post-
operative peritonitis, their levels remained higher at all
follow-up periods, which confirms the data on a more
protracted inflammatory process in this category.

The appointment of the Roncoleukin immunocor-
rector contributed to the activation of immune defence,
which was manifested by a faster decrease in the fre-
quency of signs of CVD and normalisation of laboratory
parameters in groups with a milder course of the dis-
ease. The use of complex therapy, including lymphogen-
ic technology and EEN, helped to prevent the progres-
sion of the systemic inflammatory response, shorten
the time to maintain the maximum severity of CVD, and
probably reduce the risk of severe complications.

Thus, dynamic monitoring of clinical and labora-
tory signs of CVD has shown that complex therapy is
effective in all the studied groups, however, the degree
and rate of regression of inflammatory manifestations
depend on the genesis of peritonitis. In the treatment of
diffuse peritonitis, no monotherapy provides complete
elimination of the inflammatory process in the abdomi-
nal cavity, which necessitates the individual selection of
a comprehensive correction of systemic inflammatory
response syndrome. Regional lymphostimulation was
used as a basic element of therapy for peritonitis of var-
ious origins, due to the key role of the lymphatic system
in the pathogenesis of inflammation: in the early stages,
it performs a protective function, but as microflora and
its decay products accumulate, it can contribute to the
generalisation of the process.

In conditions of postoperative peritonitis, lym-
phostimulation was performed simultaneously and
continued through a fixed microirrigator installed in
the root of the mesentery of the small intestine. In case
of a perforated ulcer, prolonged lymphostimulation was
used according to a specialised technique. In all clinical
cases, the mandatory stage was the rehabilitation of the
abdominal cavity. For patients with postoperative peri-
tonitis, the use of a nasogastric tube for early enteral
nutrition was of particular importance, which helped
to reduce the frequency of infectious complications,
reduce the duration of hospitalisation, and reduce the
economic costs of treatment.

Complications and short-term mortality remain
key clinical endpoints in diffuse peritonitis and de-
termine the effectiveness of both surgical and drug
strategies. According to N.V. Lebedev et al. [15], with
the development of abdominal sepsis and toxic shock,
mortality reaches extremely high values, which em-
phasises the severity of the disease and the need for an
adequate treatment algorithm. Similarly, B.G. Prasad &
K.B. Reddy [16] noted that in a number of clinical se-
ries, the total hospital/30-day mortality in acute diffuse

peritonitis is approximately 15-35% or higher, depend-
ing on the degree of organ dysfunction, the presence of
malignant pathology, and delay in care.

In the randomised protocol of COOL, A.W. Kirkpat-
rick et al. [17] showed that in severe complicated in-
tra-abdominal sepsis, outcomes largely depend on the
degree of systemic expression of inflammation and the
effectiveness of primary sanitation, and on the chosen
tactics - primary closure or open abdominal cavity with
active deseria. Subsequent retrospective analyses and
clinical reports have shown that the open abdominal
cavity (OA) strategy does not provide a clear survival
advantage and is associated with a higher incidence
of early postoperative complications and the develop-
ment of ventral hernias, whereas primary closure is not
always possible with poor control of the source of infec-
tion. Observations of T. Guagni et al. [18] pointed to the
existing clinical equiposition and the need for individu-
al decision-making in severe peritonitis.

In the light of these data, the results of this study
correlate with the fact that patients with postopera-
tive peritonitis had a higher incidence of complications
and a more prolonged resolution of CVD compared
with the perforation and appendicitis groups. This is
consistent with the role of nosocomial contamination,
polyresistant flora, and initial severity of the condition
described in the literature as factors that worsen the
prognosis [15,16]. The complex used in this study - re-
gional lymphostimulation, EEN, Roncoleukin immuno-
correction, and targeted antibacterial/detoxification
therapy - was associated in most patients with pre-
venting further progression of the process and reduc-
ing the frequency of transition to severe multiple organ
failure. This effect correlates with data on the beneficial
effect of EEN and complex therapy on reducing infec-
tious complications and improving clinical outcomes in
surgical patients.

The data of this study are supported by the results
of a systematic review and meta-analysis of ]. Bur-
charth et al. [19], which evaluated the effect of early
enteral nutrition on mortality after major emergency
abdominal surgeries. An analysis of seven included
studies with a total of 1,309 patients showed that ear-
ly initiation of enteral nutrition was associated with a
significant reduction in mortality (odds ratio 0.59; 95%
confidence interval 0.34-1.00) compared with stand-
ard therapy. No significant problems with the safety
of EEN were identified, and trends towards a decrease
in the incidence of sepsis and postoperative pulmo-
nary complications were also noted, although the level
of evidence was assessed as low or very low. The re-
searchers emphasised the need for further high-quality
randomised trials to clarify the optimal start time and
composition of enteral nutrition.

A.A. Savchenko et al. [20] investigated the state of
cellular and humoural immunity in 50 patients with
diffuse purulent peritonitis (DPP). The analysis of the
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lymphocytic phenotype was performed by flow cy-
tometry, and the concentration of immunoglobulins
and cytokines was performed by enzyme immuno-
assay (ELISA). The results showed leukocytosis, rel-
ative lymphopenia, an increase in pro-inflammatory
cytokines, and a decrease in cytotoxic and activated
T-lymphocytes in RGP. With an unfavourable outcome,
there was a decrease in y8T lymphocytes and NKT
cells, with an increase in B1 cells. With a favourable
outcome, there was a decrease in NK cells and an in-
crease in Th2 lymphocytes, which was accompanied
by an increase in IL-4 and IgA, which are important
for immunopathogenesis and a favourable outcome.
These data emphasise the key role of immune regula-
tion in the prognosis of RGP and support the need for
immunocorrection, which corresponds to the complex
of therapies used in this study. D. Rittirsch et al. [21]
emphasised the key role of uncontrolled activation of
the complement system in the development of multi-
ple organ failure in sepsis and systemic inflammatory
response. Their data confirm the importance of modu-
lating the immune response to prevent organ damage,
which reinforces the rationale for the use of complex
immunocorrective therapy for severe intra-abdominal
infections and diffuse peritonitis.

Conclusions
The conducted study comprehensively evaluated the
effectiveness of the proposed treatment regimen for
patients with diffuse peritonitis, considering the need
for a multi-stage approach aimed at eliminating the
source of infection, correcting systemic disorders,
and maintaining the functional state of vital organs. A
comparison of the tasks set with the results obtained
showed that all the goals outlined at the planning stage
of the study were fully achieved. Analysis of clinical
data has confirmed that the use of combination therapy,

including targeted abdominal rehabilitation, antibacte-
rial effects, detoxification measures, and early restora-
tion of enteral nutrition in combination with immuno-
correction, significantly reduced the risk of developing
multiple organ failure. A decrease in the incidence of
complications and mortality was noted in patients
without severe initial multisystem dysfunction, which
indicates the high clinical significance of the proposed
management algorithm.

An important aspect of the study was the confir-
mation that the timely initiation of enteral nutrition
contributes to the preservation of intestinal barrier
function, prevents translocation of microflora, and re-
duces the severity of systemic inflammatory response.
This allows considering it not as an auxiliary, but as an
obligatory component of treatment that requires stand-
ardisation in clinical practice. The issues of optimising
the dosages and timing of the appointment of indi-
vidual components of therapy remain unresolved, de-
pending on the severity of the condition, concomitant
diseases, and the age of the patient. A promising area
of further research is the in-depth study of immunolog-
ical markers that allow more accurately predicting the
outcome of the disease and individualise the treatment
approach, and the development of protocols that inte-
grate modern methods of nutritional support and im-
munomodulation into the comprehensive treatment of
diffuse peritonitis.
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AHHOTANMsI. Ap KaHJal KeJIMIT YbITBIIITArbl 4YayblparaH MEPUTOHUT Y4YYpyHZA CUCTEMaJyy Ce3reHyY
peakuusicel cuggpomy (CCPC) mnoJMOpraHAbIK JKETHUICH3AWMKTHUH jKaHa OJYM-KUTHMJUH HErHU3TH
cebenTepUHUH GUPU 6ON/IOH KalyyAa, OIIOHAYKTAaH aHbl KOPPEKLIUAJIO0OHYH HAThIMKaNyy bIKMaslapblH U3/166
KJIMHUKAJIbIK TPAaKTUKaHbIH apThIKYbLIBIKTYY 6arbIThl 60y caHaaaT. Bys U3MJIIe6HYH MaKcaThl — ap KaHJak
KeJIMI YbITBIIITArbl YaublparadH NepUTOHUT MeHeH oopyraH 6edTantapga CCPCTH KOppeKUUAI000 UILTENUI
YbIKKaH KOMIIJIEKCTYY BIKMaHBbIH HaTbIMXKaayyayryH 6aanoo 6ousroH. 2021-2023-xbigapbl Oumr mraapblk
KJIMHUKaJIbIK 00pYKaHaChIH/1a JapblaHTraH 46 6e U TaNn ThIH XUPYPTUSIBIK AAPbLI00 *KbIHBIHTBIKTAPbI TA/1JAH/AbI
(20 - omepanusilaH KUAUHKA MEPUTOHUT, 22 — alllKa3aH >Xe OH 3KU 3JIM WYEerd >KapachblHbIH TEIIWJIUIIH,
12 - TaTaanpamkaH anneHAMUUT). KOMIJIEKCTYY AapblIoof0 PerdoHalAblK aHTUOUMOTHUK-JTUMPOTPONTYK
CTUMYJISILIMS, CHUCTeMaslyy aHTHUGaKTepHhaJblK >KaHa [Je3MHTOKCUKALUSJIbIK Tepanus, POHKOJEHKHH
npenapaTbl MEHEH UMMYHOKOPPEKILIUS XkaHa 3pTe IHTepaAblK TaMaKTaHAbIPYy KOJIA4OHYyAraH. KJIMHUKaNIbIK
GesiruJiep kaHa J1abopaToOPHUSJIBIK KOPCOTKYUTOp (JIeHKOLUTTED, JeHKOLUTapAblK HHTOKCUKALUS UHJEKCH,
NPOKaJbIMTOHMUH) GaanaHraH. Onepauusira 4yeluH Gapzabik GedTantapga CCPCTHH y4YTeH TepTKe 4YelHH
6esirucyd aHbIKTajJraH. KoMmsieKcTyy [Aapbliioo KUPrU3WITEHJeH KUHUH OOPYHYH >KarbIMAYY >KYPYLIYHA®
KJIMHUKaJIbIK 6eJITMJIep/IMH )KaHa J1ab0paTOPUAIbIK KEPCOTKYUTOPAYH XKbIIITBIBIHBIH TYPYKTYY KaHa 0JIyTTYy
TeMeH/Je1ly 6aiikaiarad. 2Kapa Telmuaumy 60J4roH TONTo 22 6eWTanTbiH 17 cCHHAE YYYHUY KYHY O6eruiepinH
CaHbl 3KUTe YeHHH a3alraH, ajl 3MU TOTY3yHYYy-OHYHUY KYH/Iepre KapaTta 6e/rujiep ToJyry MeHeH »KOT0JITOH.
ANneHJUIMTTUK NEPUTOHUTTE KJIMHHUKAJBIK CUMITOMJOP Y4YYHYY-a/ITBIHYbl KYHZOPre KapaTa asalral;
TOTY3YHUY-OHYHYY KYHJepre KapaTa GedTanTap/blH KeOyH/l® OPTO 3Cell MeHeH 3KH OeJIrd caKTaJjraH. JH,
»Kal OH JUHAMHKa ollepalysa/iaH KHMMHKY NepUTOHUTTe 6aiikajiraH, 6MpokK GyJ TONTO Ja aJThIHYbI-OHYHUY
KYH/Zepre KapaTa 6e/Jruaep/uH CaHbl OUPJUKTYY JleHr33J1re UelnH azairas. JKarelMAyy )KYpyLITe JIeHKOIIUTO3,
JIEMKOLMTApAblK UHTOKCUKALMA WHJAEKCH >XaHa NpPOKaJbLUTOHHUH JEHI33JMHUH TOMeH/elly KaTTaJsIraH.
U3unieeHyH KBIMBIHTBIKTAPBl Yayblparad NepUTOHUTTH Aapblinoofo CCPCTu HaThIMXKa/Myy KOPPEKLUAJI00
YUYH peruoHaIAbIK aHTUOUOTHUK-TUMPOTPONTYK CTUMYISALUSIHBI UMMYHOKOPPEKIIUS KaHa 3pTe 3HTepaJbIK
TaMaKTaH/bIPpyy MeHeH alKaJbIIITHIPbIN KOJIJOHYY MAaKCAaTKa bIJIAUBbIKTYY 3KEHUH HETU3JJeUT

Herusrm c¢e310p: 1NOJHOPraHfbIK >KETHULICU3AUK; XUPYPTUAAbIK HHQEKIUs; HUMMYHOMOIYJISIHS;

AHTUOAKTEPHUAABIK TePaIus; MPOKAJTbIUTOHUH; JEUKOIUTAP/bIK HHTOKCUKAIUS UHEKCH; 3PTE SHTEPaAIAbIK
TaMaKTaH/bIPYy
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AHHOTAnUsA. CUHApPOM cHUCTeMHOM BocnanuTeabHoW peakuuud (CCBP) mpu pasnuToM mnepuUTOHHTE
0CTaéTCcAd OJHOU U3 BeJyIIUX NPUYMUH MOJUOPraHHON HeJAO0CTAaTOYHOCTH U BBICOKOU JIETAJIBHOCTH, TO3TOMY
MoucK 3QPeKTUBHBIX METOJIOB €ro KOPpeKIUMHU HMeeT IepBoOYepesHOEe NpaKTUYecKoe 3HadeHHe. Llesbio
Hcciie[JoBaHUs ObLIO OLeHUTh 3 PEeKTUBHOCTb Pa3paboTaHHOT'0 KOMIIJIEKCHOTO 1MoAxo/1a K Koppekiuu CCBP y
60JIBHBIX C PA3JIUTHIM IEPUTOHUTOM PA3JIMYHOTO reHesa. [I[poaHa/IM3UpPOBaHbI Pe3yIbTaThl XUPYPruyecKoro
JiedeHUs: 46 MalUEeHTOB, MpoJiedeHHbIX B OUICKON TOpPOJICKON KJIMHUYEeCKOW GosibHULE B 2021-2023 roxax
(20 - mocseomepallMOHHBIM MEPUTOHUT, 22 - mnepdopalus S3Bbl JKeJyJKa WM JBEHAAATHUIIEPCTHON
KUIIKY, 12 - OC/JIOXHEHHBIM amnmeHJUIUT). B KOMILJIEKCHOM JiIeYEHHU HCIO0JIb30BaJU PEruoHaIbHYIO
AHTUOUOTHUKOJNMMPOTPONHYIO CTUMYJSALUIO, CUCTEMHYI AaHTHUOAKTEPHUAJbHYI M J€3MHTOKCUKALMOHHYIO
Tepanuio, HMMYHOKOPPEKI[MI0 MpernapaToM pPOHKOJEHWKUH U paHHee 3HTepasibHoe mnutadue (P3II).
OneHuBany kjauHUYeckue npusHaku CCBP u sabopaTopHble Mapképbl (JeMKOLMTHI, JIEMKOLMTAPHBINA
WHJleKC UHTOKcukKanuu — JIMW, npokanbuuToHuH). [lo omepanuu y BCeX MAIlMEHTOB ObLIO BBISIBJEHO OT
TpéX [0 4YeTblpéx npusHakoB CCBP. [locie BHeJpeHUsi KOMILJIEKCA Jie4eOHbIX MEpPONPUSATHH OTMedYeHO
ocse/j0BaTeJbHOE U BbIpa)KEHHOE CHMKEHHE YaCTOThI KJIMHUYECKUX NIPU3HAKOB U YPOBHEHN J1a60PATOPHBIX
MapKépoB MpU 6J1aronpUsTHOM TeueHUH 3abosieBaHus. B rpynmne c nepdopauueit 138y 17 u3 22 nanueHToB
K TpeTbUM CyTKaM YMCJIO IPU3HAKOB YMEHBIINJIOCh 10 ABYX, a K [leBATbIM-AeCATbIM CyTKaM npusHaku CCBP
OTCYTCTBOBaJY. [Ipy anneHAMLUTHOM [IEPUTOHUTE KJIWMHAYECKasd CUMITOMAaTHKa YMeHbIIaJach K TPETbUM-
LIECTbIM CyTKaM; K IeBATBHIM-/IeCATBIM CyTKaM y 60JbIIMHCTBA U3 12 MaljMeHTOB COXPaHSJIOCh B CPeJHEM MO
JiBa nmpu3Haka. Haubosiee MeJjieHHasl MOJIOKUTENbHAsA JUHAMHUKa HaAOJII0/asack NP MOCJeonepayoHHOM
MepUTOHUTE, OJJHAKO M B 3TOU IpyIlIe K IIeCTbIM-AeCATbIM CyTKaM YMCJI0 NPU3HAKOB yMEHbIIAJOCh [0
enMHUYHBIX. [lapayieibHO perucTpUpoBaJoch CHUXKeHUe JerkouuTosa, JIMU v ypoBHS NpoOKaJbLUTOHUHA
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Abstract. The study aimed to formulate theoretical grounds for the targeted design of glycosylated biologically
active molecules with predictable pharmacological properties. The study methodology was based on a theoretical and
analytical approach using in silico modelling, including prediction of bioavailability, polar surface and gastrointestinal
absorption, as well as assessment of molecular interactions of glycosylated compounds with pharmacologically
relevant targets. The results indicate that glycosyl residues such as N-acetylglucosamine and sialic acid increase the
polar surface of the molecule from 48.9 to 112.4 square angstroms, which contributes to more efficient hydrogen
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3.4 to 1.8 was observed, indicating a decrease in lipophilicity and more favourable pharmacokinetics. The modelled
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lectin was in the range of -8.5 to -9.1 kilocalories per mole, indicating high affinity and stability of the complex. In
comparison, the corresponding parameters for unmodified compounds ranged from -5.9 to -7.3 kilocalories per
mole. The analysis also revealed a decrease in potential cytotoxicity and an increase in selectivity of action due to
targeted interaction with receptor proteins. The data obtained confirm the importance of glycosylation as a strategy
to improve the bioavailability, specificity and therapeutic efficacy of the molecules under development. The results
are of practical importance for the rational design of medicinal molecules in which glycosyl fragments are used as
active pharmacophore elements that increase the selectivity, stability and bioavailability of therapeutic compounds
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Introduction

In the context of growing drug resistance, limited selec-
tivity of existing drugs, and the need to develop com-
pounds with predictable pharmacological properties,
the problem of structural design of biologically active
molecules with targeted action is becoming particularly
relevant. Modern medicinal chemistry faces a shortage
of universal strategies that can simultaneously ensure
high bioavailability, stability, and specificity of interac-
tion with pharmacological targets. In this regard, a sci-
entific problem arises: the lack of a comprehensive the-
oretical model that would provide the rational selection
of structural components, such as glycosyl fragments,
when creating new therapeutic agents.

One of the promising solutions to the problem is
the use of carbohydrates as structural elements ca-
pable of modelling the pharmacological properties
of a molecule. Natural mono- and oligosaccharides
are characterised by high biocompatibility, metabolic
stability and variability of functional groups, which
makes them a versatile platform for molecular design.
The inclusion of carbohydrate fragments provides
targeted influence on pharmacokinetics and receptor
specificity, especially concerning such targets as glu-
cose transporter type 1 (GLUT1), Galectin-3, a -ga-
lactoside-binding lectin, and the Cluster of Differen-
tiation 44 (CD44) receptor, a membrane glycoprotein
that interacts with hyaluronic acid [1].

In the post-Soviet scientific space, the topic of de-
signing glycosylated compounds is being developed
mainly in the pharmaceutical and chemical-biological
fields. O. Akparalieva et al. [2] attempted to combine
the synthesis of sulphonamide derivatives with a car-
bohydrate structure and the use of the Prediction of
Activity Spectra for Substances software for prelim-
inary computer screening of activity. The study not
only highlighted the influence of glycosyl fragments
on bioavailability but also raised the issue of the cor-
relation between hydrophilicity and the proposed
mechanism of action. In turn, V. Akhmetova [3] anal-
ysed the pharmacokinetic behaviour of glycosylated
derivatives in the dissertation on changes in the met-
abolic rate depending on the nature of the carbohy-
drate component. The research demonstrated that
glycosylation in Kyrgyz practice is perceived not only
as a structural modification but also as a controlled
tool for optimising pharmacological characteristics.

The use of carbohydrates as functional platforms
in the therapy of malignant tumours is theoretically
substantiated in several international publications.
The review by A. Costa et al. [4] presented a structured
presentation of the mechanisms of cellular uptake of
glycosylated agents involving specific target proteins
such as GLUT1, Galectin-3 and CD44. Notably, the study
addressed carbohydrate fragments not as additive
modules, but as full-fledged pharmacophores that de-
termine the molecule delivery trajectory. The topic was

further developed by N. Xavier et al. [5], proposing a
classification of carbohydrate compounds according to
the degree of structural similarity to natural analogues.
The analysis of synthetic glycopeptides with immuno-
modulatory activity is also noteworthy: the study rais-
es the question of the possibility of their adaptation for
targeted delivery of anticancer agents. There is also a
tendency to use carbohydrates not as an auxiliary ele-
ment, but as the basis of a structure with specified bio-
logical functions.

The development of biologically active substances
based on carbohydrates is impossible without the use of
modern molecular modelling methods and highly specif-
ic synthetic approaches. A. Andreu et al. [6] conducted a
detailed review of enzymatic strategies to produce gly-
cosyl derivatives using engineered glycosyltransferases.
The study emphasised that this route is not only environ-
mentally friendly but also ensures strict control of the
stereochemistry of the bond, which is considered a sig-
nificant factor in the development of targeted drugs. Of
additional value is the study by J. Markink [7], which uses
machine learning for the automated design of carbohy-
drate ligands with affinity for target proteins. In contrast
to the traditional Quantitative Structure-Activity Rela-
tionship approach, the study employed deep neural net-
work architectures, which incorporate both spatial and
electronic parameters of molecules.

The issue of structural modification of carbohydrates
to optimise the pharmacological properties remains the
focus of modern glycochemistry. L. Pan et al. [8] consid-
ered carbohydrates as a basis for the construction of
polymeric carriers that enhance the penetration of the
active substance into target cells. The novelty of the arti-
cle lies in the systematisation of nanotechnological solu-
tions aimed at increasing the solubility and prolonging
the action of glycosylated compounds. In turn, N. Wang et
al. [9] emphasised phosphorylated sugars, demonstrat-
ing that phosphorus groups can stabilise the structure
of the molecule and increase resistance to enzymatic
hydrolysis. Both studies emphasise that the efficiency of
carbohydrates as a building block can be significantly en-
hanced by targeted functionalisation.

Scientific publications devoted to the design of
carbohydrate-based biologically active compounds, as
a rule, fragmentarily consider the structural and func-
tional features of glycosylated components without a
comprehensive analysis of the possibilities of their tar-
geted use in medicinal chemistry. The study aimed to
develop theoretical approaches to the creation of gly-
cosylated compounds with pharmacologically relevant
properties. The study objectives were to identify the
structural regularities that determine the biopharma-
ceutical profile of carbohydrate-containing molecules,
to evaluate the methods used for the modelling, and
to review attempts to experimentally substantiate the
proposed theoretical approaches.

@
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Materials and Methods

The study was conducted within the framework of a
theoretical and analytical approach with elements of
in silico modelling for computer prediction of biolog-
ical activity, pharmacokinetic properties and molec-
ular interaction of compounds based on the chemical
structure and with the use of published experimental
and patent data for comparative analysis and verifica-
tion of theoretical conclusions. At the level of general
theoretical analysis, a set of logical and methodologi-
cal techniques was used, each method being applied to
solve specific problems related to the theoretical sub-
stantiation of the design of glycosylated biologically
active compounds. In particular, the structural analysis
covered the classification of glycosyl residues (aldose,
ketose, amino sugars), types of glycosidic bonds (0-, N-,
S-couplings) and the configuration features, assessing
the potential impact of these parameters on receptor
selectivity and biopharmacological properties.

As part of the applied stage of modelling, 10 mo-
lecular structures were analysed: 5 glycosylated com-
pounds modified with various carbohydrate fragments
(a-D-glucose, B-D-galactose, N-acetylglucosamine, sial-
ic and glucuronic acids), as well as 5 corresponding
non-glycosylated analogues identical in terms of the ba-
sic skeleton of the molecule. The structures were select-
ed based on the comparability criterion, which ensured
an objective comparison of key pharmacokinetic and
receptor parameters such as topological polar surface
area (TPSA), lipophilicity coefficient (LogP), gastroin-
testinal absorption (GI absorption), and binding energy
to biotargets such as GLUT1 transporter, CD44 receptor,
and Galectin-3 lectin.

Induction was used to summarise data extracted from
experimental and patent sources, and deduction was
used to theoretically test hypotheses within the frame-
work of drug-receptor models using molecular docking
performed in AutoDock Vina (via PyRx) with an RMSD
threshold of 2 A and an active site size of 22 x 22 x 22 A.
The comparison method was used for a reasonable com-
parison of glycosylated and non-glycosylated biologically
active compounds at the stage of theoretical modelling.
This approach was used for a structural and functional
assessment incorporating key pharmacokinetic (LogP,
TPSA, Gl absorption) and pharmacodynamic parameters
(affinity, binding energy, cytotoxicity, selectivity).

In the logical structure of the study, the synthesis
method was used to combine theoretical and model-
ling data with patent information, which formulated a
conceptual framework linking the structure of glycosyl
residues to their putative biological activity. The results
were summarised at the final stage to compare the the-
oretical conclusions with the data from molecular mod-
elling and visual analysis of the complexes. The empir-
ical and patent base of the study was formed based on
publications from 2005-2024, selected by keywords

(“glycosylation”, “ glycoengineering”) in

>

» o«

glycomimetics”,

Scopus, PubMed and SpringerLink, with priority given to
papers containing data on biologically active glycosylat-
ed compounds. Two patents US11261477B2 [10] and
US10087236B2 [11] were selected as representative
sources: the first describes methods of targeted glycosyl-
ation of small molecules using engineered glycosyltrans-
ferases and the impact on biopharmaceutical properties,
the second describes approaches to glycan engineering
of antibodies with a demonstration of the effect of the
structure of carbohydrate fragments on pharmacokinet-
ics and receptor specificity.

For the theoretical evaluation of glycosylated com-
pounds, the online tools Prediction of Activity Spec-
tra for Substances Online, SwissADME and PubChem
Sketcher were used. The former was used to predict the
spectrum of biological activity based on the structure of
the molecules, the latter to calculate pharmacokinetic
parameters (LogP logarithm of the octanol /water distri-
bution coefficient, TPSA, Gl absorption), and the latter to
generate structures and SMILES formats. The integrat-
ed use of these platforms made it possible to conduct a
preliminary in silico analysis without laboratory tests.

Results and Discussion

Structural features of glycosylated derivatives
as objects of pharmacological modelling
The results of the theoretical analysis demonstrat-
ed that the most common glycosyl residues such as
a-D-glucose, B-D-galactose, N-acetylglucosamine, sialic
and glucuronic acids differ in size, configurational flexi-
bility and ability to form hydrogen bonds, which direct-
ly affects their pharmacophore function. In particular,
the inclusion of a-D-glucose in the structure of low mo-
lecular weight compounds contributed to an increase
in solubility, improving pharmaceutical availability.
On the contrary, N-acetylglucosamine demonstrated a
higher level of polarity (TPSA>100 A2) and resistance to
enzymatic deglycosylation, which makes it particularly
valuable in the development of stabilised antibodies.

The in-silico modelling results indicated a potential
dependence of the metabolic stability of compounds on
the type of glycosidic bond, which suggests a critical role
of this structural parameter at the stage of molecular de-
sign. The modelling showed that O-glycosides, especially
those with an a-configuration, are prone to hydrolysis,
while N-glycoside analogues showed more pronounced
resistance to glycosidases, prolonging the circulation
time. This conclusion is confirmed by S. Shivatare &
C. Wong [12], demonstrating experimentally that the re-
placement of the O-glycosidic bond with the N-glycosidic
bond can increase the metabolic stability of glycomimet-
icswithoutloss of affinity to the target. Structural analysis
also revealed patterns in the behaviour of acidic residues
such as sialic and glucuronic acids. Theoretical modelling
demonstrated that their high polarity and increased size
may limit the ability to passively diffuse, but at the same
time promote high-affinity binding to receptor proteins.
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In particular, the sialylated derivatives demonstrated se-
lective interaction with galectins and the CD44 receptor.
These results are in full agreement with the observations
of J. Wang et al. [13], which indicate a high specificity
of such fragments for lectin receptors of tumour cells.

The spatial architecture of the glycosyl fragments
also proved to be a factor influencing molecular recogni-
tion. Theoretical modelling showed that compact mon-
osaccharides such as a-D-glucose and 3-D-galactose fa-
cilitate the precise positioning of the pharmacophore in

the active site of the target. At the same time, branched
residues, such as sialic acid, create steric hindrances that
limit complementarity. This conclusion is in full agree-
ment with the data of L. Su et al. [14], who emphasise the
importance of the spatial orientation of glycosyl groups
for increasing affinity and, in some cases, their role as in-
dependent pharmacophore modules. Based on the sum-
marised results, Table 1 shows the key parameters of the
five glycosyl residues, including the type of bond, hydro-
philicity, TPSA and areas of possible application.

Table 1. Comparative characteristics of glycosyl residues

Type of glycosyl residue Bond type Hydrophilicity TPSA (A2) Use-cases
a-D-glucose 0-glycoside 51 90.3 Peptide modification
[3-D-galactose 0-glycoside 48 921 Liposomal preparations
N-acetylglucosamine N-glycoside 6.3 108.7 Antibodies
Sialic acid 0-glycoside 72 128.2 Cancer vaccines
Glucuronic acid 0-glycoside 6.9 123.6 Metabolic therapy

Note: A2 square angstrom, a unit of area at the molecular level; is used to refer to TPSA. Values up to 140 A2 are considered favourable for

oral absorption

Source: compiled by the authors based on calculations in SwissADME and comparison with literature data [12-19]

The analysis of Table 1 revealed several regulari-
ties. Firstly, the high polarity (TPSA > 120 A2) of sialic
and glucuronic acids limits the transport across lipo-
philic barriers but promotes participation in recep-
tor-mediated interactions. This makes them particular-
ly promising for the development of targeted delivery
and anti-tumour therapy. Secondly, the presence of an
N-glycosidic bond, similarly to N-acetylglucosamine, is
associated with greater stability in biological environ-
ments, which is critical for the development of stable
biopharmaceutical molecules. Thirdly, hydrophilicity
parameters correlate with distribution in the body:
compounds with hydrophilicity > 6 and TPSA > 100 A2
tend to accumulate in the reticuloendothelial system,
which should be incorporated during development of
anti-inflammatory and oncotherapeutic agents.

Structural features of glycosyl fragments, such as
bond type, polarity, and spatial configuration, are cen-
tral in modelling biologically active compounds and
should be considered an integral part of pharmacoph-
ore design. The theoretical analysis performed not only
correlates with the current scientific data but also for-
mulates a functionally sound approach to the design of
glycosylated molecules with a given biological activity.

Pharmacophore and pharmacokinetic

parameters of glycosylated compounds

The in-silico modelling provided detailed data on the
influence of glycosyl fragments on the pharmacokinetic
characteristics of the studied molecules. The use of the
SwissADME platform estimated the parameters LogP,
TPSA and GI absorption, which are critical for predict-
ing the bioavailability and behaviour of a compound in
the body. The study determined that the inclusion of a
glycosyl residue (e.g., N-acetylglucosamine or sialic acid)
leads to a significant increase in the TPSA value from

~50 A? for the non-glycosylated analogue to 112 A? for
the modified compound. The increase in TPSA indicates
an increase in hydrophilicity and polarity of the mole-
cule, which, in turn, leads to the possibility of multiple
hydrogen bonds with receptor sites. At the same time,
a decrease in LogP was observed from 3.4 to 1.8, which
reflects a decrease in LogP and, accordingly, reduces the
risk of accumulation in adipose tissue and uncontrolled
distribution (Fig. 1). These changes were accompanied
by a significant improvement in predicted gastrointes-
tinal absorption: while the non-glycosylated analogues
showed low GI absorption, the glycosylated structures
were characterised by high predicted absorption in most
cases. This indicates the potential of using such modified
molecules in oral dosage forms. The results obtained
correlate with the data presented by H. Kaur [20], noting
that glycosylation has a systemic effect on the pharma-
cokinetic profile of protein and small molecule drugs. In
particular, the study emphasised that an increase in TPSA
and a decrease in LogP have a positive effect on the solu-
bility, selectivity and safety of a compound, especially in
the context of monoclonal antibody therapy. The analysis
of the graphs demonstrated that glycosylation leads to
an increase in TPSA and a decrease in LogP, which di-
rectly affects the pharmacokinetics of the compound: it
increases solubility in the aqueous medium and reduces
the tendency to accumulate in adipose tissues. This en-
sures a more even distribution in the body and reduces
the risk of toxic effects, especially in systemic therapy.
The study established that glycosyl residues containing
sialic acid have high TPSA (>120 A2) while retaining the
ability for receptor-mediated transport. This negates the
limitations imposed by high TPSA while maintaining tar-
geted interaction with targets. Similar conclusions were
reported in a patent by X. Wang [10], where glycosylat-
ed derivatives obtained using plant glycosyltransferases

i
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demonstrate increased half-life, high stability in biologi-
cal fluids, and reduced cytotoxicity. A comparative analy-
sis with non-glycosylated analogues also showed that the
latter have higher LogP values and low TPSA, which lim-
its the therapeutic applicability in conditions requiring
systemic delivery and controlled distribution. The values
obtained in the theoretical in silico prediction confirm
that the absence of a carbohydrate component leads to
a decrease in water solubility, impaired absorption, and

LogP comparison

Category 1
m Glycosylated compound = Non-glycosylated compound

presumed instability in biological fluids. Patent sourc-
es further confirm the applicability of glycosylation as
a tool for improving biopharmaceutical properties. For
example, in patent US10087236B2 by C.-H. Wong & C.-Y.
Wu [11], glycan engineering methods were proposed to
increase antibody affinity while reducing immunogenic-
ity. The study emphasised that variation in the glycosyla-
tion profile can directly influence drug distribution, sta-
bility, and clearance profile.

20 TPSA comparison
100 112.4
80
60
40
20
0

Category 1
m Glycosylated compound ® Non-glycosylated compound

Figure 1. Comparative analysis of pharmacokinetic parameters LogP and TPSA for the model of glycosylated tyrosine
derivative with a-D-glucose and its non-glycosylated analogue (tyrosine)
Source: compiled by the authors based on modelling in SwissADME and [17-21]

The GI absorption predictions obtained using Swis-
SADME are based on proprietary structural models
constructed in SMILES format based on modified ty-
rosine derivatives with various glycosyl fragments. The
calculations used 2D structures optimised for standard
ionisation at pH 7.4, indicating the type of glycosidic
bond (0-glycosidic, N-glycosidic). The high GI absorp-
tion observed in most models indicated that glycosyl
fragments may function as pharmacokinetic modula-
tors, ensuring passage through epithelial barriers. This
trend is consistent with the findings reported in the
monograph by R. Adamo & L. Lay [19], which empha-
sised that glycosylation enhances the transport capac-
ity of molecules by mimicking natural ligand systems
such as glucose transporters. A comparison of theoret-
ical results with clinical data reported by J. Verheijen et
al. [21] demonstrated the importance of the correct
selection of the glycosyl residue. The study noted that
even minimal deviations from the optimal structure of
glycosylated sites can significantly alter the distribu-
tion of the drug in the body, especially in patients with
congenital glycosylation disorders. This confirms the
applicability of in silico modelling in the early stages of
molecule design for predicting clinically significant pa-
rameters. The data obtained confirm that glycosylation
has a systemic effect on the pharmacokinetic profile of
a molecule. Changes in TPSA, LogP and GI absorption
improve the solubility, bioavailability and stability of
compounds. This makes glycosylated fragments a po-
tential tool for structural optimisation at the preclinical
stage of designing biologically active compounds.

>

Molecular models of glycosylated
compound-biotarget interaction

Theoretical modelling of molecular interactions be-
tween glycosylated compounds and biotargets is an im-
portant step in the rational design of biologically active
substances. Three classes of targets sensitive to carbo-
hydrate fragments are of particular interest: the GLUT1
transporter, the cell adhesion molecule CD44, and the
[-galactoside-binding galectin proteins. The results of
the simulations performed in the AutoDock Vina soft-
ware environment via the PyRx interface showed that
the inclusion of glycosyl fragments significantly affects
the interaction profile of the molecule with the bio-
target. When a conditional glycosylated molecule was
docked with GLUT1, the binding energy was observed
to be -8.5 kcal/mol, while for the non-glycosylated an-
alogue, this figure was -6.7 kcal/mol. This indicates a
more stable and specific binding due to the possibility
of additional hydrogen bonding interactions formed by
hydroxyl groups of carbohydrates. This result is consist-
ent with the observations of O. Iwaloye et al. [22], em-
phasising that glycosylated derivatives show improved
affinity for targets involved in carbohydrate-dependent
transport, including GLUT1.

A similar trend was observed in the analysis of inter-
actions with CD44, the key receptor for hyaluronic acid.
For the glycosylated structure, the binding energy to the
CD44 receptor was -9.1 kcal/mol, which is 1.8 kcal/mol
lower than that of the non-glycosylated analogue. The
calculation was performed by molecular docking in
AutoDock Vina, based on the scoring function, without
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solvent modelling and with standard parameters (ex-
haustiveness=8, RMSD threshold 2 A). This indicates a
high complementarity between the glycosyl fragment
and the receptor surface. D. Tamburrini et al. [23] also
highlighted that N-glycosylation of the ligand promotes
the formation of a stable complex with CD44 due to the
spatial orientation of the carbohydrate chain, which is
critical for the regulation of cell migration and adhesion,
especially in the context of tumour progression.

Similar conclusions were obtained when analys-
ing interactions with Galectin-3, a lectin highly ex-
pressed in tumour tissues and responsible for cell

GLUT1

Binding energy (kcal/mol)
&

-10
m Glycosylated compound

aggregation, apoptosis and immunomodulation. The
binding energy for the glycosylated molecule was -7.8
kcal/mol, while for the non-glycosylated molecule, it
was -5.9 kcal/mol. Carbohydrate modification not only
increases selectivity but also stabilises the complex.
The study by R. Bellavita et al. [24] demonstrated that
galectins are highly sensitive to the configuration and
composition of glycosyl residues, which ensures tar-
geted control of the interaction at the level of molecu-
lar docking. To visualise the differences in affinity, the
binding energies of glycosylated and non-glycosylated
compounds to key biotargets were modelled (Fig. 2).

CD44 Galectin-3

m Non-glycosylated compound

Figure 2. Comparison of the binding energy of a glycosylated tyrosine derivative to a-D-glucose and its non-glycosylated
analogue (tyrosine) with hiotargets: GLUT1, CD44 and Galectin-3

Source: compiled by the authors based on [22-25]

The results obtained concluded that glycosylation
not only broadens the spectrum of interacting biomole-
cules but also increases selectivity by creating addition-
al contact points. Structural analysis of the complexes
showed that in the case of CD44 and galectins, glycosylat-
ed fragments form up to 5 hydrogen bonds with amino
acid residues of the receptor, while non-glycosylated
molecules form an average of 2-3 such interactions.
These data are consistent with the modelling results
presented by A. Mohammed et al. [25], which emphasise
that the inclusion of sugar fragments increases the num-
ber of pharmacophore elements in the molecule, improv-
ing topological correspondence with the active centre.

A comparative theoretical analysis of the complex
with Galectin-3 showed that glycosylated derivatives
showed signs of stronger binding, while non-glycosylat-
ed structures in docking models formed less stable con-
formations characterised by a weak network of inter-
molecular interactions and an unstable position in the
active site. A similar trend was confirmed by the results
of molecular dynamics studies conducted by M. Bege et
al. [26]: sugar-substituted nucleosides maintained sta-
ble binding to Galectin-3 for 50 ns of simulation, while
their non-glycosylated counterparts lost contact with
the target within 15-20 ns. These data emphasise the
critical role of the glycosylation domain in maintaining
long-term receptor interaction.

The results of in silico analysis confirmed that
glycosylation is an effective structural technique that
increases the affinity, specificity and stability of inter-
action with biotargets such as CD44, GLUT1 and Galec-
tin-3. The reduction of binding energy and increased
number of hydrogen bonds render glycosyl fragments
promising pharmacophore elements in the design of
drugs for cancer and immune therapy.

Comparative analysis of glycosylated
and non-glycosylated biologically active compounds
An analysis of the comparative characteristics of gly-
cosylated and non-glycosylated biologically active
compounds has revealed several key differences that
determine their therapeutic relevance. One of the most
important parameters demonstrating the influence of
the glycosyl residue is the change in the bioavailabili-
ty and selectivity of the molecule. According to in silico
modelling results, the inclusion of a glycosyl fragment
(e.g., glucuronic acid or N-acetylglucosamine) leads to
an increase in the polar surface and a decrease in LogP,
which significantly affects GI absorption, LogP and
TPSA. These changes generally improve solubility, re-
duce toxicity and increase the selectivity of interaction
with receptor targets [14,21].

For instance, according to the results of Predic-
tion of Activity Spectra for Substances Online and

&
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SwissADME, a comparison of the model of a glycosylat-
ed tyrosine derivative with a-D-glucose and its non-gly-
cosylated analogue (tyrosine) showed an increase in
TPSA by 63.5 A2 (from 48.9 to 112.4 A2) and a decrease
in LogP by more than 1.5 units (from 3.4 to 1.8). The
modelling was based on the author’s structures pre-
sented in SMILES format. The starting molecule (ty-
rosine): NH,-CH(COOH)-CH,-C,H,-OH; glycosylated
form: NH,-CH(COOH)-CH,-C.H,-O-Glc(a-1-0). Given
the predicted high level of gastrointestinal absorption,

this indicates a potentially improved suitability for
oral administration and more controlled distribution
in the body. Additional confirmation is provided by
the data of F. Khodabakhsh et al. [27] demonstrating
that glycosylation of protein preparations prolongs
the half-life and reduces immunogenicity. For a
demonstration of the differences between glycosylat-
ed and non-glycosylated compounds, a comparative
Table 2 of key pharmacokinetic and biological param-
eters is provided.

Table 2. Comparative parameters of glycosylated and non-glycosylated biologically active compounds

Parameter Glycosylated compounds Non-glycosylated compounds
TPSA (A%) 112.4 489
LogP 1.8 3.4
Gl absorption High Low
Binding energy with CD44 (kcal/mol) -91 -7.3
Cytotoxicity (uM) 98.3 314
Selectivity 31 09

Source: compiled by the authors based on [14, 21, 26-28]

Comparative analysis demonstrated that glycosyl-
ation significantly improves the pharmacokinetic and
pharmacodynamic profile of biologically active com-
pounds. The most pronounced differences were record-
ed in terms of TPSA, LogP and receptor binding energy,
indicating an increase in selectivity and stability. The
glycosyl fragments also contribute to a decrease in cy-
totoxicity and an increase in GI absorption. These data
confirm the feasibility of using glycosylation as a strate-
gy to improve therapeutic efficacy.

The in-silico modelling of the interactions between
glycosylated compoundsand Galectin-3 and CD44 recep-
tors showed an increase in the stability of the complex-
es: the binding energy decreased to -8.5-9.1 kcal/mo],
and the number of hydrogen bonds increased by 2-3
on average compared to non-glycosylated analogues
(-5.9-7.3 kcal/mol). This indicates an increase in affini-
ty and selectivity, which is critical for the development
of targeted drugs. A similar pattern was recorded in the
experiments of K. Sikora et al. [28], where glycosylated
lipopeptides demonstrated a pronounced antimicrobi-
al effect and at the same time a reduced cytotoxic pro-
file due to the formation of additional hydrogen bonds
with cellular receptors.

The modelling also confirmed that the inclusion of
a glycosyl fragment in the structure of the molecule re-
duces nonspecific binding to plasma proteins, thereby
reducing the probability of side effects. This position
is consistent with the observations of B. Mosayyebi et
al. [29], who demonstrated that glycosylated derivatives
can selectively deliver to tumour cells through specific
interaction with lectin receptors. Furthermore, the cal-
culations demonstrated that the presence of sialic acid
and N-acetylglucosamine in the structure of the com-
pounds leads to a decrease in enzymatic vulnerability:

&b

the probability of hydrolysis of key functional groups de-
creased due to spatial shielding. A similar result was ob-
tained by S. Sadraei [30], describing a synthetic series of
glycosylated derivatives that demonstrated resistance to
degradation in vivo. This makes such structures particu-
larly promising in systemic therapy requiring prolonged
action and stability in the biological environment.

The analysis of the predicted pharmacokinetic char-
acteristics revealed the dependence of the compounds’
efficacy on their ability to cross the blood-brain barri-
er. According to the forecast, glycosylated derivatives,
due to the imitation of the structure of naturally trans-
ported substrates (e.g. glucose), have a greater ability
to pass it. This mechanism was confirmed by |. Lopes et
al. [31], demonstrating that carbohydrate modifications
enhance the neurotropicity of compounds and simulta-
neously reduce neurotoxicity due to specific transport
via the glucose carrier pathway:.

Comparative analysis confirmed that glycosyla-
tion has a systemic effect on the pharmacokinetic and
pharmacodynamic properties of a molecule. It not only
improves solubility and stability but also ensures se-
lective interaction with biotargets, reduces toxicity and
widens the therapeutic window. Consequently, glycosyl
derivatives represent a promising area in the design of
new biologically active compounds, especially when
high selectivity, stability and predictable drug behav-
iour in the body are required.

Possibilities of experimental confirmation

of theoretical models

The results of theoretical modelling of the interaction of
glycosylated compounds with CD44, GLUT1 and Galec-
tin-3 receptors identified several structural characteris-
tics that potentially ensure high affinity and selectivity.
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Firstly, results determined that the inclusion of a car-
bohydrate fragment containing sialic acid or N-acetyl-
glucosamine in the molecule leads to the formation of
stable complexes with lectin domains, as evidenced by
a decrease in the binding energy to -9.1 kcal/mol and an
increase in the number of hydrogen bonds [21,32].

Theresults of in silico docking demonstrated that gly-
cosylated derivatives with sialic acid and N-acetylglucos-
amine residues formed stable complexes with Galectin-3:
the calculated binding energy ranged from -8.6 to -9.3
kcal/mol. Additional information on the stability of such
complexes is provided by the molecular dynamics data
presented by J. Lopes et al. [31], demonstrating that such
structures retained 5-7 hydrogen bonds, and the stan-
dard deviation of atoms did not exceed 2.4 A during 50 ns
of simulation in aqueous medium at 300 K. The simu-
lations were conducted using the GROMACS software
package and standard conditions (TIP3P model, peri-
odic boundary, ion neutralisation). These parameters
indicate a high degree of complementarity and potential
stability of the interaction. The theoretical predictions
are confirmed by the results of preclinical in vitro ex-
periments presented in N. Bajad et al. [33], where gly-
cosylated derivatives demonstrated the ability to pen-
etrate the blood-brain barrier and effectively interact
with receptors in neuronal cell models of Alzheimer’s
disease. The study demonstrated that the introduction
of glycosylated fragments promotes targeted delivery
through recognition by lectin-like receptors, including
Galectin-3, which correlates with the theoretically pre-
dicted receptor selectivity.

Furthermore, modelling the interaction of glyco-
sylated structures with transport proteins revealed that
the spatial configuration of the glycosyl residue critically
affects the direction of the molecule in the lipophilic en-
vironment. Similar results were obtained in the patent
US11261477B2 by X. Wang [10], which described the
use of plant glycosyltransferases to improve the phar-
macokinetic parameters of drugs. Notably, glycosylated
forms showed increased stability, enhanced receptor
binding and prolonged half-life in vivo, which is consis-
tent with the modelled results. The role of glycosylation
in modulating immunogenicity was emphasised. Ac-
cording to the patent of C.-H. Wong and C.-Y. Wu [11], the
inclusion of specific glycans in the structure of antibod-
ies reduces their immunogenicity and simultaneously
increases their affinity for Fc receptors. In the context of
theoretical analysis, this is confirmed by the predicted
increase in intermolecular contacts in the binding re-
gion: when modelling the complex with CD44, not only
an improvement in complementarity was observed, but
also a redistribution of electron density, which contrib-
utes to more stable ligand retention [11,34].

However, the possibilities of experimental confir-
mation of theoretical models in the literature are limited
by several key aspects. Firstly, in silico models, despite
the high predictive value, require further preclinical

verification. This was emphasised by H. Kaur [20], de-
scribing the discrepancies between in silico predictions
and bioavailability results after systemic administra-
tion of glycosylated antibodies. The study emphasised
that a high TPSA (over 120 A% with an optimal range of
60-90 A? for effective absorption) does not always cor-
relate with in vivo absorption, especially when admin-
istered orally, which was also observed in the models
developed at critical values of TPSA > 120 A2 Second,
many theoretical models assume ideal binding condi-
tions that are not always reproducible in cellular sys-
tems. This limitation was emphasised by O. Iwaloye et
al. [22], noting that many predicted interaction models
within Computer-Aided Drug Design (CADD) do not in-
corporate the conformational flexibility of proteins and
the influence of metabolic enzymes, which leads to a
decrease in predictive accuracy when moving to in vitro
and in vivo models.

Several examples demonstrate the successful ver-
ification of theoretical hypotheses. L. Su et al [14]
described biomaterials based on polysaccharides, in
which the theoretically predicted receptor affinity
was confirmed by cellular tests. This confirms that a
well-designed glycosyl architecture can be reproduced
experimentally. Furthermore, A. Tamburrini et al. [23]
demonstrated that synthetic glycomimetics developed
using pharmacophore modelling are selective for Galec-
tin-1, which verified the use of computer models as a
tool for the initial selection of compounds. Experimen-
tal data also indicate a correlation between the type of
glycosyl residue and in vivo stability. B. Chen et al. [15]
determined that N-glycosylated forms of proteins are
more resistant to protease degradation and have im-
proved pharmacokinetics compared to their O-glyco-
sidic analogues. This conclusion confirms the theoret-
ical data, according to which the N-bond demonstrated
lower hydrolysis energy values in the modelling.

The obtained in silico results largely correlate with
the literature and patent sources, reflecting the confir-
mation of theoretical models in the experiment in terms
of binding energy (-8.6..-9.3 kcal/mol), the nature of
hydrogen interactions and pharmacokinetic parameters
(TPSA, LogP), comparable to published data on glyco-
sylated ligands. Despite methodological limitations, the
current level of development of CADD and pharmacoph-
ore modelling enabled the use of glycosylated structures
as reasonable starting candidates for the development of
biologically active compounds.

Conclusions
The study formulated a comprehensive theoretical
justification for the expediency of using glycosylation
as a structural technique in the design of biologically
active compounds with a given pharmacological ac-
tivity. The study established that the type of glycosyl
residue (mono-, di-, acidic forms), the nature of the gly-
cosidic bond (0O-, N-), and the spatial orientation of the

-
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carbohydrate fragment critically determine the phar-
macophore profile of the molecule and the parameters
of its interaction with receptor structures.

The in-silico predictions demonstrated that the
inclusion of glycosyl fragments leads to an increase in
TPSA from 48.9 A2to 112.4 A? a decrease in LogP from
3.4 to 1.8 and a transition of the GI absorption index
from “low” to “high”. These changes indicate increased
hydrophilicity, improved solubility, and a more favour-
able absorption profile for glycosylated compounds,
especially in the context of oral administration. Mod-
elling of molecular interactions demonstrated that
glycosylated derivatives form more stable complexes
with biomolecules. The binding energy decreased from
-5.9 to -7.3 kcal/mol in non-glycosylated analogues to
-8.5 to -9.1 kcal/mol upon glycosylation. In molecular
dynamics, complexes with Galectin-3 remained stable
up to 50 ns, while analogues without glycosyl frag-
ments demonstrated destabilisation already at 15-20
ns. A comparative analysis confirmed that glycosylated
structures have a more favourable profile: increased
selectivity, reduced non-specific cytotoxicity and in-
creased enzymatic stability. In particular, the study

predictions and in vitro and in vivo results. Glycosylated
derivatives were found to exhibit activity in neuronal
models, cross the blood-brain barrier, demonstrate
improved behavioural and toxicological characteris-
tics, and may be used in the development of drugs for
the treatment of neurodegenerative and tumour dis-
eases. Glycosylation confirms its potential efficiency
for targeted structural modification, controlling the
pharmacokinetic and pharmacodynamic properties of
compounds. The presented data substantiate the appli-
cability of glycosyl fragments as active pharmacophore
domains in the design of new-generation drug mole-
cules and emphasise the need for the validation of com-
putational models in preclinical trials.

The limitation of this study is the theoretical nature
of the data obtained, based mainly on in silico model-
ling without experimental verification. Future research
should be directed to in vitro and in vivo confirmation
of the identified pharmacokinetic and pharmacody-
namic patterns of glycosylated compounds, including
the study of their stability, metabolism and therapeutic
efficacy in biological systems.
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AHHOTANUs. M3uigeeHyH MakcaTbel 60J/KOJAAYY (GapMakoJIOrHs/IbIK KacUeTTepH 6ap IVIMKO3W/EHIeH
OGUOJIOTHSIJIBIK aKTUB/IYY MOJIEKyJlajlap/ibl MaKCcaTTyy [01600pJ00HYH TEOPUSJIbIK HErM3/JePUH UIUTEN YbITYY
60JiroH. U31/1166HYH METO/,0/10THsIChl KDEMHHUN/IU MO/IeJ1/166/16 KOJIJOHY/ITaH TEOPUSJIbIK KaHa aHATUTUKAJIbIK
bIKMara Herus/ie/IreH, aHblH HYUH/e OMO0KEeTKUJIUKTYYJIYTYH, HONSPAbIK 6ETHHUH assHThIH KaHa WYeru-KapblH
CUHUPYYCYH 60J13K0J1J100, OLLIOH/,01 3J1e [JIMKO3UJIIeHT €H KOIlly/IMaslap/iblH ¢apMaKoJIOTUAJIbIK )KaKTaH MaaHUJIYY
MakcaTTap MeHeH MOJIeKYyJIIpAbIK 63 apa apakeTTeHYYyCyH 6aasioo. HaTblikanap N-alleTH/IIIIOKO3aMUH aHa
CHaJl KUCJIOTACHI ChISIKTYY IVIMKO3WJI KaJIIbIKTaPbIHBIH KOIIYJ/IYIy MOJIEKY/IAHbIH NOJISAP/bIK 6€ THHUH asHThIHbIH
48,9 naH 112,4 yap4ubl aHTCTpeMIe YelUH Ke6eNyIIyHe ajbll KeJeT, 6y pellenTOpAyK 6eJIOKTOP MEHEH CYYTeK
GallJIaHBILIBIHBIH HaTbIMXKaAJNYy/lyryHa ebOeJire Ty3eT. Ouios ajie ydypAa OKTAaHOJ MEHEH CYyyHYH OeJyHYY
koadpunueHTHHUH 3,4 TeH 1,8 re 4yellMH TeMeHeLly OGailka/iraH, 6y/a JUNOQUAAYYJIYKTYH TOMOHJSLIYH
’KaHa KareIMAyy ¢apMaKOKHHETHKaHbl KOpceTyn TypaT. MofeszeareH TIJIMKO3W/IEHI'eH KouUlyaMaJsiap
[JINKO3WJ/IZIEHTeH aHaJIOI/IOPAOH alblpMaJIaHblll, alllKa3aH-Uuerd TPaKThIHZA >KOTOPKY CUHUPYYHY KOpCeTTy.
[JIMKO3MJIZJeHTeH MoJIeKyJialap/blH THAJIYPOH KHUCIOTAChIHBIH pelenTopy aHa ['aseKTHUH-3 JIEKTUHU MeHeH
GallJIaHbILI 3HEPTUACHI 6Up MoJibre -8,5 TeH -9,1 KuJIoKasopysira YeMMHKY IMana30H/0 60JIr0H, 6yJ1 KOMIJIEKCTHUH
YKOTOPKY >KaKbIH/IBITBIH >KaHa TYPYKTYYJYyT'yH KepceTyl TypaT. CalbllIThIPyy Y4yH, MoAubUKanusIaHO6araH
KOLIy/JIMaJlap YYYH THeLleJyy IapaMeTpJsep MoJb Y4YVH -5,9 maH -7,3 Kuokaaopusra 4eluH 6oJroH. Tanzoo
OILIOH/IOM 3Jie MOTEeHLHaNyy LIUTOTOKCUKTYYJYKTYH TOMOH/IeLIYH >KaHa peLeNnTopAyK O6eJoKTOp MeHeH
MakKCcaTTyy 63 apa apaKeTTeHYYHYH HaTbIMKacblHJA HII-apaKeTTUH CeJeKTHUB/YYJYT'YHYH >KOTOpyJallblH
Gesirusieiy. AJIbIHTaH MaaJsibIMaTTap MUITEJUIT YblKKAH MOJIeKyJlaJap/iblH OM0KETKUIUKTYYJIYTYH, 63re4eyIYH
»KaHa TepanusyIblK 3G GeKTUBAYYIYTYH KOTOPY/IaTyy CTPATerusichbl KaTaphl [NIMKO3UJI®6HYH MaaHUIYYJIYTYH
TaCTBIKTAUT. HaTelikanap gapbl MoJieKy/ajapblH palMoHAIAYY A0J600pJ00 YIYH NPAKTHKaAJbIK MaaHUTe
33, MbIH/]A TJIMKO3UJ GparMeHTTEePH TepaIUsJIbIK KOUIyJIMaJap/blH CeJeKTUBAYYAYTYH, TYPYKTYYJyTyH >KaHa
OUOXKETKUIUKTYYJIYTYH )KOTOpY/IaTyy4yy akKTUBAYY dapMakodopAyK 3/1leMeHTTep KaTapbl KOJJOHY/IAT
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aKTHUBAYYJIYTY; 6uoTapreTTep; dpapMakodpop; 6U0KETKUIUKTYYAYTY
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AHHOTANUA. lesnbio nccaenoBanus 66110 GOPMHUPOBAHME TEOPETUYECKHUX 0O0CHOBAHUM /IJIs1 HANIPaBJIEHHOT0
IPOEKTUPOBAHUSI  I[VIMKO3WJIMPOBAHHBIX OHOJIOTUYECKHM AaKTHBHBIX MOJIEKYJl C TPOTHO3UPYEMBIMU
dbapMakosI0oruyecKUMHU CBOMCTBaMU. MeTO/,0/10T M HCCIe,0BAaHUSI OCHOBBIBA/IACh HA TEOPETHKO-aHATUTUYECKOM
IOJIX0/le C HCIO0JIb30BaHMUeEM in silico-MofennpoBaHus, BKIKOYAOIEr0 MPOrHO3 6GHOAOCTYIHOCTH, MOJISPHOU
MIOBEPXHOCTU M IKeJYAO0YHO-KHUIIEYHOM abcopOIiMy, a TakKKe OLEHKYy MOJIEKY/NSPHbIX B3aWMOJEWCTBUU
IJINKO3WJIMPOBAHHBIX COeJUHEHUN C (papMaKoJOrdyecKH 3HAaYMMbIMU MHULIEHAMHU. Pe3y/sbTaThl yKa3blBaloT,
YTO BKJIIOUEHHE IVIMKO3WUJIbHBIX OCTATKOB, TAKHUX KaK N-alleTUJIIFOKO3aMUH U CHaJIoBask KUCJI0TA, TPUBOAUT K
YBEJIMUEHHIO MOJIIPHOM MMOBEPXHOCTHU MoJIeKy/Ibl ¢ 48,9 o 112,4 KBaipaTHBIX aHICTPEMOB, YTO CIIOCOOGCTBYeET
6osiee 3P PEeKTHUBHOMY BOJIOPOAHOMY CBSI3BIBAaHUIO C pPeLleNTOPHBIMU GeskaMu. OJHOBpEMEHHO HaGJII0/]aI0Ch
CHIKeHHe K03dUIeHTa pacnpeie/ieHus M0 OKTaHOY U Boje ¢ 3,4 o 1,8, 4To yka3blBaeT Ha YMeHbIIEHUE
JUnoPUAbHOCTY U 6Gosiee GJaronpusaTHy0 ¢apMaKOoKHHEeTHKY. CMoJe/lMpoBaHHble IVIMKO3WUJIMPOBAaHHbIE
COeIMHEHUs JIeMOHCTPUPOBAJIN BBICOKYIO CTEleHb BCAChIBAHUSA B KEJIYAOYHO-KULIEYHOM TPAKTE, B OTJIUYUE
OT HEIJIMKO3WJIMPOBAHHBIX aHAJOTOB. JHEPIUsl CBA3bIBAHUS IVIMKO3WJIMPOBAHHBIX MOJIEKYJ C PelenTOpoOM
THAJIyPOHOBOM KUCJOTHI U JieKTUHOM Galectin-3 Haxoausach B AuamnasoHe oT -8,5 70 -9,1 kuaokasopuil Ha
MOJIb, YTO YKa3bIBAET HA BbICOKYI0 aGGUHHOCTDh U CTAOUIBHOCTb KOMILJIEKca. B cpaBHEHUH, COOTBETCTBYIOIHE
napaMeTphl /J1s1 HeMoAUPUIIMPOBAHHBIX COEIMHEHUH COCTABUJIHU OT -5,9 /10 -7,3 KUJIOKaJIOpUH Ha MoJIb. B xozie
aHa/IM3a YCTAHOBJIEHO TAaK)Ke CHIKEHHE MOTEeHIMAJbHOM IIMTOTOKCUYHOCTH M MOBBILIEHHUE CEJeKTHBHOCTH
JlecTBUSL 3a CYET HaNpaBJEHHOTO B3aHUMOJEHCTBUS C peLeNTOpHbIMU OesikaMu. [losiyueHHble [JaHHbIE
MO/ TBEPXKJAAIOT 3HAYUMOCTb IJIMKO3UJIMPOBAHUS KaK CTpAaTErMH NOBBILIEHHUS GUOJOCTYITHOCTH, CIeuPUUHOCTH
U TepaneBTHYeCKOH 3¢ PeKTUBHOCTH pa3pabaThiBaeMbIX MOJIEKYIL. Pe3ybTaThl MMEIOT MPAaKTUYeCKOe 3HaYeHHe
JUISl pallMOHAJbHOTO IMPOEKTUPOBAHHUSA JIEKAPCTBEHHBIX MOJIEKYJ, B KOTOPBIX IJIMKO3WJIbHble (parMeHTbl
HCIOJ/Ib3YIOTCA KaK aKTHBHble ¢papMaKodOpHbIe 3J€MEHTH], MOBBIIIAIINE CeJeKTUBHOCTb, CTAOU/JIbHOCTb U
6MO/JOCTYITHOCTb TepaNeBTUYECKUX COeJUHEHUN

KiioueBble CjI0BA: QapMaKOKHHETHKA; MOJIEKYJsSPHOe MOJeJHpOBaHUe; CeJeKTUBHOCTb; pellelTOpHas
aKTUBHOCTb; 6MoMHulIeHH; papMakoPpop; 6UOJOCTYIIHOCTb
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Abstract. The purpose of this study was to identify neuropsychological features and the degree of functional
autonomy in patients with ischaemic stroke in the late recovery period. The methodology was based on a
cohort comparative study of 142 patients aged 50-80 years, conducted with the participation of the Kyrgyz
State Medical Institute of Postgraduate Education and the Amanat University Clinic as a clinical base using
scales to assess cognitive function, depression, anxiety, and functional autonomy questionnaire. The principal
findings of the study demonstrated a high prevalence of neuropsychological disorders in patients in the late
recovery period of ischaemic stroke. Cognitive deficits persisted in 82.7% of the patients, with an average score
of 21.1 points on the cognitive function assessment scale. Short-term memory (68.4%), attention (60.2%), and
orientation (46.9%) impairments were the most pronounced. Affective disorders were found in 72.4% of the
participants, with major depression in 9.2% and severe depression in 28.5%; the mean depression scale score
was 19.6 points. The level of anxiety exceeded the clinical threshold in 63.2% of patients, with a mean score
on the Hamilton anxiety scale of 21.3. The mean score of functional autonomy in the experimental group was
13.8 points, and in patients with severe depression it decreased to 10.3. Women showed more pronounced
affective symptoms and a lower level of autonomy than men. In the age subgroup over 70 years of age, a trend
towards more pronounced cognitive decline and increased affective impairment was observed compared to
other age categories. Cognitive-affective disorders detected in most patients had systemic impact on everyday
autonomy and require complex correction already in the posthospital period. The findings are of practical
value for neurologists, psychiatrists, and rehabilitation specialists, as they can be used in the development of
individualised programmes of neuropsychological support for patients in the late post-stroke period

Keywords: neuropsychological disorders; functional autonomy; depression; cognitive function; anxiety;
memory; attention

Introduction

The late recovery period of ischaemic stroke is charac-
terised by persistent changes in the cognitive and af-
fective spheres, which significantly affect the clinical
course and rehabilitation potential. At this stage, pa-
tients often experience trouble with attention reten-
tion, information processing, behavioural regulation
and emotional response. These impairments contribute
to reduced daily activities, impaired interpersonal rela-
tionships, and hinder return to previous levels of social
adaptation. The combination of cognitive deficits with

anxiety or depressive symptoms forms a specific neuro-
psychological profile that requires a comprehensive ap-
proach to assessment. In late rehabilitation, it is these
disorders that become a determining factor in the effec-
tiveness of rehabilitation measures and long-term prog-
nosis. Their study allows stratifying the patients more
accurately according to the risk of functional limita-
tions and to develop individualised therapy strategies.

A territorial approach to the study of cognitive and
affective disorders after stroke allows tracing marked
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differences in access to diagnostics, the level of clinical
attention, and the degree of implementation of neu-
ropsychological support in the recovery period. In the
Kyrgyz Republic, M.B. Yrysova et al. [1] analysed the
dynamics of stroke morbidity and mortality, recording
a steady increase in the epidemiological burden. There-
with, the researchers noted that despite the high prev-
alence of vascular pathologies, there is still no system-
atic assessment of the cognitive and emotional state of
patients at the level of clinical practice. In the context
of African countries, R.0. Akinyemi et al. [2] empha-
sised the fragmentation of approaches to the manage-
ment of post-stroke conditions, where cognitive and
psycho-emotional aspects are often neglected against
the background of limited resources. The researchers
emphasised the significance of creating sustainable re-
gional strategies focused on integrating neuropsycho-
logical care into primary care. European cohort study by
AM. Lopatkiewicz et al. [3] demonstrated a statistically
significant association between the level of depressive
symptomatology in the post-stroke period and deteri-
oration in functional status. This emphasises the clini-
cal value of prompt detection of affective disorders for
secondary prevention of disability. In the recommenda-
tions of the American Heart Association, N. El Hussei-
ni et al. [4] emphasised the need for universal cognitive
screening in all patients after stroke, regardless of the
clinical severity and form of the stroke event. The study
positioned cognitive impairment as an independent
prognostic factor requiring formalised observation
and dynamic monitoring in the late recovery period.

Studies demonstrate a consistent association be-
tween the quality of rehabilitation and the severity
of post-stroke cognitive and affective impairment.
0.0. Pushko [5] provided evidence that systematic use
of active motor and cognitive therapy considerably ac-
celerates the recovery of neuropsychological functions.
Particular attention is paid to a multilevel approach,
including not only physical but also behavioural com-
ponents. Evidence for the effectiveness of complex
correction was also presented by V.K. Mishchenko &
V.M. Mishchenko [6], who emphasised that the com-
bination of physical exercise with psychotherapeutic
modules leads to statistically significant reductions in
anxiety and improvements in short-term memory. In
contrast to these localised observations, an interna-
tional cohort study led by L. Gallucci et al. [7] revealed
a paradox: even with a prominent level of specialised
care, cognitive dysfunction continues to be persistent
and largely irreversible. The researchers concluded that
current protocols lack duration and neuropsychologi-
cal flexibility. In an extensive review, Y.Y. Huang et al. [8]
presented key epidemiological patterns of post-stroke
cognitive deficits, including differentiation by age and
localisation characteristics. The study emphasised the
need to implement cognitive screening as a routine
clinical procedure at all stages of patient management.

One of the most challenging aspects of recovery af-
ter ischaemic stroke is persistent cognitive impairment,
substantially affecting the daily autonomy of patients.
D.D. Turgumbaev et al. [9] focused on the fact that the
existing system of recording and monitoring does not
include neuropsychological testing, which complicates
planning targeted rehabilitation programmes. These
data were confirmed in a population-based analysis by
M. Obaid et al. [10], according to which a marked de-
cline in cognitive function persists in patients’ years af-
ter stroke, even if the neurological status is stabilised.
The researchers noted that cognitive deficit is directly
associated with increased disability and reduced qual-
ity of life, especially among elderly patients. A. Kusec et
al. [11] revealed that anxiety-depressive manifesta-
tions and attention disorders tend to persist for a long
time, which requires an interdisciplinary approach in
rehabilitation. Therewith, some patients had cognitive
deterioration even two years after stroke, regardless of
the severity of the primary lesion.

The features of cognitive and affective disorders
in the late recovery period of ischaemic stroke are still
understudied, especially considering their interaction
and influence on functional recovery. The purpose of
the present study was to conduct a comprehensive as-
sessment of cognitive and emotional disorders in pa-
tients at the late stage of post-stroke rehabilitation. The
objectives of the study included determination of the
structure and severity of cognitive deficit; identifica-
tion of the degree of anxiety and depressive symptoms;
establishment of interrelationships between cognitive
and affective indices.

Materials and Methods

The clinical stage was conducted at the Faculty of Post-
graduate Education and Science of the Kyrgyz State
Medical Institute of Retraining and Professional De-
velopment named after S.B. Daniyarov (Bishkek), with
the involvement of the Amanat University Clinic as the
main outpatient and diagnostic base. This institution,
functioning as a clinical base of the Institute, provided
access to neuroimaging diagnostics, specialised med-
ical consultations and comprehensive support of pa-
tients in the late recovery period of ischaemic stroke.
The observation period covered six months, from June
to December 2024. This time interval was chosen be-
cause of the need to include a sufficient number of pa-
tients who had completed the acute phase of treatment,
as well as to enable a consistent cohort assessment of
cognitive and affective state, considering the dynamics
of post-stroke recovery.

The study included 142 patients aged 50 to 80
years (mean age 64.3 + 7.1 years) because this is the
interval in which ischaemic stroke cases with an elevat-
ed risk of remote cognitive and affective disorders are
most frequently recorded; all participants had a history
of stroke, and the mean post-stroke interval at the time
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of inclusion in the study was 9.4 + 2.7 months, which
met the criteria for late recovery and helped to exclude
the influence of the acute neuroinflammatory response
on cognitive parameters. The total sample was divid-
ed into two groups. The experimental group (n = 98)
included patients with clinically significant cognitive
and/or affective disorders confirmed by neuropsycho-
logical screening. The control group (n =44) included
patients with no complaints and no pathological chang-
es according to the test results. Intragroup distribution
was performed by sex (women - 59.2%, men - 40.8%)
and age subgroups (50-59, 60-69, 270 years), which
provided the possibility of stratified analysis.

Inclusion criteria were as follows: confirmed diag-
nosis of ischaemic stroke (according to magnetic reso-
nance imaging and hospital discharge), completed acute
stage of treatment, cognitive and physical ability to un-
dergo neuropsychological examination, and written in-
formed consent. Patients with pre-stroke dementia, se-
vere aphasia, psychotic disorders, and decompensated
somatic diseases preventing participation in the study
were excluded. This sampling model enabled a compar-
ative assessment of the severity of cognitive and affec-
tive disorders in individuals in the late recovery period
after stroke, considering age and gender differences.

Cognitive status was assessed using the Montreal
Cognitive Assessment (MoCA) scale [12], which cov-
ers key cognitive domains and allows differentiating
degrees of functional decline from mild to severe. The
test was administered in person, by a specialist, last-
ed 10015 minutes, and included tasks on memory, at-
tention, orientation, abstract reasoning, and language
skills. The maximum score was 30; values below 26
indicated cognitive deficits and below 18 indicated
severe cognitive deficits. The Beck Depression Inven-
tory-II (BDI-II) scale [13] was used to diagnose depres-
sion; itincludes 21 items with a four-point gradation of
symptom severity. Respondents filled out the question-
naire independently or with the help of an interviewer.
The results were interpreted according to established
thresholds: from minimal to severe depression (29-63
points). The Hamilton Anxiety Scale (HAM-A) [14] was
used to identify anxiety disorders. It included 14 items
and was assessed by a clinical-behavioural interview-
er. A total score of up to 13 indicated no clinically sig-
nificant anxiety; 14-17 indicated moderate and above
18 indicated severe anxiety. Functional autonomy
was assessed using a 10-item adapted questionnaire
capturing the ability to self-care in activities of daily
living. Each item was graded from complete depend-
ence (0) to complete autonomy (2), with a possible
maximum of 20 points. Examples of wording includ-
ed: “Can you eat and use cutlery independently?”, “Do
you need help taking prescribed medication?”, “Are you
able to organise your own personal hygiene, including
washing and brushing your teeth?”, “Can you move
around the house and go outdoors without assistance?”,

-

“Do you need support with cooking and housekeep-
ing?”. Scores below 13 were interpreted as a pro-
nounced decrease in autonomy.

The collected data were analysed using the IBM
SPSS Statistics package (version 27.0). Student’s t-test,
Pearson’s x*-test and one-factor analysis of variance
Analysis of Variance were used to assess differences be-
tween groups, depending on the nature of the data. Cor-
relation analysis was performed using Pearson’s coef-
ficient. In all cases, p<0.05 was considered the critical
level of significance, with p<0.01 and p<0.001 being
additionally recorded as high and very high statistical
significance levels, respectively, if there were more pro-
nounced differences.

Ethical aspects of the study were ensured according
to the American Sociological Association Code of Eth-
ics [15], which stipulates mandatory informed consent,
voluntary participation, and data confidentiality. All par-
ticipants pre-signed a consent form explaining the aims,
methods, and potential risks of the study. Additionally,
the provisions of the European Commission Guidelines
on Ethics and Data Protection [16] were observed, which
guaranteed compliance with international standards in
the handling of personalised medical information.

Results

Profile of cognitive impairment

in the examined patients

The analysis of the cognitive status of the examined pa-
tients in the late recovery period after ischaemic stroke,
performed at least six months after the acute event,
showed a pronounced level of prevalence of cognitive
deficit of various severity. According to the MoCA test
results, 82.7% of participants (n =81 out of 98) showed
signs of cognitive decline: 37.8% (n=37) showed mild
impairment, 31.6% (n=31) showed moderate impair-
ment, and 13.3% (n =13) showed severe cognitive im-
pairment (MoCA total score<18) (Fig. 1). The mean
MoCA score was 21.1 + 3.9, which corresponds to mod-
erate cognitive decline. In the control group patients, the
mean score was within the normal range (27.6 + 1.8),
which confirmed the validity of the sample stratification.

= Mild cognitive deficit

37.8%

Moderate cognitive deficit
Severe cognitive deficit
m Norm

Figure 1. Distribution of patients in the experimental group
(n =98] by degree of cognitive deficit according to the
results of the MoCA scale

Source: created by the author
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The data presented in Figure 1 demonstrate the
prevalence of mild to moderate cognitive impairment
in the majority of patients in the late recovery period of
stroke. This reflects the high clinical significance of even
subclinical forms of cognitive deficits, which may stay
undetected without targeted neuropsychological testing.
The relatively small proportion of patients with severe
impairment confirms that severe deficits are less wide-
spread but require more intensive and multidisciplinary
intervention. The presence of cognitive normality in only
a limited number of respondents emphasises the need
for mandatory screening of cognitive status as part of the
standard post-stroke follow-up protocol, because even in
the absence of subjective complaints, objective function-
al decline is recorded in the majority of cases.

The structure of cognitive deficits was dominated
by disorders in the short-term memory domain: dif-
ficulties in reproducing 4-5 words in a time interval

80%

were recorded in 68.4% (n=67) of patients in the
experimental group. Attention concentration disor-
ders assessed by serial subtraction and inverse rep-
etition of digits were found in 60.2% (n=59) of the
patients. A considerable proportion of respondents
expressed difficulties in orienting in time and place -
46.9% (n=46), especially in the age subgroup over 70
years old. Challenges in performing abstract think-
ing and categorisation tasks were observed in 41.8%
(n=41) of patients and were closely related to the
level of education: those with incomplete secondary
education had a significantly lower level of abstract
thinking (p <0.01). Speech disorders, including nom-
ination and repetition of phrases, were observed in
27.6% of cases (n=27), while dysfunction of executive
functions, manifested in difficulties in performing the
clock drawing and cube copying tests, was recorded in
38.8% (n=38) of patients (Fig. 2).

. 68.4%
70% 60.2%
60%
46.9%
= ig?f 41.8% 38.8%
— 0
% 30% 27.6%
E 20%
10%
0% ) i i )
Memory Attention Orientation Abstract Speech Executive
thinking functions

Figure 2. Distribution of cognitive impairment according to the main domains
of the MoCA scale in patients of the experimental group (n=98)

Source: created by the author

The data described in Figure 2 demonstrate that
short-term memory and attention continue to be the
most vulnerable cognitive domains in the late recov-
ery period after ischaemic stroke. This indicates im-
paired retention, selective processing, and arbitrary
switching of mental operations, which is particularly
critical for adaptation in the domestic and social en-
vironment. Related deficits - in orientation, abstract
thinking, speech production, and executive regula-
tion - form a complex picture of cognitive dysfunction,
in which not one but several brain systems that ensure
everyday autonomy are affected.

The recorded cognitive profile is characterised not
only by the severity of disorders, but also by their mul-
tilevel, synergistic interaction, which complicates both
spontaneous recovery and the effectiveness of standard
rehabilitation measures. The persistence of cognitive
deficit six months after stroke reflects the need for its
early diagnosis and targeted intervention considering
the leading domain of the disorder. This substantiates
the expediency of developing adapted cognitive routes
in the system of outpatient care integrated into a multi-
disciplinary rehabilitation approach.

Structure of affective disorders

in the late recovery period

According to the BDI-II depression scale, most pa-
tients (n = 98, experimental group) showed clinically
significant depressive symptoms. Therewith, 34.7%
of cases (n=34) showed moderate depression, 28.5%
(n=28) showed severe depression, and another 9.2%
of patients (n =9) had major depressive disorders.
Only 27.6% of participants (n=27) had symptom lev-
els that did not exceed the minimum values (Fig. 3).
The mean BDI-II score was 19.6 + 7.4 points, indicating
the severity of affective maladjustment. In the control
group (n=44), the mean score was significantly lower
(7.2 £3.1 points), which confirms the reliability of strat-
ification and excludes systemic bias in the sample dis-
tribution. The presented data indicate that the most pa-
tients in the late recovery period after ischaemic stroke
experience various forms of depressive symptomatolo-
gy. The most widespread are moderate and pronounced
states, reflecting sustained emotional maladaptation
requiring clinical attention. A relatively smaller pro-
portion of patients exhibit major depression, but even
minimal manifestations were recorded in only a limited
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number of participants. This emphasises the need to
include psycho-emotional assessment as part of the
standard rehabilitation pathway.

= Minimal manifestations
Moderate depression

= Severe depression
Major depression

34.7%

Figure 3. Distribution of forms of depressive
symptomatology in patients of the experimental group
(n=98) according to the results of the BDI-Il scale
Source: created by the author

Anxiety disorders were also well represented in the
study sample. According to the results of the HAM-A
anxiety scale, 45.9% of patients (n = 45) showed a
moderate level of anxiety, and another 17.3% (n=17)
showed a pronounced level of anxiety. Typical manifes-
tations were internal tension, feelings of threat, somatic
complaints (dizziness, cardiopalmus, muscle tension),
and sleep disturbances. The mean total score on the
HAM-A was 21.3 + 6.2, which corresponds to clinically
significant anxiety. In the control group, this index was
significantly lower - 9.5 + 3.8.

The analysis of prognostic factors of the severity of
affective disorders revealed a series of statistically sig-
nificant associations reflecting the complex nature of
emotional maladaptation in patients in the late recovery
period of stroke. The most significant predictor was the
severity of cognitive deficit: there was a stable inverse
correlation between the final MoCA score and the level of
depression on the BDI-II scale (r=-0.52; p<0.001). This
indicates that the deeper the impairment in the cognitive
sphere - especially in the domains of memory, attention,
and executive functions - the greater the severity of de-
pressive symptomatology. Such a relationship supports
the concept of neuropsychological overlap between fron-
tal-limbic and cortical networks involved simultaneously
in cognitive regulation and affective appraisal.

Gender also showed statistical significance, with
women demonstrating greater values on average on
both the BDI-Il and HAM-A scales. The mean depression
score among women was 4.3 points higher than in men
(p<0.01), and severe anxiety was almost twice as wide-
spread. This may be due to greater psychoemotional
sensitivity, the social role of caregivers, and the more fre-
quent presence of loneliness in later life. Analysis of the
internal structure of complaints showed that emotional
symptoms (sadness, feelings of helplessness, tearful-
ness) were predominantin women and somatised symp-
toms (headache, sleep disorders, irritability) in men.

Age analysis revealed that patients over 70 years of
age showed the greatest severity of both depressive and
anxiety symptoms. Their mean BDI-1land HAM-A scores
were statistically significantly greater than those of in-
dividuals aged 60-69 years (p <0.01) and 50-59 years
(p<0.05). These differences are interpreted as a conse-
quence ofacomplexofbiopsychosocial factors,including
decreased cognitive reserve, presence of chronic somat-
ic diseases (ischaemic heart disease, diabetes mellitus,
hypertension), loss of life perspective, decreased social
activity, and lack of emotional support. In addition, ap-
athetic forms of depression with low motivation and
pronounced anaesthesia of feelings were more wide-
spread in elderly patients, which aggravated recovery
and worsened the prognosis for long-term adaptation.

Emotional lability, manifested as mood swings, irri-
tability, tearfulness, and reduced tolerance to stress, was
recorded in 38% of patients in the experimental group.
Such manifestations often stayed underestimated at the
initial neurological examination, but they significant-
ly affected the effectiveness of cognitive rehabilitation
and relationships with the environment. The analysis
revealed that the combination of anxiety and depres-
sive symptoms forms a stable affective profile, which
requires the inclusion of specialised interventions in the
structure of rehabilitation care. The introduction of brief
validated questionnaires for initial screening and subse-
quent psychological support, especially in risk groups -
women, elderly patients and those with severe cognitive
deficits - seems to be the most appropriate.

The revealed structure of affective disorders in the
late recovery period after ischaemic stroke demon-
strates a high frequency of depressive and anxiety
symptoms. They cannot be considered outside the
context of cognitive status, sex, and age of the patient.
These disorders considerably affect the overall func-
tional status, recovery prognosis, and quality of life, and
therefore require a systemic approach and interdisci-
plinary management.

Relation of cognitive-affective

impairment to functional autonomy

One of the key objectives of the present study was to
determine the relationship between the severity of
cognitive and affective disorders and the level of daily
functional independence in ischaemic stroke patients.
The mean total score in the experimental group was
13.8 + 3.4 out of a possible 20 points, corresponding
to a moderate decrease in functional independence.
62 patients (63.3%) had significant limitations in at
least three daily functions. The most frequent problems
were difficulties in organising hygienic care, the need
for external assistance with mobility, and reduced abil-
ity to adhere to medication. In the control group, the
mean functional autonomy score was 18.2 + 1.6, which
was significantly greater (p <0.001), and no severe lim-
itations were recorded.
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The analysis of correlations between the severity of
cognitive impairment and the level of functional autono-
my showed a statistically significant positive correlation
between the final MoCA scores and the total autonomy
score (r=0.43; p <0.001). A particularly pronounced
relationship was observed for the domains of attention,
memory, and executive function. Patients with MoCA
scores below 20 showed insufficient self-regulatory abil-
ity, particularly planning and consistent performance of
routine activities. Affective symptomatology also signif-
icantly affected day-to-day independence. When ana-
lysing the BDI-II scale data, a negative correlation was
found between the level of depression and the functional
autonomy score (r=-0.38; p <0.001). Patients with se-
vere depression (BDI-II score >29 points, n=9) had a
mean autonomy score of only 10.3+2.1, whereas those
with minimal depressive symptoms had a mean autono-
my score of 17.6 + 1.8. Anxiety, as assessed by the HAM-A
scale, also showed a moderately significant negative ef
fect (r=-0.31; p<0.01), especially when combined with
somatic complaints and sleep disturbances.

Stratified analyses revealed that women had a low-
er functional independence level by an average of 2.4
points compared to men (p < 0.05), with differences
persisting even when the degree of cognitive deficit was
comparable. In the age subgroup older than 70 years
(n=29), the level of autonomy was significantly low-
er compared to patients younger than 60 years (mean
12.1+3.7 vs. 15.9£2.8; p<0.01). This may be explained
by the complex influence of age-related changes, social
isolation, and reduced physical activity levels. Addition-
ally, subgroup analyses were performed: with isolated
cognitive impairment (n=26), isolated affective symp-
toms (n=18) and combined cognitive-affective disor-
ders (n =54). The latter subgroup showed the worst
performance on all questionnaire items: more than 70%
of participants in this group needed assistance with
four or more daily functions. The mean autonomy score
was 12.4+2.9, 4.3 points lower than in patients without
significant neuropsychological symptoms (p < 0.001).

The obtained results reflect a pronounced rela-
tionship between cognitive-affective disorders and
a decrease in the level of functional independence in
patients in the late recovery period after ischaemic
stroke. Of particular clinical significance are the do-
mains of attention, planning, and emotional motivation,
the impairment of which leads to a reduced ability to
adapt to the demands of everyday life. This underlines
the need for systemic neuropsychological monitoring

in post-stroke practice, as well as the development of
comprehensive support programmes aimed not only at
restoring lost cognitive functions, but also at stabilising
the emotional background and teaching strategies of
everyday self-management.

Comparative analysis of clinical and psychological
profiles in the experimental and control groups
Comparative analysis of clinical and psychological
characteristics of patients with pronounced cogni-
tive-affective disorders (experimental group) and
without them (control group) revealed fundamental
differences in the structure of symptoms, the level of
functional autonomy, and the quality of post-stroke
recovery. In the experimental group, as shown by the
data of neuropsychological testing, moderate and se-
vere cognitive disorders prevailed, which was accom-
panied by pronounced affective symptomatology. In
the control group, clinically significant disorders were
not registered, except for isolated cases of mild anxiety.
The structure of disorders in the experimental group
was characterised by multidomain cognitive deficit
and pronounced level of emotional lability, while in the
control group the preservation of neuropsychological
functions within the age norm prevailed.

Comparative analysis of the MoCA scale showed that
in the experimental group the mean score was 21.1+3.9,
corresponding to a moderate cognitive decline, while in
the control group it was significantly greater - 27.6 +1.8
(p<0.001). The differences were particularly significant
on the subscales of short-term memory, abstract think-
ing, and attention, where the experimental group showed
pronounced difficulties in task performance. Similarly,
the mean score on the BDI-II scale in the experimental
group was 19.6+7 .4, reflecting moderately severe depres-
sion, while in the control group this score was 7.2 + 3.1
(p < 0.001). Anxiety, as measured by the HAM-A scale,
also differed significantly between groups: 21.3 6.2 vs.
9.5 + 3.8 respectively (p <0.001). In terms of functional
autonomy, patients in the experimental group showed
marked limitations in daily activities. The mean self-care
scale score was 13.8 £ 3.4 versus 18.2 £ 1.6 in the control
group (p < 0.001). Differences were particularly pro-
nounced in the ability to move independently, medication
adherence and personal hygiene. To clarify the differenc-
es between the groups, multivariate analysis of variance
was performed, which revealed statistically significant
interactions between neuropsychological profile and
the degree of functional autonomy (p < 0.01) (Table 1).

Table 1. Comparative indices of neuropsychological and functional in the experimental and control groups

Indicator Experimental group (n = 98) Control group (n =44)
MoCA average score 211+3.9 276+18
BDI-Il average score 196+74 7231
HAM-A average score 21.3+6.2 95+38
Functional autonomy score 13.8+34 18.2+16

Source: created by the author
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These data demonstrate that the participants of
the experimental group had a complex combination of
cognitive deficits and pronounced affective disorders,
which substantially aggravated the level of daily de-
pendence. In contrast, the control group maintained
both cognitive and emotional stability, which correlated
with a pronounced level of independence. Such a differ-
entiated profile indicates not just the presence of iso-
lated impairments, but a systemic deterioration of cog-
nitive-affective regulation affecting daily activity. This
allows considering these differences as clinically signif-
icant markers of recovery prediction and the basis for
stratification of approaches to outpatient rehabilitation.

Stratification by age and sex also revealed certain
differences within the groups. In the experimental
group, women had greater scores on depression and
anxiety scales and lower levels of functional autono-
my. Severe cognitive and affective disorders were more
widespread among patients older than 70 years (n=29),
which was reflected in the overall clinical picture and
required more intensive intervention. The results also
demonstrated that the presence of cognitive impair-
ment had a more pronounced impact on daily func-
tioning than affective symptomatology. However, when
they are combined, the effect is exacerbated, forming a
complex rehabilitation task. Patients with pronounced
symptoms of depression and anxiety showed low mo-
tivation for recovery, increased fatigue, and decreased
participation in rehabilitation programmes.

Thus, the obtained data confirm the significance of
considering cognitive-affective status when planning
post-stroke care. Comparative analysis clearly demon-
strates that patients with pronounced neuropsycho-
logical disorders require more intensive, personalised
support, including both psychotherapeutic and cogni-
tive rehabilitation components. It is also necessary to
develop outpatient support programmes and to train
patients in deficit compensation strategies, which will
improve the quality of life and increase the efficiency of
stroke recovery.

Discussion

The obtained data confirmed that cognitive and affec-
tive disorders are frequent and clinically significant
consequences of ischaemic stroke in the late recovery
period. Their severity is directly related to the level of
functional autonomy and requires complex interpreta-
tion in comparison with the results of scientific studies.

The primary analysis revealed that cognitive im-
pairments of varying severity were recorded in 82.7%
of ischaemic stroke patients, with short-term mem-
ory and attention deficits predominating. The mean
MoCA score in the experimental group was 21.1 3.9,
which corresponds to a moderate decline in cognitive
function. These data confirmed the high prevalence of
multidomain cognitive deficits even six months after
the acute event. Comparable results were obtained in a

multicentre study by M. Mancuso et al. [17], which found
that even in the subacute course of ischaemic stroke,
cognitive recovery is partial and directly affects reha-
bilitation outcomes. Analogously, Y.M. Yang et al. [18]
showed that patients with mild stroke have significant
and sustained changes in a battery of neuropsycholog-
ical tests, especially in the areas of executive functions
and working memory. The role of spatial-localisation
factors was confirmed in the study by A. Tsiakiri et
al. [19], where the researchers found that the cognitive
profile after stroke varies depending on the lateralisa-
tion of the lesion: left-hemispheric strokes are more of-
ten accompanied by speech and memory impairments,
whereas right-hemispheric strokes are more often ac-
companied by deficits in visual-spatial and executive
functions. These findings support the results of the
present study, which revealed the multidomain nature
of cognitive impairment, reflecting the involvement of
different functional brain systems and highlighting the
need for a personalised approach to cognitive rehabili-
tation. Additionally, N.S. Rost et al. [20] stated that post-
stroke cognitive disorders often persist in the form of
dementia, especially in elderly patients, and represent
a long-term prognostic threat despite therapy:.

The mean severity of depressive symptomatolo-
gy in patients in the late recovery period after stroke
reached 19.6 + 7.4 points on the BDI-II scale. Severe de-
pression was detected in 28.5% of respondents, and in
9.2% - major depression, reflecting a stable nature of
emotional maladaptation, not inclined to spontaneous
remission. The detected combination of anxiety and
depressive symptoms was accompanied by increased
fatigue, decreased motivation and sleep disturbance,
which negatively affected neuropsychological rehabili-
tation. N. Butsing et al. [21] confirmed that post-stroke
depression is associated with significant deterioration
of functional outcomes, with the presence of severe af-
fective symptoms being an independent predictor of
poor rehabilitation performance. In a six-month pro-
spective study, L.P. Beltrami et al [22] demonstrated
high stability of depressive states that persisted even in
the absence of somatic progression. However, in contrast
to the present study, where emotional manifestations
(sadness, helplessness) predominated, F.G. Masuccio et
al. [23] identified predominantly apathetic forms in old-
er individuals, indicating an age-related transformation
of the clinical phenotype. U. Sagen-Vik et al. [24] report-
ed that anxiety-depressive disorders after stroke often
proceed in a wave-like manner, with recurrences over
two years, whereas the present study recorded their rel-
ative plateau in the late recovery period. The complex of
available data confirms the high frequency and clinical
significance of affective disorders in the late post-stroke
period. Their presence has an unfavourable impact on
cognitive recovery, functional autonomy, and general
adaptation, which substantiates the need for system-
atic monitoring and interdisciplinary management.
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The established inverse correlation between the
level of cognitive functioning and the degree of depres-
sive symptoms (r=-0.52; p<0.001), and between cog-
nitive deficit and anxiety (r=-0.31; p<0.01) reflects a
strong relationship between affective dysregulation
and neurocognitive failure. Patients with combined dis-
orders had the lowest autonomy scores and the highest
frequency of complaints of emotional instability, em-
phasising the clinical significance of cognitive-affective
overlap in recovery prognosis. According to B. Ghabel
Damirchi et al. [25], patients with post-stroke depres-
sion are more likely to show impairments in executive
function, information processing speed and episodic
memory. These results are consistent with the current
observations in which exactly these domains appeared
to be the most vulnerable in individuals with severe af-
fective disorders. Using generative mapping algorithms,
AK. Bonkhoff et al. [26] showed that cognitive deficits
after stroke are caused by lesions of networks simulta-
neously involved in emotional regulation (frontal-lim-
bic and frontoparietal circuits), which confirms the bi-
ological basis of the identified relationship. As shown
in the meta-analysis by S. Lugtmeijer et al. [27], post-
stroke working memory dysfunction is the most fre-
quent and pronounced form of cognitive deficit, espe-
cially in the presence of concomitant decreased stress
tolerance and anxiety-depressive symptoms. This trend
is directly confirmed in the results of the present study:
patients with pronounced affective disorders were sig-
nificantly more likely to demonstrate decreased atten-
tion concentration, difficulties in performing attention
switching and serial counting tasks - markers of im-
pairment of working cognitive modules responsible for
the integration and regulation of information. M. Lee et
al. [28] showed that the predictive accuracy of risk as-
sessment of post-stroke cognitive deficit increases with
the inclusion of affective parameters - anxiety, anhedo-
nia, emotional numbness. These findings correlate with
the fact revealed in the study of a more pronounced de-
crease in the cognitive profile in individuals with severe
depression and anxiety. The lowest MoCA scores were
recorded in the subgroup with combined cognitive-af-
fective disorders (n=54), which emphasises their inter-
acting and mutually reinforcing nature.

Emotional lability, including increased irritability,
tearfulness, mood swings and low stress tolerance, was
recorded in 38% of patients in the experimental group.
Together with clinically significant depression (72.4%)
and anxiety (63.2%), these manifestations formed a
stable affective profile that significantly reduced mo-
tivation for recovery and the level of participation in
rehabilitation activities. In this subgroup, the mean au-
tonomy scale score was only 12.4 + 2.9, which was 4.3
points lower than in patients without significant neuro-
psychological symptoms (p <0.001). Additionally, there
were complaints of fatigue, difficulties in maintaining
a daily routine, and pronounced sleep disturbances,

especially in those over 70 years of age and women. The
results agree with the findings of J. Tay et al. [29], who
found that post-stroke apathy differs from depression
by low level of initiative and weak emotional reactiv-
ity associated with functional dysfunction of mediof-
rontal structures. I. Kirchberger et al. [30] emphasised
that post-stroke fatigue persists regardless of the ini-
tial stroke severity and often predisposes to a decrease
in life activity and social engagement. Analogously,
E. Douven et al. [31] associated apathy with frontal and
cingulate regions of the brain, the lesion of which leads
to impoverished emotional background, which was ob-
served in a considerable proportion of patients with
severe depression in this study (n=9; BDI-II > 29). Ac-
cording to A.G. Damsbo et al. [32], the risk of emotional
exhaustion after stroke increases in the presence of so-
cial isolation factors and chronic comorbidities - such
as hypertension and coronary heart disease, which
were presented in more than half of the participants in
the age group 270 years.

Analysis of gender-age differences showed that
women in the late recovery period of stroke demon-
strated more affective symptoms and less functional
autonomy: mean BDI-II score was 4.3 points higher
compared to men (p <0.01) and self-care was 2.4 points
lower (p < 0.05), despite a comparable degree of cog-
nitive deficit. In the age subgroup =70 years, cognitive
decline, level of depression and autonomy impairment
reached critical values, indicating the complex nature
of maladaptation in the elderly. Therewith, in the group
of 50-59 years old, the indicators stayed within moder-
ate values. These results are consistent with the data of
A. Ejaz et al. [33], according to which cognitive deficit
and dementia in elderly patients have the most pro-
nounced impact on the quality of life and independence,
especially in persons experiencing social isolation.
C.L. Beckenkamp et al. [34] noted that in the absence of
rehabilitation support, the deterioration of neuropsy-
chological functions and functional independence pro-
ceeds especially rapidly in the group of elderly women.
S. Bartlova et al. [35] described analogous patters, find-
ing that women after stroke have lower subjective satis-
faction with life and recovery than men, despite compa-
rable stroke severity, due to a combination of emotional
overload, loneliness, and limited access to psychosocial
resources. Review by A.S. Shamshiev et al. [36] high-
lighted that in countries with developing medical care
systems, it is older women who stay in the least favour-
able position in terms of access to specialised rehabil-
itation and psychological support, which increases the
risks of chronic dependence.

The discussion confirmed that cognitive and affec-
tive disorders are closely related to the level of func-
tional autonomy in patients in the late recovery period
of stroke. The greatest vulnerability was demonstrated
in elderly patients and in women with co-morbid symp-
tomatology accompanied by significant dependence.
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Comparison with the results of other scientific studies
confirmed the reproducibility of key trends and empha-
sised the significance of individual and social risk factors.

Conclusions
Cognitive impairment persisted in most patients six
months after stroke (82.7%) and was characterised by
a decline in short-term memory, attention, and orienta-
tion. The mean MoCA score was 21.1+ 3.9, correspond-
ing to a moderate cognitive deficit. This structure of dis-
orders reflects persistent suffering of frontal-parietal
functional systems and limits the patient’s ability for
independent daily activity. Affective disorders, detected
in 72.4% of the examined patients, significantly compli-
cated recovery, reducing motivation and resistance to
load. Mean BDI-II (19.6 + 7.4) and HAM-A (21.3+6.2)
scores reflect the prevalence of moderate to severe
symptoms. The most vulnerable were patients with se-
vere depression (9.2%) and pronounced anxiety, which
requires mandatory consideration of the affective ele-
ment in rehabilitation planning. Functional autonomy
of patients was inversely proportional to the severity of
neuropsychological disorders. In the presence of severe
depression, the autonomy index decreased to 10.3+2.1

vs 27.6 £1.8), greater levels of depression (19.6 +7.4 vs
7.2+3.1) and anxiety (21.3+6.2 vs 9.5 + 3.8), and lower
functional autonomy (13.8 £ 3.4 vs 18.2 £ 1.6), with sta-
tistically significant differences on all scales. These data
indicate the systemic nature of neuropsychological con-
sequences of ischaemic stroke and underline the impor-
tance of their targeted correction already in the posthos-
pital period. The greatest degree of cognitive-affective
vulnerability was demonstrated by women and patients
of the older age group. In women, the level of depression
averaged 21.3 +7.1 points, autonomy - 12.8 + 3.2, which
was statistically worse compared to men. Those over 70
years of age had the worst scores on all scales: MoCA -
18.4+3.2, BDI-Il - 23.6 +6.8, autonomy - 12.1+3.7. This
emphasises the need for an age- and gender-specific ap-
proach to rehabilitation and support.

The key limitation of this study was the relatively
small sample size, which limited the ability to gener-
alise the findings to a wider population of post-stroke
patients. Future studies may include a larger and more
representative sample to clarify the factors influencing
the severity and duration of cognitive-affective impair-
ment at various stages of post-stroke recovery.

points, whereas in the general group it was 13.8 + 3.4. Acknowledgements
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NmeMHUsiJIbIK HHCYJIBTTYH K€U KaJAbIObIHA KeJITHPYY ME3TWINH/Ier
aPpPeRrTUBAYY KaHA KOTHUTHUB/IMK O0y3Yyayyaap

Maspum TemupoeroBa
Vcrar
M.K. AxyHbaeB aTbiHAarbl Kbiprbia MaMieKkeTTUK MeAnLIMHAMNbIK akageMuschl
720020, N. AxyHb6aeB keu., 92, Buwwkek w., Kbiprbia Pecnybnuvkacsi
https://orcid.org/0009-0008-5356-0358

AHHOTANUs. U3Mi/1e6eHYH MakcaTbl Ked KasblOblHA KEeJTUPYY ME3THJIMHJE HUIEMUSJIBIK WUHCYJbT MeHEeH
oopyraH 6eHTanTapiblH HEHPOICUXOJOTHUSANBIK ©63TreUeJIYKTOPYH ’>KaHa (QYHKIHUOHANAbIK aBTOHOMUS
JlapakacblH aHbIKTOO 60siroH. MeTozauka 50-80 »xamtarel 142 6eHTanTbl KOTOPTTYK CaJbIIITBIPMa TEKLIEPYYTO
Herusenun, Kblprol3a MamM/IeKeTTUK AUIJIOMIOH KUHUHKU OUJIUM Oepyy MeAHIMHAIbIK HHCTUTYTYHYH >XKaHa
«AMaHaT» YHUBEPCUTETTHUK KJWHUKACBIHBIH KaThIIIYYCy MeHeH KJWHUKAIbIK 0a3a KaTapbl KOTHUTHUBIUK
byHKIUsAMApAbl, [JIeNPecCUsiHbI, TBIHUYCBHI3/JAaHYYyHY KaHa QYHKIIMOHAJIJbIK aBTOHOMHS aHKeTacblH 6aaJsoo
LIKaJIaIapbIH KOJIIOHYY MEHEH XKYPIy3yJreH. M3ui1eeHyH HErM3ru HaThlXKalapbl UIIEMUSIBIK MHCYJIBTTYH K€Y
KaJIbIObIHA KeJITUPYY ME3THJIMH/IETH NallueHTTep/le HEUPONICUXUKAIBIK OY3YJ/1yyJIap/blH *KOIOPKY TapaJibIIibIH
KkepcoeTTy. KOTHUTHUBAUK XeTULICU3AUKTEP TEKUIEPUJITeH NauueHTTepAuH 82,7 %aa cakTasblll, KOTHUTUBAHWK
OYHKUMSAHBI 632100 IIKaJackl 60HYA opTo4yo Gasa 21,1 Gannabl Ty3reH. JH GadKairaH Oy3ysayysaap KbICKa
MOBeHBTTYY 3¢ TYyTyM (68,4 %), keHyn 6ypyy (60,2 %) xkaHa opueHTauus (46,9 %) 6osroH. KaTeiuyydynapabiH
72,4 %wbiaa apdekTUBAYY Oy3y/yysnap aHbIKTaAraH, 9,2 %/a KaTyy Aenpeccus kaHa 28,5 % /1a aubIK JIepeccus;
Jlerpeccus IIKaJackl 60I0HYA OPTOY0 KOpPCOTKYY 19,6 6a/iAbl TY3AY. ThIHUCBI3AAHYY AeHr33 21,3 [aMuabToH
TBIHYCBI3/]aHYY IIKaJachl 60I0HYA OPTOYO 6asli MeHeH, 6edTanTapAbiH 63,2 % KJIMHUKAJIbIK 60COTOI0H allThI.
Herusru TonTo pyHKIMOHANABIK aBTOHOMHUSHBIH OPTOY0 6aackl 13,8 6a/L1bl TY3AY, a1 3MH KaTyy Jelnpeccust
MeHeH oopyraH GedTanTtapga 10,3ke 4yeliMH TOMOH/OreH. AsJlap 3PKEeKTepre KaparaHja Kebypeek alKbIH
addekTUBAYY CHMNTOMOPAY *KaHA aBTOHOMUSIHBIH TOMOH JEeHI33JIMH KepcCeTyIIKeH. 70 »KallTaH »OTOopKy
Kypak [oArpynnacbiH/ia 6alika Kypak KaTeropusjiapblHa CaJIbIIIThIPMalyy KOTHUTUBAMK QYHKIUAIAPABIH OUD
KbIJIa allKbIH TOMOH/IY kaHa adPeKTHUBAYY Oy3y/nyyaapAblH Ke6eilyy TeHAeHUsAChl 6alikairaH. Kemuynyk
MalMeHTTep/le aHbIKTAITaH KOTHUTHUBAUK-apdeKTUBAyy Oy3ysnyyaap KYHYMAYK aBTOHOMHSATA CHUCTEMAJyy
Taacup 3TeT aHa 00PYKaHa/laH KHHUHKU Me3TUJI/le KOMIJIEKCTYY OHZJOOHY TaJlall KblIaT. AJIbIHI'aH HaThIHXKa1ap
HEBPONATOJIOT0pP, ICUXHUATPJIAp KaHa peabUIUTALUSAIBIK aJUCTeP YUYYH NMPAaKTUKAJIbIK MaaHUIe 33, aHTKEHU
ajap HUHCYJbTTAaH KUMMHKHA Ke4 Me3THJ/Jle TMaljMeHTTepre HeHPOICHUXOJOTUSNBIK KOJIJJ00 KepCeTYYHYH
YKEKeJIeIITHPUJITeH NporpaMMasiapblH UIITEN YbITYY/Aa KOJOHYJIYIY MYMKYH

Herusru ce3aep: HeHpONCUXUKAIBIK Oy3y/ayyaap; GYHKLUHOHAAABIK aBTOHOMHUS; JEeNpPeccusi; KOTHUTUBAUK
dYHKUMSANIAP; THIHYCHI3JJAHYY; 3C TYTYM; KOHYJI
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ApPeKTUBHDbIC U KOTHUTUBHbIE PACCTPOMUCTBA B MO3/IHEM BOCCTAHOBU-
TEeJbHOM Nepuojie NIeMUIeCKOro MHCY/IbTa
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AHHOTAnNUA. llesb ucc/leoBaHUA 3aK/0Yasach B BBIIBJEHUM HEHWPONCUXOJIOTHYECKUX 0COGEHHOCTEH
U cTeneHd OJYHKUMOHAJIBHOW aBTOHOMMHM Yy NALMEHTOB C HIIEMHYECKUM HHCYJbTOM B I03/HEM
BOCCTAaHOBUTEJIbHOM INepuo/ie. MeTozo 10rusl 6a3MpoBaiach Ha KOTOPTHOM CpPaBHUTEJIbHOM 06ciejoBaHUU 142
nanyeHToB B Bo3pacTte 50-80 JieT, npoBeiHHOM IPU y4acTHUX KbIPTrbI3CKOro rocyJapCTBEHHOI'0 MeIUIIMHCKOTO0
MHCTUTYTa IOCJAEJUIJIOMHOI0 00Opa30oBaHUsl M YHUBEPCUTETCKOM KJMHUKM ‘AMaHaT’ KaK KJIMHUYECKOU
6a3bl C MCIOJIb30BAHUEM IIKaJ [JIsI OLleHKU KOrHUTUBHBIX QYHKLUH, JeNpeccuy, TPEBOKHOCTU U ONMPOCHUKA
byHKIMOHAIbHOW aBTOHOMHH. OCHOBHBlE pe3y/bTAaThl HCC/AEL0BaHUS MPOJAEMOHCTPUPOBAJU BBICOKYIO
pacnpocTpaHEHHOCTb HEWPOICUXOJIOTMYECKUX HapylleHHH y HalUeHTOB B I03/JHEM BOCCTAHOBUTEJIbHOM
nepuosie uileMU4YecKoro UHcyabTa. ¥ 82,7 % o06c/el0BaHHBIX COXPAHSJIUCh KOTHUTHUBHBbIE AeQUIUTHI, NMPU
CpefiHEM IIOKaszaTesie MO LIKaJe OLEeHKU KOUHUTUBHBIX QYHKUMH - 21,1 6asna. Haubosiee BbIpakeHHBIMU
OKasa/IUCh HapylleHUs KpaTkoBpeMeHHOH mamaATH (68,4 %), BHUMaHus (60,2 %) u opueHTUPOBKHU (46,9 %).
AddekxTHBHBIE pacCTPOCTBA GbLIM BbISIBJIEHB! V 72,4 % Y4aCTHUKOB, IPUYEM TsKEsast Jepeccus ycTaHOBJIeHa
v 9,2 %, a BelpakeHHas - y 28,5 %; cpefHee 3HaYeHHeE IO LIKaJle JeNpeccuu cocTaBuio 19,6 6ania. YpoBeHb
TPEBOXXHOCTH MPEBbINIAJ KIUHUYECKUH Topor y 63,2 % maleHTOB, P CpeJHEM Gaslie MO IIKajle TPEBOXKHOCTH
amMusnbpToHa - 21,3. CpefHssA onjeHKa QYHKIIMOHAJBbHOM aBTOHOMUM B OCHOBHOM rpymnie coctaBuia 13,8 6asia,
a y MalMeHTOB C TsHKEJI0N Jlenmpeccuedt cHmkanack 10 10,3. YKeHIUHBI IeMOHCTPUPOBAIN 60Jiee BbIpaKeHHbIE
adpdeKkTUBHBIE CUMIITOMBI U 60Jiee HU3KUK YPOBEHb aBTOHOMMH 110 CPaBHEHUIO C My>KYHMHaMU. B Bo3pacTHOHN
noarpynme crapiie 70 JsieT HaGJOAasach TEeHAEHIUS K 6oJiee BbIPRXKEHHOMY CHHPKEHHIO KOTHHUTHBHBIX
byHKUIME U ycuieHHI0 adpeKTUBHBIX HApPYyIIEHUH 10 CPaBHEHUIO C JAPYTMMH BO3pPACTHBIMU KaTeropUsMHU.
KorHuTtuBHO-apPeKTUBHbIE PACCTPONCTBA, BbIsIBJIEHHbIE Y GOJBLUIMHCTBA MALMEHTOB, OKAa3bIBAIOT CUCTEMHOE
BJIMSIHME Ha MOBCEJHEBHYIO aBTOHOMHIO M TPeOYIOT KOMIIJIEKCHOW KOpPPEKLUH y>Ke B MOCTTOCHUTATbHBIN
nepuog. [losydeHHble pe3y/nbTaThl NPEACTABIAAIOT NPAKTUYECKYIO IEeHHOCTD /JI1 HEBPOJIOTOB, NICUXUATPOB U
peabuINTOI0r0B, TOCKOJIBKY MOTYT GbITh UCI0JIb30BaHbI IPY pa3paboTKe NUHAUBU/YAJIU3UPOBAHHbIX IPOTPaMM
HeUPOIICUXO0JI0THYeCKON MO/IepKKY MALlMEHTOB B O3/IHEM NOCTUHCY/ILTHOM IlepHo/e

RiIloyeBbIe C/I0OBA: HEHPOICHUXOJOTMYEeCKHe HapylleHUs; (QYHKIUOHA/bHAsl aBTOHOMHUS; [lelpeccus;
KOIHUTHBHBIE QYHKIUY; TPEBOKHOCTD; NaMsATh; BHUMaHHe
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Abstract. Male infertility remains a significant medical and social challenge, while regional data on its aetiological
structure and pathogenetic mechanisms are limited. In the Jalal-Abad region of the Kyrgyz Republic, there is an
urgent need to strengthen the evidence base for targeted diagnostic and preventive strategies. The aim of this study
was to describe the aetiological structure and probable pathogenetic mechanisms of primary male infertility based
on comprehensive clinical, laboratory, and instrumental assessments. A total of 110 men aged 20-38 years were
examined, including 60 patients with primary infertility (history 212 months) and 50 healthy men who formed
the control group. Clinical examinations, laboratory and hormonal analyses, semen evaluation, microbiological
and serological diagnostics of infections, and ultrasonographic assessment of the genitourinary system were
performed. The leading causes were infectious and inflammatory disorders of the genitourinary tract: among the
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60 examined men, chronic urethritis was detected in a considerable proportion (non-specific - 23.3%; specific
forms: trichomonal - 6.7%, chlamydial - 1.7%, ureaplasmal - 21.7%, mycoplasmal - 18.3%, and Gardnerella-
associated - 26.7%), while ultrasound signs of chronic prostatitis were observed in 26.7% of participants. The
microbiological profile was characterised by the predominance of staphylococci and Gram-negative bacilli,
frequent mixed infections (46.7%), and urogenital candidiasis (8.3%). Seropositivity to cytomegalovirus reached
31.7%, and to herpes simplex virus types 1 and 2 - 25.0%. Among anatomical and functional factors, varicocele
(6.7%), orchiepididymitis (5.0%), cryptorchidism (1.7%), and obstruction of the seminal ducts (3.3%) were
identified; endocrine abnormalities included secondary hypogonadism (5.0%). Azoospermia was detected in 8.3%
of cases, mainly associated with secondary hypogonadism or obstruction. Systemic inflammation was confirmed
in some patients by leukocytosis and an elevated erythrocyte sedimentation rate, while leukocyturia was noted
intermittently. The findings support the importance of early screening for sexually transmitted infections, chronic
prostatitis, and hormonal disorders in the diagnostic pathways for primary male infertility in regional practice,
enabling the personalisation of aetiotropic and pathogenetic therapy

Keywords: male fertility disorders; reproductive function; urogenital infections; Chlamydia; Ureaplasma;

Mycoplasma

Introduction

Male fertility has become a significant public health
issue globally and in Central Asian countries. Regions
with uneven access to specialised care, including the
Jalal-Abad region, continue to lack validated data on
the structure of causes and the relative contribution
of infectious-inflammatory, anatomical-functional, en-
docrine and behavioural factors. This necessitated a
study with clinical and laboratory verification of key
etiopathogenic mechanisms and clarification of diag-
nostic priorities.

According to the World Health Organisation [1], the
burden of reproductive dysfunction in couples remains
high, underscoring the need for accessible, quality care
and data for decision-making. H. Levine et al. [2] in a
global systematic review and meta-regression analysis
showed that in the 21% century, the trend towards a
decline in sperm parameters in men from different re-
gions of the world continues, and the rate of change may
have accelerated, requiring focused research into the
causes and regional variability. Behaviour and lifestyle
are consistently considered modifiable risk factors.
S.W. Fan et al. [3] demonstrated that tobacco smoking
in men seeking treatment for reproductive problems is
associated with a statistically significant deterioration
in standard ejaculate parameters, which highlights the
importance of smoking cessation programmes in pa-
tient management. S.S. Bahreiny et al. [4] conducted a
systematic review and meta-analysis involving 6,264
men on the impact of air pollution on sperm quality.
The levels of PM2.5 and PM10 particulate matter in
the environment were analysed. The results showed
a significant decrease in ejaculate volume, concentra-
tion, total number, and motility of spermatozoa with
an increase in particle concentration. Exposure to
PM2.5 and PM10 was accompanied by statistically sig-
nificant negative changes in sperm parameters, which
the authors attributed to oxidative stress and damage
to spermatogenic cells. The study emphasised the role

of atmospheric pollution as an independent risk factor
for male fertility disorders and the need to take envi-
ronmental conditions into account when assessing re-
productive health.

The evidence on endocrine disruptors remains
inconsistent, but L. Minguez-Alarcén et al. [5] note in
their review for clinical practice the biological plau-
sibility of the influence of bisphenols and phthalates
on hormonal regulation and spermatogenesis and
the need to standardise exposure assessment. Infec-
tious and inflammatory processes of the urogenital
tract are considered one of the leading and potentially
eliminable risk factors. D.A. Paira et al. [6] in a large
cross-sectional study (5,464 patients) linked positivi-
ty for Chlamydia trachomatis, Ureaplasma spp.and My-
coplasma hominis with infertility in couples, pointing
to a lack of data on the magnitude of the effect and its
clinical significance. K. Khalafalla et al. [7] conducted
a systematic review of 70 studies to assess the asso-
ciation of sexually transmitted infections (STIs) with
male subfertility. The analysis, performed according
to the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) protocol, showed
conflicting data: most studies did not find a clear rela-
tionship between STIs and sperm parameters. The ex-
ceptions were Ureaplasma and Mycoplasma, for which
the most reliable evidence of an effect on spermato-
genesis and sperm motility was obtained. The authors
Y.-Y. Wan et al. [8] compared sperm parameters in men
with positive and negative Ureaplasma urealyticum
status in seminal fluid and the pregnancy and birth
outcomes of their partners. No statistically significant
differences in ejaculate volume, concentration, motili-
ty, sperm morphology, leukocyte level, and antisperm
antibodies were found between the groups (P> 0.05).
The only difference was a higher sperm nuclear im-
maturity index in the presence of infection (P =0.04),
which may indicate the influence of Ureaplasma on

o
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spermatogenesis processes. At the same time, preg-
nancy and birth outcomes did not differ. The authors
concluded that Ureaplasma urealyticum infection
does not significantly affect the effectiveness of intra-
uterine insemination, but may affect sperm quality at
the subcellular level.

Along with infections, the contribution of anatom-
ical, functional, and inflammatory conditions of the
genitourinary system is confirmed by clinical data.
A. Agarwal et al. [9] showed in a systematic review and
meta-analysis that correction of varicocele in infertile
men leads to a statistically significant improvement in
sperm concentration, motility, and morphology com-
pared to the untreated control group, with no differ-
ences in ejaculate volume. The authors emphasised
the high level of evidence for these data and confirmed
the role of venous stasis as a pathophysiological mech-
anism of spermatogenesis impairment. J. Rosellen et
al. [10] reported a decrease in ejaculate quality in pa-
tients with chronic prostatitis, discussing possible
mechanisms through inflammation, reactive oxygen
species, and changes in prostate secretory function.
These results emphasise the need for a comprehensive
assessment and combination of etiotropic and pathoge-
netic approaches.

The aim of this study was to systematise the spec-
trum and relative contribution of infectious-inflam-
matory, anatomical and functional, endocrine, and
behavioural factors in men of reproductive age with
long-term fertility disorders in the Jalal-Abad region, as
well as to identify priorities for optimising the diagnos-
tic pathway.

Materials and Methods

The study was conducted in 2022-2024 at the Research
Institute of Medical and Biological Problems of the
Southern Branch of the National Academy of Sciences
of the Kyrgyz Republic and the Regional Centre for Re-
productive Health in Jalal-Abad. Ethical approval was
obtained from the local bioethics committee, and the
study was conducted in accordance with the principles
of The Declaration of Helsinki [11]. All participants
signed an informed consent form for participation in
the study and processing of personal data. The exam-
inations were performed using approved national and
international protocols of the World Health Organisa-
tion (WHO), European Association of Urology (EAU),
International Council for Standardisation in Haematol-
ogy (ICSH), Centers for Disease Control and Prevention
(CDC), and Clinical and Laboratory Standards Institute
(CLSI) [12-18].

The study included 110 men aged 20-38 years, per-
manently residing in the Jalal-Abad region. The main
group consisted of 60 patients with clinically confirmed
primary infertility (absence of pregnancy in a partner
with regular sexual intercourse without contraception
for at least 12 months). The control group consisted of
50 men with preserved fertility and at least one child.
Selection was carried out by continuous inclusion
among patients who sought treatment for reproduc-
tive dysfunction. The exclusion criteria were surgery on
the scrotum or prostate, severe chronic diseases, active
inflammatory processes, alcoholism, and smoking for
more than 10 years. The complex of clinical, laboratory,
and instrumental methods used is presented in Table 1.

Table 1. Main research methods and their characteristics

Results Characteristics/purpose Main parameters assessed Staunstle:jrds
Clinical examination History takllng, physical examination, Varicocele, epldldymp-orchms, gryptorch|d|sm, [14]
palpation of scrotal organs anatomical anomalies
General clinical analyses Assessment of general condition Leucocytes, ESR (by Westergren), leucocyturia, [15.16]
(GCA, ESR, and GUA) and inflammatory changes bacteriuria '
Bacterioscopy of cultures Identification of microflora and Presence of cocci, Gram-negative flora, fungi;
(Urethra, prostate . : - o ) . [18]
. ] microbial susceptibility to antibiotics interpretation of MIC as per CLSI
secretion, ejaculate)
PCR-Diagnostics (NAAT) Identification of ST-causing agents | Camydia trachomatis, Ureaplasma spp., Mycoplasma
9 gag spp., Trichomonas vaginalis (as indicated) [13,17]

EIA (Serology) Determination of antibodies to viruses lgG to CMV and HSV 1/2

Volume = 1.4 ml; concentration = 16 million/ml; total
Spermogram Ejaculate analysis based on WHO motility = 42%; progressive motility = 30%; normal [12]

standards (6" ed.) morphology = 4% (5" percentile in fertile men, not a

diagnostic threshold)
H ) . Testosterone, FSH, LH, PRL; detection of secondary

ormonal profile (as Assessment of endocrine :
indicated) disturbances hypogonadism
(T with 1 FSH/LH)

Examination of scrotal organs,
prostate, kidneys, and bladder
(B-mode, CDM)

Ultrasound scan of the
genitourinary system

[14]
Varicocele, chronic prostatitis, cysts, dilatation of the
pampiniform plexus veins

Note: GCA - general blood analysis; ESR - erythrocyte sedimentation rate (Westergren method); GUA — general urine analysis; PCR/NAAT -
nucleic acid amplification tests; EIA — enzyme-linked immunoassay; IgG — immunoglobulin G; MIC — minimum inhibitory concentration; CMV -
cytomegalovirus; HSV - herpes simplex virus; FSH - follicle-stimulating hormone; LH - luteinising hormone; PRL — prolactin; T - testosterone;

B-mode - grey-scale imaging; CDM - colour Doppler mapping
Source: compiled by the authors
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Internal quality controls and certified reagents
were used for all laboratory procedures. Ultrasound
examinations were performed using Philips HD11XE
(Netherlands) and Mindray DP-50 (China) devices with
linear and convex probes in B-mode and CDK mode. All
examinations were performed by an ultrasound physi-
cian with > 10 years of experience. Statistical process-
ing was performed using IBM SPSS Statistics v.26. Cat-
egorical variables were compared using Fisher’s exact
test; Pearson’s y* was used for expected frequencies
> 5. The effect was presented as the odds ratio (OR)
with a 95% confidence interval (CI); for zero cells, the
Haldane-Anscombe correction was used. For single
proportions, 95% confidence intervals were calculat-
ed using the Wilson method. All tests were two-tailed;
differences were considered statistically significant at
p < 0.05. The Benjamini-Hochberg procedure (False
Discovery Rate - FDR) was applied to control for mul-
tiple comparisons. A study of fructose levels in ejacu-
late to assess seminal vesicle function was planned but
not performed due to the lack of a spectrophotometer,
which is considered one of the limitations of the study:.

Results
General clinical analyses. General blood analysis
was within reference limits in 46 of 60 men, 76.7%.
Signs of a systemic inflammatory response, includ-
ing moderate leukocytosis and accelerated erythro-
cyte sedimentation rate, were observed in 14 out of
60 (23.3%). For this proportion, the 95% confidence
interval was 14.4-35.4%. According to the general
urine analysis, normal values were found in 48 out of
60 (80.0%). Leukocyturia was recorded in 2 out of 60
(3.3%) (95% confidence interval 0.9-11.4%). Elevated
salt content was noted in 10 out of 60, 16.7% (95%
confidence interval 9.3-28.0%). The data are consist-
ent with the predominance of chronic rather than
acute inflammatory conditions.

Urogenital infection: microbiology, PCR, serol-
ogy. Microscopy of urethral smears revealed a pro-
nounced inflammatory response and polymicrobial
associations in 28 out of 60 (46.7%; 95% confidence
interval 34.8-59.0%). A predominance of Gram-positive
cocci and Gram-negative rods was noted. Gardnerella
spp. was found in 16 out of 60 (26.7%); yeast-like fungi
were found in 5 out of 60 (8.3%). The results of urine,
prostate secretion, and ejaculate cultures confirmed the
predominance of staphylococci and Gram-negative rods,
with a significant proportion of mixed growth. The pic-
ture corresponds to chronic inflammation and probable
colonisation of several sections of the urogenital tract.

Trichomonas vaginalis was verified in 4 out of 60
(6.7%). Chlamydia trachomatis was found in 1 out of 60
(1.7%) (95% confidence interval 0.3-8.9%). Ureaplas-
ma spp. was detected in 13 out of 60 (21.7%, 95%
confidence interval 13.1-33.7%). Mycoplasma spp. was
detected in 11 out of 60 (18.3%, 95% confidence in-
terval 10.6-30.1%). A profile with a predominance of

ureaplasma and mycoplasma over chlamydia and trich-
omonas is typical for outpatient cohorts and reflects
the polymicrobial nature of chronic processes. CMV IgG
was detected in 19 out of 60, 31.7% (95% confidence
interval 20.8-45.0%). HSV-1/2 IgG was detected in 15
outof 60, 25.0% (95% confidence interval 15.4-38.0%).
Serostatus reflects past or latent infection and provides
a background for interpreting chronic inflammation of
the prostate gland and appendages.

Ultrasound and instrumental examinations.
Ultrasound signs of chronic prostatitis were recorded
in 16 out of 60, 26.7% (95% confidence interval 17.0-
39.1%). Signs of chronic pyelonephritis were detected
in 12 out of 60, 20.0% (95% confidence interval 11.6-
32.0%). Cystic formation of the prostate gland was
found in 1 out of 60, 1.7%. Clinically and based on the
data, chronic urethritis was established in 14 out of
60, 23.3%. A comparison of instrumental and microbi-
ological results indicates a high proportion of chronic
urogenital inflammation in the cohort.

Hormonal indicators. Secondary hypogonadism
was diagnosed in 3 out of 60 (5.0%). Despite the small
proportion, this phenotype demonstrates a close con-
nection with extreme spermatogenesis disorders. No
other hormonal disorders of independent diagnostic
significance were identified.

Spermogram. Azoospermia was detected in 5 out
of 60 (8.3%, 95% confidence interval 3.6-18.1%). In
3 cases, azoospermia was combined with secondary
hypogonadism, and in 2 cases with obstruction of the
seminal ducts. In the remaining 55 observations, azo-
ospermia was not recorded. The lack of complete dis-
tributions by concentration, progressive motility, and
morphology limits the quantitative analysis of all pa-
rameters, but the association of extreme phenotypes
with endocrine and obstructive causes appears to be
consistent.

Concomitant conditions. Varicocele was detect-
ed in 4 out of 60 (6.7%). Orchiepididymitis - in 3 out
of 60 (5.0%). Cryptorchidism was found in 1 out of 60
(1.7%). Obstruction of the seminal ducts was found in 2
out of 60 (3.3%). These conditions are potentially mod-
ifiable and often coexist with infectious and inflamma-
tory components, enhancing the cumulative effect on
spermatogenesis.

Associative analysis of extreme phenotypes. The
link between azoospermia and the endocrine mech-
anism is confirmed as follows. Among patients with
secondary hypogonadism, azoospermia was observed
in 3 out of 3 (100.0%); among patients without hypog-
onadism - in 2 out of 57 (3.5%). According to Fisher’s
exact test, p=0.00029. This indicates a strong associa-
tion between pronounced hormonal dysregulation and
the complete absence of sperm in the ejaculate.

The obstructive mechanism also demonstrated the
expected relationship. In the presence of obstruction,
azoospermia was observed in 2 out of 2 (100.0%);
in its absence, it was observed in 3 out of 58 (5.2%).
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According to Fisher’s exact test, p=0.0056. The results
are consistent with the clinical logic of obstructive azo-
ospermia. The power of the comparisons is limited by
the small numbers, and the conclusions should be in-
terpreted as research findings. The total distribution
of the identified causes is presented in Table 2. The

summary structure includes 58 out of 60 patients, as
the data volume was insufficient for aetiological attri-
bution in two cases. One patient may have had several
simultaneous factors, including infectious-inflamma-
tory and anatomical-functional ones, so the sum of the
shares may exceed 100%.

Table 2. Range of identified causes of infertility

- . . Number of patients (n=58)

Identified causes of infertility Abs. %
Chronic prostatitis, exacerbation stage 9 15.0
Chronic prostatitis, remission stage 7 1.67
Chronic pyelonephritis, exacerbation stage 5 8.33
Chronic pyelonephritis, remission stage 7 1.67
Chronic urethritis, non-specific 14 23.33
Chronic urethritis, specific, including: 28 46.67
L Trichomonal 4 6.67
L— Chlamydial 1 1.67
L Ureaplasmal 13 21.67
L Mycoplasmal 1 18.33
L—Gardnerella 16 26.67
Candidiasis of the genitourinary system 5 8.33
Prostatic cyst 1 1.67
Orchoepididymitis 3 5.0
Varicocele 4 6.67
Secondary hypogonadism 3 5.0
Obstruction of the deferent ducts 2 3.33
Azoospermia 5 8.33
Cryptorchidism 1 1.67

Source: compiled by the authors as a result of research

The data obtained indicate that the proportion of
urogenital inflammation confirmed microbiological-
ly and instrumentally remains high. PCR more often
detects Ureaplasma spp. and Mycoplasma spp. than
Chlamydia trachomatis and Trichomonas vaginalis. The
serostatus for CMV and HSV corresponds to the popu-
lation background and requires careful interpretation
when assessing causal relationships. The most severe
phenotype, azoospermia, is almost entirely associat-
ed with secondary hypogonadism and obstruction of
the seminal ducts within the cohort. The contribution
of anatomical and functional conditions (varicocele,
orchiepididymitis) appears to be moderate, but when

combined with infectious and inflammatory stress, it
may increase the risk of adverse changes in sperm pa-
rameters. Chronic prostatitis causes not only a delay
in spermatogenesis, but also a significant deteriora-
tion in its quality. These changes are particularly pro-
nounced in patients with a disease duration of more
than five years, which negatively affects the functional
state of the male reproductive system [19,20]. Based
on the summary structure (Table 2), the results were
compared with a control group of fertile men (n=50)
whose indicators corresponded to those expected for a
healthy population. Quantitative differences and statis-
tical criteria are summarised in Table 3.

Table 3. Comparison of the main and control groups by aetiological positions

Indicator [n'!gg‘]i\fs”_f’% g&'gg;’ﬂf”& OR (95% CI) p
Chronic prostatitis, exacerbation stage 9 (15.5%) 0(0.0%) 19.38 (1.10-34213) 0.00336
Chronic prostatitis, remission stage 7 (12.1%) 3(6.0%) 215(0.53-8.80) 0.33445
Chronic pyelonephritis, exacerbation stage 5(8.6%) 0(0.0%) 10.38 (0.56-192.62) 0.06011
Chronic pyelonephritis, remission stage 7 (12.1%) 1(2.0%) 6.73(0.80-56.69) 0.06613
Chronic urethritis, non-specific 14 (24.1%) 1(2.0%) 15.59 (1.97-123.46) 0.00068
Chronic urethritis, specific, including: 28 (48.3%) 4(8.0%) 10.73 (3.42-33.70) <0.00001
L—Trichomonal 4(6.9%) 0(0.0%) 8.34 (0.44-158.82) 012214
L Chlamydial 1(1.7%) 0(0.0%) 2.63(0.10-66.14) 1.00000
L—Ureaplasmal 13 (22.4%) 2(4.0%) 6.93 (1.48-32.45) 0.01004
—0

Journal of Osh State University. Medicine. Vol. 4, No. 1




Mirzokulov et al.

Table 3. Continued

Indicator [n“igg‘]i\fs”_f’% [‘ﬁ;‘i’;‘g;"‘\%':’”& OR (95% CI) p
L—Mycoplasmal 11(19.0%) 1(2.0%) 11.47 (1.42-92.34) 0.00522
L—Gardnerella 16 (27.6%) 1(2.0%) 18.67 (2.37-146.74) 0.00030
Candidiasis of the genitourinary system 5(8.6%) 1(2.0%) 4.62 (0.52-40.97) 0.21340
Prostatic cyst 1(1.7%) 0(0.0%) 2.63(0.10-66.14) 1.00000
Orchoepididymitis 3(5.2%) 1(2.0%) 2.67 (0.27-26.54) 0.62215
Varicocele 4(6.9%) 2(4.0%) 1.78 (0.31-10.14) 0.68395
Secondary hypogonadism 3(5.2%) 0(0.0%) 6.37 (0.32-126.36) 0.24714
Obstruction of the deferent ducts 2 (3.4%) 0(0.0%) 4.47(0.21-95.32) 0.49810
Azoospermia 5 (8.6%) 0(0.0%) 10.38 (0.56-192.62) 0.06011
Cryptorchidism 1(1.7%) 0(0.0%) 2.63(0.10-66.14) 1.00000

Note: p-level of statistical significance of differences between groups (p <0.05 indicates a significant difference, p=0.05 - the difference

is statistically insignificant and may be random)
Source: compiled by the authors as a result of research

Intergroup comparison based on aetiological po-
sitions shows that differences between the cohort of
men with primary infertility and fertile controls are
primarily due to the infectious-inflammatory domain
of the lower urogenital tract. Statistically significant as-
sociations with infertility were found for: chronic ure-
thritis (nonspecific) - OR 15.59; 95% CI 1.97-123.46;
p=0.00068; the total category of “specific urethritis” -
OR 10.73; 3.42-33.70; p < 0.00001; as well as its sub-
types of ureaplasma - OR 6.93; 1.48-32.45; p=0.01004,
mycoplasma - OR 11.47; 1.42-92.34; p = 0.00522,
and gardnerella urethritis - OR 18.67; 2.37-146.74;
p =0.00030. These estimates are consistent with the
microbiological profile of the main group (increased
proportion of polymicrobial associations and mixed
growth) and indicate a clinically relevant association
between urethral inflammation, including that involv-
ing opportunistic microorganisms, and the infertility
phenotype. The position “chronic prostatitis, acute
stage” also demonstrates a pronounced association
(OR 19.38; 1.10-342.13; p = 0.00336), while the “re-
mission stag” is statistically indistinguishable from the
control (p =0.33445). This indirectly supports the the-
sis of greater clinical significance of active /exacerbated
forms of prostate inflammation compared to latent pro-
gression, when ultrasound signs may persist without a
concomitant clinical equivalent.

For chronic pyelonephritis, the patterns are unidi-
rectional (increased OR during exacerbation and remis-
sion), but due to small numbers and wide confidence
intervals, statistical significance is not achieved at the
level of p<0.05 (p=0.06011and p=0.06613, respective-
ly). Such lines should be interpreted as hypothesis-gen-
erating and requiring an increase in the sample size.
Anatomical and functional factors (varicocele, orchie-
pididymitis, cryptorchidism), as well as rare nosologies
(prostate cyst), did not show statistically confirmed
differences. The lack of significance in these positions
may reflect either a real moderate association or in-
sufficient power to detect small/medium-sized effects.

The endocrine contribution (secondary hypog-
onadism) and obstructive mechanism (obstruction
of the seminal ducts) in Table 3 did not reach statisti-
cal significance according to the intergroup criterion,
which is explained by zero events in the control group
and small absolute numbers. At the same time, intra-
group analysis of extreme phenotypes showed their
close association with azoospermia (p = 0.00029 and
p =0.0056, respectively). This highlights the different
roles of intergroup and intragroup comparisons: the
former record the contribution of a factor to the risk
of infertility at the population level, while the latter re-
cord its association with the severity of spermatogenic
disorders within the infertility cohort. Interpretation
of effects with zero events in the control requires cau-
tion: OR in these rows are known to be high, and con-
fidence intervals are wide due to small numbers. The
study used the Haldane-Anscombe correction, which is
correct for calculating OR, but it is advisable to confirm
the final conclusions on such positions on an expanded
sample and, if possible, in multivariate models taking
into account age, duration of infertility, smoking, and
other accompanying variables.

Taken together, the data in Table 3 indicate that
the most reproducible and statistically confirmed area
of difference is inflammatory and infectious process-
es in the distal parts of the urogenital tract (urethritis
of various aetiologies) and active inflammation of the
prostate gland. These domains are biologically con-
sistent with the expected mechanisms of influence on
spermatogenesis (inflammation, local oxidative stress,
disorders of the secretory function of the prostate and
seminal vesicles), while the proportion of “classical”
STIs (chlamydia, trichomoniasis) remains low and
does not form significant intergroup differences. The
CMV/HSV serostatus corresponds to the population
background and, based on the study design, does not
provide grounds for causal attribution. The combina-
tion of results indicates the leading role of infectious
and inflammatory processes in the distal parts of the
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urogenital tract and active inflammation of the pros-
tate gland in the structure of associations with male
infertility at the population comparison level; severe
spermatogenic phenotypes within the cohort are pre-
dominantly associated with endocrine and obstructive
mechanisms.

Discussion

The observed association of infertility with polymicro-
bial urethral processes and an increased proportion of
Ureaplasma/Mycoplasma is consistent with the data
of M. Frglund et al. [21], which showed strong positive
correlations between bacteria associated with bacterial
vaginosis and ureaplasma load, which was interpreted
as a pH-mediated effect of urease activity. At the same
time, the absence of differences in the prevalence of BV
taxa between idiopathic non-gonococcal urethritis and
the control group reflected a different endpoint (ure-
thritis versus reproductive outcome), different bioma-
terial (first-void urine versus comprehensive assess-
ment), and the location of the process (urethra versus
prostate/seminal vesicle involvement). Consequently,
polymicrobial ecology is necessary but not sufficient;
the clinical effect depends on the activity of inflamma-
tion and proximal involvement.

Key observations by E.L. Plummer et al. [22] were
consistent with the polymicrobial concept of the lower
tract: the composition of the urethral microbiota dif-
fered in idiopathic non-gonococcal urethritis and var-
ied depending on the sex of the sexual partner. Taxa as-
sociated with idiopathic urethritis in men who have sex
with men (MSM) were noted, with an increased relative
abundance of Haemophilus influenzae, while in men
who have sex with women (MSW), Corynebacterium
was noted, as well as the dominance of a number of bac-
teria in cases but not in controls, including Ureaplasma,
Staphylococcus haemolyticus, Streptococcus pyogenes,
Escherichia, and S. pneumoniae/pseudopneumoniae.
These data supported a polymicrobial profile and the
involvement of Ureaplasma, which was consistent with
the increased proportion of Ureaplasma/Mycoplasma in
the infertility cohort, although the endpoints (urethritis
versus reproductive outcome), matrix (first-void urine
versus comprehensive examination), and methodology
(16S versus targeted tests) differed.

A systematic review and meta-analysis by
C. Cheng et al. [23] confirmed a statistically signifi-
cant association between male infertility and genital
mycoplasmas: Mycoplasma genitalium (pooled odds
ratio, OR 3.44; 95% confidence interval, CI 1.78-6.64),
Mycoplasma hominis (OR 1.84; 95% CI 1.01-3.34) and
Ureaplasma urealyticum (OR 3.28; 95% CI 2.08-5.18),
while Ureaplasma parvum showed no association (OR
1.67; 95% CI 0.95-2.95). The quality of the studies was
assessed using the Newcastle-Ottawa scale; region-
al heterogeneity was noted (stronger associations in
samples from China), indicating the influence of design,

diagnosis and epidemiology. These results were con-
sistent with the increased prevalence of Ureaplasma/
Mycoplasma in men with infertility in the present study
and explained the marked intergroup differences in
“specific urethritis”. A limitation of the comparison was
the inability to differentiate between U. urealyticum
and U. parvum in the current data set, which prevented
direct validation of species-specific effects.

F.L. Nassan et al. [24] examined the impact of diet
and individual food components on male fertility - from
dietary patterns and antioxidant supplements to types
of fats and consumption of dairy/meat products - in re-
lation to sperm parameters, hormonal profile, and clin-
ical reproductive outcomes. The authors demonstrated
that adherence to a “pro-fertility” diet (fish/seafood,
nuts, whole grains, fruits and vegetables, poultry) and
adequate intake of omega-3 fatty acids were associated
with better sperm parameters and more favourable re-
productive outcomes, while excess trans and saturated
fats were associated with poorer parameters. Antioxi-
dant supplements were considered potentially bene-
ficial, especially in couples undergoing ART, although
there was no consensus on optimal compositions and
doses. Data on dairy/meat products remained incon-
sistent; high-quality randomised studies are needed to
develop clear clinical recommendations for men.

A comparison of the results of this study with the
review by O. Batiha et al. [25] showed methodolog-
ical consistency at the mechanism level: in 2020, a
hypothesis was outlined about the possible effect of
SARS-CoV-2 on male fertility through the expression
of ACE2/TMPRSS?2 in the testicle, fever, and endocrine
shifts, while simultaneously reminding of the reproduc-
tive relevance of other viruses (HPV, HSV, HIV) in the
absence of direct data on COVID-19 at that time. Later
reviews and meta-analyses by Y. Xie et al. [26] clarified
the picture: SARS-CoV-2 infection was associated with a
transient deterioration in basic sperm parameters (vol-
ume, concentration, motility, morphology), especially
in the short term after the disease. At the same time, no
evidence of an adverse effect of vaccination on spermo-
gram was obtained - data on inactivated and mRNA vac-
cines, as well as observations in sperm donors, showed
no significant changes; this position is confirmed by a
recent clinical review by Y.C. Ma et al. [27] on reproduc-
tion. In the cohort analysed, CMV/HSV serostatus was
interpreted as a population background, and causal
links between reproductive outcomes and COVID-19
were not assessed; nevertheless, the identified leading
role of urogenital inflammation is consistent with the
pathophysiological contour proposed for COVID-19 (in-
flammation/oxidative stress and subsequent damage
to spermatozoa), described in mechanistic reviews.

The study by K. Gill et al. [20] assessed the impact
of sedentary employment on the integrity of sperm
nuclear DNA by comparing men who spent = 50% of
their working time sitting (n=152) with participants
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with less sedentary work (< 50%, n =102). No statis-
tical differences were found in standard ejaculate pa-
rameters, whereas the proportion of spermatozoa with
DNA fragmentation (SDF, Halosperm) was higher in
sedentary work (median 21.00% vs. 16.50%); low SDF
levels were less common (0-15%: 27.63% vs. 45.10%)
and high levels were more common (> 30%: 30.92%
vs. 16.67%), with more than a twofold increase in the
risk of high SDF (OR%2.24). The authors concluded that
sedentary work (= 50% of working time) is associat-
ed with impaired sperm nuclear DNA integrity in the
absence of differences in standard semen analysis; the
proposed mechanism is testicular heat stress and dis-
ruption of chromatin remodelling in spermatogenesis.

The combination of the sources reviewed forms
a consistent picture: the infectious-inflammatory do-
main of the distal sections and active inflammation of
the prostate are statistically and biologically associ-
ated with reproductive disorders; severe phenotypes
of spermatogenesis are more often associated with
endocrine and obstructive causes requiring targeted
additional examination and correction; Modifiable life-
style factors - diet, past infections, nature of employ-
ment - affect fertility mainly through oxidative stress
and damage to sperm DNA, which justifies expanding
the laboratory panel beyond the standard semen analy-
sis (e.g., SDF/ORP assessment). These findings justify a
clinical and diagnostic focus on a multi-level approach:
a unified PCR panel and microbiology, assessment of
prostate inflammation, screening for endocrine and ob-
structive causes, and measurement of oxidative stress
markers and sperm DNA integrity; in parallel - targeted
lifestyle modification and nutritional support.

Conclusions
The results of the study confirm the complex and mul-
tifactorial nature of male infertility, in which infectious
and inflammatory processes of the genitourinary sys-
tem play a key role. The data obtained indicate that the
most common clinical forms associated with fertility
disorders are chronic urethritis and prostatitis, often
occurring as combined or mixed infections. The high
prevalence of ureaplasma, mycoplasma and gardnerella

infections highlights their significant role in the devel-
opment of pathological changes in spermatogenesis.

An important pathogenetic mechanism has been
identified as the effect of a prolonged inflammatory
process on the condition of the prostate and epididymis,
leading to impaired secretion and deterioration in
sperm quality. In combination with possible anatomi-
cal and functional disorders, such as varicocele or the
consequences of orchiepididymitis, this forms the basis
for the development of persistent forms of infertility.
The results also demonstrate that endocrine disorders
and functional disorders of spermatogenesis occur pre-
dominantly in cases of pronounced changes in the sper-
mogram, including cases of azoospermia and severe
oligozoospermia. The study substantiated the need for
a comprehensive diagnostic approach, including micro-
biological examination of ejaculate, serological tests,
hormonal assessment, and ultrasound examination of
the scrotum and prostate. This approach ensured early
detection of aetiological factors and allowed for the de-
velopment of individualised treatment and prevention
programmes for male infertility.

The data obtained from clinical, instrumental, and
laboratory examinations are not exhaustive and require
further in-depth study, given the growing medical and
social significance of the problem of declining male re-
productive capacity. The current understanding of the
pathogenesis of male infertility requires a comprehen-
sive approach that takes into account both identified
factors and existing gaps in knowledge. In particular, it
is necessary to continue fundamental research aimed at
assessing the impact of generally toxic, carcinogenic and
teratogenicagents,including chemical pollutants andra-
dioactive substances, on the male reproductive system.
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Kbiproi3 PecnyG/ukacbiHbIH sRaman-Aoajl 00/,1yCYyH/1arbl 9pREKTePINH
TYRYMCY3AYTYHYH (PAKTOP/IOPY sKAHA HATOI'€HETHKAJBIK MeXaHUu3M/IepH

IIyxpaT Mup3ory/ios
OkyTyyuy
Ow MaMneKkeTTUK YHUBEPCUTETH
723500, JleHuH Keu., 331-yi, Ow w., Kbiprbia Pecrny6nuvkacsl
Jwiamox Mupsary/jios
MeauumHa MNMUMOEPUHUH KaHAMOATbI, VYK UTUMUIA Kbi3MaTKep
BuoMeomumnHanbik Macenenep 6ooHYa MIUMUNA-U3UNLEE MHCTUTYTY, Kbiprbld Pecrny6nmKachiHbiH

YAyTTYK MNUMAEp akageMUsicbiHbiH TylwTyK 6enymy
723500, B3reH keu., 130-A, Ow w., Kbipreiz Pecnybnumkacsi

ArbLIOER Hypoyinaros
AcnupaHT
BuomenuumHanbik Macenenep 6ooHYa UIUMUN-M3NNLE6 MHCTUTYTY, Kbiprbid PecnyBnmnkacbiHbiH
YRyTTYK UNUMAEP akageMusacbiHbiH TywTyk Benymy
723500, B3reH keu., 130-A, Ow w., Kbiprbiz Pecnybnumkacsi

Nmap6exk AMupainen
AcnupaHT
BuomeamumHanbik Macenenep 6ooHYa UIUMUN-M3NNLE6 MHCTUTYTY, Kbiprbid PecnyBnmnkacbiHbIH
YRyTTYK UNMMAEP akafeMUsACbIHbIH TyLTYK Benymy
723500, B3reH keu., 130-A, Ow w., Kbiprbia Pecnybnumkacsi

A0acoek Jmoaes
MeouumHa MMMMAEPUHWH KaHOMOATbI, LOLEHT
C. b. JaHWspoB aTbiHAarbl gapbirepiepan Kapa gaspaoo xaHa
KBanMMUKaLMACbIH XXOropynaTtyy MeauLMHaNbIK MHCTUTYTY
720040, BokoHbaeB keu., 144a, buwkek w., Kbipreia Pecnybnmkacsi
Hyp3ajga RacbimMaeBa
Kunuyy nnmMmmi KbiamMaTkep
BuomeguumHanbik Macenenep 6ooHYa UIMMUN-M3UNL66 MHCTUTYTY, Kbiprbid PecnyBnmnkacbiHbiH
YRyTTYK UNUMAEP akageMusachbiHbiH TywTyk Benymy
723500, B3reH keu., 130-A, Ow w., Kbipreiz Pecnybnumkacsi

AHHOTANMsL. DPKEKTEPAUH TYKYMCY3/yTy MaaHHJYY MeJUKO-COLHa//IbIK KeHUrel GOMLOH KalyyZa, ajl 3MHU
aHbIH CE0ENTHK TY3YJIYLIY X)KaHa MaTOT€HETHUKaJIbIK MeXaHU3M/lepHr 60IOHYa aUMaKTbIK MaaJibIMaTTap XeTUILICH3.
Keiproi3 Pecny6smkaceiHbiH Kanan-A6as o6/ycyHJi@a MakcaTTyy JUAarHOCTHKA »KaHa aJsiblH ajyy OOloHYa
JaJIMJIIYY HETU3/H KaHbLI00 3apbL. Bys1 U3M1/1e6HYH MaKcaThl — KOMIIJIEKCTYY KJIMHUKAIBIK, 1aO0PaTOPUSIbIK
»KaHa MHCTPYMEHTAJIJIbIK TEKIIEPYYHYH HETM3UH/le IpKeKTepAeru 6altankbl GepTUAAYYAYKTYH OY3yIyLIYHYH
3THUOJIOTHUAJIBIK TY3YJIYIIYH KaHa BIKTbIMaJl MIAaTOT€HETUKAJIBIK ME€XaHU3MJEePHUH aHbIKTOO GOJITOH. I/IBI/IJIAGGI‘G
20-38 »xamTarel 110 apkek KaTbILUIKaH, ajJap/blH U4MHeH 60bl GalITanKbl TYKYMCy3/AyK (aHamMHe3u 212 aii)
MeHeH, aJ1 3MHu 50y casamat 3pkekTep 60JIyT, Ke3eMeJ TOOYH Ty3reH. KJIMHUKa/IbIK Kapoo, 1abopaTopHUsJIbIK
»KaHa TOPMOHAJIJIbIK aHaJN3/iep, CliepMorpaMMa, MUKPOGHUOJIOTUSAJIBIK KaHa CEPOJIOTHUSAIBIK UHQEKLHAIap/bl
aHBIKTOO, OLIOHJOM 3Jle 3aapa-KbIHbIC CUCTEMaCbIHbIH YJbTPAayHJYY H3WJILE6Cy >XKYpry3yJreH. balikbl
cebenTepMH KOMYYJYTYH 3aapa-KbIHbIC CHCTEMacCblHbIH HWHQEKIHUsIbIK-Ce3reHyy oopy/aapbl Ty3ay: 60
TEeKIIepUJIreH 3PKEKTHH apacblH/la 6HOKOT YPETPUT KOMUYJayK GesIyTYH/e aHbIKTalIraH (Tybaca aMec TYpy —
23,3 %; crnenuduUKagbIK TYpPJA6pY: TPUXOMOHO3AYK — 6,7 %, XxnmaMuausaaslk — 1,7 %, ypeannazmansik - 21,7 %,
MHUKOIIa3MaJbiK — 18,3 %, rapgHepeie3ayk - 26,7 %); yabTpayHAYY U3U1/166 60I0HYA 6HOKOT MPOCTaTUTTHUH
6esarunepu 26,7 % ydypJapzga 6aiikaarad. MUKpo6UoIoTUAIBIK Tpoduize cTadpUIOKOKTOP MEHEH IpaMTepc
OaKTepUsJIap/IbIH YCTOMAYTY, apasiail ¢pJopaHbIH Kell Ke3zelyycy (46,7 %) »kaHa 3aapa-KbIHbIC CUCTEMAaChIHbIH
KaHau03y (8,3 %) a"bIkTanAbl. LluToMerasoBupycka cepono3uTuBAyyayK 31,7 %, as aMu KeHeKe# reprec
BUPYCyHYH 1- kaHa 2-tuntepuHe - 25,0 % Ty3ay. AHATOMUSIBIK-QYHKIHOHANABIK GaKTOp/IOp apacbiHAa
Bapukouese (6,7 %), opxoanuauauMut (5,0 %), kpuntopxusm (1,7 %), ypyKTYK KoAA0pAYH Tocyayiy (3,3 %)
KaTTa/l/ibl; SHJOKPHUHJAUK Oy3yjayysap 3KUHYM Japaxajgarbl runoroHazusMm (5,0 %) MeHeH KepceTyJAy.
CnepMorpamMmmasiapga aszoocnepmus 8,3 % ydypJiap/ia Ke3ZelluI, Heru3uHEH SKUHY U lapakaJarbl TMIIOTOHAU3M
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K€ 0OCTPYKIUsI MeHeH 6alylaHbIITYy 60JITOH. AUPBEIM GedTanTap/a CUCTEMaJbIK Ce3reHyY JIeMKOLUTO3 KaHa
3PUTPOLUTTEPAUH Y6rYy bLIJAM/BITBIHBIH KOTOPYJ/IAllbl apKbLIYY Jab0paTOPHUSJIBbIK KaKTaH TaCThIKTAJIraH,
aJl 3MU JIEUKOLUTYPHUS MEe3TU/I-Me3THJIM MeHeH OGaWKaJraH. AJIbIHTaH MaaJbIMaTTap KbIHBICTBIK »KOJI MEHEH
KYTyydy MHPeKIUsIIap/ibl, eBHOKOT IPOCTATUTTH KaHa TOPMOHaJI/IbIK 6Y3yJIyy/1ap/ibl 3pTe aHbIKTOO 3apPbLJI/JbIIbIH
KOpCOTYI, alMaKTbIK JEeHI?3J//leTH OallTanKbl 3pKeK QepTUALYYJIYTYHYH O6y3y/ayllyH JUarHOCTUKaJIoo

KOJIZIOPYH KAKIIBIPTYyra *aHa 3THOTPONTYK-NAaTOreHEeTHUKAJIbIK JapbIJIOOHY eKe bIKMa MEHEH XKYPry3yyre
MYMKYHYYJIYK 6epeT

Herusrm ce3aep: spkexk ¢epTUALYYJIYTYHYH Oy3y/ayycy; PenpoAyKTHUBAUK OYHKIMSA; 3aapa-»KbIHbBIC
HHEeKLUANAPB]; XJTaMU/AUs; ypeania3Ma; MUKOIJIa3Ma

@aKTOPHI U NATOTCHETHYECKHE MEXaHNU3Mbl MY;KCROTO 0eCIIOAMsI
B /Ranan-Adaackroii oosacTu Keiproisckoi Pecnyoankmn

Illyxpar Mup3ory/1ioB
lNpenopaBaTenb
OWCKMiA rocydapCTBEHHbIN YyHUBEepCUTET
723500, yn. JleHnHa, 331, r. Ow, Kbipreidckas Pecrnybnuka

Junmoa Mupsary/jioB
KaHompoat MeOMUMHCKMX HayK, CTapLUMiA HaYUHbIN COTPYOHUK
HayuHo-u1ccnenoBaTenbCkMini UHCTUTYT MeguKo-6uonornyeckmnx npobnem, HoxHoe oTaeneHme HauumoHans-
HOWM akafgeMum Hayk Kbiprbl3ackoi PecrnyBnmnku
723500, yn. YareHckas, 130-A, r. Ow, Kbipreisckasa Pecnybnumka
AxbLI0eK Hypoynaros
AcnupaHT
HayuHo-MccrnenoBaTenbCKMn MHCTUTYT MeauKo-6unonornyeckmnx npobnem, HoxHoe oTaeneHme HaumoHanb-
HOM akageMum HayK Kbiprbisckoi Pecrny6imku
723500, yn. YareHckas, 130-A, r. Ow, Kbiprboisckasa Pecnybnumka

NUMmap6exk AMupajnen
AcnupaHT
HayuHo-uccnenoBaTenbCKuii MHCTUTYT MeauKo-Buonornueckmx npobnem, KxxHoe oTheneHne HaumoHanb-
HOWM akageMumn Hayk Kbiprbiackoi PecnyBnmnku
723500, yn. YareHckas, 130-A, r. Ow, Kbiprboiackasa Pecnybnuka
Adpacoexk Jimoaes
KaHoupat MeguLUMHCKUX HayK, OOLEeHT
MeOMUMHCKUI MHCTUTYT NepenofroTOBKM W MoBbIWeHWsa KBanugukauum uM. C.b. [aHusaposa
720040, yn. bokoHbaeBa, 1444, r. buwwkek, Kbiprbidckasa Pecnybnvka
Hypsaga RacsimGaeBa
Mnagwmi HayYHbl COTPYAHMK
HayuHo-uMccrnenoBaTenbCKMn MHCTUTYT MeauKo-Buonornyeckmnx npobnem, FOxHoe oTaeneHme HaumoHanb-
HOM akageMum HayK Kbiprbisckol Pecry6imku
723500, yn. YareHckas, 130-A, r. Ow, Kbiproisckasa Pecnybnumka

AHHOTAMA. MyXcKoe 6Gecliofie OCTaeTCsl 3HAYMMOW MeJHKO-COLMAJbHON MpPOG6JIeMOU, a pernoHalbHbIe
JlaHHbIEe TI0 CTPYKTYpe MPUYMH U NaTOTeHETHUYEeCKMM MeXaHU3MaM orpaHudeHsbl. B XKanan-A6azackoit o6aactu
Keipreizckoii Pecniy611ku Heo6X0/iMa aKTyau3alys JJoKka3aTeJlbHOH 6a3bl JIJ1s BBIPAOOTKU TapreTUPOBAHHOU
JMarHOCTUKU U NPOoPUIAKTUKM. Llesibio uccieoBaHUs ObIJIO OIMCATh 3ITUOJIOTUUECKYIO CTPYKTYPY U BEpOSITHbIE
aToreHeTH4YeCKHUe MEeXaHU3Mbl MEPBUYHOIO MY>KCKOTO 6ecIlJIofiNsl Ha OCHOBAaHHMM KOMIIJIEKCHOT'O KJIMHHUKO-
J1abopaTOPHOI'0 U MHCTPYMeHTaIbHOT0 06¢1eioBaHus. O6¢cnenoBanbl 110 My>k4uuH BBo3pacTe 20-381eT, BK/Ito4as
60 manreHTOB CIIepBUYHBIM GecriofueM (aHaMHe3 212 Mec) 1 50 3/J0pOBBIX My>KUYKH, COCTaBHUBIINX KOHTPOJIbHYIO
rpynny. [IpoBesieHbl KJIWHUYECKOe o6cje/joBaHUe, JlabopaTOpHble U TOPMOHaJIbHbIE HUCCAE[0BaHUS, OLleHKa
criepMorpaMMbl, MUKPOGHOJIOTUYECKasd U CEPOJIOrHYecKas JUarHoCTHKa HHQEKIMH, a TaKXKe YIbTpa3ByKoBas
BHM3ya/iM3alldsl OpraHOB MOYENoJIOBOM cHMcTeMbl. Beayliyio fo110 cocTa/isiia HHPEKIIMOHHO-BOCHIAJIUTE/IbHAs
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MaTOJIOTHsI MOYENOoJIOBON cucTeMbl: cpefu 60 06cCjeJOBaHHBIX MYKYUH XPOHHUYECKUH YPETPUT BBISIBJIEH Yy
3HAYMTEJbHOW 4YacTH mnanueHToB (Hecneuududeckuil - 23,3 %; cnepududeckre GopMbl: TPUXOMOHAJHAS -
6,7 %, xnamuguitHas - 1,7 %, ypeansiaamenHas — 21,7 %, mukomniaaMmenHas — 18,3 %, rapgHepesiés - 26,7 %);
MPU3HAKU XPOHUYECKOr0 MPOCTAaTUTA N0 JAaHHBIM YJIbTPAa3ByKOBOI'O UCC/AeOBaHUA onpenensanucb y 26,7 %
06cJieJoBaHHBIX. MUKpPOOHOJIOrHYeCKU Npodub XapaKTepusoBascs IpeobsaZlaHheM CTaQUIOKOKKOB U
rpaMoTpHULIaTeJbHBIX NaJ0Y€eK, YacTOW cMellaHHON ¢uiopoit (46,7 %) U KaHAUJ030M MOYENOJIOBON CHCTEMBI
(8,3%).Cepomno3uTUBHOCTD K IIUTOMErasioBUpycy cocTaBuia 31,7 %, Kk BUpyc mpocToro repreca 1-rou 2-ro TUIOB —
25,0 %. Cpegu aHaTOMO-PYHKIIMOHATBHBIX TPUYUH BhISIBJIEHBI Bapukolese (6,7 %), opxoanuaugumur (5,0 %),
kpuntopxusM (1,7 %), o6Typanusa ceMsaBbIBoAAMMX nyTel (3,3 %); 3HLOKPUHHbIE HAPYLIEHUS NPe/CTaBIeHbI
BTOPHUYHBIM runoronazausmom (5,0 %). B cmepmMorpammax azoocnepmus Bcrpedanack y 8,3 % (acconuupoBasach
CO BTOPHUYHBIM THIIOTOHAAU3MOM WU O6CTpyKLMel). CUCTeMHOe BoCHaJleHHe MOATBEPXKAANOCh Y YacTH
MalLMeHTOB J1abopaToOpHO (JIEMKOIMTO3, YCKOPEHHAsl CKOPOCTb OCEJJaHHsl 3PUTPOLMUTOB), a JIEHKOLUTYpPHUS
¢duKcrupoBasack 3nu3oAuYecKd. [losydeHHble [JaHHble OOGOCHOBBIBAIOT INPHOPUTET pPAHHET0 CKPUHHUHTA
WHpEeKIUH, nepe/jlaBaeMbIX IOJIOBbIM MYTEM, XPOHUYECKOTO IMPOCTATUTA M TOPMOHAJbHBIX HApyLIEHUH B
pervoHaJbHbIX MaplUIPyTaX JJUarHOCTUKYU NEPBUYHOT0 MY>KCKOI'0 6eCIJIOAUS U T03BOJISIOT IePCOHATIN3UPOBATh
3TUOTPOIHYIO U NAaTOreHEeTUYECKYI0 TepaInio

RioueBbie cioBa: HapyuieHHe GepTUABHOCTH Y MY)KUMH; PeNpoAyKTHBHAsi QYHKIUs; YPOTeHUTaIbHbIe
MHPEKIUY; XJIaMU/I1s: ypeania3Ma; MUKOIJIa3M
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