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Abstract. The purpose of the study was to examine the features of organising specialised care for patients
with coronavirus infection and chronic diseases, followed by an assessment of its effectiveness and possibilities
for improvement. The study had a theoretical-analytical character and included a comparison of six clusters:
Kyrgyzstan as an example of a country with limited resources, the USA, European states (France, Germany, Italy,
Spain, Poland), Asian countries (Thailand, Singapore, Indonesia, South Korea, India, Malaysia), as well as China
and Japan with the centralised organisational models. The analysis was based on publications, statistics and
clinical guidelines from 2020-2025; cross-country comparison was applied with a conditional points-based
assessment of severity in comorbid patients and the development of recommendations for improving care. The
analysis showed that in multimorbidity the severity score reached 16 points, and in cardiovascular, respiratory
diseases and immunodeficiencies - 15. Two or more chronic pathologies increased the risk of severe course
and death by 2-3 times. In China and Japan, in-hospital mortality was 5.5-6%, with severe renal failure in
Japan - up to 28%. In the USA the mortality among patients with several chronic diseases exceeded 12% with an
overall rate of 2.5%, the load on emergency departments reached 25-30%. In Europe the increase in mortality
in peak periods was about 20%, with resource deficits - up to 50-60%, among oncology patients in Italy and
Spain - more than 25%. In Kyrgyzstan with multidrug-resistant tuberculosis, the indicator reached 34-36%. The
obtained data confirm the dependence of outcomes on the severity of comorbidities and health-care resources,
which requires risk stratification, adaptation of protocols and strengthening of staffing and infrastructure
potential. The results can be used by health authorities and medical institutions to optimise care for patients
with coronavirus infection and chronic diseases
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Introduction

According to the World Health Organisation, during the
28-day period from 6 January to 2 February 2025 more
than 147 thousand new cases of coronavirus infection
and over 4.5 thousand deaths were registered world-
wide, which underlined the persistence of a significant
global burden of infection [1]. These indicators reflect
the colossal global burden of infection; however, the
most vulnerable category remains patients with co-
morbid diseases - arterial hypertension, diabetes mel-
litus, chronic lung diseases, obesity and cardiovascular
pathologies. In such patients the risk of a severe course
and fatal outcome increases by 2-3 times compared
with individuals without concomitant pathology, which
requires a clearly structured system of specialised med-
ical care, including early risk stratification, priority ac-
cess to antiviral agents and oxygen support, as well as
multidisciplinary management. Despite the completion
of the acute phases of the pandemic, the continued sig-
nificant circulation of SARS-CoV-2 and the high propor-
tion of the population with chronic diseases make the
improvement of clinical-organisational technologies
for this group of patients a strategic priority of health
systems in all countries.

International experience in organising specialised
care for patients with COVID-19 and comorbid diseas-
es demonstrates significant variability in clinical and
organisational approaches. In the study by Y. Asai et
al. [2], conducted in Japan, it was established that the
prescription of antiviral and immunomodulatory ther-
apy was determined not only by the severity of the con-
dition and the comorbidity profile, but also by regional
protocols, which indicated the need to unify standards.
These 2024 data reflected an already mature stage of
the pandemic and recorded trends that persisted in the
post-pandemic period. In a national Chinese sample of
1,590 patients, as shown by W. Guan et al. [3], an in-
crease in the number of concomitant pathologies raised
the risk of severe course and fatal outcome. The conclu-
sions of the study formed the basis of practical recom-
mendations for risk stratification and the organisation
of care pathways for patients with multimorbidity.

In the article by Q. Zhang [4], updated versions of
Chinese clinical protocols were analysed, emphasising
the priority of managing patients with chronic diseas-
es, including algorithms for prescribing oxygen therapy
and criteria for hospitalisation. The scientific novelty
was expressed in the systematisation of accumulated
clinical experience and the adaptation of standards to
changing strains of SARS-CoV-2. Multicomorbidity, ac-
cording to C.D. Russell et al. [5], was a leading factor
of an unfavourable prognosis, and the combination of
several chronic diseases exerted a synergistic negative
effect on the course of COVID-19. This conditioned the
need to implement integrated multidisciplinary mod-
els of care and coordinated interaction between outpa-
tient and inpatient levels.

The systemic consequences of the COVID-19 pan-
demic for health care and the management of patients
with chronic diseases were manifested both in the
clinical and organisational spheres. In the review by
T. Kendzerska et al. [6] it was noted that the redistribu-
tion of resources and the change in priorities led to de-
lays in diagnosis, changes in treatment regimens and re-
duced availability of planned care for chronic patients.
Even developed health systems experienced overload,
which worsened the control of chronic conditions. The
presence of comorbid diseases, as shown by A. Fitero et
al. [7], increased the risk of complications and mortality
in COVID-19 approximately two to three times, and the
restriction of access to preventive and supportive ser-
vices aggravated the course of chronic pathologies. The
authors emphasised that during the pandemic negative
factors were amplified due to reduced availability of
specialised care, which decreased by almost 50% in Eu-
ropean countries (the Netherlands, Sweden, the United
Kingdom), aggravating the course of chronic diseases.
In the work by G. Fekadu et al. [8], it was shown that the
COVID-19 pandemic led to disruption of programmes
for regular follow-up of patients with chronic diseases,
limited access to medicines and laboratory monitoring,
which negatively affected the quality of the medical
support. The researchers pointed to the need to expand
remote medical support and adapt organisational mod-
els to conditions of crisis load.

The experience of Kyrgyzstan in organising spe-
cialised care for patients with coronavirus infection
and concomitant diseases reflected both common
problems (overload of hospitals, shortages of staff and
equipment, restriction of planned care) and nationally
specific solutions (repurposing anti-tuberculosis beds,
using approaches from tuberculosis and human immu-
nodeficiency virus programmes), as well as attracting
international support. In the study by R. Akmatova et
al. [9], it was established that the pandemic not only
changed the perception of respiratory infections in
vulnerable population groups, but also contributed to
increased interest in preventive measures, including
influenza vaccination, which is considered an element
of a comprehensive strategy to protect patients with
multimorbidity. According to data presented by B. Re-
chel et al. [10], the health system of Kyrgyzstan rapidly
adapted during the pandemic: it repurposed institu-
tions, mobilised personnel and established inter-agen-
cy interaction for the routing of patients with COVID-19
and chronic diseases. The priority became expanding
access to oxygen therapy and updating intensive care
protocols. A. Taalaibekova et al. [11] established that
health workers considered it necessary to develop long-
term support programmes for patients after COVID-19
with an emphasis on rehabilitation, psychosocial care
and coordination between levels of the medical service.
Such measures ensure the integration of post-COVID
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care into the health system, which makes it possible to
improve the quality of life of patients with comorbidity.

In the studies conducted, gaps persisted related to
the absence of a holistic assessment of the effectiveness
of specialised medical care for patients with COVID-19
and comorbid diseases in an international context, tak-
ing into account the specifics of clinical-organisational
technologies. The aim of the study was a comprehen-
sive analysis of the system of specialised medical care
for patients with COVID-19 and concomitant chronic
diseases to assess its effectiveness and directions for
improvement. The objectives of the study were as fol-
lows: to determine the impact of comorbid diseases on
the clinical severity of the course of COVID-19, the fre-
quency of complications and the level of mortality; to
identify the features of the impact of the pandemic on
health systems and the specifics of managing patients
with chronic diseases and determine successful models
for organising specialised care; to characterise interna-
tional experience followed by the development of rec-
ommendations for its optimisation.

Materials and Methods

The present study had a theoretical-analytical charac-
ter and was based on the study and comparative anal-
ysis of scientific publications, statistical reports and
clinical guidelines for 2020-2025. The analysis covered
six territorial clusters: the Kyrgyz Republic, singled out
separately due to unique resource constraints and ad-
aptation solutions, the USA, European states (France,
Germany, Italy, Spain, Poland), Asian countries (Thai-
land, Singapore, Indonesia, South Korea, India, Ma-
laysia), as well as China and Japan. Such geographical
coverage was determined by the need to identify both
universal and specific organisational-clinical solutions
in health systems with different levels of resources, the
structure of the medical-sanitary network and experi-
ence in responding to the pandemic.

Within the study the list of comorbid diseases was
determined on the basis of clinical guidelines and epi-
demiological reviews [12-14], including data on cardio-
vascular pathologies (arterial hypertension, ischaemic
heart disease, chronic heart failure), endocrine-metabolic
disorders (type 1 and type 2 diabetes mellitus, obesity),
chronic respiratory diseases (chronic obstructive pulmo-
nary disease, bronchial asthma), oncological processes,
chronic kidney and liver diseases, as well as immunode-
ficiency conditions, including human immunodeficiency
virus (HIV infection). Particular attention was paid to
multimorbidity, in which the combination of two or more
chronic diseases intensified the severity of the course of
COVID-19. For each case, indicators of the frequency of
hospitalisations, length of stay in hospital, the need for
oxygen support and mechanical ventilation, the level of
mortality, as well as the presence of complications, in-
cluding acute respiratory distress syndrome, sepsis and
multiple organ failure, were analysed. The severity of the

course of COVID-19 in patients with comorbid conditions
was assessed conditionally by the sum of points assigned
to each of the key clinical-organisational indicators: ad-
mission to an intensive care unit (ICU) - 3 points; length
of hospital stay more than 14 days - 2 points; need for
oxygen support - 1 point, for mechanical ventilation - 3
points; presence of severe complications - 3 points; fatal
outcome - 4 points. A total score from 0 to 5 was interpret-
ed as a mild course, 6-10 - as moderate, over 10 - as se-
vere (the maximum value was 16 points). Based on these
criteria, integral severity assessments were constructed
for various disease groups and a comparison of mortality
indicators in different health-care models was carried out.

For cross-country comparison official statistical
reports of the World Health Organisation [15], World
Bank [16], European Centre for Disease Prevention
and Control [17], the United States Centres for Disease
Control and Prevention [18], as well as national clini-
cal guidelines and protocols of the Ministry of Health,
Labour, and Welfare of Japan [19], the National Health
Commission of the People’s Republic of China [20]
and the National Institute for Health and Care Excel-
lence [21] of the United Kingdom were used. On the
basis of these materials, in all clusters the structural
and functional parameters of organising specialised
care for patients with COVID-19 and concomitant dis-
eases were analysed. At the same time, the availability
of specialised hospital beds, the capacity of ICUs, pro-
vision with oxygen and mechanical ventilators, staffing
potential and the preparedness of medical personnel,
as well as routing protocols, algorithms for early risk
stratification and interaction between primary, spe-
cialised and rehabilitation levels were considered.
Additionally, the degree of adaptation of clinical rec-
ommendations and the introduction of telemedicine
technologies were assessed, as well as indicators of
morbidity, hospitalisations and mortality were ana-
lysed. On the basis of the analysis carried out and the
cross-country comparison of data, recommendations
were formulated to improve clinical-organisation-
al approaches to managing patients with COVID-19
and comorbid diseases. These recommendations took
into account the specifics of national health systems,
the identified organisational barriers and effective
models of providing specialised care, which ensured
the applicability both in conditions of high resource
provision and in countries with limited capabilities.

Results

Comorbidity and multimorbidity

as determinants of outcomes

The complex influence of comorbid conditions on the
course of COVID-19 is determined by a combination
of immunological, vascular and metabolic disorders,
which intensify hypoxaemia, systemic inflammation
and thrombotic complications. Meta-analyses and large
cohort studies demonstrate that the simultaneous
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presence of several chronic diseases increased the risk
of severe COVID-19 and death by more than 2-3 times,
and also raised the likelihood of developing multiple
organ failure [13,22]. In patients with cardiovascular
pathologies (arterial hypertension, ischaemic heart dis-
ease, chronic heart failure) SARS-CoV-2 infection was
significantly more often complicated by acute coronary
syndromes (approximately 1.7-2.5 times more often
than in patients without these diseases), decompensa-
tion of cardiac function, life-threatening arrhythmias
and thromboembolic events [15,18]. The main pathoge-
netic mechanisms are endothelial dysfunction, hyperco-
agulation and cytokine-mediated microcirculatory dis-
orders, which clinically manifest as increased dyspnoea,
chest pain, haemodynamic instability and the need for
high-flow oxygen therapy [16]. In COVID-19 the cardi-
ovascular phenotype is an important indicator of the
risk of ICU admission and in-hospital mortality [21,23].

Disorders of endocrine and metabolic regulation,
including type 1 and type 2 diabetes mellitus and excess
body weight, contributed to a more severe course of COV-
ID-19 due to chronic subclinical inflammation, insulin
resistance and increased thrombotic activity [13,20]. In
patients with diabetes there is more often extensive lung
involvement, prolonged fever, bacterial superinfections
and septic complications, which is associated with a high
need for oxygen support and increased length of hospital
stay [18,24]. Metabolic decompensation, including ketoac-
idosis, often develops against a background of hypoxia and
systemic inflammation, requiring comprehensive correc-
tion [21,25]. Excess body weight worsens the mechanical
parameters of breathing, reduces ventilation efficiency
andincreases therisk of respiratory failure even with mod-
erate changes on chest computed tomography [16,22].

Chronic respiratory diseases, primarily chronic
obstructive pulmonary disease, aggravate the course
of COVID-19 through remodelling of the bronchial
tree, a reduction in respiratory reserve and impaired
mucociliary clearance [19]. This leads to early devel-
opment of respiratory failure, refractory hypoxaemia
and a sustained need for oxygen therapy. In severe or
uncontrolled bronchial asthma, COVID-19 more often
causes exacerbations requiring systemic glucocorticos-
teroids, which increases the risk of secondary bacterial
complications [22]. Pathomorphological data indicate a
high proportion of chronic respiratory diseases among
those who died from COVID-19, pointing to the role as a
significant factor of adverse outcome [24].

In oncological patients, the main factor of a severe
course is secondary immunodeficiency, caused both by
the tumour itself and by anti-tumour treatment [13,15].
This contributes to more intensive viral replication, rap-
id progression of lung involvement, a high frequency of
sepsis, thromboembolism, and multiple organ failure.
When oncopathology is combined with other comor-
bid conditions there is a marked increase in mortality,
as well as longer use of oxygen support and complex

antibacterial regimens [18,19]. Chronic kidney disease
increases susceptibility to a severe course of COVID-19
due to uraemic immunodeficiency, endothelial dysfunc-
tion and electrolyte disturbances [17,20]. Acute kidney
injury often develops during hospitalisation, complicat-
ing management and increasing the risk of death [14].
In liver cirrhosis, COVID-19 often causes decompen-
sation of portal hypertension, hepatic encephalopathy
and coagulopathy, increasing the risk of septic compli-
cations and prolonging rehabilitation [22].
Immunodeficiency states, including HIV infection,
substantially complicate control of the inflammatory
process. A low CD4 cell count and high viral load are
associated with severe hypoxaemia, frequent oppor-
tunistic infections (Pneumocystis pneumonia, invasive
mycoses) and a prolonged need for broad-spectrum an-
tibacterial therapy [15,20]. The combination of immu-
nodeficiency with metabolic or respiratory pathologies
amplifies the negative effect, leading to the rapid devel-
opment of respiratory failure even in moderate virus-in-
duced pneumonia [19]. The assessment of the severity
of the influence of comorbid diseases on the course of
COVID-19 was carried out conditionally, based on an in-
tegral scoring system: ICU admission - 3 points; length
of inpatient treatment more than 14 days - 2; need for
oxygen support - 1; mechanical ventilation - 3; presence
of severe complications (acute respiratory distress syn-
drome, sepsis, multiple organ failure) - 3; death - 4. A
total score of 0-5 points corresponded to a mild course,
6-10 to a moderate course, and above 10 to a severe
course. Figure 1 presents a conditional integral assess-
ment of the severity of the influence of different groups
of comorbid diseases, performed taking into account the
frequency of hospitalisations, length of inpatient treat-
ment, need for oxygen and respiratory support, as well
as the frequency of severe complications and deaths.
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Figure 1. Conditional assessment of the severity
of the influence of various groups of comorhid diseases
on the course of COVID-19

Note: the end point was marked at 16, since this is the maximum
number of points that a patient could receive with the simultaneous
presence of all criteria

Source: compiled by the authors as a result of data
analysis [13,14,22-25]
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As aresult of the analysis of the data presented in the
graph, it was established that in all highlighted groups
the total score exceeded 10 points, which corresponds
to a severe course of COVID-19. The maximum values
(16 points) were noted in patients with oncological dis-
eases, chronic kidney disease and multimorbidity, which
reflects a combination of severe factors associated with
an increased risk of adverse outcome and the need for
comprehensive, intensive treatment. These groups are
characterised by a combination of several critically
significant factors - pronounced organ dysfunction, se-
vere immune disorders, high thrombotic activity and a
predisposition to sepsis. Such a combination leads to a
longer hospital stay, the need to apply complex treat-
ment protocols, and a substantial increase in mortali-
ty. The values of 15 points obtained for cardiovascular
pathologies and chronic respiratory diseases reflect a
severe course due to decompensation of the underlying
condition, pronounced respiratory failure, thromboem-
bolic complications and the need for continuous oxygen
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support. Immunodeficiency states show a comparable
level of severity (15 points), which is associated with
the body’s low ability to control inflammation and a high
frequency of secondary infections. For chronic liver dis-
eases (14 points) an increased risk of coagulopathies,
bleeding and septic complications is typical, whereas
endocrine-metabolic disorders (12 points) more often
manifest as worsening hypoxaemia, chronic inflamma-
tion and metabolic decompensation, especially when
combined with other pathologies. Consequently, each
additional point on this conditional scale indicates the
layering of yet another clinically significant factor which,
in real conditions, leads to an increased probability of
an adverse outcome and requires a more intensive and
multidisciplinary approach to patient management.
Thus, the conditional integral scale made it possible to
identify the most vulnerable groups of patients. However,
COVID-19 outcomes with similar comorbidity varied sig-
nificantly depending on the resources and organisation
of national healthcare systems, as reflected in Figure 2.

Kyrgyzstan
[ ] Europe
I 'I I m China/Japan
& & BN
S é\q,\ Q?;._J%
% & ®
& & o
» S &
& &
N

Figure 2. Mortality from COVID-19 in patients with comorbid conditions
in different healthcare models (Kyrgyzstan, USA, Europe, China/Japan)

Source: compiled by the authors as a result of data analysis [13-21]

The graph showed that mortality from COVID-19 in
patients with comorbidities differed substantially de-
pending on healthcare models. In Kyrgyzstan the high-
est figures were recorded: mortality in cardiovascular
pathologies reached 18%, in respiratory diseases about
20%, and in chronic kidney disease and multimorbidity
exceeded 28-34%. These data reflected limited resourc-
es, a deficit of oxygen support and personnel, and a high
prevalence of background diseases. In Europe the fig-
ures were lower; however, overload of ICUs during peak
periods led to increased mortality, especially among on-
cological patients, where it reached 25%. In the USA the
values remained moderate - about 12% in the presence
of two or more chronic diseases, which was explained
by better technical equipment and standardised proto-
cols, although a high burden on emergency care limited
access to intensive therapy. In China and Japan mortal-
ity in most groups did not exceed 5-10%, reflecting a

high level of resource provision, centralised planning of
bed capacity, effective routing and the use of telemed-
icine. Thus, identical comorbid conditions in different
countries led to different clinical outcomes: with a
shortage of resources mortality rose to a third of pa-
tients, whereas with developed infrastructure and strict
protocols these figures decreased almost threefold.

The analysis carried out demonstrated that comor-
bid diseases were key determinants of a severe course
of COVID-19 and adverse outcomes. The impact was
enhanced in multimorbidity; however, the severity of
the consequences depended substantially on the capa-
bilities of healthcare systems: in resource-limited coun-
tries (for example, Kyrgyzstan) mortality figures were
significantly higher, whereas developed infrastruc-
ture and clear routing (China, Japan, European states,
USA) made it possible to reduce the risk of complica-
tions and death. The analysis confirmed that effective
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management of such patients required the integration
of clinical and organisational strategies.

International models of specialised care: structure,
resources and clinical-organisational technologies
Systems of specialised care for comorbid patients with
COVID-19 in six clusters demonstrated pronounced
differences in the level of resource provision, organi-
sational structure and clinical-organisational technolo-
gies used. In the Kyrgyz Republic, with initially limited
material-technical base and staffing, a flexible tactic of
repurposing beds to a respiratory profile and redistrib-
uting functions between tiers of care and within teams
was applied, which increased the elasticity of routing
during peak loads [26]. The use of vertical programmes
for tuberculosis and HIV infection to borrow algorithms
of infection control and management of vulnerable
groups was noted; however, there remained deficits in
oxygen provision and ventilators, as well as fragmenta-
tion between tiers of medical care [27]. The advantages
of such a configuration were flexibility of flows and ad-
aptation of protocols to local resources; the disadvan-
tages were uneven staff training and weak resilience of
long rehabilitation pathways.

In the USA, a decentralised model operated with high
technological equipment, powerful ICUs and developed
telemedicine [28,29], yet at an early stage of the pandem-
ic serious failures in the availability of elective and outpa-
tientcare wererecorded,accompanied by reduced utilisa-
tion and overload of emergency services [30]. Standards
of remote monitoring, routing of high-risk patients and
maintenance of continuity in the management of chron-
ic cardiology patients were rapidly implemented [31].
The strengths of the model are high technical potential
and an extensive telemedicine network; the weaknesses
are variability of protocols between states, overload of
emergency departments and high vulnerability of pa-
tients with psychiatric and addictive comorbidities [32].

In European countries (France, Germany, Italy,
Spain, Poland), hybrid models predominated with a
strong role for the primary tier and regional coordina-
tion [33]. Service quality remained heterogeneous, es-
pecially during peak periods when reductions in elec-
tive care and delays in routing chronic patients were

recorded [34]. More effective systems demonstrated a
better ratio of resources to outcomes, and large cohort
data confirmed the need for early risk stratification
and multidisciplinary pathways [35]. Advantages - in-
stitutionalised coordination and resilient primary-care
channels; disadvantages - inter-country variability and
overload of hospitals at peaks.

In Asian countries (Thailand, Singapore, Indonesia,
South Korea, India, Malaysia, and others), integration
of primary healthcare and public health services was
widely used, with an emphasis on the family doctor as a
“gateway”, tracing and rapid routing [36,37]. Alongside
this, the pandemic was accompanied by interruptions
in care for patients with non-communicable diseases
and reduced continuity of follow-up, which adversely
affected comorbid patients [38]. Strengths of the ap-
proach - early routing, remote formats and integration
with public health; weaknesses - limited intensive-care
resources in peripheral areas and the vulnerability of
non-communicable disease programmes (such as car-
diovascular disease, diabetes, chronic respiratory and
oncological pathologies) during peak loads.

China implemented a centralised, protocol-orient-
ed model with unified stratification algorithms, large-
scale repurposing of bed capacity and accelerated
deployment of oxygen infrastructure [37,38]. This en-
sured high manageability and uniformity of processes,
but was accompanied by overload risks with a sharprise
in incidence and the need for rapid strengthening of hu-
man resources and rehabilitation tiers [39]. To support
serviceability, remote channels and the transfer of func-
tions to the outpatient segment were actively applied.

In Japan, centralised clinical standards were com-
bined with a developed system of national registries
and detailed in-hospital risk stratification [40]. Practice
included the integration of specialised therapy for vul-
nerable groups, including patients with severe renal fail-
ure, including evaluation of the effectiveness of antivi-
ral regimens in multidisciplinary hospitals. Advantages
of the model - high equipment levels, rapid calibration
of protocols and developed multidisciplinary path-
ways; disadvantages - local overloads during surges
and the need to ensure continuous follow-up of chron-
ic patients when resources are reallocated (Table 1).

Table 1. Comparative characteristics of international models of specialised care for comorhid patients with COVID-19

Cluster Model type Resources and routing Telemedicine Advantages Disadvantages
Variable provision
of oxygen and
Adaptive under mechanical Targeted use for case Flexibility of flows, - )
} . S . ICU limit, staffing gaps,
Kyrgyzstan | shortage; repurposing ventilation; task- conferences adaptation fragmentation
of beds shifting, borrowing and training of protocols g
of algorithms
(tuberculosis/HIV)
High ICU capacity, . Variability of
D lised developed logistics: Wide coverage Technological . protocols, emergency
USA ecgntra Ised, evelopec Og.'St'CS' with remote echnologica capacity, department overload
high-tech prioritisation o rapid guidance e '
- monitoring vulnerability
of risk groups e
of psychiatric groups
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Table 1. Continued

Cluster Model type Resources and routing Telemedicine Advantages Disadvantages
Resources sufficient Inter-level
Europe Hyhrid, regional but heterogeneous: Development, but with coordination, Reduction of elective
P coordination geneous; regional variahility resilience of primary care, overloads
early stratification
healthcare
Asia Primary Heterogeneous Early routing Displacement of non-
(excluding healthcare + public Lesources_; ICPL]J Expanhded r?mote integration comm_unlcable t_ilsgase
China, Japan) health S| ortages inthe channels with public health services, cqntlnwty
' periphery disruptions
. Centralised, . Scaling of Oxygen Outpatient/home Standardisation, speed | Overload risks, staff
China f infrastructure, unified segment, remote
protocol-oriented P of deployment shortage
stratification channels
) High ICU equipment . . )
Japan Centrallseq . levels: detailed Targeted integration F_%eglsltry analytics, Local overloads, r|§ks
standards +registries stratification calibration of protocols | of loss of continuity

Source: compiled by the authors as a result of data analysis [17-19,26,40]

The analysis showed that between countries the
models for organising care for comorbid patients with
COVID-19 exhibited substantial differences in the level
of centralisation, resource provision and the degree of
integration of chronic patients into the emergency care
system. In countries with a strong technological base
(USA, Japan), the key advantages were powerful ICUs,
developed telemedicine and standardised protocols;
however, problems of overload during peak periods and
uneven access persisted. In Europe, the strengths were
institutionalised coordination and the resilience of pri-
mary healthcare, but the weak point remained regional
differences in resources and a reduction in elective care
at pandemic peaks. In Asian countries (excluding China
and Japan) the integration of primary healthcare with
public-health systems was significant, whereas the vul-
nerability of programmes for chronic non-communica-
ble diseases and interruptions in ensuring continuity of
follow-up revealed systemic weaknesses. In China, the
centralised model with unified algorithms and scaling
of oxygen infrastructure provided manageability but
increased dependence on human resources. In Kyr-
gyzstan, the flexibility of organisational flows and ad-
aptation of protocols made it possible to partially com-
pensate for resource shortages; however, limited ICU
capacity and staffing reserves remained a key barrier.

There is no universally optimal approach when
forming a system of specialised care for comorbid pa-
tients with COVID-19: the effectiveness of models is
determined by a balance between manageability and
flexibility, the baseline level of resource provision and
the system’s ability to quickly adapt protocols to chang-
ing conditions. Centralised systems provide uniformity
and speed of deployment but are less flexible for local
adaptation; decentralised and hybrid ones adapt bet-
ter to regional conditions, yet suffer from variability
of standards and resource availability. Optimising spe-
cialised care requires a combination of clinical-organi-
sational technologies (risk stratification, multidiscipli-
nary teams, telemedicine) with systemic measures to
strengthen workforce capacity, infrastructure, and the

resilience of channels for managing chronic patients
even under peak loads.

Systemic consequences of the COVID-19 pandemic
and cross-country recommendations

for managing comorbid patients

The COVID-19 pandemic affected the availability, struc-
ture, and quality of medical care for chronic patients,
especially those with comorbid pathology. Organisa-
tional decisions, flow routing and the use of telemed-
icine influenced outcomes differently depending on
the baseline level of resources and the model of the
healthcare system. International practice established
that the presence of one chronic disease increased the
risk of hospitalisation with COVID-19 by 3-5 times and
the risk of death by 2.5-4 times compared with people
without comorbidity [21].

In the USA, based on information from the large
integrated Kaiser Permanente system, in the first wave
of the pandemic (April-July 2020) hospitalisations of
patients with =2 chronic diseases reached 450-500
per 100,000, whereas among those without comorbid-
ity the rate was 80-100 per 100,000 [28,31]. Mortali-
ty in this group exceeded 12% with overall in-hospital
mortality at 2.5%. Emergency department overload
reached 25-30%, but the rapid growth of telemedicine
consultations (from 0.2% to 70% of all outpatient vis-
its) made it possible to stabilise in-hospital mortality
indicators by the second half of 2020 [30,32].

In Europe, according to a cohort of 66 million resi-
dents of France, the presence of multiple chronic diseas-
es increased the risk of COVID-19 hospitalisation by 3.2
times and in-hospital mortality by 2.9 times [34]. In Ita-
ly and Spain, mortality among oncological patients with
COVID-19 exceeded 25%, with up to 40% receiving de-
layed treatment [41]. In countries with high provision
of ICU beds (Germany, France) the increase in mortality
during peak periods was about 20%, whereas under re-
source shortages it reached 50-60% [34,35]. In Asian
countries (excluding China and Japan) the combination
of primary healthcare with public health and the use
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of expanded remote channels provided rapid routing,
but at peaks hospitalisations for non-communicable
diseases fell by 30-50%, and COVID-19 hospitalisations
among comorbid patients doubled [36,38]. Mortality in
cardiovascular diseases reached 18-23%, in diabetes
15-20% (with an average level of 4-6%) [37].

In China, the centralised protocol-oriented model
with large-scale deployment of oxygen infrastructure
and unified risk stratification made it possible to keep
in-hospital mortality at 5.5-6% even with high hospi-
talisation rates [37,39]. The risk of hospitalisation in
patients with 21 chronic disease was 3.4 times higher,
and the risk of death 4.1 times higher than in the gener-
al population [38]. The average length of stay increased
from 7.5 to 9.1 days, especially in chronic obstructive
pulmonary disease and diabetes. A key feature was the
rapid repurposing of bed capacity and the transfer of
part of functions to outpatient and home segments,
which reduced pressure on hospitals during peaks.

In Japan, centralised clinical standards and na-
tional registries ensured minimal delays in hospitali-
sation and detailed in-hospital risk stratification. The

combination of several chronic diseases in patients was
accompanied by an increased risk of severe COVID-19
by 2.8 times; in severe renal failure, mortality reached
28% [40]. The average length of hospital stay in this
group was 30% higher than in the population without
comorbidity. In addition, a developed system of multi-
disciplinary pathways made it possible to maintain the
quality of specialised care even with local overloads.

In Kyrgyzstan, with initially limited resources and
staffing, flexible repurposing of beds to the respirato-
ry profile and the use of algorithms from vertical pro-
grammes (tuberculosis/HIV) partially compensated for
the deficit [26,27]. Mortality among severely ill patients
with multidrug-resistant tuberculosis and COVID-19
was 34-36%, and with =1 concomitant disease the risk
of death increased 1.8 times. ICU provision was less than
3 beds per 100,000 population, and oxygen coverage
less than 40% of need, which during peak periods led
to a sharp increase in mortality. For clarity in comparing
differences in outcomes among patients with comorbid
conditions depending on resource levels and healthcare
organisational models, a summary Table 2 was compiled.

Table 2. Systemic consequences of the COVID-19 pandemic for managing comorbid patients in different countries

Country/Region

Hospitalisation in comorbid

Relative risk of

Mortality (%)

System features (ICU,

versus 100 (without)

death T 2.9 times

(per 100,000) hospitalisation / death telemedicine, routing)
. 34-36 in multidrug- ICU <3 per 100,000; oxygen
Kyrgyzstan 180 [C([]Vn;i(t)rr]glgt]]vs 100 Mortality T 1.8 times resistant tuberculosis; coverage <40%; bed
overall 15-18 repurposing
. o i L ) ) Emergency overload 25-
UsA st omes)vs | Hospitalisation 5 times; 12 (overall 2.5) 30%; telemedicine rose
eath 1 c.o-2 times from 0.2% to 70% of visits
. . e . ) 20-25in oncological ICU: 29-34 per 100,000;
Europe 320 (with 22 diseases) Hospitalisation T 3.2 times; patients; up to 50-60 with with overload mortality T

resource deficits

20-60%

Asia (excluding

200-240 (comorbid) vs

Hospitalisation T 2 times;

Cardiovascular 18-23;

Reduction of non-
communicable

er‘;”aaﬁ?d 100-120 (without) death 1 2.5-3 times diabetes 15-20; average 4-6 hospitalisations by 30-50%;
P telemedicine widely used
. N S Mass deployment of oxygen

China 340 (=1 dllsease] vs 100 Hospitalisation T 3.4 times; 55-6 infrastructure: centralised

(without) death T 4.1times :
routing
. ) . Lo National registries;
280 (=2 diseases) vs 100 Risk of severe course 12.8 = 28 in severe chronic kidney T L
Japan (without) times disease; average 8-10 multidisciplinary pathways;

length of stay T 30%

Note: the symbol “1” indicates an increase in risk or event frequency
Source: compiled by the authors as a result of data analysis [17-19,26-28,34-41]

The data presented in the Table 2 showed that the
presence of comorbid conditions in all countries was
accompanied by higher rates of hospitalisation and
mortality, with the level of indicators depending sub-
stantially on resources and the organisational model of
healthcare. In Kyrgyzstan and a number of Asian coun-
tries mortality in such patients reached 34-36%, which
was explained by limited access to ICU bed capacity and
oxygen provision. In Europe and the USA hospitalisa-
tions increased 3-5 times, and mortality among certain

groups reached 20-25%; however, the introduction
of telemedicine and a developed ICU network helped
restrain the rise in mortality. In China and Japan, cen-
tralised routing and large-scale deployment of oxygen
infrastructure made it possible to keep mortality at
5-10% even with high hospitalisation rates. These re-
sults confirmed that chronic diseases were a leading
factor in adverse outcomes in COVID-19, and the or-
ganisational model of the system directly determined
the level of hospitalisations and mortality among
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comorbid patients. Optimising care required combining
clinical-organisational technologies (early risk strat-
ification, multidisciplinary teams, telemedicine) with
strengthening infrastructure and workforce capacity to
ensure resilience even under peak loads.

Based on the cross-country analysis, key directions
for improving specialised care for patients with COV-
ID-19 and concomitant diseases were identified, aimed
at minimising vulnerabilities revealed in different mod-
els. In centralised healthcare systems (China, Japan),
which demonstrated high manageability and standardi-
sation, the key direction was to increase protocol flexibil-
ity by taking local resource differences into account. To
this end it was recommended to pre-specify algorithms
for repurposing atleast 20% of medical beds to an infec-
tious profile within 72 hours, to form reserve medical
teams (1 infectious-disease physician and 2 nurses for
every 10 ICU beds), and to introduce a mandatory mod-
ule for remote monitoring of high-risk patients, allow-
ing a 15-20% reduction in the need for hospitalisations.

In decentralised models (USA), characterised by
high adaptability and wide use of telemedicine, the
main task remained harmonisation of clinical protocols
between regions. It was proposed to introduce unified
federal routing standards with specified timeframes
for hospital transfer (no more than 48 hours from the
onset of symptoms), to create a centralised digital plat-
form for real-time monitoring of ICU occupancy, and
to implement systems for early forecasting of hospital
load using data from outpatient and emergency tiers,
which ensured timely redistribution of resources. Hy-
brid systems (France, Germany, Italy, Spain, Poland)
required strengthening the integration of multidisci-
plinary teams focused on the management of comorbid
patients. Practical measures included institutionalis-
ing modular mobile hospitals of 50-100 beds, forming
mandatory multidisciplinary groups (cardiologist, en-
docrinologist, pulmonologist, infectious-disease spe-
cialist) for managing severe cases, and introducing a
rule for continuity of elective care: maintaining at least
60% of elective operations and consultations even dur-
ing peak periods by using remote technologies.

In resource-limited countries using adaptive mod-
els (Kyrgyzstan, Thailand, Indonesia, India, Malaysia),
the priority was to ensure oxygen supply and support
the primary tier. Recommendations included repurpos-
ing at least 30% of tuberculosis and medical beds to an
infectious profile as hospitalisations increased, organ-
ising local oxygen-supply stations based on district hos-
pitals (capacity 20-30 cylinders per day), and introduc-
ing simplified clinical protocols allowing nursing staff
to manage patients with mild and moderate courses.
Additionally, training nurses in basic respiratory-sup-
port skills (oxygen therapy) within task-shifting tech-
nologies was recommended. In all types of systems,
it is advisable to strengthen organisational readiness
for peak loads through regular stress-testing of care

pathways, expansion of data collection on clinical and
service indicators broken down by risk groups, and the
introduction of inter-sectoral mutual-assistance agree-
ments between regions and institutions. An integral
part of the recommendations is the inclusion of comor-
bid patients in priority groups for proactive monitoring,
with an emphasis on cardiovascular, oncological, dia-
betic and respiratory profiles, which will reduce both
in-hospital mortality and the level of exacerbations of
chronic diseases under epidemic pressure.

Discussion

The analysis made it possible to establish that differenc-
es in organisational models directly affected the resil-
ience of healthcare systems when working with comor-
bid patients during COVID-19 peak loads. Centralised
structures demonstrated high manageability and stand-
ardisation of protocols, decentralised and hybrid mod-
els - greater technological capacity and adaptability,
while resource-constrained systems remained the most
vulnerable due to dependence on supplies of oxygen,
equipment, and staffing. These features determined both
thelevel ofin-hospital mortality and the ability of systems
to maintain continuity of care under epidemic pressure.

The combination of several chronic diseases led to
a 2-3-fold increase in the risk of severe COVID-19 and
death, and with multimorbidity, oncological patholo-
gies and chronic kidney disease the cumulative severity
score reached 16 points on a conditional assessment
scale. Cardiovascular and chronic respiratory diseases,
as well as immunodeficiency conditions, showed scores
at the level of 15 points, which reflected a high level of
complications, the need for oxygen support and pro-
longed hospitalisation. These observations correlated
with the results presented by R.S. Loungani et al. [42],
where it was emphasised that pronounced comorbidity
was a key predictor of intensive care unit overload and
formed a persistent need for multidisciplinary support
in the post-hospital period. In the study by P. Adab et
al. [43] it was similarly indicated that patients with sev-
eral chronic diseases required priority stratification in
clinical pathways and had a higher likelihood of adverse
outcomes, which was consistent with the maximum
severity values identified in multimorbidity and se-
vere nosologies. According to A.Y. Chang et al. [44], the
combination of several chronic pathologies increased
the risk of prolonged recovery of functional status and
raised the frequency of rehospitalisations, which corre-
sponded to the integral severity indicators, especially
in groups with combined organ dysfunctions. The anal-
ysis by H. Ejaz et al. [45] also confirmed that multimor-
bidity was associated with more severe complications,
including multiple organ failure, and required complex
treatment protocols; the obtained values of the condi-
tional scale for groups with cardiovascular and respira-
tory diseases were comparable with the findings. At the
same time R. Ashmawy et al. [46] focused attention on
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significant cross-country variability of outcomes due
to differences in access to resources and heterogeneity
of management protocols, which was reflected in the
identified discrepancies between healthcare systems
with different models of specialised care.

Centralised models (China, Japan) provided stand-
ardisation and manageability but had low flexibility
for local adaptation, while decentralised models (USA)
were distinguished by technological sophistication and
telemedicine with high variability of protocols. Europe’s
hybrid models combined resilient primary-care chan-
nels and coordination but suffered from inter-regional
differences and reductions in elective care; integrated
primary healthcare models in a number of Asian coun-
tries accelerated routing at the risk of interruptions in
monitoring chronic patients; and Kyrgyzstan's adaptive
model partially offset resource deficits by repurposing
beds and redistributing functions. Centralised systems
similar to the Chinese and Japanese ones, according to
G.M. Katz et al. [47], provided high manageability and
standardisation of processes but had limited flexibility
for local adaptation, which coincided with the identi-
fied risks of overload as pressure increased. Decentral-
ised models, as noted by O.V. Kuryata et al. [48], were
characterised by high technological capacity and ac-
tive implementation of telemedicine; however, accord-
ing to comparison with the analysis carried out, both
assessments recorded vulnerability to protocol var-
iability and fragmentation of care. Hybrid models de-
scribed by L. Mahuela et al. [49] and characteristic of a
number of European countries demonstrated resilient
primary-care channels and effective inter-level coordi-
nation, which agreed with the advantages reflected in
the analysis; however, in both cases a reduction in the
availability of elective care during peak loads was not-
ed. Integration of primary healthcare with public health
systems, according to S.Y. Tartof et al. [50], provided ac-
celerated routing and reduced hospital burdens, which
was confirmed by the identified trends, but was accom-
panied by a risk of interruptions in monitoring chronic
patients. Adaptive models under resource constraints,
described by E. Driggin et al. [51] using Kyrgyzstan as
an example, ensured elasticity of flows and the abili-
ty to promptly redistribute capacity, which correlated
with the results of the analysis; however, in both cases
the key limitation of effectiveness was recognised to be
shortages of personnel and specialised equipment.

Centralised models (China, Japan) kept mortali-
ty among comorbid patients at 5-6%, whereas in re-
source-constrained systems (Kyrgyzstan) it reached
34-36%. In Asian countries mortality in cardiovascular
diseases and endocrine-metabolic disorders was 15-
23%, which substantially exceeded average values of
4-6%. The patterns identified correspond to the results
of B.Z. Huang et al. [52], who showed that the sharp ex-
pansion of telemedicine services (from 0.2% to 70% of
outpatient visits) in the USA made it possible to stabilise

mortality indicators among comorbid patients de-
spite overload of emergency care. The analysis by
K.D. Skyrud et al. [53] confirmed that even mild COV-
ID-19 could lead to increased use of primary and spe-
cialised care for months after illness, which resonates
with the identified data on overload of outpatient tiers
in hybrid models. Y. Zhou et al. [54] showed that obe-
sity and diabetes significantly increased the risk of se-
vere COVID-19, which was consistent with the record-
ed high mortality (up to 23% in cardiovascular disease
and up to 20% in diabetes) in Asian primary healthcare
models. Data from 0.M Al-Quteimat & A.M. Amer [55]
and Z. Bakouny et al. [56] on delays and reductions in
oncological treatment during the pandemic confirm
the identified crowding-out effect on programmes for
chronic non-communicable diseases, especially in re-
source-limited systems.

Centralised systems require flexible adaptation of
protocols and expansion of staffing reserves; decentral-
ised systems require unification of standards and cen-
tralised monitoring of care. Hybrid models need inte-
gration of multidisciplinary teams and reserve channels
for elective care, while adaptive ones need provision of
oxygen, mechanical ventilation and algorithmisation of
processes to compensate for staff shortages. The find-
ings obtained are supported by the results of P. Ssen-
tongo et al. [57], who confirmed that prioritisation of
vulnerable groups, including people living with HIV,
reduces the risk of adverse outcomes under resource
constraints, which directly supports the recommenda-
tion to include these vulnerable groups in target groups
for proactive monitoring. T.J. Cooper et al. [58] showed
that standardisation of the management of patients
with immunodeficiencies and integration of inter-level
interaction improve prognosis, which correlates with
the task of unifying protocols in decentralised systems.
The results of M. Biswas et al. [25] on the importance
of comprehensive control of comorbid conditions un-
derscore the need for multidisciplinary teams and spe-
cialised care channels in hybrid models. The study by
S. Elezkurtaj et al. [23] on causes of death in hospital-
ised patients with COVID-19 supports the introduction
of regular stress-testing of care pathways for the early
identification of vulnerable links. The conclusions of
A. Sanyaolu et al. [22] on the impact of polycomorbidity
on mortality additionally confirm the importance of in-
tegrated monitoring and cross-sectoral redistribution
of resources during peak periods.

The analysis confirmed that the effectiveness of
specialised care for comorbid patients with COVID-19
directly depended on the adaptability of the organisa-
tional model and the consistency of clinical protocols.
Unification of standards, integration of multidisci-
plinary teams and development of infrastructure for
remote monitoring contributed to relieving hospitals
and minimised losses in the quality of care. Prior-
itisation of vulnerable groups and ensuring a stable
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supply of critical resources remain key conditions for
preventing adverse outcomes. The body of recom-
mendations demonstrates the need for a systemic ap-
proach to planning and stress-testing care pathways
under epidemic pressure.

Conclusions
The analysis showed that with multimorbidity the cu-
mulative severity score reached 16 points, and with a
combination of cardiovascular diseases, chronic res-
piratory diseases and immunodeficiencies - 15 points.
The presence of 22 chronic pathologies increased the
risk of severe course and fatal outcome by 2-3 times,
which underscores the need for early detection, moni-
toring, and individualisation of care pathways. The in-
ternational comparative analysis showed that adaptive
models under resource constraints (for example, Kyr-
gyzstan) ensured flexibility of flows and the possibility
of repurposing beds, however with oxygen provision
below 40% of need and intensive care capacity below
3 beds per 100,000 population, mortality among pa-
tients with multidrug-resistant tuberculosis and COV-
ID-19 reached 34-36%. Decentralised high-technology
systems (USA) benefit from developed telemedicine
and powerful intensive care units; however, with pro-
tocol variability and overload of emergency services,
mortality among comorbid patients exceeded 12%
with overall in-hospital mortality of 2.5%, and the
burden on emergency departments reached 25-30%.

In Asian countries (Thailand, Singapore, Indonesia,
South Korea, India, Malaysia), integration of primary
care with public health and remote channels accelerat-
ed routing; however, during peaks, hospitalisations for
non-communicable diseases fell by 30-50%, and mortal-
ity among comorbid patients reached 18-23% for car-
diovascular diseases and 15-20% for diabetes. Central-
ised systems (China, Japan) provide standardisation and
manageability through large-scale deployment of oxygen
infrastructure and unified risk stratification, which made
it possible to keep mortality at 5.5-6% in China and up to
28% in patients with severe renal failure in Japan. Prior-
ity measures for different healthcare system models: for
centralised - adaptation of protocols and expansion of
staffing reserves; for decentralised - unification of stand-
ards; for hybrid - integration of multidisciplinary teams;
for adaptive - provision of oxygen and mechanical venti-
lation. These steps will reduce system vulnerability and
improve outcomes in patients with a high comorbidity
burden. A limitation of this study is the heterogeneity
of source data across countries, including differences in
methods of recording and classifying comorbid condi-
tions, which may have affected the comparability of re-
sults. A promising direction is the conduct of multicentre
prospective studies with unified criteria for assessing
comorbidity and outcomes, which will make it possi-
ble to increase the reliability of cross-country compar-
isons and develop optimal models of care organisation.
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AHHOTANMsL. M3ungeeHyH MakcaTbl KOPDOHABUPYCTYK MHQEKIUs KaHa 6HOKeT oopy/apbl 6ap GedTamnTapra
aJIUCTEINTHUPHUIITEH )Kap/laM/ibl VIOLITYPYYHYH ©3re4Ye/IyKTOPYH MU3UJIJ1e6 KaHa aHbIH HAThIMKaJIYyJyTyH KaHa
YKAKIIBIPTYY MYMKYHYYJYKTOPYH aHJaH apbl 6aajoo 60/roH. M3uiziee TeopUsJIbIK >KaHa aHaJIUTHUKaJbIK
MYH63/e 60Jyl, aJThl KJIaCTepAH CaJbIIITBIPYYHY KaMThIZbl: KbIprbl3cTaH pecypcTapbl YeKTe/reH 6JKeHYH
yarycy kartapel, AMepuka Kommo lltartapel, EBpona esnkenepy (®panuusa, [epmanus, Utanusa, HUcnanus,
[lonbiia), Asus eskenepy (Tawmnang, Cunranyp, Unponesus, Tywtyk Kopesi, UHaus, Masalsus), omoHA0H
3Jie GopOopJsowTypyarad yioM MeHeH Kbitad xaHa fnonus. Tanmoo 2020-2025-xblLajapra >kapblsJaHTraH
6acblIIMasiapra, CTaTUCTHKAra »KaHa KJIMHUKaJIbIK KOPCOTMeJI8pTre Heru3zereH; O/1ke iep apajablK CaJbIITHIPYY
KOLITOJITOH OOPYJ/IyyJIapAblH 00pAYTyHa IApTTyy Ga/lJbIK 6aa 6epyy »kaHa »apAaM KepCceTYYHY KaKLIbIPTYy
00IOHYa CYHYLITApJbl UIUTEN YbIIYY MeHeH KOJJAOHyJAraH. Tanfoo KepceTKeH/eH, Kell oopy/ayy/jaap MeHeH
OOpPAYKTYH UHJEKCU 16 6ajira »eTKeH, aJl 3MU KYPOK-KaH TaMbIp, pecliupaTopAyK oopysap KaHa UMMYHAYK
YKETUILCU3JUK MeHeH — 15. KU ke aH/laH Kell 6HOKOT MaTOoJI0rUsiIap 00p arbIM/bIH XaHa 8JyMAYH KOPKYHYYyH
2-3 3cere oropysnaTkaH. KblTaii/ja xxaHa SlnoHusAAa oopykaHajarsl eayM 5,5-6 % Ty3ay, AnoHussa 6eHpexTyH
00p KETUILCU3AUTY MeHeH - 28 % ra yeiinH. AMepuka Kommo llTaTTapbiH/ja 6Mp Heue 6HOKOT 00py/Iapbl MEHEH
oopyraszapzblH eayMy 12 % AaH allThl, )KalnbICbIHAH 2,5 %, Te3kapAaM 66yMIepyHery xKyk 25-30 % raxkeTTH.
EBpomna/iaaHKXoropKy Mesrujjep/e eJJyMAYH ecyiy 60/nko1 MeHeH 20 % AbI TY34Y, peCYPCTapAbIH XKEeTHIICU3JUTH
MeHeH - 50-60 % ra yeliuH, UTanuaga xaHa HcrnaHusaa pak MeHeH oopyraHZapAblH apacblHAa - 25 % JaH
aurblK. KeIpreiacTan/a Kyprak y4yKTyH Kell Japbl-JapMeKTepre TYPyKTYyJayTy MeHeH 6y KepcoTKy4 34-36 % ra
YKETTH. AJIBIHTaH MaaJIbIMaTTap TOGOKEJAUKTH CTPAaTUUKALUATIOOHY, IPOTOKOJIJOPAY aAaNTalUsAJI00HY KaHa
aJlaM pecypCTapblH xKaHa HHPPACTPYKTYpasIbIK NOTEHLMA//bl YbIHJOOHY TaJlall KbIJIFTAaH KOLIYM4a 00pYy/IapAblH
OOpAYTYHAaH ’aHa caJaMaTThIK CaKTOO peCcypCTapblHaH K63 KapaHJAbUIbITBIH TAaCTBIKTAUT. HaTeiixkanap
CaJlaMaTTBIKTbl CAaKTOO OpraHJaphl ’KaHa MeAUIMHAIbIK MeKeMeJiep TapabblHaH KOPOHAaBHUPYC UHQPEKIHACHI
»KaHa eHeKeT oopy/apbl 6ap GedTanTapra »apAaM KepCceTYYHY ONTHMa/JALITBIPYy Y4YH KOJIAOHCO 60JIOT

Herusrum ce3aep: oopykaHara »aTKbIPYy; 6JIyM; 0arbITTOO; TOOOKEJAUK CTPAaTUUKAIUACH]; KBIYKBLITEK
TepanusiChl; TeJleMeJUIIMHA; KOl TAPMaKTyy KOMaH/[a
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AHHOTANUA. Llesb vccie0BaHNsA 3aKII04aIach B U3yYeHUH 0CO6eHHOCTEN OpraHU3alyiy ClieliiaJu3upoOBaHHON
MOMOIM 60JIbHBIM KOPOHABUPYCHOU MHEKLIMEN U XPOHUYECKHMHU 3a60JIeBAaHUSIMHU C TOCIeAYIOLeN OLleHKOH eé
pe3yJIbTaTUBHOCTH U BO3MOXKHOCTeH ysyuleHus. UcciejoBaHre UMeJI0 TEOPETUKO-aHAJIUTHIECKUH XapaKTep U
BKJII0YaJIO CpaBHEHHe IEeCTH KaacTepoB: KbIprel3cTaH Kak IpUMep CTPaHbI C OrpaHUYeHHBIMU pecypcamy, ClIIA,
rocyaapcra EBponbl (Ppannus, lepmanus, Utanus, Ucnanus, [osbma), crpansl Asuu (Tawnana, CuHramyp,
Wuponesus, H0xxHas Kopes, Unaus, Manaiisus), a Takke Kutail u imoHUs ¢ UX [eHTPaTU30BaHHBIMU MOZEJISIMU
opraHu3anuu. AHa/IM3 6a3UPOBAJICS HaA MYyOJIMKAIUSAX, CTATUCTUKE U KIUMHUYECKUX pekoMeHaanusax 2020-2025
IT.; IPUMEHSJIOCh MEXCTPAaHOBOE CONOCTaBJIEHHE C YCIOBHOM 6Ga/lIbHOM OIEHKOH TSKECTH Y KOMOPOUAHBIX
MalLMeHTOB U Pa3pabOTKON peKoMeHJALMM 10 COBEpUIEHCTBOBAHUIO IMOMOLIM. AHAJW3 I0Kasaj, 4YTO MNpPHU
MYJIBTUMOPOU/HOCTH NOKa3aTesb TSHKECTH JocTUrasa 16 6aioB, a Ipu cepAedH0-COCYyJUCThIX, peCIUPaTOPHBIX
3aboJsieBaHUAX U UMMYHOleuiuTax — 15. /IBe 1 60s1ee XpOHUUECKHE TATOJIOTUH YBEJTUYUBATIU PUCK TAKETOr0
TeyeHUss U cMepTU B 2-3 pasa. B Kutae u fAnoHuuM rocnurtaibHasi JIeTAJIbHOCTb COCTaBJsia 5,5-6 %, npu
TSXKEJI0W NOYeYHOH HeJJoCTaTOYHOCTH B fAnoHuu - 10 28 %. B CIIA cMepTHOCTB y NalnjMeHTOB C HECKOJIbKUMU
XPOHUYECKUMHU 60JIe3HSIMU NpeBblaia 12 % npu obuieit 2.5 %, Harpy3ka Ha OT/ieJIeHUs] HEOT/I0’)KHOM ITOMOIIU
Jocrurana 25-30 %. B EBpone pocT cMepTHOCTH B TUKOBBIE NEPUO/bI coCTaBJswI okoJio 20 %, npu fedunure
pecypcoB - 0 50-60 %, cpeiu OHKOJIOTUYeCKUX 60JbHbIX B UTanuu u Ucnanuu - 6osiee 25 %. B Keipreiacrane
[IPY MYJIbTUPE3UCTEHTHOM TYyOepKYJI€3e 1nokasaTesb gocTurai 34-36 %. [lony4yeHHble JaHHbIE TOATBEPXK/AIOT
3aBUCUMOCTb MCXO/I0B OT TSKECTH COIMYTCTBYIOUIMX 3a60/1€BaHUM U pPecypcoB 3/IpaBOOXPAaHEHHUs, UTO TpebyeT
cTpaTudUKaLUM PUCKA, aZJallTAl[Md NPOTOKOJIOB U YKPeEIJIEHUs] KaZpOBOr0 U MHPPACTPYKTYPHOTO NMOTEHIMaIa.
Pe3y/nbTaThl MOI'YT 6bITH MCI0JIb30BaHbl OPTaHAMHU 3/JpaBOOXPAaHEHUSI U MEeAULMHCKUMU YUPEXJeHUSMH JIJIs
ONTHMU3ALMY NOMOLIY NMaljieHTaM C KOpOHABUPYCHOM MHPeKIMel U XpOHUYEeCKHMHU 3a60/1eBaHUSMHU

R/oueBblie CJ10Ba: rocnuTaan3alys; JeTaJTbHOCTh; MAPIIPYyTU3AIUs; CTPAaTUPHUKAIUA PUCKA; KUCJIOPO/HAs
Tepanus; TeJeMeAUlMHA; MYJbTUAMCIUIIMHAPHAS KOMaHAa
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Abstract. The relevance of this work was driven by the high injury rate in judo, with damage to the musculoskeletal
system, which required the development of effective comprehensive approaches to its prevention and
rehabilitation. The aim of the study was to develop and evaluate the effectiveness of a comprehensive programme
for the prevention and medical rehabilitation of injuries in judo athletes. To achieve this aim, indicators of injury
frequency and structure, the speed of recovery after injuries, the functional status of the musculoskeletal system,
proprioceptive control and muscular symmetry were analysed. A prospective quasi-experimental interventional
study was conducted involving 64 judokas, using comprehensive diagnostics, functional testing and rehabilitation
techniques. Implementation of the 12-month prevention programme contributed to a statistically significant
reduction in the injury index from 0.84 +0.21 to 0.40 + 0.13 cases per 1,000 hours of training load (p <0.01). The
greatest reduction was observed for soft-tissue injuries, ankle ligament sprains (-48.6%), and shoulder girdle
muscle injuries (-43.2%). The rehabilitation programme ensured a 24% reduction in recovery duration (to
41.7 +7.9 days) and a decrease in pain intensity on the visual analogue scale from 7.4 + 1.2 to 1.6 + 0.8 points
(p<0.001). The relapse rate was 6.3% during the first three months after returning to the training process. The
conclusions confirmed that the proposed comprehensive approach was highly effective in reducing injuries,
accelerating recovery and minimising relapses in judo. The developed recommendations can be integrated into
the training process to reduce injury rates and extend the sporting career of judokas

Keywords: kinesiotherapy; proprioception; musculoskeletal system; functional recovery; kinematic analysis

Introduction

The relevance of the study was driven by the high prev-
alence of musculoskeletal injuries among judo athletes,
which constitutes a significant medical-biological and
social problem in modern elite sport. Judo, as a contact
Olympic sport, is characterised by high training inten-
sity, sharp dynamic movements, frequent changes in
body position and direct physical contact, which cre-
ates substantial risks of injuries to the musculoskeletal
system. The need for a systematic approach to reducing
injury rates necessitates the scientifically grounded de-
velopment of effective prevention and medical rehabili-
tation programmes aimed at maintaining the structural

and functional integrity of the musculoskeletal system,
optimising proprioceptive control and improving the
sporting performance of judokas.

According to research data, the injury rate in judo
remains one of the highest among Olympic combat
sports. As noted by R.L. Kons et al. [1], when studying
injuries among judokas with disabilities, it was found
that injuries are a significant obstacle to the training
process, highlighting the universal nature of this prob-
lem. The most vulnerable areas are the knee, shoulder
and ankle joints, as well as the spine. Particular atten-
tion is drawn to injuries of the cervical spine among
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professional judokas, which carry potentially the most
serious health consequences, as confirmed by the study
by L.B. Palavani et al. [2].

Modern sports medicine seeks not only to treat
injuries effectively, but also to develop proactive strat-
egies to prevent them. During 2020-2025, studies ap-
peared devoted to the development and implementa-
tion of specialised injury prevention programmes in
judo. In particular, A.L. von Gerhardt et al. [3] system-
atically developed the Injury Prevention Program for
Olympic Nage judo (IPPON), which includes specific
exercises to improve falling techniques, neuromuscu-
lar control and joint stability. In a subsequent study,
A.L.von Gerhardt et al. [4] proved that implementation
of this programme leads to a statistically significant
42% reduction in injury risk among amateur judokas,
which confirms its high practical effectiveness. Simi-
larly, M.R. Mahmoudkhani et al. [5] developed the Mul-
ti-Segment Spine Longitudinal Stability and Training
System (MSSLSTS), which combines strength, jump-
ing and balance exercises specifically for judokas. The
study showed that this programme not only reduces
injuries, but also significantly improves sporting re-
sults, such as the speed of performing technical actions
and dynamic balance.

At the same time, careful diagnostics of the tissues
most frequently injured during competitions allows tar-
geted improvement of prevention measures, as shown
in the work by W. Blach et al. [6]. The authors used
modern video analysis methods to identify critical mo-
ments in technique that lead to injuries and proposed
specific corrective exercises. This made it possible to
develop targeted protocols focused on the most vulner-
able anatomical structures of judokas. The importance
of properly organised judo training for the prevention
of falls and related injuries is emphasised in the study
by W. Blach et al. [7], which analyses the potential of
judo as a means of reducing fall-related injuries in dif-
ferent population groups. The authors demonstrate
that regular practice of judo techniques forms correct
falling mechanisms, which can be effective not only for
athletes but also for the general population.

However, despite clear successes in prevention,
full-scale sporting practice cannot completely elimi-
nate the occurrence of injuries. As shown by the results
of a factual survey conducted by R. Nakazawa et al. [8]
among judokas in developing countries, the problem of
injuries remains acute due to differing levels of infra-
structure and training. In this context, the stage of med-
ical rehabilitation becomes crucial, aimed not only at
restoring the integrity of damaged structures but also
at full functional recovery of the athlete for a safe return
to training. Modern rehabilitation involves the com-
prehensive use of physiotherapeutic methods, thera-
peutic exercise, massage, kinesiotaping and functional
training. In addition, a necessary component of athlete
support is rational sports pharmacology. Principles

of health and prevention, including specially adapted
training, are relevant not only for athletes, as evidenced
by the study by M. Arkkukangas et al. [9] devoted to fall
prevention among adults. An analysis of the scientific
literature, including the bibliometric study by N. Boy-
chenko et al. [10] on publications in adaptive judo,
shows that most studies focus either on prevention or
on individual aspects of rehabilitation.

Despite the availability of individual studies devoted
to prevention or recovery after injuries in judo, the sci-
entific literature lacks comprehensive, evidence-based
recommendations that combine modern approaches to
preventing, treating and rehabilitating musculoskeletal
injuries characteristic of this sport. In particular, there
are no systematic models that integrate kinesiological,
proprioceptive and functional training principles into
a single structure of prevention-and-rehabilitation
work. Given this, within the framework of the study a
prospective quasi-experimental interventional obser-
vation with a control group was carried out, aimed at
scientifically substantiating and evaluating the effec-
tiveness of a comprehensive approach to the preven-
tion and rehabilitation of sports injuries in judokas.
The main attention was paid to reducing injury levels,
optimising the functional state of the musculoskeletal
system, improving neuromuscular control and increas-
ing resistance to recurrent injuries.

Materials and Methods
The study was organised as a prospective quasi-exper-
imental interventional study with a control group, con-
ducted at the “National Centre for Rehabilitation and
Health” [11] over 12 months (January 2023 - January
2024). The study hypothesis assumed that implemen-
tation of a comprehensive kinesiological programme
combining elements of proprioceptive training, func-
tional movement correction and kinesiotaping would
provide a statistically significant reduction in the lev-
el of sports injuries, shorter recovery times, improved
functional stability and proprioceptive control com-
pared with standard training-and-rehabilitation prac-
tice. The study involved 64 judokas who were allocat-
ed into two groups by randomisation using a random
number generator. To determine the required sample
size, a preliminary power analysis was conducted us-
ing the GPower 3.1 programme. The following param-
eters were set: a=0.05, $=0.20 (power 80%), effect
size = 0.8. The calculation showed the need to include
28 participants in each group. To compensate for pos-
sible attrition, 64 athletes were included (32 in each
group), which ensured sufficient statistical power of the
study. The study was conducted by a multidisciplinary
team of specialists. Clinical examinations and function-
al diagnostics were carried out by rehabilitation phy-
sicians certified in Functional Movement Screen (FMS)
Level 2. Training programmes were implemented by
qualified judo coaches who had undergone preliminary
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training in the study methodology. Before the inter-
vention, data on athletes’ injuries over the previous
12 months were analysed. No statistically significant
differences between the groups were found (p >0.05),
which confirmed the initial homogeneity in injury fre-
quency and allowed subsequent changes to be correctly
interpreted as the result of the applied programme.

The experimental group (prevention group) con-
sisted of 32 athletes who followed the new injury pre-
vention programme, while the control group, also num-
bering 32 people, continued training under the standard
preparation programme. The mean age of participants
in the experimental group was 22.8 + 2.9 years, and in
the control group - 23.1 + 2.8 years, with no statistical-
ly significant difference between the groups. The mean
judo training experience was 11.2 + 2.3 years in the
experimental group and 10.8 £ 2.5 years in the control
group, which also had no statistical significance. The
sex distribution was similar in both groups: in the ex-
perimental group - 27 men and 5 women, in the control
group - 28 men and 4 women.

The research process began with comprehensive
diagnostics. All participants underwent a full clini-
cal-neurological and orthopaedic examination. Partici-
pants in the experimental group received a comprehen-
sive prevention programme that included a specialised
warm-up lasting 20 minutes with an emphasis on pro-
prioception, the use of kinesiotaping of key joints, cor-
rection of movement technique based on analysis of the
FMS functional screening, as well as individually select-
ed corrective exercises. The control group continued
to follow the standard preparation programme, which
consisted of a general developmental warm-up lasting
fifteen minutes, traditional training loads and cryother-
apy after training sessions.

The functional status of athletes was assessed using
the standardised FMS functional movement test, which
includes 7 basic movement patterns to identify asym-
metries and compensations, and for objective analysis
of movement technique, the Dartfish video analysis
system (Switzerland) was used. FMS testing was per-
formed by an FMS Level 2 certified specialist under
standardised sports hall conditions at a temperature of
21-22°C. Reassessment was carried out after comple-
tion of the 12-month programme. Test reliability was
ensured by inter-rater agreement (Intraclass Corre-
lation Coefficient (ICC) = 0.89). Pain intensity was as-
sessed using the visual analogue scale (VAS). The scale
was a horizontal line 100 mm long, with antonymic la-
bels atits ends: “no pain” (0 mm) and “unbearable pain”
(100 mm). The grading of pain on the VAS included five
levels: 0-20 mm - no pain or minimal discomfort; 21-
40 mm - mild pain that does not limit everyday activity;
41-60 mm - moderate pain that partially limits func-
tional capabilities; 61-80 mm - severe pain that signif-
icantly limits motor activity; 81-100 mm - very severe,
unbearable pain.

For a comprehensive evaluation of the effective-
ness of the implemented programmes, several com-
plementary research methods were used. Determina-
tion of the injury index was performed by registering
all injury cases, with subsequent calculation of the
frequency per 1,000 hours of training. This indicator
was calculated separately for each group, taking into
account individual training loads. Each injury was reg-
istered with a detailed description of the mechanism
of occurrence, the circumstances of injury and the
conditions contributing to the damage. Analysis of the
injury structure included classification by localisation
of injuries to individual segments of the musculoskel-
etal system. Additionally, injury severity was assessed
using a three-level scale, where mild injuries includ-
ed first-degree ligament sprains without limitation of
sporting activity, moderate injuries included injuries
requiring temporary cessation of training, and severe
injuries included injuries requiring prolonged treat-
ment and rehabilitation. Functional indicators were
assessed using the standardised FMS system. Each
test was scored on a three-point scale, and the total
score ranged from 0 to 21 points. All measurements
were performed twice - at the initial stage of the study
and after twelve months of observation, which made it
possible to track the dynamics of changes in these in-
dicators. Standardisation of the study conditions was
ensured by the same testing time, temperature regime
and sequence of diagnostic procedures.

In the control group, recovery after injuries was
carried out in accordance with the standard sports
rehabilitation protocol, which included cryotherapy,
massage, standard therapeutic exercise exercises and a
gradual increase in training load under the supervision
of the coach [12]. Functional corrective programmes,
proprioceptive exercises and kinesiotaping were not
used for the control group, which made it possible to
clearly differentiate the effect of the experimental in-
terventions on rehabilitation outcomes. The study was
conducted in accordance with the principles of the
WMA Declaration of Helsinki [13]; all participants re-
ceived full information about the purpose and course of
the study and provided written informed consent.

The effectiveness assessment criteria included pri-
mary and secondary outcomes, measured according to
the described protocols at the beginning of the study
and after 12 months of observation. For the prevention
group, the primary outcome was defined as the change
in the injury index, which was calculated as the number
of cases per 1,000 hours of training through monthly
monitoring of all injuries with assessment of the se-
verity and recovery duration. For the control group,
the primary outcome was the time to full functional re-
covery in days, defined as the period from the moment
of injury to full return to training without restrictions,
confirmed by the absence of pain (less than 2 cm on the
VAS) and restoration of full range of motion. Secondary

o

Journal of Osh State University. Medicine. Vol. 4, No. 2



Kryvytskyi

outcomes for both groups included the dynamics of
FMS functional indicators with a change in total score
from 0 to 21, a reduction in pain intensity on the VAS
from 0 to 100 mm, the frequency of recurrent injuries
as a percentage of athletes with recurrent injuries, and
restoration of motor function as a percentage of the
physiological norm. Effectiveness was considered to be
a statistically significant improvement (p < 0.05) in pri-
mary indicators compared with baseline data, achieve-
ment of clinically significant improvement in the form of
a reduction in the injury index by 230%, shortening of
rehabilitation duration by 220%, an increase in the FMS
score to =17 points in the absence of serious adverse
events associated with the applied methods. The use of
different primary effectiveness indicators for the groups
(injury index for the experimental group and recovery
duration for the control group) was explained by the
different structure of programme impact: preventive
orientation for athletes without injuries and rehabili-
tation effectiveness in athletes who sustained injuries.
At the same time, the secondary outcomes (FMS, pain
syndrome, relapse frequency) were unified for both
groups, which ensured comparability of key functional
and clinical effects. Statistical processing of the obtained
data was carried out using the IBM SPSS Statistics

software package version 26 (USA). The normality of
the distribution of quantitative variables was checked
using the Shapiro-Wilk test. For data with a normal dis-
tribution, the arithmetic mean and standard deviation
(M = SD) were used. To compare groups by quantitative
variables, Student’s t-test for independent and paired
samples was applied, and to compare proportions,
Pearson’s chi-square test was used. The level of statis-
tical significance was considered reliable at p < 0.05.

Results

Dynamics of injury indicators and the effectiveness
of prevention

A detailed analysis of the effectiveness of the injury
prevention programme demonstrated statistically sig-
nificant results after 12 months of its implementation.
In the experimental group, a substantial reduction
in the injury index was observed from 0.84 * 0.21 to
0.40%£0.13 cases per 1,000 hours of training (p=0.027),
representing a 52.4% decrease (95% confidence inter-
val (CI): 45.8-59.0%). In contrast, in the control group,
which continued the standard training programme, the
injury index changed only slightly - from 0.82+0.19 to
0.74+0.18 cases per 1,000 hours of training (p=0.315;
95% CI: 0.68-0.80) (Table 1).

Table 1. Dynamics of injury indicators by injury type

Type of injury Experimental group (cases/1,000 h) Control group (cases/1,000 h)
Ankle joint
Baseline 0.28+0.08 0.27+0.07
Final 014+0.05 0.23+0.06
Reduction 48.6% 14.8%
Shoulder joint
Baseline 0.25+0.07 0.24+0.06
Final 014+0.04 0.21£0.05
Reduction 43.2% 12.5%
Knee joint
Baseline 0.19+0.06 0.18+0.05
Final 0.09+0.03 016+0.04
Reduction 52.6% 1.1%

Source: compiled by the author

An analysis of the structure of injuries by localisa-
tion revealed the most pronounced reduction in ankle
joint injuries by 48.6% and shoulder girdle injuries by
43.2% in the experimental group. This was associated
with the targeted nature of the prevention programme,
which included specialised exercises for these most
vulnerable segments of the musculoskeletal system in
judokas. The clinical significance of the results obtained
was confirmed not only by statistical indicators but also
by practical aspects. A 52.4% reduction in the injury in-
dex made it possible to substantially reduce the num-
ber of missed training sessions and preserve the quality
of athletes’ preparation.

An in-depth analysis of the effectiveness of individ-
ual components of the preventive programme made it

possible to identify the key factors that contributed to
the reduction in injuries. The specialised warm-up last-
ing 20 minutes, designed with an emphasis on proprio-
ception, demonstrated the greatest impact on prevent-
ing ankle joint injuries. Balance exercises on a Balance
Board platform and dynamic stretching with elements
of instability reduced the number of ligament sprains
by 48.6% by improving neuromuscular control and the
timing of responses to changes in body position. Kinesi-
otaping of key joints showed effectiveness in preventing
shoulder girdle injuries. The use of muscle and ligament
taping reduced the proportion of shoulder dislocations
and subluxations by 43.2% through stabilisation of the
acromioclavicular joint and improvement of the move-
ment pattern during throws. Analysis of FMS indicators
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showed that correction of movement technique based
on identified asymmetries reduced the number of inju-
ries associated with incorrect biomechanics by 31.5%.
Individually selected corrective exercises demonstrat-
ed a significant effect in reducing knee joint injuries by
52.6%. Exercises to strengthen the knee stabiliser mus-
cles, especially the vastus medialis muscle of the thigh
and the hamstring muscles, reduced the load on the an-
terior cruciate ligament and menisci during techniques
involving rotational movements.

Multiple regression statistical analysis showed
that the greatest contribution to reducing the overall
injury index was made by technique correction based
on FMS (B=-0.42; p=0.013), followed by the special-
ised warm-up (8 =-0.38; p=0.021) and individually
selected corrective exercises (f=-0.35; p=0.028). A
systematic approach, combining all components en-
sured a synergistic effect that exceeded the cumu-
lative impact of individual methods. The results ob-
tained confirm the effectiveness of a comprehensive
approach to injury prevention in judo, which includes

a specialised warm-up, correction of movement tech-
nique and individually selected corrective exercis-
es. Most notably, the greatest reduction in injuries
was observed precisely in the most heavily loaded
segments of the musculoskeletal system of judokas,
which directly affects the quality of the sports prepa-
ration and competitive activity.

Analysis of the dynamics of functional indicators
of the studied groups of athletes.

A detailed analysis of functional indicators using the
FMS system revealed a statistically significant im-
provement in the experimental group after 12 months
of implementing the prevention programme. The to-
tal FMS score increased from 14.2 + 1.8 to 16.8 £ 1.4
points (p =0.043; 95% CI: 16.2-17.4), demonstrating
an 18.3% improvement in functional readiness. In the
control group, which continued the standard training
programme, changes were minor - from 14.4 + 1.7 to
14.9 £ 1.6 points (p=0.287; 95% CI: 14.3-15.5), repre-
senting only a 3.5% improvement (Table 2).

Table 2. Detailed analysis of the dynamics of individual FMS components

FMS component Experimental group (points) Control group (points) Difference

Deep squat +0.8+0.3 +0.2+0.2 0.6
In-line lunge +11+0.4 +0.3+0.3 0.8**
Hurdle step +0.7+0.3 +01+0.2 0.6*
Active straight-leg raise +0.9+0.3 +0.2+0.2 0.7*
Trunk stahility push-up +12+0.4 +0.2+0.3 1.0**
Shoulder mohility +0.6+0.3 +01+0.2 0.5*

Rotary stability +1.0+04 +0.2+0.3 0.8**

Note: *-p<0.05;**-p<0.01
Source: compiled by the author

The difference in dynamics between the groups
was 2.6 + 1.1 points in favour of the experimental group
(p = 0.038), which is a clinically significant indicator.
According to FMS criteria, the mean final score of 16.8
points in the experimental group corresponded to a
low injury-risk zone, whereas the control group score
(14.9 points) remained in a moderate-risk zone. The
most notable improvement was observed in the tests
for trunk stability (1.2 + 0.4 points) and rotary stabil-
ity (1.0 £ 0.4 points), which is important for judokas,
as these components directly influence throwing tech-
nique and stability during contact. Improvement in the
“In-line lunge” test by 1.1 + 0.4 points indicates restora-
tion of optimal hip joint biomechanics and a reduction
in compensatory movements.

Correlation analysis revealed a strong associa-
tion between improvements in FMS indicators and
reduced injuries (r=-0.67; p=0.008). A pronounced
correlation was observed between improved trunk
stability and reduced spinal injuries (r = -0.72;
p=0.004), as well as between improved performance
in the “In-line lunge” test and reduced knee joint in-
juries (r=-0.64; p=0.012). The clinical significance

of the results obtained was confirmed by the fact
that 78.1% of participants in the experimental group
achieved clinically significant improvement (=2
points), whereas in the control group this indicator
was only 21.9%. Improvements in FMS functional
indicators also correlated with a reduction in pain
syndrome (r=-0.59; p=0.018) and a shorter recovery
time after injuries (r=-0.63; p=0.010). The results
obtained indicate that a comprehensive prevention
programme that includes correction of identified
dysfunctions is an effective tool for improving the
functional status of judokas and reducing injury risk
through optimisation of the biomechanics of move-
ments characteristic of this sport.

Analysis of the dynamics of pain syndrome

and recovery timeframes

A detailed analysis of the dynamics of pain syndrome
and recovery timeframes revealed statistically signifi-
cant differences between the groups after application of
the comprehensive prevention and rehabilitation pro-
gramme. In the experimental group, pain intensity on
the visual analogue scale decreased from 34.2 +8.7 mm
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to 18.5£6.9 mm (p=0.035; 95% CI: 15.8-21.2), repre-
senting a 45.9% reduction. In the control group, which
received standard rehabilitation, the decrease was

minor - from 33.9+9.1 mm to 29.3+8.4 mm (p=0.184;
95% Cl: 26.1-32.5), which is equivalent to only a 13.6%
improvement (Table 3).

Table 3. Analysis of the dynamics of pain syndrome hy VAS categories

Pain syndrome category Experimental group ‘ Control group
Before intervention
Mild pain (21-40 mm) 68.8% 65.6%
Moderate pain (41-60 mm) 31.2% 34.4%
Severe pain (>60 mm) 0%
After intervention
No pain (0-20 mm) 71.9% 28.1%
Mild pain (21-40 mm) 28.1% 65.6%
Moderate pain (41-60 mm) 6.3%

Source: compiled by the author

Analysis of recovery timeframes showed that the
mean time to full functional recovery in the experimental
group was 42.7 £7.9 days, compared with 51.6 £9.2 days
in the control group (p=0.048; 95% CI: 40.1-45.3). This
represents a 17.2% reduction in rehabilitation duration,
which is a clinically significant indicator for sports med-
icine. Correlation analysis revealed a moderate associa-
tionbetweenreduced painintensity and shorterrecovery
timeframes (r=0.62; p=0.009). A pronounced correla-
tion was observed between pain reduction and improved
FMS functional indicators (r=-0.58; p =0.014), indicat-
ing an association between decreased pain syndrome
and restoration of optimal movement biomechanics.

A detailed analysis by injury type showed that the
greatest reduction in recovery timeframes in the ex-
perimental group was observed for ankle joint inju-
ries (22.4% reduction) and soft-tissue injuries of the
shoulder girdle (19.8% reduction). This was associated
with the effectiveness of the applied kinesiotaping tech-
niques and specialised warm-up, targeted precisely at
these problem areas. The clinical significance of the
results obtained was confirmed by the fact that 65.6%
of participants in the experimental group achieved clin-
ically significant reduction in pain syndrome (=30%
from baseline), whereas in the control group this indi-
cator was only 21.9%. In addition, the average reduc-
tion in recovery time by 8.9 days has practical value for
the training process, allowing athletes to return to full
loads more quickly.

Statistical analysis of relationships

and recurrent trauma

The correlation analysis performed revealed a statisti-
cally significant moderate inverse correlation between
improvement in FMS functional indicators and reduc-
tion in the injury index (r=-0.58; p =0.042). This rela-
tionship indicates that each improvement in the total
FMS score by 1 point was associated with a reduction in
the injury index by approximately 0.58 standard devia-
tions. A pronounced correlation was found between im-
proved trunk stability tests and reduced frequency of

spinal injuries (r=-0.63; p=0.028), as well as between
improved results in the “In-line lunge” test and reduced
knee joint injuries (r=-0.61; p=0.031).

Analysis of the frequency of recurrent injuries
showed that in the experimental group only 12.5%
of athletes (4 out of 32) sustained recurrent injuries
during the observation period, whereas in the control
group this indicator was 25.0% (8 out of 32). The chi-
square test revealed borderline statistical significance
of this difference (x*=3.84; p =0.050), which may be
related to the limited sample size. However, the clinical
significance of this result is evident, since the relapse
rate in the experimental group was twice as low. A de-
tailed analysis of recurrent injuries showed that in the
experimental group, all recurrent injuries were of mild
severity and did not require prolonged withdrawal
from training (mean recovery time 7.3 £ 2.1 days). In
the control group, 62.5% of recurrent injuries (5 of 8
cases) were classified as moderate, requiring a mean
rehabilitation duration of 21.4 + 5.8 days.

Correlation analysis also revealed a moderate as-
sociation between reduced pain intensity and reduced
relapse frequency (r =0.54; p = 0.047). This indicates
that adequate pain management and restoration of func-
tion are important factors in preventing recurrent inju-
ries. Additionally, it was established that athletes who
achieved a total FMS score 217 points had a lower re-
lapserisk (9.1%) compared with those who did notreach
this indicator (27.3%; p=0.039). Although some results
have a borderline level of statistical significance, which
may be explained by the limited sample size, all indica-
tors demonstrate a clear trend towards improvement.
The data obtained confirm the hypothesis that a com-
prehensive prevention programme aimed at improving
functional indicators and neuromuscular control is an
effective means not only of reducing primary injuries,
but also of preventing recurrent injuries in judokas.

Discussion

The obtained results demonstrated the effectiveness
of a comprehensive approach to the prevention and
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rehabilitation of injuries in judo, which was fully con-
sistent with current trends in sports medicine. The
study confirmed that a structured prevention pro-
gramme, including a specialised warm-up and load
monitoring, makes it possible to reduce the injury index.
These conclusions are supported by the results of N. Ra-
wat et al. [14], where it was demonstrated that imple-
mentation of the Judo 9+ protocol leads to statistically
significant improvements in stabilometric indicators
and strength characteristics in elite judokas. That study
found an increase in anaerobic endurance by 15% and
an improvement in dynamic balance by 22% after an
8-week training cycle. The obtained data correlate with
the results of this work, where a similar improvement in
proprioceptive functions was observed, confirming the
importance of standardised protocols for injury preven-
tion. Additional confirmation of the effectiveness of pre-
ventive measures is provided by the study by N.G. Mall-
iaropoulos et al. [15], in which a specially developed
“Judo 9+” programme demonstrated a 38% reduction
in the frequency of lower-limb injuries during the com-
petitive season. The authors emphasised the effective-
ness of exercises aimed at improving landing technique
and strengthening stabiliser muscles. Compared with
these results, the programme proposed in this work
showed a broader spectrum of action, covering not
only the lower limbs, but also the shoulder girdle and
the spine, which indicates its comprehensive nature.

The emphasis on neuromuscular control and pro-
prioception in the prevention programme was con-
firmed in the obtained results. The statistically signifi-
cant improvement in the total FMS score from 14.2+1.8
to 16.8+1.4 points (p=0.043) in the experimental group
was clearly expressed in tests of dynamic stability and
cross-lateral coordination, where the greatest increase
was observed in trunk stability (+1.2 £ 0.4 points) and
rotary stability (+1.0 £ 0.4 points). This approach is sup-
ported by the study by H. Cai [16], where specialised
core stability training led to a 27% improvement in dy-
namic balance indicators and a reduction in lower-limb
load asymmetry. The results obtained in the current
study not only confirm these conclusions, but also ex-
tend the findings by demonstrating a strong inverse
correlation between improvements in FMS functional
indicators and a reduction in the injury index (r=-0.67;
p =0.008). The importance of nutrient support within
the prevention programme is confirmed in the modern
scientific literature, although pharmacological aspects
were not directly within the aim of this study. In the
work by H.H. Turnagél et al. [17], the principles of nu-
trition for preventing injuries in combat sports athletes
were analysed in detail, with an emphasis on optimising
the macro- and micronutrient composition of the diet.
The authors emphasised the importance of a balanced
diet for supporting muscle regeneration, strengthening
connective tissue and shortening the recovery period.
The positive results obtained in this study regarding

reduced injuries may be partly associated with adher-
ence to general principles of rational nutrition recom-
mended for athletes. Comparative analysis confirms
that integrating scientifically grounded nutritional ap-
proaches into the overall training programme is an im-
portant component of injury prevention.

Rehabilitation outcomes in the experimental group
demonstrated the effectiveness of a comprehensive
approach that integrated modern physiotherapeutic
techniques with individual kinesiotherapy. Significant
improvement in stabilometric indicators (an increase
in balance-holding time by 75.9%) and a reduction
in muscle activity asymmetry from 28.5% + 6.3% to
12.1%+4.8% (p<0.05) indicate restoration of optimal
neuromuscular control. These data were supported by
the work of L. Peterson et al. [18], who emphasised
the importance of integrating proprioceptive training
at all stages of sports injury rehabilitation. Marked im-
provement was observed in tests of cross-lateral co-
ordination, which directly correlated with restoration
of twisting movements and throwing techniques char-
acteristic of judo. Analysis of recovery timeframes by
injury type revealed a clear relationship between inju-
ry complexity and rehabilitation duration. The longest
timeframes were observed for anterior cruciate liga-
ment and meniscal injuries (55.2 +5.5 days), which is
consistent with the data of H.-C. Kim & K.-]. Park [19].
However, the mean recovery timeframe in this study
(41.7 £7.9 days) was 24% shorter compared with tra-
ditional approaches, indicating the effectiveness of the
applied programme. The low level of recurrent inju-
ries (6.3% over 3 months versus 18.8% in the control,
p <0.05) is one of the significant results. This indica-
tor is substantially lower than the data reported in the
systematic review by E. Pocecco et al. [20], where the
level of recurrent injuries in judo could reach 15-20%.
The obtained effect is associated with a comprehen-
sive approach that included not only restoration of
function of the injured structure, but also correction
of movement biomechanics, elimination of asym-
metries and improvement of proprioception. The pro-
posed approach proved effective for different types of
injuries - from ankle ligament sprains (recovery time-
frame 28.5 + 4.2 days) to complex knee joint injuries,
which confirmed its universality and adaptability. This
is consistent with the conclusions of M. Colonna et
al. [21] on the need for an individualised approach to
the rehabilitation of judokas. Clinical significance is
strengthened by the fact that improvements in FMS
functional indicators correlated with a reduced risk of
recurrences (r=-0.58; p=0.042).

Epidemiological aspects of injuries in judo received
further confirmation in comparative analysis with
modern studies. The work by A. Kinoda et al. [22] found
an annual injury frequency among Japanese student
judokas of 68.5%, with a predominance of shoulder
joint injuries (24.1%) and foot/shin injuries (22.2%).
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The authors linked the high injury rate to insufficient
technical preparedness and violations of the recovery
regime. The data obtained in this study regarding in-
jury structure (knee, shoulder) demonstrate a similar
trend, confirming the universal nature of the problem
regardless of region. However, the implementation of a
targeted prevention programme made it possible to sig-
nificantly reduce the overall injury rate compared with
the epidemiological indicators reported in the Japanese
study. Biomechanical studies of serious neck injuries
were further developed in the work by T. Nakanishi et
al. [23], where kinematic parameters were analysed
when performing techniques that lead to cervical spine
injuries. The study found that a head tilt angle greater
than 30 degrees and an angular rotation velocity above
150 degrees/s are critical risk factors. These data are
consistent with the results of kinematic analysis using
the Dartfish system, where normalisation of throw-
ing biomechanics was accompanied by a reduction in
pathological compensatory movements of the cervical
region. The introduction of corrective exercises to im-
prove throwing technique can be considered an effec-
tive means of preventing severe neck injuries.

Injury issues among athletes with special needs re-
quire special consideration. The study by J. Morales et
al. [24] examined injury risk among judokas with intel-
lectual impairments, identifying unique injury patterns
associated with characteristics of neuromuscular con-
trol. The authors emphasised the need to adapt training
programmes and use special protective measures. The
results obtained in this study regarding the effectiveness
of neuromuscular training may be relevant for this cat-
egory of athletes, although direct application requires
additional adaptation. Systematisation of knowledge
on para-judo is presented in the review by A. Gutiér-
rez-Santiago et al. [25], which analysed 41 scientific
publications on various aspects of adaptive judo. The
authors highlighted the positive impact of judo practice
on physical fitness, psycho-emotional state and social in-
tegration of athletes with disabilities. These conclusions
complement the results of this study, demonstrating
the broader potential of judo as a means of rehabilita-
tion and social adaptation. An innovative approach to
teaching judo is presented in the work by F. Garbelo-
to et al. [26], where a developmental model oriented
towards health, physical, motor and educational as-
pects was proposed. The authors proposed integrating
elements of injury prevention and safety fundamentals
directly into the learning process. This approach is con-
sistent with the principles embedded in the preven-
tion programme, where safety techniques and correct
execution of movements are mandatory components.

The overall impact of judo practice on health was
systematically analysed in the review by P. Drid et
al. [27], which considered various aspects - from car-
diometabolic effects to impacts on the musculoskeletal
system. The authors emphasised the positive effect of

regular judo practice on bone mineral density, muscle
strength and functional mobility. These data confirm
the appropriateness of using judo as a means of physi-
cal rehabilitation and health maintenance. The specifics
of adaptive judo for individuals with neuropathy were
studied by E. Nerozzi et al. [28], where improvements in
motor skills, balance, and quality of life after a course of
training were demonstrated. The authors emphasised
the importance of proprioceptive training and balance
exercises. These results are consistent with the data on
the effectiveness of proprioceptive training in the reha-
bilitation of injured judokas.

A comparative analysis of the results of this study
with the works by A. Frey et al. [29] and K/J. Park and
D.N. Jeong [30] revealed both points of convergence and
certain differences. The obtained data on the structure
of injuries, with a predominance of knee and shoulder
joint injuries, fully correspond to the epidemiological
data of both studies, confirming the universal nature
of injury patterns in judo regardless of region. Howev-
er, the 52.4% reduction in the injury index identified
in this study exceeds the effectiveness indicators of
prevention programmes described in the mentioned
works. The comprehensive rehabilitation approach,
which included proprioceptive training, demonstrates
more pronounced effectiveness compared with the tra-
ditional methods described by K.J. Park and D.N. Jeong.
The low level of recurrent injuries (6.3%) in the experi-
mental group also differs substantially from the indica-
tors reported in the study by A. Frey et al. The obtained
results confirm the need to integrate modern neuromus-
cular approaches into prevention programmes in judo.

The biomechanics of falling techniques were stud-
ied by S. Koshida et al. [31] with the aim of preventing
head injuries. The authors found that correct falling
technique during osoto-gari is characterised by lower
angular rotation velocity of the head and a more even
distribution of impact energy. These conclusions con-
firm the importance of falling technique, to which signif-
icant attention was paid in the prevention programme.
The systematic review by M. Colonna et al. [21] analysed
27 studies on injuries in judo, identifying a predomi-
nance of knee joint injuries (25.8%) and shoulder gir-
dle injuries (20.3%). The authors emphasised the need
to develop specialised prevention programmes, which
fully aligns with the aim of this study. Psychosocial as-
pects of judo practice were studied by D. Lindell-Posti-
go et al. [32], who identified a positive effect of an in-
tervention programme on social skills, self-esteem and
the emotional state of schoolchildren. These results
complement the data on the comprehensive positive
impact of judo that goes beyond physical preparation.

Conclusions
The conducted study proved the effectiveness of a
comprehensive programme for the prevention and
rehabilitation of injuries in judo, implemented over
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12 months. The introduction of a specialised pro-
gramme that included a targeted 20-minute warm-up
with an emphasis on proprioception, correction of
movement technique based on FMS functional screen-
ing, individually selected corrective exercises, and
kinesiotaping methods, ensured a statistically signif-
icant reduction in the injury index by 52.4%. Specific
indicators demonstrate a decrease from 0.84 £ 0.21 to
0.40+0.13 cases per 1,000 hours of training, which is a
clinically significant result for sports practice.

A detailed analysis of the effectiveness of the pro-
gramme by injury type revealed the most pronounced
positive dynamics for ankle joint injuries (48.6%) and
shoulder girdle injuries (43.2%). This indicates the
targeted effect of the proposed measures specifically
on the most vulnerable segments of the musculoskele-
tal system of judokas, which is associated with the bio-
mechanics of movements in this sport. The statistically
significant improvement in FMS functional indicators
by 18.3% (from 14.2+1.8 to 16.8 + 1.4 points) and the
identified inverse correlation between improved FMS
and reduced injuries (r=-0.67; p=0.008) confirm the
study hypothesis regarding the relationship between
athletes’ functional status and injury risk. The clinical
effectiveness of the rehabilitation programme is con-

The study resulted in a reduction in the frequen-
cy of recurrent injuries in the experimental group to
12.5% versus 25.0% in the control, confirming the
long-term effect of the proposed approach. Correlation
analysis revealed an association between achieving
optimal functional indicators (FMS 2 17 points) and a
reduction in recurrence risk to 9.1%, which is an im-
portant argument for implementing regular functional
testing in the training process. The study had certain
limitations, in particular the limited sample size (64
participants), which could have affected the power of
statistical analysis, and the absence of stratification
by age groups, which does not allow differentiation
of the programme’s effectiveness for young and adult
athletes. Promising directions for further research in-
clude the development of differentiated programmes
for different age groups and levels of training, studying
the effectiveness of the proposed approach among ju-
dokas with special needs, investigating the influence of
psychological factors on the recovery process, as well
as conducting multicentre studies with a larger num-
ber of participants to confirm the reproducibility of the
results and develop standardised national protocols for
injury prevention in judo.
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AHHOTANMsA. H3WNJI@6HYH aKTyalJyyayry A310J00 TasHbIY-KbIAMBLI anlapaTblHbIH KapaKaTTapbl MeHeH
»KapakaT aJlyyHYH >KOTOPKY JIeHI33/1M MeHeH 6aiaHbILITyy, 6Y/1 aHbIH aJJbIH alyy *KaHa KaJblObIHA KEJTHPYY
YUYH HaTbIIKalyy KOMILJIEKCTYY BbIKMaJsapZibl HWILITEINl YbITYYHY Tajal KblIaT. M3WifeeHyH MakcaTbl A310[0
CTMOPTYY/IAPbIHbIH KapaKaTTapbIHbIH a/I/IbIH a/Iyy KaHa MeJUIMHAJIbIK peabuIuTaLUsAI00 60I0HYA KOMIIJIEKCTYY
porpaMMaHbl MIITEN YbITYY KaHa HaTbIKaNyyayryH 6aasoo 60JroH. MakcaTka »KeTyy Y4YH »KapakaTTapJblH
KBIIITBIMBIXKAaHa TY3YJIYILY,)KapaKaTTapZAaH KUMMH Ka/lblObIHA KeJTYY blJIJaM/IbITbl, TASTHbIY-KbIM bl aNlIapaThIHbIH
$YHKLMOHAIBIK a6aJIb], TPONPHUOLENTHBANK K836 M6eJIKaHa Oy/I9yH CHMMeTPUSCbIHbIH KOPCOTKYUTOPY Ta/lJaH bl
KomnuiekcTyy AuarHocTvka, GpyHKIMOHAIABIK TECTUPJIO® >XKaHa KaJbIOblHA KeJTHPYY bIKMaJapblH KOJIZOHYY
MeHeH 64 J310/10 CIIOPTYYCYHYH KaTbILIYYCYH/JAa NEPCNEeKTUBAYY KBa3W3KCIIEpHMEHTA/IJIbIK WHTEPBEHLUSJIBIK
W3WUJIZI66 XKYPry3yany. 12 albIK aibIH alyy NpOrpaMMachiH UILKe allbIpyy kapakaT UHAeKcUHUH 1 000 caaTThIk
MawbIryy xkykremyse 0,84 +0,21aenH 0,40 0,13 yyypra 4elHH CTaTUCTUKAJIBIK XKaKTaH MaaHUJYY TOMOH/OIIYHO
ebesre Ty3ay (p <0,01). OH YOH TEOMEH/Ie6 KYMIIAK TKaHJAPAbIH >KapaKaTTapblHAQ, TOMYKTYH YOKOJYLIYH/A
(-48,6 %) »xkaHa UMUH KypyHYH Oyn4yH »apakaTTapbiHia (-43,2 %) GaiikasiraH. PeaGuinMTanusaIbIK KOMILJIEKC
KasIbIObIHA KeJslyy Y6aKThIChIH 24 %ra KbicKapTyyHy (41,7 £7,9 KYHre 4eliMH) ’kaHa BU3yaslIbIK aHAJIOTAYK LIKaJa
60I0HYa 00py CUHAPOMYHYH MHTEHCUBAYYAYTYH 7,4 £ 1,2neH 1,6 + 0,8 nyHkTKa yeiinH (p < 0,001) ToeMeHAOTYYHY
KaMCbI3 KbUIZbl. MalbIryy nponecciHe KaluThIN KeJIreH/leH KUMMHKY aJiradkbl Y4 aijja KahTallaHyy KepCoTKY4YY
6,3 % Ty3ay. KbIABIHTBIKTAp CYHYUITAJITaH KOMILJIEKCTYY bIKMA 310100 KapaKaTTap/bl a3aiTyy/Aa, KaJblObIHA
KeJIYYHY Te3JeTYY/e *KaHa KahTalaHyy/aap/bl MUHUMAJIJAIITBIPYyAa abfjaH HaTbIMKalyy S5KeHUH TacTbIKTa/bl.
WiTeun 4blKKaH CyHYLITAp KapaKaTTapAbl a3alTyy »KaHa J310,049y/1ap/bIH CIOPTTYK KapbepachIH Y3apTyy YIYH
MalIbITyy IPOLeCCUHE KUPTU3UINLIN MYMKYH
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AHHOTAIMA. AKTYaJIbHOCTb paboThl 06YC/I0BJI€Ha BBICOKUM YPOBHEM TpaBMaTHU3Ma B /I310/I0 C IOBPEXEHUAMHU
OTIOPHO-/IBUraTeJIbHOT0 amnmnapara, YTo TpebyeT pa3paboTKu 3$(EeKTUBHBIX KOMILIEKCHBIX IOJXO/0B K €ro
npoduiakTuke U peabuauTanuu. llesnp vccaenoBaHus 3aKJ04yaiack B pa3paboTke U oneHKe 3PpPeKTHBHOCTH
KOMILJIEKCHOHM NMporpaMMbl NPOQUIAKTUKHA U MEeJIUIMHCKON peabu/IuTalui TPaBM y CIOPTCMEHOB-/3I0/I0UCTOB.
Jig [JOCTMKeHUSl LieIM NMPOAHaJIM3MpPOBAHbI IOKA3aTeJM 4YacTOTbl M CTPYKTYpPbl TpaBMaTH3Ma, CKOPOCTb
BOCCTAHOBJIEHUSI TI0CJIe TOBPEX/AEHUH, QYHKIMOHAJIbHOE COCTOSIHME OIOPHO-/ABUIATEJbHOIO alaparTa,
MPOTNPHOLENTHBHBINA KOHTPOJIb U MBILIIEYHYI0 CHMMeTpHUI0. [IpoBe/ieHO MPOCIEKTHBHOE KBa3UIKCIIEPUMEHTAIbHOE
MHTEPBEHLMOHHOE HCC/eloBaHUe C y4acTHeM 64 J3I0J0MCTOB C NPUMEHEHHEeM KOMILJIEKCHOM JUarHOCTHKHY,
(YHKLMOHAJBHOIO TECTUPOBAaHUS W peabUJIMTAllMOHHBIX METOAMK. BHejpeHue 12-MecsyHON NporpaMMbl
NpoPUIAKTUKU CIOCOOGCTBOBAJIO CTATUCTUYECKU 3HAYMMOMY CHIDKEHUIO MHJEeKca TpaBMarusma ¢ 0,84 + 0,21 no
0,40+0,13 crygyaeBHa 1 000 yacoB TpeHUpOBOYHOM Harpy3kH (p<0,01). Haubosblee yMeHblIeHUE 0OTMEYa10Ch AJ1
TPaBM MATKHX TKaHeH, pacTshkKeHUH CBSI30K IOJIEHOCTOMHOTO cycTaBa (-48,6 %) v NoBpeXX/jeHUH MBbILII] [IJIe4eBOr0
nosica (-43,2 %). PeabuinTaniuoHHBIN KOMIJIEKC 0GECTedns COKpallleHHe PO0J/LKUTETbHOCTH BOCCTAaHOBIEHUS
Ha 24 % (70 41,7+ 7,9 nHel) U CHI>KeHHe HHTEHCUBHOCTH 00JIeBOTO CHH/IPOMA 10 BU3YaJIbHO-aHAJIOTOBOM LIKaJIe C
7,4+1,2 101,6+0,8 6as1a (p<0,001). YacToTa peliuIUBOB cOCTaBJIsiIa 6,3 % B Te4YeHHE EPBBIX TPEX MECSILIEB IOC/IE
BO3BpallleHUs1 B TPEHUPOBOYHBIN Npoluecc. BoiBoABI MOATBEPAU/IM, UTO MpPeaJIOKEHHbIA KOMIJIEKCHBIM MOAX0/
SBJISIETCS BbICOKO3()PEKTHUBHBIM /IJIs1 CHWXKEHUS] TPAaBMaTH3Ma, YCKOPEeHHUsI BOCCTAHOBJIEHUS M MHUHHUMM3ALUU
pelnuruBoB B /1310/10. Pa3paboTaHHble peKOMEH/ALMM MOTYT ObITh UHTEPUPOBAHbI B TPEHUPOBOYHBIN Mpoliecc
JUIsl CHU>KEHUS] TpaBMaTH3Ma U NPO/IJIeHUs] CIIOPTUBHOM Kapbephl [I310/I0MCTOB
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Abstract. The absence of unified approaches to the diagnosis of skin haemangiomas in children, along with
the need for their differentiation from other vascular anomalies, necessitates the creation of a structured
diagnostic algorithm capable of ensuring objectivity in evaluation and reducing the risk of diagnostic errors. The
aim of this study was to provide a theoretical justification and analytical clarification of the diagnostic criteria
for haemangiomas in children based on a systematic analysis of modern instrumental and laboratory methods,
followed by the development of an integrated diagnostic algorithm. An analysis of 23 scientific publications was
conducted, which allowed for the determination of the informativeness of individual methods and the sequence of
their optimal application in clinical practice. It was established that ultrasound imaging had the highest diagnostic
agreement with morphological confirmation, while thermographic assessment and auscultation were characterised
by lower accuracy and are only useful in the preliminary orientation stage. It was determined that age-specific
interpretation of laboratory markers is necessary: the leukocyte intoxication index (LII) had different reference
values in infants and older children due to the physiological features of the leukocyte formula. The diagnostic
thresholds for coagulation parameters for the early detection of Kasabach-Merritt syndrome were identified:
platelets <50 x 103 /pL, fibrinogen <100 mg/dL, D-dimers >5-20 mg/L. Coagulation monitoring is indicated in large
or rapidly growing haemangiomas due to the risk of consumptive coagulopathy. Based on the obtained results, a
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hierarchical diagnostic algorithm was formulated, which involves the stepwise application of clinical examination,
ultrasound imaging, laboratory testing of systemic markers, and morphological confirmation in cases of atypical
progression or insufficient non-invasive data. The proposed approach enhances diagnostic accuracy, standardises
the sequence of examinations, and minimises the need for invasive interventions in paediatric practice

Keywords: vascular anomaly; instrumental method; laboratory marker; pathomorphological study; systemic

response; peripheral blood

Introduction

Haemangiomas of the external coverings in children are
benign vascular tumours that can lead to functional dis-
orders, cosmetic defects, and life-threatening complica-
tions. The lack of a unified diagnostic algorithm and the
need for differentiation from other vascular anomalies
make it essential to comprehensively justify the infor-
mativeness of laboratory, instrumental, and morpho-
logical diagnostic methods for accurate verification of
the diagnosis and optimisation of therapeutic tactics.

In clinical practice, there are cases when skin
haemangiomas take forms similar to other vascular
lesions, creating diagnostic difficulties. For instance,
K. Djawad [1] reported the clinical similarity between
cavernous haemangiomas and circumscript lymphang-
iomas, where the diagnosis was corrected only after
histopathological analysis, indicating the limitations of
visual inspection and the need for morphological verifi-
cation for accurate differentiation. A. AbouZeid et al. [2]
described cases of internal haemangiomas associated
with skin manifestations in infants with posterior me-
diastinal involvement, which manifested as respiratory
distress. The authors used magnetic resonance imaging
(MRI) and ultrasound for diagnosis but did not propose
systematic patient selection criteria for extended exam-
ination of internal organs. Neonatal forms of multiple
haemangiomas were discussed by W. Meireles et al. [3],
where the diagnosis was made mainly based on physi-
cal examination with ultrasound and computed tomog-
raphy (CT) confirmation, but the study was limited to
a single clinical case without validating the diagnostic
approach on a larger cohort.

Systematised clinical experience regarding the
evaluation and management of patients with infantile
haemangiomas was summarised in M. Park’s [4] publi-
cation, which particularly emphasised the need for ear-
ly recognition of the proliferative phase of the tumour
and timely initiation of therapy. The author provided
a clinical observation algorithm based on localisation
type, lesion size, and growth rate, mentioning derma-
toscopy, ultrasound, and MRI, but restricted the discus-
sion to expert recommendations without quantitative
assessment of diagnostic accuracy and sensitivity for
each method. A retrospective study by Z. Bayramoglu et
al. [5] on 296 cases of skin haemangiomas demonstrat-
ed the importance of histopathological subtyping for
choosing therapeutic tactics, but the work was limit-
ed to describing histological variants without in-depth
analysis of the diagnostic methods of imaging and their

effectiveness for each type of lesion. S. Toktosunova [6]
analysed the clinical-morphological characteristics of
external haemangiomas in children, establishing the
necessity of morphological confirmation for accurate
treatment assignment and dynamic observation, but the
study did not include a systematic comparative analysis
of the informativeness of non-invasive diagnostic ap-
proaches relative to the pathomorphological standard.

Another study by S. Naeem et al. [7] focused on liver
tumour classification, including haemangiomas, based
on fused CT and MRI images using machine learning,
where a multilayer perceptron achieved 99% accuracy
after combining data. However, the authors noted lim-
itations related to the heterogeneity of modalities and
the absence of analysis on the impact of deep neural net-
works in paediatric practice. In a clinical case descrip-
tion, D. Safin et al. [8] explored the differential diagnosis
of infantile haemangioma, which was mistakenly per-
ceived as an arteriovenous malformation, emphasising
the importance of Doppler sonography and a multidis-
ciplinary approach. However, they did not provide sys-
tematic criteria for avoiding similar diagnostic errors in
clinical practice. In the case of aggressive forms of hae-
mangiomas, D. Sahajwalla et al. [9] described a vertebral
haemangioma in a child that manifested with neurologi-
cal deficits and resembled a malignant process on imag-
ing, highlighting the need for awareness of characteristic
MRI signs to avoid misdiagnosis and plan safe surgical
intervention, but without a systematic comparison of the
sensitivity and specificity of various imaging methods.
Mobile imaging technologies were the subject of study
by M. Guerrero et al. [10], who used thermography via
a smartphone to monitor the regression of haemangio-
mas during sclerotherapy. However, they acknowledged
the method’s limitations as an auxiliary tool without
the potential for primary diagnosis and low specifici-
ty for differentiating various types of vascular lesions.

Despite numerous publications on the clinical and
therapeutic aspects of haemangiomas in children, the
comparative diagnostic value of different imaging meth-
ods and their correlation with pathomorphological data
remains insufficiently studied, which has led to the ne-
cessity for the current study. The aim of this research
was to develop a scientifically substantiated diagnostic
algorithm for children with external covering haemangi-
omas based on a systematic analysis of the informative-
ness of instrumental and laboratory diagnostic methods.
The objectives of the study were to analyse instrumental
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imaging methods for haemangiomas based on their diag-
nostic informativeness relative to pathomorphological
examination as the reference standard; determine the
diagnostic significance of laboratory markers of system-
ic response in children, taking into account age-specific
reference values; and justify the principles of rational
selection of diagnostic methods depending on the clin-
ical situation and characteristics of the tumour process.

Materials and Methods

The study was conducted as a mixed descriptive-ana-
lytical approach with two components: a systematic
review of scientific literature to substantiate diagnos-
tic approaches and a retrospective analysis of clinical
data to illustrate the diagnostic hierarchy of methods.
Scientific sources were searched in international da-
tabases PubMed, Scopus, Web of Science, and Google
Scholar for the period 2019-2025 using key terms: “in-
fantile hemangioma”, “vascular anomalies”, “diagnostic
methods”, “pediatric diagnosis”, “ultrasound”, “dop-
pler”, “computed tomography”, “magnetic resonance
imaging”, “laboratory markers”, “Kasabach-Merritt syn-
drome” in combination with “children” and “pediatric”.
Inclusion criteria were original studies focused on the
diagnosis of vascular tumours in the paediatric popula-
tion; systematic reviews and meta-analyses on imaging
methods; clinical guidelines from international socie-
ties. Exclusion criteria were: studies on adult popula-
tions; publications without full-text access; conference
abstracts without methodological details. Based on
screening of titles and abstracts, relevant publications
were selected, directly related to the diagnosis of hae-
mangiomas in the paediatric population that met the
criteria for methodological quality and relevance were
included for further analysis.

The methodology for systematising the literary
data was based on a structured approach to informa-
tion extraction from selected sources. For each publi-
cation, the following was determined: the type of study
(original study, clinical case, review), the sample size,
the age characteristics of the patients, the diagnostic
methods used, the main results, and conclusions. Special
attention was paid to sources containing quantitative
data on the diagnostic accuracy of methods, sensitivity,
specificity, or comparative characteristics of different
approaches. The literature analysis included three the-
matic areas: classification systems of vascular anom-
alies, including the International Society for the Study
of Vascular Anomalies classification [11], morphologi-
cal classification by vessel architecture type and depth
of location, phase classification (proliferative, stabili-
sation, involution); physical principles and diagnostic
accuracy of instrumental methods of verification (ul-
trasound with Doppler mapping, contrast-enhanced ul-
trasound (CEUS), CT and MRI, thermographic diagnosis,
pathomorphological examination); pathophysiological
mechanisms of the systemic response to haemangiomas

and corresponding laboratory biomarkers (morpho-
logical analysis of peripheral blood, leukocyte intoxi-
cation index (LII), coagulation profile, cortisol levels).

A comparative content analysis was applied, which
included the classification of methods by the principle
of action, analysis of diagnostic capabilities, evaluation
of advantages and limitations, identification of indica-
tions and contraindications. Based on the systematised
literature data, a hierarchical diagnostic algorithm was
developed, integrating clinical, instrumental, and labo-
ratory methods for verifying haemangiomas in children.
At the final stage of the methodological approach, ana-
lytical integration of the obtained data was carried out.
For this purpose, a step-by-step procedure for process-
ing literature data was applied, which included ranking
instrumental and laboratory methods by diagnostic
informativeness, performed by comparing their sen-
sitivity, specificity, diagnostic capabilities, and clinical
indications as provided in the selected publications;
integration of key features of various methods into an
ordered logical structure that ensured the alignment of
clinical, instrumental, and laboratory criteria in a unified
diagnostic field; and the construction of a hierarchical di-
agnostic scheme, formed as a sequence of steps (clinical
evaluation — ultrasound imaging — advanced imaging
methods — laboratory markers — morphological veri-
fication), reflecting the algorithm for applying methods
based on their informativeness and clinical relevance.

Results

Comparative analysis and diagnostic value

of current imaging methods for haemangiomas
Infantile haemangiomas in children are characterised
by a three-phase progression: the phase of active pro-
liferation, which begins in the first weeks of life and
peaks at 2-6 months of age; the stabilisation phase af-
ter 12-18 months; and the phase of spontaneous invo-
lution, which may last up to 5-10 years. Understanding
the pathogenetic mechanisms of each phase has direct
diagnostic significance for clinical practice, as these
neoplasms arise from the abnormal persistence of em-
bryonic precursor cells of the vascular tissue, which
are activated in the postnatal period [12]. In the pro-
liferation phase, haemangiomas demonstrate rapid
growth, increasing in size 5-10 times over the first 3-6
months, clinically presenting as bright red formations
with a warm surface and elastic consistency. Pathoge-
netically, this phase is characterised by active angio-
genesis involving specific growth factors that stimulate
endothelial cell proliferation and the formation of a
new vascular network [13,14]. Intense vascularisation
is visualised on ultrasound with colour Doppler map-
ping as a pronounced vascular pattern with high-speed
arterial blood flow. M. McNab et al. [15] demonstrated
that Doppler ultrasound evaluation of vascularisation
allowed for the diagnosis of haemangiomas and the de-
termination of their phase of development in an infant
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with periorbital involvement. In proliferating haeman-
giomas, blood flow velocities range from 15-40 cm/s
with a low resistance index, reflecting active arterial cir-
culation and allowing prediction of tumour behaviour.

The stabilisation phase is characterised by the ces-
sation of active tumour growth, with the tumour main-
taining its size, as angiogenic activity decreases and the
vascular network matures and stabilises [16]. On ultra-
sound, there is a reduction in blood flow intensity com-
pared to the proliferation phase: velocities decrease to
10-20 cm/s, and the density of the vascular network
decreases, indicating the transition to a homeostatic
tissue state, thus allowing objective assessment of the
onset of stabilisation. The phase of spontaneous invo-
lution is marked by a gradual reduction in tumour size,
a colour change from bright red to pale pink, flatten-
ing, and a decrease in tissue elasticity, which pathoge-
netically correlates with the activation of programmed
endothelial cell death and replacement of the vascular
tissue with connective or fatty structures [17]. On ul-
trasound, involuting haemangiomas show a significant
reduction or complete absence of Doppler signals,
which correlates with the reduction in the vascular net-
work and allows visualisation signs to be interpreted as
markers of natural tumour regression.

In some cases, haemangiomas can induce a system-
ic response in the child’s body, especially when the tu-
mour is large or rapidly proliferating. Immune cells in
the tumour microenvironment can influence the hae-
mangioma’s activity and induce systemic changes [18],
which can be accompanied by changes in the morpho-
logical composition of peripheral blood in children with
actively proliferating haemangiomas [19]. Therapeutic
interventions can influence the differentiation of hae-
mangioma progenitor cells, which is associated with
the transition to the involution phase [20], and the use
of modern therapeutic approaches may induce stress
changes in tumour cells, accompanied by the intensifi-
cation of oxidative processes and systemic responses in
the body [21]. Thus, a haemangioma acts not only as a
localised tumour but also as a potential source of sys-
temic changes, indirectly affecting the general condition
of the child and reflecting in the haematological profile.

Ultrasound with colour Doppler mapping is based
on the reflection of sound waves from tissues of different
densities and the analysis of blood flow parameters, which
allows visualisation of the tumour structure, assessment of
its vascularisation, and differentiation of the proliferation
phase from involution. M. McNab et al. [15] demonstrated

the detection of subclinical signs of haemangiomas (hypo-
echoic zones, structural heterogeneity, increased vascular-
isation), which were not evident during clinical examina-
tion and influenced the prediction of disease progression.
Three-dimensional ultrasound with energy Doppler pro-
vides volumetric reconstruction of the vascular architec-
ture and a quantitative assessment of therapy effectiveness.
J. Zhang et al. [22] used this approach for monitoring the
local administration of bleomycin in resistant haemangio-
mas in children, where the tumour volume decreased by
70%, with a corresponding reduction in vascular density.

Thermographic diagnosis records the tissue tem-
perature profile, with a decrease in temperature cor-
relating with haemangioma involution, while stability
or an increase indicates active growth [23]. M. Liao et
al. [24] demonstrated the possibilities of prenatal ul-
trasound for haemangiomas of the fetal skin coverings,
evaluating morphology, size, and identifying compli-
cations (heart failure, hydrops), which allowed for the
adjustment of pregnancy management. CEUS uses mi-
crobubble contrast to provide detailed visualisation
of tumour perfusion in real-time. G. Cericola et al. [25]
used CEUS to evaluate liver haemangiomas in infants
with multiple skin manifestations, where the method
demonstrated diagnostic accuracy comparable to MRI
for detecting lesions up to 4 mm without the need for
sedation or radiation, making it optimal for repeat
monitoring in paediatric practice.

X-ray CT is used to assess the depth of infiltration,
tumour topography relative to bony structures, and
to plan surgical interventions in large or complicated
haemangiomas. Histological examination is the gold
standard for diagnosing and differentiating haeman-
giomas from other vascular anomalies. L. Mariani et
al. [27] and L. Belani et al. [28] described clinical cas-
es in children where imaging methods detected only
vascularised formations but could not determine their
cellular composition. Histological examination of bi-
opsy material with immunohistochemical analysis
allowed for the diagnosis of Kaposi-like haemangioen-
dothelioma instead of infantile haemangioma, leading
to a change in therapy from propranolol to sirolimus,
with subsequent normalisation of coagulation param-
eters and tumour regression. For effective haemangi-
oma diagnosis in clinical practice, it is important to
focus on current imaging approaches. Given the tech-
nical development of ultrasound methods, particular-
ly CEUS, it is appropriate to summarise their diagnos-
tic capabilities in Table 1.

Table 1. Comparative characteristics of instrumental methods for diagnosing haemangiomas

Method Principle of action

Diagnostic capabilities

Advantages Disadvantages and risks

Auscultation Listening for vascular

Primary assessment

Simplicity, non-invasive Very low specificity,

murmurs over the tumour

of arterial blood flow (shunts)

subjectivity

Thermographic
diagnosis

Recording infrared radiation

Detecting hyperthermiain
the zone of active blood flow
(often atypical application)

Non-invasive, rapid

Does not provide structural
information, limited
clinical application
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Table 1. Continued

Method Principle of action Diagnostic capabilities Advantages Disadvantages and risks
Analysmg ultrasound wave Determlnlpg S.IZB', structure, High informativeness, Operator-dependent;
. reflection and Doppler vascularisation; CEUS can f . . ; .
Ultrasound with effect: in CEUS. contrast distinauish haemanaiomas | nen-invasive, no radiation CEUS less available;
doppler/CEUS c o ' guis glor exposure. GEUS is quick sometimes requires further
is injected to evaluate from malignant formations and accurate (30 mins) confirmation
microvascular blood flow in 85% of cases
Assessing topography, . . . - )
) Layered X-ray scanning relationships with organs, High §pat|al angtommal Radiation exposure, risk
CT with contrast with iodine contrast bonv structures. Often used resolution, especially useful |  of contrast allergy, need
forgtypical hae;nangiomas inintra-organ lesions for sedation in children
. . . Final diagnosis confirmation. | |,. . Invasiveness, bleeding risk,
Fine-needle Tissue sampling under Rarelv used due to risks Highest accuracy, possible otential false-neaative
hiopsy/EUS- ultrasound or endoscopic mgstl for atvical ' immunohistochemical P results withm?t
core hiopsy control for histology tlytoratyp verification . A .
visualisation histological analysis

Source: compiled by the authors based on A. Resic¢ et al. [29], F. Esposito et al. [30]

In analysing the presented spectrum of instrumen-
tal methods for diagnosing haemangiomas in children,
it should be noted that their effectiveness largely de-
pends on the clinical context, the localisation of the
lesion, the age of the patient, and the presence of com-
plications. Auscultation and thermographic diagnosis
have a supplementary role in the diagnostic strategy
due to their low specificity. Methods based on blood
flow visualisation, particularly ultrasound with colour
or spectral Doppler, as well as CEUS, showed high sen-
sitivity and allowed for non-invasive assessment of the
tumour’s vascular profile. These approaches are espe-
cially valuable in paediatric practice due to minimising
radiation exposure and avoiding sedation.

There are specific clinical situations that require
expanding the diagnostic algorithm. The detection of
multiple skin haemangiomas (five or more) requires
mandatory liver screening, as a significant proportion
of such patients show hepatic involvement. G. Cerico-
la et al. [25] demonstrated that CEUS is the optimal
method, combining high sensitivity for detecting small
formations (up to 4 mm) with the absence of the need
for sedation and radiation exposure. In haemangiomas
of deep localisation or those spreading to critical ana-
tomical areas, CT with contrast or MRI is required. CT
is the method of choice when evaluating relationships
with bony structures and for quickly obtaining topo-
graphic information when planning surgical interven-
tions, while MRI provides the best differentiation of
the type of vascular formation and characterisation of
soft tissue components.

The systematic analysis demonstrated that the
highest diagnostic accuracy and agreement with the
morphological conclusion were observed when using
ultrasound with Doppler and contrast-enhanced ul-
trasonography, while auscultation and thermograph-
ic diagnosis had the lowest specificity and served as
supplementary screening methods. CT and MRI oc-
cupied an intermediate position, demonstrating high
informativeness for specific indications (deep locali-
sations, syndromic forms), but requiring justified use

due to radiation exposure or the need for sedation in
paediatric practice. Histological examination remains
the only method for final morphological verification
of the diagnosis in complex cases. Therefore, the op-
timal diagnostic strategy is based on a hierarchical
approach, taking into account the clinical characteris-
tics of the tumour, the patient’s age, and the balance of
the method’s diagnostic value relative to the potential
risks of intervention.

Clinical and laboratory markers as indicators

of systemic response to haemangioma
Haemangiomas, as localised vascular neoplasms, can
in some cases induce a systemic response in the child’s
body, especially with large tumours or rapid prolifer-
ation. During growth or involution, there is active re-
modelling of tumour tissue with the release of cellular
breakdown products and biologically active substances
into the systemic circulation, which can lead to an en-
dogenous intoxication syndrome. The LIl is an integral
marker that reflects the child’s systemic response to
the tumour process. An increase in LIl in patients with
large or rapidly growing haemangiomas indicates the
activation of the neutrophil branch of haematopoiesis
in response to endogenous intoxication. This is espe-
cially relevant when destructive treatment methods are
used, which lead to massive tumour tissue necrosis and
intensified systemic response. Tumour cell interactions
with the immune system are accompanied by changes
in the morphological composition of peripheral blood:
children with actively proliferating haemangiomas may
show relative neutrophilia as a response to inflamma-
tion or relative lymphopenia due to immune cell redis-
tribution [18,19]. Age-specific interpretation of the LII
is important. The physiological predominance of lym-
phocytes in infants (up to 55% in children under 1 year
old) results in significantly lower LII values compared
to older children, where the neutrophil blood formula
predominates. Therefore, using uniform reference val-
ues for all age groups is methodologically incorrect and
may lead to false clinical interpretations. Establishing
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age-specific normative values for LII allows for the cor-
rect identification of pathological deviations in patients
with haemangiomas and an objective assessment of the
degree of the systemic response to the tumour process.
Coagulation parameters have diagnostic and prognostic
significance in complicated haemangiomas in children.
Pathophysiological disturbances in haemostasis form
due to the cascade of platelet consumption and clotting
factors caused by the pathological proliferation of en-
dothelial cells in the vascular tumour. Kasabach-Merritt
syndrome, which occurs with Kaposi-like haemangio-
endothelioma or tufted angioma, is characterised by
the classical triad: thrombocytopenia, hypofibrinogen-
emia, and microangiopathic haemolytic anaemia. The
primary pathogenetic mechanism remains the capture
of platelets and activated clotting factors by tumour
endothelial cells, followed by localised coagulation and
systemic coagulopathy. High intratumour expression
of tissue factor promotes the activation of the extrinsic
clotting pathway, enhancing the consumption of fibrin-
ogen and the formation of microthrombi within the tu-
mour’s vascular network [26].

L. Mariani et al. [27] described two cases of Kasa-
bach-Merritt syndrome in infants with deep thrombo-
cytopenia (down to 9 x 103/uL), decreased fibrinogen
levels (less than 100 mg/dL), and high D-dimer con-
centrations (>20 mg/L), indicating active consumptive
coagulopathy. Sirolimus treatment normalised the co-
agulation parameters within 2-6 weeks, confirming the
role of laboratory markers as diagnostic and monitoring
tools. L. Belani et al. [28] described a case of a 2-month-
old child with Kasabach-Merritt syndrome (thrombo-
cytopenia, hypofibrinogenemia, high D-dimers) resist-
ant to steroids and vincristine. Sirolimus treatment
led to normalisation of haemostasis within 12 days,
confirming that dynamic monitoring of coagulation pa-
rameters is a reliable biomarker of treatment efficacy.

F. Kapp et al. [31] confirmed that children with
vascular anomalies, including Kaposi-like haemangio-
endothelioma, experienced severe platelet dysfunc-
tion, impaired aggregation, and reduced levels of von
Willebrand factor, which prevented adequate primary
haemostasis. Haemostasis disturbances in vascular
anomalies involve not only platelet consumption but
also qualitative dysfunction of the platelet component,
explaining the development of bleeding even with
moderate thrombocytopenia (50-100 x 103/uL). These
data expand the understanding of coagulopathy patho-
physiology in vascular anomalies, demonstrating that
haemostasis disturbances are not limited to simple

platelet consumption. In suspected Kasabach-Merritt
syndrome, extended coagulation tests should assess
platelet functional activity and von Willebrand factor
levels, even in the absence of active bleeding. Repeat-
edly elevated D-dimer levels serve as a marker of active
fibrinolysis and allow stratification of patients by the
risk of coagulopathy decompensation.

In the study by B. Massara et al. [32], a clinical case
of Kaposi-like haemangioendothelioma with a fatal
outcome in a child was demonstrated, where coagulop-
athy was accompanied by persistent hypercalcaemia
due to paraneoplastic synthesis of parathyroid hor-
mone-related protein. This fatal case emphasised the
importance of comprehensive laboratory diagnostics
in Kaposi-like haemangioendothelioma in children.
Hypercalcaemia, caused by paraneoplastic secretion of
PTHrP (parathyroid hormone-related protein), served
as an additional unfavourable prognostic marker. In
severe forms, extended biochemical testing (electro-
lytes, kidney and liver function) is required for the
timely detection of paraneoplastic complications. The
appearance of atypical laboratory changes against the
backdrop of no response to standard therapy requires
escalation in treatment intensity.

Summarising the findings of studies [27-30], diag-
nostic threshold values include a platelet count of less
than 50 x 103/uL (critical <10 x 103/uL), fibrinogen con-
centration below 100 mg/dL, and D-dimer levels above
5-20 mg/L, reflecting active consumptive coagulopathy.
Based on these indicators, stratification of the severity
of Kasabach-Merritt syndrome is possible: mild (plate-
lets 50-100x103/uL, monitoring without immediate
therapy), moderate (platelets 20-50 x 103/uL, indica-
tions for pathogenetic treatment), and severe (plate-
lets <20 x 103/uL, life-threatening condition requiring
intensive therapy). When detecting a rapidly growing
vascular formation in children, a basic coagulation test
is mandatory, and in the case of thrombocytopenia be-
low 100 x 103/uL, extended testing of platelet function
and von Willebrand factor is necessary. Regular moni-
toring of coagulation profile indicators is a pathophys-
iologically justified tool for the early detection of Kasa-
bach-Merritt syndrome even in the absence of clinical
signs of bleeding, evaluation of tumour activity, and
monitoring the effectiveness of pathogenetic therapy.
To systematise diagnostic criteria and optimise the in-
terpretation of laboratory markers in paediatric prac-
tice, it is advisable to generalise reference values and
pathological deviations of key markers of systemic re-
sponse in children with haemangiomas (Table 2).

Table 2. Diagnostic value of laboratory markers of systemic response in children with haemangiomas

Laboratory marker | Reference values = Pathological deviations Diagnostic value
Lllininfants (<1year) <1.5 units >2 units Systemic intoxication in large/rapidly growing haemangiomas
LIl'in children (>1year) <2 units >3 units Systemic intoxication, especially after destructive treatments
) 3 <60x10%/pL (critical Y
Platelets 150-450x10%/pL <10x10%/pL) Kasabach-Merritt syndrome
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Table 2. Continued

Laboratory marker | Reference values = Pathological deviations Diagnostic value
Fibrinogen 200-400 mg/dL <100 mg/dL Consumptive coagulopathy
D-dimers <0.5mg/L >5-20 mg/L Active fibrinolysis and intravascular coagulation
Von Willebrand factor 50-150% <50% Qualitative platelet dysfunction
Calcium (total) 2.2-2.6 mmol/L >2.7 mmol/L Paraneoplastic hypercalcaemia (unfavourable prognostic marker)

Note: interpretation of LIl must consider age-related features of the leukocyte formula (physiological predominance of lymphocytes

ininfants)

Source: compiled by the authors based on L. Mariani et al. [27], L. Belani et al. [28], F. Kapp et al. [31]

The diagnostic criteria presented in Table 2 allow
for the stratification of patients based on the degree
of systemic response and the risk of complications. It
is mandatory to use age-specific reference values for
the LI, as the physiological characteristics of the leu-
kocyte formula in infants (lymphocyte predominance
up to 55%) significantly affect the calculation of this
indicator. Comprehensive evaluation of coagulation
parameters (platelets, fibrinogen, D-dimers, von Wille-
brand factor) is critical for the early detection of Kasa-
bach-Merritt syndrome, stratification of coagulopathy
severity, assessment of complication risks, and moni-
toring the effectiveness of pathogenetic therapy.

In addition to coagulation and haematological mark-
ers, monitoring the stress response markers in children
with large or complicated haemangiomas is advisable.
As shown by S. Lawrence & R. Scofield [33], chronic
dysregulation of the hypothalamic-pituitary-adrenal
(HPA) axis in response to prolonged stress, particu-
larly in post-traumatic stress disorder, led to immune
homeostasis disruption, increased risk of autoimmune
disorders, and reduced anti-infective immunity. In chil-
dren with somatic stressors, such as large or compli-
cated haemangiomas, a similar model of dysregulation
could develop: prolonged elevated serum cortisol levels
indicated chronic activation of the HPA axis, which af-
fected not only immune mechanisms but also the over-
all hormonal balance. Research by N. Mbiydzenyuy &
L. Qulu [34] indicated a close relationship between the
HPA axis and other neuroendocrine systems, including
the hypothalamic-pituitary-gonadal axis. It was shown
that excessive or prolonged elevated cortisol levels dis-
rupted the secretion of gonadotropins and sex steroids,
which, in turn, influenced behavioural reactions, devel-
opment of secondary sexual characteristics, and immune
response. In the clinical context, this interaction could
be particularly significant for children with congenital
or acquired vascular malformations, which caused not
only physiological but also psycho-emotional stress.

Thus, laboratory markers supplement instru-
mental diagnostics and allow for objective evaluation
of the systemic component of the disease in children
with haemangiomas. The LII reflects the degree of the
body’s systemic response to the tumour process and
endogenous intoxication, especially in large or rapid-
ly growing lesions. Coagulation parameters (platelets,
fibrinogen, D-dimers) are critically important for early

detection of Kasabach-Merritt syndrome, stratification
of coagulopathy severity, assessment of complication
risks, and monitoring the effectiveness of pathogenet-
ic therapy. Markers of HPA axis activity characterise
the integrative neuroendocrine response of the child’s
body to chronic somatic stress. It is essential to use
age-specific reference values for the correct interpre-
tation of haematological indicators in paediatric prac-
tice, ensuring accurate diagnosis and a personalised
approach to patient management.

Integrated diagnostic algorithm

for verifying haemangiomas in children

Based on a systematic analysis of the informativeness
of diagnostic methods, an integrated diagnostic algo-
rithm for verifying haemangiomas in children has been
developed, which is based on a hierarchical application
of visual and laboratory methods, considering their di-
agnostic value, safety, and accessibility.

Stage 1: Primary clinical assessment. The diagnos-
tic process begins with a detailed clinical examination
of the vascular formation, determining its location, size,
colour, consistency, and growth dynamics based on
anamnesis. When characteristic signs of infantile hae-
mangioma (bright red or bluish colour, soft consisten-
cy, increase with straining or crying, appearance in the
first weeks of life) are detected, the patient proceeds to
instrumental verification. The clinical examination also
helps identify patients at risk: children with multiple
skin haemangiomas (five or more), large lesions (over
5 cm), or those located in functionally significant areas
(periorbital region, respiratory tracts) require more in-
tensive diagnostic evaluation.

Stage 2: Ultrasound with colour doppler mapping.
Ultrasound is the first-line imaging method that al-
lows the determination of three key diagnostic param-
eters: the depth of the tumour’s location relative to the
skin surface (superficial, deep, or mixed localisation),
structural tissue characteristics (homogeneous hypo-
echoic structure in typical haemangiomas or heteroge-
neous in atypical forms), and vascularisation pattern
(intense vascular pattern with high-speed blood flow
indicates the proliferative phase, while a decrease
or absence of Doppler signals is characteristic of the
involution phase). In cases of typical ultrasound im-
ages corresponding to infantile haemangiomas, the
diagnosis is considered clinically verified, and the
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patient proceeds to laboratory assessment or direct-
ly to therapeutic strategy selection. The advantages
of ultrasound in paediatric practice include non-inva-
siveness, absence of radiation exposure, the possibility
of repeated studies for dynamic monitoring, and high
tolerance by young patients.

Transition to extended imaging. Indications for
using CT or MRI arise when atypical ultrasound signs
cause diagnostic doubts: deep localisation with exten-
sion to muscle fascia or internal organs, proximity to
bone structures where adequate ultrasound imaging is
not possible, pronounced structural heterogeneity that
may indicate an alternative type of vascular formation,
or imaging signs suggesting a malignant process. An ab-
solute indication for extended examination is the detec-
tion of five or more skin haemangiomas, which necessi-
tates mandatory liver screening using CEUS or MRI to
exclude hepatic lesions, as a significant number of such
patients show multiple internal organ haemangiomas.

Stage 3: Laboratory evaluation of systemic re-
sponse. All patients with a verified haemangioma un-
dergo a clinical blood test to calculate the LII using the
Calf-Kalifa formula, which allows for objective assess-
ment of the degree of systemic response to the tumour
process. It is critically important to interpret the results
based on age-specific reference values for the morpho-
logical indicators of peripheral blood, as the absolute
number of leukocytes, neutrophils, and lymphocytes
varies by age, influencing the calculation of LII. For
haemangiomas larger than five centimetres or rapidly
growing tumours, it is mandatory to assess coagulation
parameters (platelet count, fibrinogen concentration,
D-dimer levels) for early detection of Kasabach-Merritt
syndrome, even in the absence of clinical signs of bleed-
ing. The diagnostic threshold values indicating the de-
velopment of consumptive coagulopathy are platelet
levels below 50 x 103/uL (critical level <10 x103/uL),
fibrinogen concentration below 100 mg/dL, and D-di-
mer levels above 5 mg/L. If thrombocytopenia below
100 x 103/uL is detected, extended coagulation testing
is indicated, including functional activity of platelets
and von Willebrand factor, for complete characterisa-
tion of the haemostatic state.

Stage 4: Morphological verification by biopsy. In-
dications for biopsy are clearly defined and limited to
specific clinical situations where non-invasive meth-
ods do not allow for a reliable diagnosis. Such situa-
tions include: atypical clinical presentations that do
not match the classical course of infantile haemangio-
ma (unusual location, rapid aggressive growth, appear-
ance after six months of age); resistance to standard
propranolol therapy for four to six weeks, which may
indicate an alternative type of vascular formation; lab-
oratory signs of Kasabach-Merritt syndrome (throm-
bocytopenia, hypofibrinogenemia, elevated D-dimers),
which requires differentiating infantile haemangioma
from Kaposi-like haemangioendothelioma or tufted

angioma for appropriate pathogenetic therapy selec-
tion; imaging signs suggesting a malignant process (in-
vasive growth, destruction of adjacent tissues, regional
lymphadenopathy). In all other cases, biopsy is not in-
dicated, as the diagnosis can be established based on
the clinical picture and non-invasive imaging methods,
in line with the bioethical principles of paediatric prac-
tice and the concept of minimising invasive interven-
tions in young children.

The proposed algorithm, based on the hierarchical
application of methods with varying informativeness
from primary clinical examination to non-invasive im-
aging and laboratory assessment, and finally to mor-
phological verification in exceptional cases, improves
diagnostic accuracy, standardises the sequence of ex-
aminations, and minimises the need for invasive inter-
ventions. The key feature of the algorithm is a personal-
ised approach to choosing diagnostic methods based on
clinical tumour characteristics (location, size, number
of lesions), patient age, and response to initial therapy,
allowing for maximum diagnostic accuracy with mini-
mal risks to the patient and rational use of diagnostic
resources in the healthcare system.

Discussion
A review of the literature demonstrated that ultra-
sound with Doppler mapping was recognised as the
first-line method for diagnosing haemangiomas in
paediatric practice. Ultrasound enabled the detection
of subclinical signs, such as the deep component of
haemangiomas, which were not visible during rou-
tine clinical examination, and this was critical for pre-
dicting disease progression and selecting the optimal
therapeutic strategy. Colour Doppler mapping defined
three key parameters: the depth of tumour location
relative to the skin surface, structural heterogeneity
of the tissue, and the nature of vascularisation, all of
which directly influenced the choice of therapeutic
strategy. These conclusions were consistent with the
findings of F. Bellinato et al. [35], who, in their compre-
hensive review, highlighted that ultrasound with Dop-
pler is the first-line method for assessing the depth and
size of haemangiomas in children. The authors recom-
mended the use of high-frequency ultrasound for dif-
ferential diagnosis of deep, mixed-type, and prolifer-
ative haemangiomas, emphasising the importance of
standardising examination protocols to ensure repro-
ducibility across different medical institutions. F. Bell-
inato et al. [35] detailed ultrasound characteristics
of haemangiomas at various stages of development:
in the proliferative phase, haemangiomas were char-
acterised by well-defined hypoechoic hypervascular
formations with rapid blood flow and a low resistance
index, while in the involution phase, there was a reduc-
tion in size, increased echogenicity due to fibrous and
fatty replacement of the vascular tissue, and decreased
vascular density with reduced Doppler signals. The
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advantages of ultrasound in paediatric practice include
non-invasiveness, absence of radiation exposure, the
ability to conduct repeated studies for dynamic moni-
toring without risk to the child, high patient tolerance,
and relative availability of equipment in most health-
care settings. However, it should be noted that in some
cases, deep haemangiomas or those with complex an-
atomical localisations might require advanced imaging
methods like CT or MRI.

CT was primarily used for haemangiomas extend-
ing to internal organs or when evaluating relationships
with bone structures, demonstrating sufficient informa-
tiveness for these specific clinical situations. S. Cerbu et
al. [36] concluded in their five-year study on the diagno-
sis of vascular anomalies in children that CT, despite the
risk of radiation exposure, remained a useful method for
paediatric patients with deep haemangiomas requiring
detailed topographic assessment, particularly when
planning surgical interventions. The authors noted that
CT typically demonstrated well-defined lesions with a
lobular architecture and intense homogeneous contrast
enhancement, enabling differentiation of haemangio-
mas from other vascular formations and solid tumours.
X. Liang et al. [37] demonstrated that contrast-en-
hanced CT revealed enhanced lesions of the respira-
tory tract but that the most specific results came from
a combined diagnostic approach including flexible fi-
bre-optic laryngoscopy for direct visualisation of the le-
sion and evaluation of the degree of airway obstruction.

MRI was mainly used in cases of suspected syn-
dromic haemangiomas - PHACE (Posterior fossa mal-
formations, Hemangiomas, Arterial anomalies, Cardiac
defects, Eye abnormalities), LUMBAR (Lower body hae-
mangiomas and other cutaneous defects, Urogenital
anomalies, Ulceration, Myelopathy, Bony deformities,
Anorectal malformations, Arterial anomalies, Renal
anomalies) - to assess associated developmental anom-
alies of the heart, vascular, and central nervous systems
in children. L.B. Gil et al. [38] expanded the understand-
ing of MRI characteristics of haemangiomas in different
locations in paediatric patients, including orbital hae-
mangiomas with a risk of visual impairment, respira-
tory tract haemangiomas with obstructive manifesta-
tions, parotid haemangiomas with potential cosmetic
defects, and liver haemangiomas requiring evaluation
of the number and size of lesions.

The study confirmed the importance of age-spe-
cific interpretation of laboratory indicators in children
for the objective assessment of the systemic response
to haemangiomas. The physiological predominance
of lymphocytes in infants led to much lower values
of the LIl compared to older children, so using uni-
form reference values for all age groups was deemed
methodologically incorrect. P. Sharan & C. Vellapandi-
an [39] supported the theoretical basis for consider-
ing age-specific endocrine and immune system func-
tioning in interpreting laboratory markers in children,

highlighting the dynamic nature of normative indica-
tors in the development of the child’s body. F. Bellina-
to et al. [35] also emphasised the need for monitoring
coagulation parameters in paediatric patients with
large haemangiomas and pointed to the potential de-
velopment of consumptive coagulopathy in aggressive
forms of the disease, which required regular monitor-
ing of platelets, fibrinogen, and D-dimers for early de-
tection of potentially life-threatening complications.

Clinical cases presented in the works of M. Owei-
dat et al. [40], R. Monreal-Robles et al. [41], and
E. Graff et al. [42] described haemangiomas with atyp-
ical or complicated courses in children, including un-
usual locations with technical difficulties in visualis-
ation, recurrent bleeding as a complication of mucosal
damage, and diagnostic challenges due to discordant
morphological data across different diagnostic meth-
ods. This highlighted the necessity of a comprehensive
multidisciplinary diagnostic approach in such cases in-
volving paediatricians, surgeons, dermatologists, and
pathomorphologists. A. Dong et al. [43] demonstrated
that haemangiomas could imitate metastatic lesions
on functional imaging using positron emission tomog-
raphy, which confirmed the significant limitations of
functional imaging techniques in differentiating be-
nign from malignant processes without histological
confirmation, especially in cases of atypical locations
or unusual progression. This was consistent with the
fundamental concept that morphological verification
remained the gold standard in complex cases where
clinical and imaging data did not allow for a definitive
diagnosis with sufficient reliability.

The work of F. Wang et al. [44] demonstrated the
high diagnostic potential of multimodal ultrasound,
combining B-mode, colour Doppler, and elastography,
in the evaluation of sclerosed liver haemangiomas in
children, emphasising the value of non-invasive imag-
ing as the foundation of primary diagnosis in paediatric
practice and the potential reduction in the need for bi-
opsy with typical imaging characteristics. The “one-stop
shop” model proposed by L. Sandulescu et al. [45], which
involved the simultaneous use of various imaging meth-
ods (ultrasound, CT, MRI) during a single visit for fast
and efficient haemangioma diagnosis, could be justified
in specialised paediatric centres to optimise diagnos-
tic and treatment times, minimise the number of visits
to medical institutions, and reduce the psycho-emo-
tional burden on the child and their family. However,
the generally accepted approach remained a gradual
hierarchical strategy with reserving more invasive or
resource-intensive methods for complex and atypical
cases in children, optimising the balance between diag-
nostic value and economic efficiency of the examination.

Conclusions
Based on a systematic analysis of current scientific
sources, a hierarchy of diagnostic informativeness of

@

Journal of Osh State University. Medicine. Vol. 4, No. 2



Toktosunova et al.

instrumental methods was identified, considering the
balance between accuracy and potential risks: mor-
phological studies remain the reference standard,
while ultrasound with Doppler is the first-line method
with high clinical value; basic clinical approaches (aus-
cultation, thermographic evaluation) may be used only
as auxiliary methods. The pathogenetic justification
for including the LII in the diagnostic algorithm as an
integral marker of endogenous intoxication caused by
the resorption of vascular tissue breakdown products,
particularly after destructive treatment methods, has
been established. The necessity of mandatory coag-
ulation monitoring (platelets, fibrinogen, D-dimers)
for early detection of Kasabach-Merritt syndrome in
patients with large or rapidly growing haemangiomas
has been confirmed, while the observed insufficient
frequency of such studies in clinical practice (35.64%
of the required volume) indicates the need for stand-

complications. This approach allows for diagnosis in
most clinical cases based on non-invasive methods, re-
serving biopsy for complex diagnostic situations, in line
with the bioethical principles of paediatric practice and
the concept of minimising invasive interventions. Study
limitations included the descriptive-analytical design
with a focus on systematic literature review from 2019-
2025, without conducting a prospective clinical study,
which may limit the generalisability of empirical ob-
servations to other populations. Future research direc-
tions include the prospective validation of the proposed
diagnostic algorithm in larger multicentre cohorts, as-
sessing its impact on clinical outcomes, sensitivity and
specificity at each stage of the algorithm, as well as the
development of automated clinical decision support
systems integrating imaging and laboratory data using
machine learning techniques.
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AHHOTANMA. banjapsia TepUHUH TeMaHTHMOMasapblH JIMarHOCTHKAJI00/0 OUPAMKTYY bIKMAaHBIH KOKTYTY
’KaHa aJlap/ibl 6alllka KaH TaMbIp aHOMaJIMsJlapblHAH albIPpMaJ/ioo 3apbLIJbITbl 00bEKTUB/YY 6aa/loOHy KaMChI3
KbUJITQH >KaHa JUarHOCTHUKAJbIK KaTaJap/blH TOGOKEJJUTHH a3alTyyra MYMKYH/JYK OepreH CTpyKTypaJlaHTaH
AUATHOCTHUKAJIBIK aJITOPUTM/AHN TY3YYHY TaJiall KblJIaT. ByJI HU3WJII66HYH MaKCaThbI — 3aMaH6bar HHCTPYMEHTAJIJbIK
’)KaHa J1abopaTOpHUSIBIK bIKMasapAbl CUCTeMaslyy TasJlooro HerusjesreH 6ajjapiarbl reMaHruomasap/pbl
JIMaTHOCTHKAJI00 KPUTEPHUHJIEPUH TEOPUSJIbIK KaKTaH HeTrus/el, aHaJIMTUKAJIBIK KaKTaH TaKTOO KaHa aH/aH
COH, MHTerpanusiaHrad AUarHoCTUKaAbIK aJITOPUTM/IM UIITEN YbITYy 601y. 23 UMMM 6acblIMaHbl TalZ00 ap
6I/Ip BIKMaHbIH MAaaJIBIMATTYYJIYT'YH »XaHa KJIMHHUKAJIbIK IPAKTHUKaJda ajJapAbl ONITUMaJAYy KOJJOHYY TapTI/I6I/IH
aHBIKTOOTO MYMKYHJYK 6ep/id. YIbTpayH CYpPeTTeJIYLIYHYH MOP(OJIOTHUS/IBIK TaCTbIKTOO MEHEH 3H >KOTOPKY
JIMaTHOCTHKAJIBIK JlaJl KeJYYCy aHBIKTaJJbl, al 3MH TepMorpadusaablk 6aasoo »aHa ayCKyJbTalUs TOMeH
TaKTBIKKa 33 60JIyT, aJraykbl 6arbITTO0 3TAa6bIH/A raHa MaiAanyy akeHd Genaruayy 6oszmy. JlabopaTopusiibiK
MapKepJiepAy KypaKKa »kapalla TaJ100 3apbL 3KeHU aHbIKTa//Abl: IEMKOLUTTEPAUH MHTOKCUKAL U UHAEKCUHUH
3TaJIOHJYK MaaHW/IepU HapHuCTeJlepje >XaHa yJayy Oanjapia JeWKouUT ¢(OpMyJacblHbIH (U3UOJIOTUAIBIK
©3reyesIYKTOpYHe OalJaHbIITYy alblpMasaHaT. Kacabax-MeppUT CUHJPOMYH 3pTe JMArHOCTHUKAJIOO Y4YYH
Koary/siiusl INapaMeTpJepUHUH [UATHOCTUKAJBbIK YeKTepU aHBbIKTaAZpl: TpoMmb6ouuttep <50 x 103/MKi,
¢ubpunoren <100 mr/pu, D-gumepsep >5-20 mMr/sa. YoH ke blIJJaM ©CyI ’KaTKaH reMaHrMoMaJsapza caprnToo
KOaryJ/IonaTUsICbIHbIH TOOOKeJAUTMHEe GalJIaHbIIITYy KOary/asiLUsHbl MOHUTOPUHIZI®® KepCeTY/eT. AJbIHTaH
HaThliKajapra Herus/ieJiiI, KJIWHUKaJIbIK Tekilepyy, Y3U, cucremanyy MapkepJiepJuH JiabopaTOPUsJIbIK
dHa/JIU3/1ePHU )KaHA ATUITHUKAJIBIK )KYPYII )K€ MHBAa3WBAWK3IMeC MaaJIbIMaTTap XKEeTUILICHU3 6OJII‘OHAOM0p(I)OJIOFI/IHJIbIK
TACTBIKTOOHY GacKbIyTal KOJIJOHYYHY KaMTbII'aH UePAPXHUAJBIK JUATHOCTUKAJIBIK aJITOPUTM HUIITEJIHUIT YbIKTbIL.
CyHyIITa/IraH bIKMa JHarHOCTHUKAJIbIK TAKTBIKThI 2KaKUIbIPTAT, TEKLIEPYYJI6PAYH TAPTUOUH CTaHAAPTHU3ALUAJIAWT
KaHa nneauaTpUuAJIbIK MIPAKTUKAla MHBA3UBAYY KI/IIZJIPII‘PII.LIYYJIGPI‘B 60JITOH MYKTaXAbIKTbl MUHUMaJIAAIITBIPAT

Herunsru ce3/10p: kaH TaMbIp aHOMAJIUSCHI; aCMANThIK bIKMa; J1a60paTOPUsJIbIK MapKep; IaTOMOPOIOTUSJIBIK
W3UJI/1e6; CUCTEMAJYy peaKLus; nepudepUsibiK KaH
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AHHOTAnUsA. OTCyTCTBHE €JMHBIX MOAXOJOB K JHUarHOCTHUKe KOXXHBIX TI'eMaHTHMOM Y JeTel, a Takxke
HEoOXOJUMOCTh HX JAuddepeHIUAMU OT JPYTHX COCYAMCTBIX aHOMaJIMK Tpe6GyoT CO3JaHUS
CTPYKTYPUPOBAHHOTO JAHArHOCTUYECKOTO AJrOPUTMa, CIHOCOOHOrO 00ecrneYuTb OOBEeKTHUBHOCTb OLEHKU H
CHU3UTb PUCK JUArHOCTUYECKUX OMHOOK. Llesiblo JaHHOTO HCCieJoBaHUs ObLIO TeOpeTHYECKOe 060CHOBaHHUE
1 QaHAJIMTUYEeCKOe YTOYHEeHHUe JUAarHOCTUYeCKUX KPUTEPHUEB reMaHTMOM Y JleTel Ha OCHOBe CUCTEMAaTU4eCKOro
aHa/M3a COBPEMEHHbIX HWHCTPYMEHTAJbHBIX M JIabOpaTOPHBIX METOJ0B C TMoOCJeAymolleld pa3paboTKoU
WHTErpUPOBAHHOr0 JMAarHOCTUYECKOTO a/lirOpMTMa. Beu1 mpoBeseH aHaiv3 23 Hay4YHbIX MyOGJUKALMH, 4TO
MI03BOJIMJIO ONpeJieIUTh MHPOPMATUBHOCTb OT/IEIbHBIX METO/0B U MOCJIEe0BATEIbHOCTh UX ONTHMAJIBHOIO
NpUMeEHEHHUsI B KJUHUYECKOW MNpaKTHKe. BbIJI0O yCTAaHOBJIEHO, YTO YJIbTPA3BYKOBasi BU3yasu3alUsl HMeEET
HauboJiblllee [JUAarHOCTHYECKOe coryiacue ¢ MOpQOJIOTHYeCKUM MOJATBEPKJEHUEM, B TO BpeMs Kak
TepMorpaduyeckasi OljeHKa U ayCKy/IbTallusl XapaKTepU3yrTcs 60Jiee HU3KOM TOYHOCTBIO U M0JIE3HBI TOJBKO
Ha 3Tarne NnpeABapUTeJbHON OpUEHTAlUU. BbIJIO yCTaHOBJIEHO, YTO HEO6X0MMa BO3pacTHAsi MHTepIpeTalus
JIabopaTOPHBIX MapKepoB: UHJEKC UHTOKCHUKALUH JEWKOIMTAaMHU HMeJ pa3Hble pedepeHTHble 3HAYEHUS Y
MJIaJIEHL|eB U JleTeld cTapllero Bo3pacTa B CBSA3U C QU3MOJIOTHYECKUMH OCOOGEHHOCTSMH JIEMKOLUTAPHOIO
dopmyssspa. OnpejiesieHbl AUACHOCTUYECKHE TOPOTH KOATY/ISALIMOHHBIX NApaMeTPOB [J1s1 paHHEH JJUarHOCTUKU
cuHpoMa Kacabaxa-Meppurra: TpoM6ouutbel <50 x 103/mMks, ¢ubpunoren <100 wmr/gu, D-pumepbr >5-
20 Mr/s. MOHUTOPHUHT KOAryJ/siliuy MOKa3aH MpU KPYyHHBbIX UK GbICTPO PaCcTYLIMX FeMaHrMoMax U3-3a pHUCKa
KOHCyMaTOPHOM KoarysonaTuu. Ha ocHoBaHUM N0JIy4YeHHBIX Pe3y/IbTaTOB 6b1J1 CGOPMYJIMPOBAH HEPAPXUUECKUH
JMarHOCTUYECKUHM aJIrOPUTM, KOTOPBIU IIpe/inoJiaraeT No3TalHoe NpUMeHeHre KJIMHUYeCKOro o6caej0BaHusd,
YJIbTPa3BYKOBOM BHU3yasM3allH, Jab0PAaTOPHOTO TECTUPOBAHUSI CUCTEMHBIX MapKepoB U MOP$OJIOrniecKoro
MO/ITBEPK/IEHHU A B CJIy4asiX aTUIIMYHOTO TeYeHU I /I HEJJOCTAaTOYHOCTU HENHBA3UBHBIX JaHHBIX. [IpesisaraeMbi it
MI0/IX0/, TOBBIIIAET TOYHOCTb JJMarHOCTUKH, CTAHAAaPTU3UPYET MOCJI€e/10BaTETbHOCTb 00C/IeJ0BAHUN U CBOJUT K
MUHUMYyMY He00X0/JUMOCTb UHBAa3UBHBIX BMeIlIaTeJbCTB B eJUaTPUUECKOH NTPAaKTHKeE

KioueBble  CJI0OBA: coCyquCTas aHOMaJMs; WHCTPYMEHTAJbHbIA MeTOJ; JIabopaTOpHBIA MapKep;
naToMopdosiornyeckoe uccjae0BaHNe; CHCTEMHAs peaKlUsl; epudepuieckas KpoBb

@

Journal of Osh State University. Medicine. Vol. 4, No. 2


https://orcid.org/0000-0002-8776-5692
https://orcid.org/0000-0002-2621-0300
https://orcid.org/0009-0007-9724-0471
https://orcid.org/0009-0006-6287-2092
https://orcid.org/0009-0008-9645-3229

VOL.4,No.2 Journal of Osh State University. Medicine 2025

Journal of Osh State University Journal homepage: https://medicine-oshsu.com/en
e-ISSN 1694-8831 Received 22.05.2025
UDC 615.358.2:572.36(076) Revised 20.10.2025
DOI: 10.52754/16948645_2025_4(2)_50 Accepted 17.12.2025

State of phosphorus-calcium metabolism in young and old rats
under conditions of experimental vitamin D hypervitaminosis
at different altitudes and ways of its correction

Aiperi Keneshbek kyzy
Postgraduate Student
Kyrgyz National University named after Jusup Balasagyn
720033, 547 Frunze Str., Bishkek, Kyrgyz Republic

https://orcid.org/0009-0009-1980-7588

Zhyldyz. Makhmudova
Doctor of Biological Sciences, Head of the Department
Kyrgyz State Medical Academy
720020, 92 Akhunbaev Str., Bishkek, Kyrgyz Republic
https://orcid.org/0000-0001-5057-9215

Zhanyl Sapakunova
Postgraduate Student
Kyrgyz State Medical Academy
720020, 92 Akhunbaev Str., Bishkek, Kyrgyz Republic
https://orcid.org/0009-0008-1543-924X

Abstract. This study aimed to systematically analyse and synthesise current scientific data on the mechanisms
of Ca-P metabolism disorders under the combined influence of hypervitaminosis D, altitude hypoxia and age, as
well as to justify effective corrective approaches. Scientific sources were analysed using comparative analysis,
data synthesis, and information generalisation methods. The analysis conducted that the Ca-P metabolism
regulation system is a complex network with vitamin D metabolism being central, where the balance between
parathyroid hormone and FGF23 determines the stability of Ca and P levels in plasma. Analysis of scientific
sources revealed characteristic age-related features of metabolic disorders. The data showed that in young
organisms with high levels of bone remodelling, Ca/P imbalance can lead to a significant decrease in bone
mineral density (by 12-18%), while in older organisms, data on the development of progressive osteomalacia
and renal failure in the context of a decrease in functional reserves predominate. A review of studies on the
effects of high-altitude hypoxia showed that it can cause a complex of disorders, including renal dysfunction
(increase in creatinine to 0.81+0.04 mg/dL), electrolyte imbalance (decrease in calcium to 8.1+ 0.6 mg/dL with
an increase in phosphorus to 7.1 + 0.4 mg/dL) and adaptation of vitamin D metabolism, in particular through
increased CYP27B1 expression. The conclusions obtained as a result of the analysis are of theoretical importance
for the further development of scientifically based recommendations for the safe supplementation of vitamin D
in patients of different age groups living in high-altitude regions

Keywords: parathyroid hormone; osteomalacia; high altitude hypoxia; age-related characteristics; renal failure

Introduction

Phosphorus-calcium metabolism is a central mech- tissue, regulating neuromuscular conduction, and
anism for ensuring the structural integrity of bone maintaining systemic metabolic balance. Blood calcium
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and phosphorus levels are controlled by a complex net-
work of hormonal, enzymatic, and cellular mechanisms,
among which the activity of vitamin D and its metabo-
lites is substantial. Disruption of these mechanisms can
lead to soft tissue calcification, nephropathy, cardiovas-
cular dysfunction, osteoporosis and other pathological
conditions, which makes the study of Ca-P homeostasis
highly relevant from a medical and biological point of
view. The analysis of age differences and the influence
of external factors, such as hypoxia, which can mod-
ify the biological effects of vitamin D and change the
course of hypervitaminosis depending on the altitude
above sea level, is becoming increasingly relevant.

A contribution to the relationship between vita-
min D, calcium and phosphates was made in a study by
L.V. Kolosovych & 1.V. Hanol [1], which showed that an
imbalance of these components affects the course of
acute pathological conditions. The study emphasised
that changes in the levels of calcium, phosphates and
active metabolites of vitamin D can be predictors of the
severity of the inflammatory process. A comprehensive
review by M. Sun et al. [2] showed that calcium-phos-
phate metabolism disorders are multifactorial in na-
ture and are accompanied by profound changes in the
cellular proteome and metabolome. The study empha-
sised that the changes identified affect signalling path-
ways, energy metabolism and stress responses. Their
conclusions underscored the complexity of the body’s
systemic responses to Ca-P imbalance and the need for
multifaceted analysis models. The importance of stud-
ying phosphorus-calcium metabolism disorders is also
due to its key role in maintaining the structural integ-
rity of bone tissue and systemic metabolic balance. As
noted by B. Caykara et al. [3], the relationship between
vitamin D, calcium and phosphorus levels is fundamen-
tal to homeostasis, and any imbalance can have serious
pathophysiological consequences.

D.D. Bikle [4] highlighted the latest insights into
the metabolism and functions of vitamin D, particu-
larly its role in regulating immune response, cell cycle,
and intercellular interactions. The study emphasised
that even small deviations in the levels of 25(0H)D
and 1.25(0H),D can cause a systemic effect. The study
by D. Bikle & S. Christakos [5] revealed new aspects of
the skin’s involvement in vitamin D metabolism, con-
tributing to the research the role in overall mineral
homeostasis. The study demonstrated that skin tissue
can act as an autonomous endocrine organ capable of
altering systemic calcium and phosphate concentra-
tions. F. Saponaro et al. [6] emphasised enzymatic path-
ways of vitamin D metabolism, including the variability
of Cytochrome P450 family 24 subfamily A member 1
(CYP24A1) and Cytochrome P450 family 27 subfamily
B member 1 (CYP27B1) activity in different age groups.
The article emphasises that changes in the enzymatic
profile with age or under stressful conditions can con-
tribute to the development of hypervitaminosis.

A. Papadopoulou et al. [7] detail the genetic mech-
anisms of hereditary disorders of calcium-phosphate
metabolism. The study emphasised that mutations in
transporters and enzymes can cause severe forms of
metabolic disorders with early onset. Vitamin D is cen-
tral in this regulatory network. According to N.A. Shai-
kh et al. [8], vitamin D has a complex effect not only
on mineral absorption but also on the function of cell
populations, particularly intestinal stem cells. However,
the mechanisms by which vitamin D modulates the pro-
cesses of proliferation, differentiation, and homeostasis
in target organs remain unclear, especially in condi-
tions of excess. The dissertation by A. Hossain [9] em-
phasised the role of vitamin D deficiency and excess as
modified risk factors for the development of non-com-
municable diseases, including metabolic syndrome
and cardiovascular pathologies. The study analysed in
detail the mechanisms of Ca-P metabolism disorders
in the context of the systemic inflammatory response.
The final link in the calcium-phosphate metabolism
regulation system was highlighted by M.L. Noonan [10]
in an analysis of the role of Fibroblast growth factor
23 (FGF23) in the mechanisms of osteocyte oxygena-
tion and biomineralization, especially in the context of
chronic kidney disease. The study demonstrated that
changes in the oxygen supply to bone tissue can radi-
cally alter the hormonal regulation of phosphate.

Thus, analysis of the accumulated data clearly
demonstrates the complexity of the Ca-P homeostasis
regulation system and its dependence on age and en-
vironmental factors. However, there are gaps in the re-
search on this problem. There is conflicting and incom-
plete data on the characteristics of hypervitaminosis
D in organisms of different ages. In addition, there are
virtually no studies devoted to the effect of chronic hy-
poxia on the development and consequences of vitamin
D toxicity. These shortcomings in existing works neces-
sitate a targeted study of these aspects and form a spe-
cific scientific basis for conducting new experimental
studies. The study aimed to analyse current theoretical
data on changes in phosphorus-calcium metabolism in
young and old rats under conditions of experimental
vitamin D hypervitaminosis at different altitudes and
to identify possible ways to correct these disorders.
The study goals included: establishment of age-specific
features of phosphorus-calcium metabolism under nor-
moxic and hypoxic conditions, in particular, description
of differences between young and old organisms, deter-
mination of variations in basic biochemical parameters,
and characterisation of changes occurring in response
to vitamin D excess; analysis of the complex of bio-
chemical, hormonal and metabolic disorders induced
by hypervitaminosis D in animals of different ages; as-
sessment of the effectiveness of approaches to the cor-
rection of calcium-phosphate metabolism disorders.

As part of the preparation of the review, a mul-
ti-stage literature search was conducted in PubMed,
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Scopus, Web of Science, and Google Scholar databases.
At the initial stage, 512 publications were identified
that matched a broad set of keywords related to phos-
phorus-calcium metabolism, vitamin D hypervitamin-
osis, age differences, and the effects of hypoxia. After
removing duplicates, the number was reduced to 426
sources, which were screened by title and abstract. Fur-
ther filtering based on inclusion criteria - the presence
of primary experimental or generalised data on Ca-P
metabolism regulation; analysis of the effects of hyper-
vitaminosis D; comparison of young and old organisms;
availability of data on hypoxia and high-altitude condi-
tions; clear description of methodology - reduced the
sample to 148 sources. Thirty-six publications that met
the methodological quality requirements, contained
transparently described statistical procedures, and had
practical or theoretical significance for the formation of
a conceptual model of Ca-P metabolism disorders were
selected for the final stage.

The final selection included both experimental
studies on rodents and animal models of different age
groups, as well as systematic clinical observations of
patients with Ca-P metabolism disorders, chronic kid-
ney diseases, conditions associated with vitamin D defi-
ciency or excess, as well as studies devoted to the adap-
tation of the body to mid-mountain and high-mountain
conditions. The sample size in clinical and experimen-
tal studies ranged from 15-30 experimental animals to
250-600 individuals in population and cross-sectional
studies. The main results included the assessment of
hormonal markers (parathyroid hormone, calcitonin,
FGF23), active metabolites of vitamin D, indicators of
bone remodelling, functional state of the kidneys, and
calcium and phosphorus levels. This systematic char-
acterisation of sources ensured the representativeness
of the review and formed a comprehensive theoreti-
cal basis for further analysis of the pathophysiological
mechanisms and age-specific responses to vitamin D
hypervitaminosis in normoxic and hypoxic conditions.
The analysis had certain limitations, mainly due to the
lack of experimental studies that simultaneously stud-
ied the combined effect of all three factors - hypervita-
minosis D, altitude hypoxia, and age - on a single model.
Most of the sources cited examined individual aspects
of this problem, which complicates direct comparison
of results and requires logical extrapolation of data.

Theoretical basis
of Ca-P metabolism regulation
A systematic analysis of scientific literature synthe-
sised a comprehensive overview of the mechanisms
regulating phosphorus-calcium metabolism, including
age-related characteristics, the effects of vitamin D
toxicity, and conditions of altitude hypoxia. B. Zhang et
al. [11] provided a fundamental concept of the systemic
nature of changes, demonstrating profound age-relat-
ed remodelling of ion profiles, including calcium and

>

phosphorus, in various organs of mice. The “ion clocks
of ageing” indicate a close relationship between min-
eral homeostasis disorders and general ageing pro-
cesses. The specific mechanisms of these changes
are revealed in studies devoted to individual organs.
V.A. Areco et al. [12] described in detail the molecular
architecture of intestinal calcium absorption, in which
the transporters Transient Receptor Potential Vanil-
loid 6 (TRPV6), calbindin-D9k and PMCA1b is central,
the expression of which is strictly controlled by calci-
triol via the Vitamin D receptor (VDR). With age, the
efficiency of this system may decrease, contributing to
the development of hypocalcaemia.

W.L. Miller & E.A. Imel [13] described in detail in
their review the two-stage process of vitamin D me-
tabolism, which is the basis for the regulation of cal-
cium-phosphorus homeostasis. The authors empha-
sised that the first stage of 25-hydroxylation occurs in
the liver with the formation of 25(0OH)D, the main cir-
culating marker of the body’s supply. The second key
stage, according to their data, occurs in the kidneys,
where the enzyme CYP27B1 (1a-hydroxylase) converts
25(0OH)D into the biologically active hormone calcitri-
ol (1.25(0H),D), whose activity is hundreds of times
higher. D. Bellavia et al. [14] investigated the molecu-
lar mechanisms of calcitriol action through its nuclear
receptor (VDR). The study described how the calcitri-
0l-VDR complex, forming a heterodimer with the reti-
noic acid receptor (RXR), binds to vitamin D response
elements (VDRE) in deoxyribonucleic acid (DNA), regu-
lating gene transcription. The study outlined the effects
in target organs in detail: in the intestine, the genes
for calcium channels TRPV®6, calbindin-D9k and calci-
um-magnesium ATPase (PMCA1b) are induced, ensur-
ing active calcium transport; calcium reabsorption in-
creases in the kidneys; a dual role is noted in the bones,
from being necessary for mineralisation to promoting
resorption with the participation of parathyroid hor-
mone (PTH) in calcium deficiency.

O0.M. Gutiérrez et al. [15] investigated the feedback
mechanisms in the regulation of calcitriol levels on the
example of mice. The study determined that PTH is a
potent stimulator of CYP27B1 expression in response
to hypocalcaemia. In contrast, fibroblast growth fac-
tor-23 (FGF23), which is produced in bone during hy-
perphosphataemia, inhibits CYP27B1 and induces the
expression of the inactivation enzyme CYP24A1. Thus,
the PTH/FGF23 balance determines the rate of vitamin
D metabolism and the stability of Ca and P levels. S. De
Vincentis et al. [16], in a clinical study, substantiated the
importance of the calcium-to-phosphorus ratio (Ca/P)
in plasma as an integral indicator of the state of the
mineral homeostasis system. The study demonstrated
that changes in this ratio may be early markers of pro-
found disturbances in the complex regulatory network
involving vitamin D, PTH and FGF23, even before the
onset of clinical symptoms. Thus, the results of these
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studies have shaped the concept of the Ca-P metabo-
lism regulation system as a complex network with a
central integrated role of vitamin D metabolism.

Effects of hypervitaminosis D
at the molecular and systemic levels
Hypervitaminosis D causes a rapid disruption of this
finely tuned system. Experimental data from M. El-
Boshy et al. [17] on rats documented the development
of severe hypercalcaemia (12.4 £ 0.5 mg/dL) and hyper-
phosphataemia (7.9 +0.3 mg/dL) in the context of severe
oxidative stress and inflammation. According to the anal-
ysis by M. Gurudatta [18], the endocrine profile of this

condition includes a sharp suppression of parathyroid
hormone secretion due to the activation of calcium-sen-
sitive receptors (CaSR) and a compensatory increase in
FGF23 levels aimed at reducing toxicity. However, as de-
scribed by A. Nowacka et al. [19], the enzyme CYP24A1,
which catalyses the inactivation of both calcitriol and
25(0H)D, are substantial in protecting against intoxi-
cation. Its activity increases sharply in hypervitamin-
osis in an attempt to restore balance. The biochemical
consequence is not only calcification of soft tissues, but
also a paradoxical disturbance of bone mineralisation,
similar to osteomalacia, observed by D. Durup et al. [20]
in female rats under conditions of deficiency (Table 1).

Table 1. Biochemical and molecular effects of hypervitaminosis D in rats (according to literature data)

Parameter [norm(;tl’?l’ic:::\?ilr;ogrljevels] with hype[i'r\?i;j;minosis D Effect
Serum calcium (mg/dL) 9.8+0.3 12.4+05 Hypercalcaemia
Serum phosphorus (mg/dL) 6.2+0.2 79+0.3 Hyperphosphataemia
Malondialdehyde in the liver (nmol/mg prot.) 1.8+0.2 45+0.3 Oxidative stress
TNF-acin the liver (pg/mL) 25.6+21 68.3+4.5 Systemic inflammation
Serum creatinine (mg/dL)* 0.52+0.03 0.81+0.04 Kidney dysfunction

Note: * - creatinine data are taken from a study of the effects of hypoxia, which also demonstrates similar mechanisms of renal damage
during metabholic stress, which is relevant for the hypervitaminosis D model
Source: compiled by the authors based on M. EI-Boshy et al. [17], M. Gurudatta [18], A. Nowacka et al. [19], D. Durup et al. [20]

At the molecular level, hypervitaminosis D initi-
ates a cascade of pathological events, the central links
of which are powerful oxidative stress and systemic
inflammation. Experimental data from M. El-Boshy et
al. [17] in rats document a sharp increase in malondi-
aldehyde (MDA) levels, a key marker of lipid peroxida-
tion, from 1.8+ 0.2 to 4.5 # 0.3 nmol/mg protein in the
liver. At the same time, there was a significant increase
in the concentration of the pro-inflammatory cytokine
tumour necrosis factor-alpha (TNF-a) from 25.6 £2.1 to
68.3 £4.5 pg/mL. These processes directly damage cell
membranes and structures, initiating apoptosis, which
confirms the close relationship between vitamin D tox-
icity, oxidative damage and immune dysregulation, as
described in detail by C. Argano et al. [21]. A key patho-
physiological consequence is soft tissue calcification,
as excess Ca’*and PO,* ions in plasma lead to the for-
mation of hydroxyapatite microcrystals in the walls of
blood vessels, kidneys, heart and lungs, accompanied
by structural and functional disorders. Renal damage is
particularly pronounced, manifested by elevated urea
and creatinine levels, as well as histological signs of tu-
bular necrosis and interstitial fibrosis. The endocrine
profile of this condition is characterised by a profound
imbalance: a sharp suppression of parathyroid hor-
mone secretion due to the activation of calcium-sensi-
tive receptors (CaSR) is combined with a compensatory
increase in fibroblast growth factor-23 (FGF23) levels
aimed at reducing toxicity, as described by M. Gurudat-
ta [18]. However, the effectiveness of this protective
mechanism may be limited, especially in the context

of a possible decrease in the expression of the Klotho
co-receptor. The enzyme CYP24A1, which catalyses the
inactivation of vitamin D metabolites, is substantial
in the body’s response to intoxication. A. Nowacka et
al. [19] emphasise that its activity increases sharply
in hypervitaminosis D, attempting to restore homeo-
stasis by accelerating the breakdown of both calcitriol
(1,25(0H),D) and its precursor 25(0H)D. A paradoxical
but natural consequence is a negative effect on bone
tissue. Excess vitamin D can lead to excessive stimula-
tion of osteoclast differentiation and activity through
a change in the Receptor Activator of Nuclear factor
Kappa-B Ligand/Osteoprotegerin (RANKL/OPG) ratio,
enhancing bone resorption, which can contribute to os-
teopenia. This is consistent with the data of D. Durup et
al. [20], who observed the development of osteomalacia
in female rats under conditions of hypophosphatemic
hypovitaminosis, emphasising the critical significance
of balanced levels of both vitamin D and phosphorus for
maintaining healthy bone remodelling. Thus, hypervit-
aminosis D is a complex pathological condition that ex-
ceeds the scope of simple hypercalcaemia and includes
the mutual reinforcement of hormonal imbalance, oxi-
dative stress, systemic inflammation, calcification and
functional damage to key organs.

Age-related features
of Ca-P metabolism disorders

The most fundamental and systemic age-related changes
in the regulation of phosphorus-calcium metabolism
occur in the FGF23-Klotho axis, as confirmed by an
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in-depth analysis in a review by S. Devi [22]. The study
described in detail how Klotho, being an essential
co-receptor for fibroblast growth factor-23 (FGF23),
performs a key anti-ageing function. Its decreased
expression with age is not only a marker but also a
central driver of ageing, leading to the development of
renal resistance to FGF23. S. Wang et al. [23] further
contributed to the topic by demonstrating how a
defective FGF23-Klotho axis directly contributes
to chronic microinflammation and the progression

of renal fibrosis, creating a cycle of damage. The
study highlighted the renal link in this mechanism,
clearly describing that the main physiological task of
FGF23, which is produced by osteocytes, is to inhibit
phosphate reabsorption in the proximal tubules
of the kidneys by modulating sodium-phosphate
cotransporters. Thus, age-related Klotho deficiency
disrupts this negative feedback, promoting the
accumulation of phosphate in the blood and the
progression of hyperphosphatemia (Table 2).

Table 2. Synthesised age differences in the regulation of Ca-P metabolism

Parameter/System Young organisms

0ld organisms

Axis FGF23-Klotho high Klotho levels

Adequate renal sensitivity to FGF23,

Resistance to FGF23, a sharp decrease in Klotho,
and hyperphosphataemia

Kidney function

High clearance, effective phosphaturia

Decreased glomerular filtration rate (GFR),
impaired phosphate excretion

Intestinal absorption of Ca and calbindin

Effective due to high expression of TRPV6

Possible reduction due to decreased expression
of VDR and transport proteins

Systemic mineral balance Stable ion profile

Deep remodelling of Ca and P content in organs

Musculoskeletal cross-flow

Synchronised remodelling, synergism

Imbalance, development of osteoporosis
and sarcopenia

Source: compiled by the authors based on B. Zhang et al. [11], S. Devi [22], D.-X. Huang et al. [24], B. Kirk et al. [25]

This process is significantly exacerbated by the
parallel age-related decline in renal functional reserve.
Experimental data from D.-X. Huang et al. [24] on rats
simulate this condition, demonstrating that under con-
ditions of metabolic stress (readaptation after hypoxia),
creatinine clearance drops sharply by 27%, reflecting a
deterioration in glomerular filtration. The systemic na-
ture of age-related remodelling of mineral homeostasis
was demonstrated by B. Zhang et al. [11] in a study of
ion mice. The study identified specific, organ-associat-
ed changes in the content of calcium, phosphorus and
other ions, which made it possible to construct accurate
“ion clocks of ageing”. This indicates that Ca-P metab-
olism disorders are not an isolated phenomenon, but
part of a profound systemic metabolic restructuring of
the entire organism.

The bone manifestations of this complex of disor-
ders were analysed from a different perspective in the
context of bone-muscle cross-talk, analysed in detail by
B.Kirk et al. [25]. The study emphasised the inextricable
link between the progression of osteoporosis and sarco-
penia (loss of muscle mass) through common hormonal
and metabolic pathways, such as the Insulin like growth
factor (IGF-1), vitamin D and chronic inflammation,
which simultaneously affect bone mineral density and
skeletal muscle function. This concept complements the
traditional view of age-related changes in bone, which
is based on a comparison of different models. A study
by T. Li et al. [26] on growing broiler chickens demon-
strates that a young organism dependent on intensive
bone formation is extremely sensitive to Ca/P imbal-
ance in the diet. Calcium or phosphorus deficiency led
to sharp fluctuations in alkaline phosphatase (ALP)
activity and a significant decrease in bone mineral

density (by 12-18%) and bone strength (by 15-22%).
In contrast, the model of hypophosphatemic hypovit-
aminosis D in sexually mature female rats, created by
D. Durup et al. [20], caused the development of true
osteomalacia and disruption of the mineralisation of
already formed osteoid. This indicates that in adult and
elderly organisms, the main problem is not the speed
as the quality of remodelling, which deteriorates due
to resource deficiency and hormonal resistance. A clin-
ical study by S. Jiampochaman et al. [27] among elderly
patients with renal insufficiency confirms the practical
aspect of these changes, demonstrating the need for in-
dividual vitamin D dosing due to the reduced effective-
ness of standard regimens associated with decreased
renal conversion and tissue sensitivity.

Thus, the most significant age-related difference
is not simply a different rate of remodelling, but a fun-
damental change in the state of regulatory systems. In
young organisms, Ca/P imbalance mainly affects the
kinetics of active bone mineralisation. In older organ-
isms, the progression of osteomalacia and osteoporosis
in the context of resistance syndrome caused by a de-
crease in Klotho, renal dysfunction and systemic met-
abolic remodelling, which creates a pathophysiological
basis for a more severe course of conditions associated
with hypervitaminosis D or hypoxia.

The effect of high-altitude hypoxia
on oxygenation, renal function
and metabolism
The effects of altitude hypoxia exert a complex
and potent modulatory influence on phosphorus-
calcium homeostasis, often acting as a catalyst or
amplifier of disturbances initiated by other factors,
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notably hypervitaminosis D. Systematic reviews by
L.M. Palubiski et al. [28] and S.-Y. Wang et al. [29]
described this effect, classifying it according to
duration and severity. They emphasised that although
acute hypoxia can cause transient changes in renal
haemodynamics, chronic hypoxia leads to persistent
and often irreversible disorders such as renal vascular
remodelling, hyperfiltration with subsequent decline
in glomerular function, and tubulointerstitial damage.
These changes directly affect the ability of the kidneys to
perform their role in mineral homeostasis to effectively
filter and reabsorb electrolytes, particularly phosphates.

Experimental data from C. Yan et al. [30] on rats
exposed to chronic hypoxia quantitatively confirm the
specific nature of these disorders. They recorded the
development of a characteristic electrolyte imbalance:
stable hypocalcaemia (decrease in serum calcium to
8.1+0.6 mg/dL) and hyperphosphataemia (increase in
phosphorus to 7.1 + 0.4 mg/dL). This profile (low Ca,
high P) is a key pathogenetic factor, as it creates favour-
able conditions for FGF23 secretion by osteocytes and
leads to further imbalance in the regulatory system.
The adaptation of vitamin D metabolism to oxygen-de-
ficient conditions demonstrates a compensatory re-
sponse. A study by X. Chen et al. [31] on high-altitude
rodents revealed increased expression of the CYP27B1
(La-hydroxylase) gene in the kidneys. This was inter-
preted as an attempt by the body to increase the syn-
thesis of active calcitriol (1.25(0H),D) to counteract
hypocalcaemia by enhancing intestinal calcium absorp-
tion. However, in the case of excessive doses of vitamin
D, this adaptation can become pathological, leading to
uncontrolled generation of calcitriol and an increase in
its toxic effects.

The key intracellular integrator of all responses to
hypoxia is the hypoxia-inducible factor (HIF) system.
G. Almanzar et al. [32] described in detail how the sta-
bilisation of HIF-1a under conditions of oxygen defi-
ciency triggers a large-scale reorganisation of cellular
metabolism, directing it towards anaerobic glycolysis,
and modulates numerous signalling pathways associ-
ated with angiogenesis, inflammation and cell survival.
Regarding Ca-P metabolism, HIF can directly interact
with the signalling pathways involved in its regulation.
It is believed that there is cross-regulation between HIF
and vitamin D receptor signalling. HIF can influence the
transcription of VDR target genes or modulate the sta-
bility of the receptor. In addition, hypoxia through HIF
activation can suppress the expression of NaPi-Ila and
NaPi-lIlc, the main transporters responsible for phos-
phate reabsorption in the renal tubules. This mecha-
nism may explain hyperphosphataemia regardless of
FGF23 levels. Studies also show that hypoxia can ex-
acerbate oxidative stress and systemic inflammation,
which in turn suppresses Klotho expression in the kid-
neys, as described by S.-Y. Wang et al. [29]. Thus, hy-
poxia creates a triple blow to phosphate homeostasis:

through direct renal effects (inhibition of transport-
ers), through increased resistance to FGF23 (decreased
Klotho), and through modulation of vitamin D metab-
olism (increased CYP27B1). This complex interaction
significantly increases the risk of developing severe
Ca-P metabolism disorders, especially in combination
with other pathological conditions, such as hypervita-
minosis D, and necessitates the development of special
corrective strategies for high-altitude conditions.

A structured analysis of the literature identified
promising corrective approaches that act at different
levels of pathogenesis. The fundamental strategy is to
optimise the dietary calcium-to-phosphorus ratio, the
effectiveness of which in supporting bone mineralisa-
tion has been demonstrated by T. Li et al. [26]. Among
pharmacological methods, substances aimed at re-
storing the balance of the FGF23-Klotho axis stand
out. B.-H. Liu et al. [33] demonstrated that fucoidan
improves Ca-P metabolism disorders and bone abnor-
malities in rats with a model of chronic kidney disease,
precisely through modulation of this axis. Another ap-
proach is to combat oxidative stress with antioxidants,
the effectiveness of which is substantiated by data
from M. El-Boshy et al. [17] on a significant increase
in lipid peroxidation markers in hypervitaminosis D.
Non-pharmacological interventions are substantial.
J. Zhang & Z.-B. Cao [34] provided convincing evidence
that regular exercise is an effective way to improve vi-
tamin D status and tissue sensitivity to it. The general
principles of renoprotection and gradual adaptation
to hypoxic conditions, described in the reviews by S.-
Y. Wang et al. [29], form the basis for a physiological
approach to the prevention of mineral metabolism dis-
orders in high altitude conditions.

The obtained results can be used to analyse the
complex nature of phosphorus-calcium metabolism
disorders under the combined effects of hypervitamin-
osis D and altitude hypoxia, considering the age factor.
The synergistic effect between these factors requires
in-depth consideration of molecular and physiolog-
ical mechanisms. The study by W.R. Beck et al. [35]
demonstrates the complex effect of hypoxia on bone
tissue, which is consistent with the data obtained on
mineralisation disorders. The use of network analysis
revealed specific changes in bone microarchitecture
under conditions of simulated altitude training, con-
firming the significance of structural changes in bone
when analysing Ca-P metabolism disorders. It has been
established that hypoxia can modulate bone remodel-
ling processes by altering the balance between min-
eralisation and resorption, which explains the age-re-
lated differences in susceptibility to Ca-P homeostasis
disorders. O. Melnyk et al. [36] revealed the integral
nature of the body’s responses to hypoxic stress, con-
firming the data obtained on the systemic effects of
hypoxia. A close relationship between the state of the
neuro-endocrine-immune complex and metabolomic

YO

Journal of Osh State University. Medicine. Vol. 4, No. 2



State of phosphorus-calcium metabolism in young and old rats...

indicators under conditions of acute stress has been
proven, which is consistent with the identified dis-
turbances in hormonal regulation. Specific markers
of metabolic disorders that correlate with individual
resistance to hypoxia were identified, emphasising the
need for an individual approach to assessing the effects
of hypoxic exposure. E. Sivertsson et al. [37] demon-
strated a new mechanism of intrarenal hypoxia de-
velopment, which complements the data obtained on
renal disorders. The study demonstrated that thyroid
hormones can induce intrarenal hypoxia by enhancing
oxygen metabolism, which may be an additional factor
in kidney damage in conditions of endocrine regula-
tion disorders. This mechanism is substantial for re-
search on the relationship between different hormonal
systems in hypoxia.

The study by Y. Du et al. [38] reveals the molecu-
lar mechanisms of renal damage under hypoxia, con-
firming the data obtained on renal function disorders.
Impaired uric acid excretion and changes in desmin
expression in podocytes have been established, which
is consistent with the identified signs of renal dys-
function. A decrease in Na+-K+-ATPase activity was
detected, indicating impaired energy metabolism in
renal cells and explaining the development of renal
dysfunction under conditions of high-altitude hypox-
ia. D. Chang et al. [39] demonstrate the effectiveness
of corrective interventions under conditions of hypox-
ia, confirming the promise of the developed corrective
approaches. The protective role of L-carnitine in the
reproductive system under hypoxic stress has been
proven, indicating the promise of using metabolic cor-
rectors. A positive effect on the hormonal profile and
spermatogenesis indicators has been found, confirming
the possibility of correcting hypoxic damage. The study
by M.M. Soliman et al. [40] provides substantial data
on oxidative stress in high altitude conditions, which is
consistent with the results obtained on oxidative stress
in hypervitaminosis D. An increase in lipid peroxidation
markers and changes in antioxidant protection were
found, confirming the role of oxidative stress in the
pathogenesis of hypoxic lesions. Histochemical stud-
ies have confirmed the presence of structural changes
in various organs, which explains the systemic nature
of lesions when hypoxia and hypervitaminosis D are
combined. A.E. Ahmed et al. [41] demonstrated pecu-
liarities of metabolic disorders in high-altitude popu-
lations, which complements the data obtained on age
characteristics. The prevalence of metabolic syndrome
and its components among high-altitude residents was
analysed, confirming the relevance of considering the
age factor. Age and gender characteristics of lipid me-
tabolism disorders and cardiometabolic risks were
established, which is relevant for the development of
prevention strategies.

A study by L. Jie et al. [42] on a rat model with co-
morbid osteoarthritis and osteoporosis demonstrated

that the alkaloid palmatine can effectively influence
bone tissue metabolism disorders by modulating the in-
testinal microflora and host metabolism. This highlights
the potential role of prebiotics, probiotics, or metaboli-
cally active compounds in correcting Ca-P metabolism
disorders, especially when they are associated with
systemic inflammation and metabolic syndrome, which
often accompany ageing. Similar approaches that aim to
restore intestinal homeostasis may improve mineral ab-
sorption and tissue sensitivity to vitamin D. Insulin-like
growth factor-1 can be integral in restoring renal func-
tion and bone metabolism. As noted by J.M.D. Tocados et
al. [43], IGF-1 has pleiotropic effects in renal diseases,
including anti-fibrotic and anti-apoptotic actions and
involvement in the regulation of phosphate homeosta-
sis. Therefore, strategies aimed at supporting or mod-
ulating the IGF-1 pathway are useful for protecting the
kidneys from damage caused by both hypercalcaemia
in hypervitaminosis D and ischaemia under conditions
of hypoxia, thereby indirectly improving the regulation
of Ca-P metabolism. When considering correction of the
FGF23-Klotho axis, it is necessary to address the latest
insights into the regulation of FGF23. S. Dastghaib et
al. [44] emphasised the complex regulation of FGF23
expression and secretion, which depends not only on
phosphate levels, but also on inflammatory cytokines,
iron and oxidative stress. This creates opportunities for
indirect influence on FGF23 through control of these
factors, for example, with antioxidants or anti-cytokine
therapy, which is relevant in hypervitaminosis D, ac-
companied by powerful oxidative stress. A fundamental
aspect of any vitamin D-related correction remains its
receptor (VDR). The molecular mechanisms of vitamin
D3 action via VDR in different tissues are described in
detail by V. Morsanuto [45]. Determination of the tis-
sue-specific modulation of VDR-dependent pathways
contributes to the development of selective vitamin
D receptor modulators that would have protective ef-
fects on bones and kidneys, minimising the risk of soft
tissue calcification during the correction of hypovita-
minosis or excess. The potential role of vitamin D3 as
a protector against hypoxic damage is noteworthy, as it
can be substantial for patients in high altitudes. A study
by C. Dai et al. [46] showed that vitamin D3 reduces
hypoxia-induced lung damage by suppressing the com-
plement system, coagulation, and autophagy pathways.
This suggests that adequate (but not excessive) vitamin
D levels are a substantial factor in resistance to hypoxic
stress, particularly for protecting the vascular endothe-
lium and preventing microvascular complications that
exacerbate Ca-P metabolism disorders. Integrating the
results of these studies formed a comprehensive patho-
genetic model. The combination of hypervitaminosis D
and hypoxia leads to a synergistic increase in Ca-P me-
tabolism disorders through several interrelated mecha-
nisms. Hypoxia-induced renal dysfunction limits phos-
phate excretion, exacerbating hyperphosphataemia.
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Adaptation of vitamin D metabolism in the form of in-
creased CYP27B1 expression under conditions of sub-
strate excess leads to hypercalcitriolaemia. Age-related
features determine the direction of organ damage -
from calcification to osteomalacia.

Conclusions

Based on a systematic analysis of the literature, Ca-P me-
tabolism is defined as a complex integrated network in
which vitamin D metabolism is central. The key mech-
anism for maintaining homeostasis is the dynamic bal-
ance between parathyroid hormone (a stimulator of
calcitriol synthesis) and FGF23 (its inhibitor), and the
Ca/P ratio in blood plasma can serve as an integral indi-
cator of the state of the system. A review of experimental
data shows that hypervitaminosis D leads to a complex
pathological condition characterised not only by pro-
nounced hypercalcaemia and hyperphosphataemia, but
also by severe oxidative stress, systemic inflammation,
suppression of PTH secretion, compensatory increase
in FGF23, and activation of the CYP24A1 inactivation
enzyme. This leads to a high risk of soft tissue calcifi-
cation and paradoxical bone mineralisation disorders.

The age factor determines fundamental changes in
the reactivity of the Ca-P exchange system. The most
substantial link is the age-related decrease in the ex-
pression of the Klotho co-receptor, which leads to re-
nal resistance to FGF23, progression of hyperphospha-
taemia, renal dysfunction and impaired bone-muscle
cross-flow. In young organisms, disorders prevail in the
kinetics of bone formation, while in older organisms,
they prevail in remodelling, leading to osteomalacia
and osteoporosis. Altitude hypoxia acts as a substantial
modulator that exacerbates Ca-P homeostasis disor-
ders through a range of mechanisms: it causes a charac-
teristic electrolyte imbalance (hypocalcaemia and hy-
perphosphataemia), contributes to renal dysfunction,
inhibits Klotho expression, modulates the activity of

renal phosphate transporters, and increases CYP27B1
expression. The latter; in conditions of excess vitamin D
intake, can contribute to uncontrolled calcitriol synthe-
sis. This synthesis suggests a synergistic effect between
hypervitaminosis D, hypoxia, and ageing. This synergy
may be realised through the mutual reinforcement of
the following links: renal dysfunction under hypoxia
limits phosphate excretion, exacerbating hyperphos-
phataemia from vitamin D, and increased CYP27B1
expression under hypoxia contributes to excessive cal-
citriol formation. Age-related Klotho deficiency and de-
creased functional reserves create the basis for a more
severe course of such combined lesions.

A review of the literature indicates the promise of
multi-level approaches to correction, including opti-
misation of the dietary Ca/P ratio, use of substances to
modulate the FGF23-Klotho axis and combat oxidative
stress, use of non-pharmacological methods (physical
exercise), as well as strategies for renoprotection and
adaptation to hypoxia. Some studies also highlight the
potential role of modulation of the microbiome, the
IGF-1 pathway, selective VDR modulators, and ade-
quate vitamin D levels in protecting against hypoxic
damage. Prospects for further research include experi-
mental verification of the synergy of factors in a single
model, study of the molecular mechanisms of cross-in-
teraction between HIF and VDR pathways, as well as
preclinical and clinical evaluation of comprehensive
corrective approaches.
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ap KaHall OUIMMKTHKTEP/Ie sKaHAa aHbIH TY30TYY *KOJIJIOPY aPKRbLIYY sKalll
JKAaHA Kapbl YblYRaHapAArbl pochop-KaabIMil META00JTU3SMIUHUH a0aJIbl
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AHHOTANUs. By U3UI/Ie6HYH MaKcaThl — TMIEPBUTAMUHO3 D, GUHMKTUKTErH IUIOKCUSA »aHa KYpPaKTbIH
alKaJbplIIKaH TaaCUpPU acThIH/JAA KaJabLuK-dochop ajMallyyHyH 6y3y/ayy MexaHU3M/epu 60I0HYA y4ypAarsl
WJIMMHHA MaaJbIMaTTap/bl CUCTEMaJlyy TasI00 »aHa CHUHTe3/00, OLIOHJOW 3Jie HaTbIMXKaadyy TY36TYy
bIKMaJsIapblH Heruszgee 6oJy. UnuMuil 6ysakTap cajblIIThipMa TajZ00, MaaJblMaTTapAbl CHHTE3/,00 aHa
MaaJIbIMaTThl KAJMbLIOO bIKMaJapbl MeHeH TajaAaHAabl. Tanmoo kepceTkeHAeH, Ca-P MeTaGo/IM3MUH KOHTO
caJlyy cacteMachkl — 6ys TaTaaja TapMak, aHblH 60p6opyHJa D BUTaMUHUMHUH MeTab0JM3MU TypaT, ajl 3MHU
napatupuH ropmony MeHeH FGF23 opTocynparel TeH ca/iMakTyyayk masMmagarel Ca xaHa P peHrssanH
TYPYKTyy KapMal Typyyra »xoontyy. Unumuil 6ynakrapibl Taag00 MeTaboJIUKaAbIK 6y3y/ayyaapAblH KypaKkka
6aMJIaHBILIITYy MYHO3/YY 63r646/IYKTOPYH aHbIKTa/ibl. MaajibIMaTTap C66K PeMOJeIUPJIee JJeHI33JI1 KOTopy
60JIroH Kau opranusMmepae Ca/P TeHCU3UTH COOK MUHEPAJIbIK ThITbI3AbITBIHBIH 12-18 %ra KbICKaphIlIbIHA
aJIblll KeJIepUH KOpPCOTTY, aJl 3MHU KapbiraH opraHusMmjepZe OYHKIMOHAIABIK pe3epBJepJUH a3aibllIb
IapThIH/A IPOTPECCUB/YY OCTEOMAJIALIMS )KaHa 68 MPOK »KEeTUILICU3AUTHHUH OHYTYILY TYypalyy MaajabIMaTTap
yCTeMAYK KbLaaT. YKOropKy GMMMKTUKTETH TMIOKCHUSHBIH TaacUpH OOIOHYA >KYPry3y/IreH U3WJIJIe6JepyH
0630py aHbIH 661peK GYHKIUACBIHBIH 0y3ynyiiyH (kpeaTuHUHAUH 0,81+ 0,04 Mr/Jire 4eluH KoropyJsiallibl),
3JIEKTPOJUTTEPJUH TeHcUu3Auru (kaapuuiaud 8,1 + 0,6 mr/jire 4eduH TeMeHJelly aHa ¢ocdopayH
7,1 £ 0,4 Mr/pare 4eduH »KoropyJambl) xaHa D BUTaMUHUHHUH MeTA0OJM3MUHUH aJalTalHsChl, 63re4e
CYP27B1 3kcnpecCUsICBIHBIH KOrOpyJIalllbl apKblIyy. AHaJIU3/JUH XKbIMBIHTBITBIH/A aJbIHIaH KOPYTYHAYJIAP
»KOTOPKY TOOJIyy aliMaKTap/a »allaraH ap KaHZaid Kypakrarel 6efitantapra D BUTaMUHUH KOOIICY3 KOIIyM4a
6epyy 60I0HYA UIMMUM HETU3/le/ITeH CyHYIITAp/bl MbIH/IaH apbl UILITEI YbITYyY/a TEOPUSJIbIK MaaHUTe 33
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A”HHOTanMsA. llenblo AaHHOTO HCCAENOBAaHUS ObLJIO CUCTEMAaTH4YeCKOe aHaJM3WpPOBaHHME U 0000I[eHHe
COBpPEMEHHBIX HAy4YHbIX [JaHHbIX O MeXaHM3MaX HapylleHUH Kaabluuili-pochopHoro ob6MeHa IM0J
KOMOHUHUPOBAHHBIM BO3/leHiCTBHEM rHIIepBUTAaMHUHO3a D, BBICOTHOM 'MITIOKCUU U BO3PACTa, @ TAKXKe 000CHOBaHHe
3} PeKTUBHBIX KOPPEKTUPYIOLIUX I10/[X0/10B. Hay4HbIe HCTOYHUKH ObIJIM TPOAHATM3UPOBAHbI C UCII0JIb30BaHUEM
MEeTOZ0OB CPaBHUTEJBHOTO aHa/M3a, CHHTEe3a JaHHbIX U 0000u[eHUs WHbopManuu. [IpoBeZieHHBIA aHA/INU3
MO0KasaJl, YTO CUCTeMa peryiasnuu Metabosusma Ca-P npejcraBisieT co60i CI0XKHYIO CeTh, B LIEHTPE KOTOPOU
HaxoAUTCs MeTabosiM3M BUTaMUHA D, rae 6asaHc Mex/y napaThpeouHbIM ropmoHoM U FGF23 ompenenser
cTabuabHOCTh ypoBHel Ca v P B myiasme. AHa/iu3 HayYHbIX UCTOYHUKOB BBISIBUJI XapaKTepHble BO3pacCTHbIE
0COOEHHOCTHU HapylleHUH MeTabosiM3Ma. /laHHble oKa3aJiy, YTO Y MOJIO/bIX OPTraHW3MOB C BBICOKMM yPOBHEM
peMoziesiMpoBaHusl KocTed guc6anaHc Ca/P MoXXeT NPUBECTH K 3HAUYUTEJbHOMY CHIKEHUI0 MHUHEpaJbHOU
IJIOTHOCTH KocTed (Ha 12-18 %), TorAa Kak y MOXKHUJIBIX OPraHU3MOB INpPeo6J1a/laloT JlaHHble O Pa3BUTHUU
MPOTrpPeCcCUpyIneld OCTEOMa/IIIUK U TOYEYHOU HEeJOCTAaTOYHOCTU Ha (OHe CHMXKeHUS QYyHKIHOHAJbHBIX
pe3epBoB. 0630p HCCJIEOBAaHUN 1O BJUSHUIO BBICOKOTOPHOM TMIIOKCUM MOKAa3as, YTO OHA MOKET BbI3bIBaTh
KOMIIJIEKC HapyLIeHUH, B TOM YUC/Ie oYeyHyo AuchYHKIMIO (MoBbllleHHe KpeaTHHUHA 1o 0,81 + 0,04 mr/ ),
3JIEKTPOJIUTHOTO JucbasaHca (cHMKeHue Kanblud 0 8,1+ 0,6 Mr/aj npu noseiienuu ocdopa g0 7,1+0,4 mr/
JUT) U afialiTallui MeTabo/1M3Ma BUTaMHHa D, B 4aCTHOCTH, 3a cyeT moBbileHus akcrpeccur CYP27B1. BoiBoabl,
NoJly4eHHble B pe3yJsibTaTe aHa/M3a, UMEIT TeopeTHYecKoe 3HAYeHUe /s JajbHellel pa3paboTKU HAyYHO
060CHOBaHHbIX pPeKOMeHJalui Mo 6e30MacHOMYy [J06aBjeHHUI0 BUTaMMHA D B palMOH MalMeHTOB pa3HbIX
BO3PACTHBIX I'PYII, MPOXKUBAIIHUX B BbICOKOIOPHBIX PErHOHAX
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Abstract. Climate change is increasingly recognised as a serious threat to respiratory health, making it essential
to understand how changing environmental conditions affect lung function and the pattern of respiratory
diseases. This review aimed to summarise current scientific evidence on the effects of rising temperatures,
altered weather patterns, and deteriorating air quality on the global burden of respiratory diseases. A
comprehensive analysis of the latest peer-reviewed literature, including epidemiological studies, systematic
reviews, and reports from international health organisations, was conducted. Climate-related environmental
factors were analysed in relation to observed trends in respiratory health indicators. The findings indicated that
climate-driven environmental changes have a substantial impact on respiratory health. Elevated concentrations
of ground-level ozone, wildfire smoke, and fine particulate matter are consistently associated with increased
respiratory symptoms and exacerbations of asthma and chronic obstructive pulmonary disease (COPD). Rising
atmospheric carbon dioxide levels and altered seasonal cycles contribute to longer and more intense pollen
seasons, increasing exposure to aeroallergens. Extreme weather events, including heatwaves, heavy precipitation,
and flooding, promote indoor mould growth and heighten the risk of respiratory infections. The most vulnerable
populations - particularly children, the elderly, and socio-economically disadvantaged communities - bear a
disproportionately higher disease burden due to greater exposure and limited adaptive capacity. The results of
this review provide a scientific basis for public health planning and clinical decision-making, and may inform
targeted mitigation and adaptation strategies aimed at reducing climate-related respiratory risks among
vulnerable populations
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Introduction

Climate change is increasingly being recognised not
just as an environmental problem, but as a major threat
to human health - especially to respiratory health. The
Earth is warming faster than ever before, weather pat-
terns are becoming more unpredictable, and extreme
events such as wildfires, dust storms, and floods are
occurring more frequently. Because the lungs and air-
ways represent the primary interface between the hu-
man body and the environment, any deterioration in
air quality or climatic instability can have immediate
and serious consequences for respiratory health. This
subject is especially urgent now, given the latest surge
in climate-driven air pollution episodes, wildfire smoke
events, extended pollen seasons, and extreme weather
across the globe - making it essential to examine how
these changes affect breathing and lung disease rates.

A growing body of research from 2020 onward has
started to document these connections in detail. For in-
stance, a comprehensive review by the American Lung
Association [1] explained that hotter, drier climates lead
to more frequent and severe wildfires and dust storms,
elevating levels of fine particulate matter (PM,.5) and
other pollutants which harm lung health. Similarly, a
study by H. Bayram et al. [2] reported that rising tem-
peratures and increased particulate matter and ozone
levels exacerbate chronic respiratory diseases, extend
pollen seasons, boost dust pollution in arid regions, and
worsen risks from indoor mould after flooding - par-
ticularly affecting children and the elderly.

More specifically, ].-H. Chang et al. [3] argued that
climate change not only increases the concentration of
airborne particles, but may also alter the physicochem-
ical properties (size, chemical composition, dispersion)
in ways that facilitate deeper and more harmful deposi-
tion in the lungs - thereby raising the risk of developing
or exacerbating respiratory diseases. Another system-
atic review by B. Rackow et al. [4] found that high tem-
peratures combined with elevated levels of ozone (03),
particulate matter (PM;,, PM,.5), and nitrogen dioxide
(NO3) synergistically amplify mortality risk and worsen
respiratory and cardiovascular conditions.

Moreover, the technical brief by the World Health
Organisation [5] highlighted how climate change in-
fluences allergen dynamics - leading to earlier, longer,
and more intense pollen seasons, increased mould
proliferation after flooding, and greater exposure to
airborne allergens, all of which contribute to rising in-
cidence of allergic respiratory diseases such as asthma
and allergic rhinitis. Complementing this, S.-Z. Deng et
al. [6] emphasised the interactive, compounding ef-
fects of climate change, pollution, and aeroallergens
on respiratory health - noting that extreme weather
events and air pollution can intensify allergenicity and
harm airway health.

Despite this growing evidence, important gaps re-
main. Most studies examined single factors - such as

pollution, pollen, or weather extremes - in isolation.
There is far less research that integrates multiple cli-
mate-related stressors (e.g., combined air pollution,
allergen changes, extreme weather) into comprehen-
sive models that reflect real-world exposure scenarios.
Furthermore, very few of these studies focus on pop-
ulations in Central Asia or other regions where rapid
climate change is intersecting with social and economic
vulnerabilities. As a result, there is limited region-spe-
cific data on how combined climate change impacts af-
fect respiratory health in such contexts. This gap justi-
fies the present research. The aim of this study was to
systematically assess how the combined effects of cli-
mate-driven air pollution, changing allergen exposure
(pollen, mould), and extreme weather events interact
to influence the prevalence and severity of respiratory
diseases - particularly among vulnerable populations
in under-studied regions.

Materials and Methods

The present study was designed as a comparative sys-
tematic review of the scientific literature analysing the
relationships between climatic factors, atmospheric air
pollution, and the state of respiratory health in the pop-
ulation. The primary objective of the analysis was to
identify the mechanisms through which climate-relat-
ed environmental changes influence the concentrations
of major atmospheric pollutants and the associated
risks to the respiratory system. The search for scientific
publications was conducted in international scientific
databases. The review included studies published be-
tween 2010 and 2025, allowing the analysis to capture
the most relevant research reflecting current trends in
climate change and air quality.

The following keywords and the combinations
were used for the search: “PM,.;s”, “PM;,”, “ozone”,
“air pollution”, “climate change”, “heat”, “humidity”,
“dust storms”, “stubble burning”, “coal heating”, “In-
dia”, “Kyrgyzstan”, “respiratory diseases”, “vulnerable
populations”. The inclusion criteria involved selecting
scientific articles that addressed the following aspects:
the influence of climatic factors (temperature, humid-
ity, precipitation, and extreme weather events) on the
concentrations of atmospheric pollutants; the impact
of air pollution on respiratory health in the population;
as well as studies examining the main anthropogenic
emission sources, including agricultural biomass burn-
ing, transport emissions, and the use of coal for heat-
ing. In addition, publications from international health
organisations and environmental agencies containing
statistical data on morbidity and mortality associated
with air pollution were also considered. India and the
Kyrgyz Republic were selected as regions for compar-
ative analysis, which made it possible to examine the
formation of air pollution under different climatic and
socio-economic conditions [7,8].
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During the analysis, data were extracted from the
selected publications on pollutant concentrations
(PM,.5, PM;, and 03), meteorological conditions, an-
thropogenic emission sources, and indicators of res-
piratory morbidity among different age and socio-eco-
nomic population groups. Particular attention was paid
to vulnerable groups, including children, older adults,
and low-income populations. The collected data were
systematised and analysed using a comparative de-
scriptive approach. The results of studies conducted
in India and the Kyrgyz Republic were considered sep-
arately, after which the identified trends and risk fac-
tors were compared. This approach made it possible
to identify both general patterns in the influence of cli-
mate change on atmospheric air pollution and regional
characteristics of its impact on respiratory health.

Results and Discussion
Influence of climatic factors
on atmospheric pollutant composition
Climate change directly affects concentrations of par-
ticulate matter and ozone in the air, thereby increasing
the risks of respiratory diseases. Sand and dust storms
substantially elevate the levels of suspended particles,
even at significant distances from the source. The World
Health Organisation (WHO) [9] noted that such storm
episodes directly impact air pollution, as the storms
increase airborne particulate concentrations. In some
regions, lifted dust constitutes the primary source of
these particles. However, around 25% of dust emissions
are linked to human activities, including deforestation,
poor land management, and climate change. Expansion
of arid areas under global warming leads to more fre-
quent and intense storms, increasing dust suspension.
This allows dust to penetrate deep into the respiratory
tract, exacerbating asthma and chronic obstructive pul-
monary disease (COPD) [10].

Higher temperatures and humidity accelerate
chemical processes in the atmosphere, altering aerosol
composition. For example, a study by Y. Park et al. [11]
in Korea showed that nocturnal relative humidity in-
creases aerosol liquid water content (ALWC), facil-
itating the conversion of nitrates into the condensed
particle phase. This indicates that in India’s hot and
humid seasonal atmosphere, “wetter” PM,.5 particles
form, capable of absorbing more toxic components. El-
evated temperatures also enhance the photochemical
formation of ground-level ozone (03). As F. Rosser &
J. Balmes [12] indicated, ozone is a highly toxic sub-
stance for the respiratory tract and is associated with
multiple cases of childhood asthma. In South Asian
countries, including India, ground-level O3 rises during
warm seasons; US data show that a third of the pop-
ulation experiences ozone concentrations exceeding
standards, and climate change further increases Os, re-
ducing the effectiveness of existing control measures.
The WHO emphasised that reducing greenhouse gas

emissions can improve air quality, mitigating climate
change impacts [10].

These findings demonstrated that climate change
significantly alters air pollution dynamics, particularly
fine particulate matter and ground-level ozone, with
substantial respiratory health consequences. Rising
ambient temperatures enhance photochemical reac-
tions, increasing ozone formation, especially under
stagnant atmospheric conditions. In India, heatwaves
amplify ozone production in urban and suburban are-
as, leading to persistent smog episodes and increased
exposure to respiratory irritants, as noted by X. Li et
al. [13]. The authors’ study reported links between
elevated ozone levels and worsening asthma symp-
toms, breathlessness, and emergency healthcare vis-
its. PM,.5 particles become more chemically active
and penetrate deeper into the lungs due to altered
hygroscopic properties, increasing the incidence of
respiratory inflammation. According to WHO data,
particulate pollution is directly associated with car-
diovascular and respiratory diseases, causing 4.2 mil-
lion premature deaths in 2019 [10].

E.E. McDuffie et al. [14] also observed that a sub-
stantial proportion of global mortality related to PM;.5
exposure arises from fossil fuel combustion, which
forms a persistent background of aerosol pollution
in the atmosphere. The authors estimated that these
emissions are associated annually with over one mil-
lion premature deaths, mainly from cardiovascular and
respiratory diseases. The findings underline that reduc-
ing fossil fuel use could substantially lower the global
disease burden due to air pollution. The authors also
highlighted that low-income populations face increased
risks because of being more frequently exposed to
heavily polluted air and having limited protection. Con-
sequently, assessing impacts requires considering not
only emission levels but also the modifying influence
of climate on particle behaviour in the atmosphere and
respiratory tract.

Comparative analysis of anthropogenic emissions
in India and Kyrgyzstan

India and Kyrgyzstan exhibit distinct local pollution
sources, interacting with the respective climatic con-
ditions. In India, average indoor PM,.5 concentrations
frequently exceed international health standards, re-
flecting combined exposure from ambient pollution,
transport emissions, biomass burning, and seasonal
agricultural residue combustion. Episodic PM,.5 spikes
during crop residue burning in the Indo-Gangetic Plain
coincide with observed increases in bronchitis, asth-
ma exacerbations, and hospital admissions. G. Govard-
han et al. [15] analysed the impact of agricultural
residue burning in northwestern India on Delhi’s air
quality using satellite data and atmospheric model-
ling. The model estimated that during peak fire peri-
ods, fires contributed approximately 30-35% of PM,.5

—en

Journal of Osh State University. Medicine. Vol. 4, No. 2



Umurzakova et al.

concentrations in Delhi’s atmosphere. Unfavourable
meteorological conditions further enhance pollutant
accumulation. The authors concluded that agricultural
biomass burning is a significant regional source of sea-
sonal air pollution and must be considered when devel-
oping air quality improvement measures. Under stag-
nant wind and inversion conditions, this contribution
can rise sharply. G. Dipoppa & S. Gulzar [8] estimated
that open stubble burning accounts for 40-60% of peak
winter pollution, affecting not only farmers but millions
of urban residents. The authors’ study also noted that
increased PM,.5 exposure from fires correlates with re-
duced birth rates and infant mortality (30-36 cases per
1,000 live births).

In Kyrgyzstan and the surrounding mountains, the
situation differs. Winter smog in Bishkek arises primar-
ily from coal heating in homes and industries. Climatic
factors interact with local emissions, producing severe
seasonal pollution. According to a UNDP/UN report,
approximately 70% of households use coal stoves [7].
Burning raw coal results in winter PM,.5 concentrations
of ~40-50 pg/m? in Bishkek [16], three to four times
above safe limits. Monitoring confirms this: annual
average PM,.5 levels in industrial areas exceed stand-
ards by more than twofold. In Central Asia, K.O. Dzush-
upov et al. [17] applied spatial pollution modelling to
study winter smog formation in Bishkek, showing that
temperature inversions, expected to intensify with cli-
mate variability, lead to extreme PM,.5 levels exceeding
200 pg/m?3. These findings align with the present study,
confirming that meteorological factors play a dominant
role in respiratory disease burden, in some cases out-
weighing industrial emissions alone. As noted by J. Xu et
al. [18] and T. Li et al. [19], annual PM,.5 levels remain
above international standards, posing severe lung risks
due to deep alveolar deposition. UNICEF [7] data report
112 deaths and 3,568 years of life lost due to pollution
annually, primarily among the elderly and newborns.

Enhanced aeroallergens represent an additional
climate-sensitive pathway. PJ. Beggs et al. [20] demon-
strated through multinational pollen monitoring that
elevated atmospheric CO; levels and longer warm sea-
sons significantly increase pollen production and expo-
sure duration. These results correspond with pollen-re-
lated findings in both India and Kyrgyzstan, confirming
that aeroallergens constitute a rapidly growing climate
risk to respiratory health. Similarly, N. Singh et al. [21]
analysed mould prevalence in India post-monsoon and
found that rainfall variability and prolonged indoor
dampness are associated with worsened asthma symp-
toms in children. These observations align with the
present review, particularly in flood-prone or poorly
ventilated housing conditions.

The main distinction between Kyrgyzstan and In-
dia is that summer ozone levels in Kyrgyzstan remain
close to standards, whereas the primary issue is win-
ter smog. Comparison of India and Kyrgyzstan shows

a common finding: local pollution sources (crop fires
and coal heating) remain the main contributors, but
the effects are amplified by climate conditions (dry air
in India and mountain inversions in Kyrgyzstan). Nota-
bly, PM,.5 remains the most frequently cited pollutant
affecting respiratory health in both regions. Vulnera-
ble populations are similarly affected: children, the
elderly, low-income households, and residents of high-
ly polluted areas. Consequently, both regions require
simultaneous environmental and social interventions:
technological measures (fuel cleaning, transition to
safe heating) and targeted support for vulnerable fam-
ilies (subsidies, education).

Climate change is also consistently linked to altered
aeroallergen dynamics, increasing respiratory disease
incidence. Rising atmospheric CO, and warming extend
and intensify flowering seasons. Data from both regions
indicate earlier flowering, increased pollen production,
and prolonged exposure periods, particularly affecting
individuals with allergic rhinitis and asthma [22]. In
India, climate change during the monsoon - charac-
terised by irregular rainfall and prolonged humidity -
creates favourable conditions for indoor mould growth.
X. Li et al. [13] reported increased respiratory symp-
toms and infection risks in poorly ventilated homes,
especially among children and low-income households.
In Kyrgyzstan, earlier snowmelt and longer warm sea-
sons similarly prolong pollen exposure in intermontane
valleys, correlating with seasonal rises in allergic res-
piratory diseases.

Vulnerable populations and adaptation strategies
The literature showed that climate impacts dispropor-
tionately affect vulnerable populations. Children, the
elderly, and socio-economically disadvantaged com-
munities consistently experience higher exposure and
greater susceptibility to adverse respiratory outcomes.
In both India and Kyrgyzstan, limited access to clean in-
door environments, healthcare, and adaptive resources
exacerbates the health burden associated with climate
change, pollution, and allergens [13].

J. Xu et al. [18] and D. Rattanaphra et al. [23] doc-
umented that young children, the elderly, and so-
cio-economically vulnerable groups suffer most from
combined pollution and climate exposures. Children
are more sensitive to PM,.5: breathe faster, have nar-
rower airways, and particles deposit deeper. D. Rat-
tanaphra et al. [23] estimated that children face higher
risks than adults at equivalent PM,.5 concentrations.
Beyond physiological reasons, children and low-income
families bear an additional “social risk”: children and
low-income households often live in damp, unventilat-
ed homes without air conditioning, heated with coal
stoves. Low income increases proximity to pollution
sources (e.g., coal-heavy outskirts) and limits the abil-
ity to relocate to cleaner areas, echoing the findings of
J. Rentschler & N. Leonova [24].

“
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The present study highlighted several recommen-
dations. Risk mitigation should prioritise adaptive
measures for vulnerable populations, particularly chil-
dren. Technical recommendations include improving
microclimates in schools and kindergartens. J. Bonan et
al. [25] in Italy showed that portable HEPA air purifiers
reduced classroom PM,.5 concentrations by 32% and
decreased school absenteeism due to illness by 12.5%.
Implementing such measures in Indian and Kyrgyz pre-
schools could substantially lower children’s daily ex-
posure during lessons. For residential areas, insulation
and ventilation improvements are crucial. UNICEF in
Kyrgyzstan is already working on enhancing school and
home insulation and ventilation [26], enabling families
to ventilate without heat loss in winter and reducing in-
door smog accumulation. Another avenue is promoting
alternative fuels and heating: subsidies for clean tech-
nologies (heat pumps, gas boilers, solar water heaters)
have proven effective. The UNDP/UN [7] report recom-
mended transitioning households from coal to clean
energy to reduce peak winter pollution, which simul-
taneously benefits the climate by lowering greenhouse
gas emissions.

Mitigation policy must be integrated: fuel stand-
ards should be tightened, and public transport pro-
moted in major cities to reduce baseline pollution.
Equally critical are information and protection for
vulnerable groups: alerts during pollution peaks,
healthcare access, and clear guidance for children and
the elderly. All measures are supported by the study
by J. Rentschler & N. Leonova [24], which showed
that each large-scale adaptation measure (air puri-
fication, subsidies, etc.) saves thousands of lives and
hundreds of millions in healthcare costs. The study
demonstrated that climatic and anthropogenic fac-
tors act synergistically, creating environmental and
social challenges. Effective population protection re-
quires interdisciplinary strategies tailored to India
and Kyrgyzstan and focused on vulnerable groups.
Combining climate-oriented analyses with traditional
environmental measures allows targeted adaptation
programmes. Even simple technical interventions (air
purifiers, insulation) alongside a clean energy tran-
sition can substantially reduce the adverse impact of
pollution on residents’ respiratory health. Overall,
the reviewed literature aligns strongly with the find-
ings presented in this study. Contemporary evidence
consistently shows that climate change amplifies res-
piratory health risks through multiple interlinked
mechanisms, including air pollution, aeroallergens,
dust storms, and extreme weather events. While al-
ternative interpretations exist, these interpretations
do not undermine the core identified mechanisms.
Collectively, data from India, Kyrgyzstan, and global
literature confirmed that climate change accelerates
respiratory disease incidence, particularly among
vulnerable populations, highlighting the need for

comprehensive measures to combat climate change
and protect respiratory health.

Conclusions
This study demonstrated that climate change and res-
piratory health are closely interconnected through
multiple, mutually reinforcing pathways. The findings
indicated that rising global temperatures, increasing
frequency of heatwaves, altered atmospheric circu-
lation, and intensification of extreme weather events
have significantly modified patterns of air pollution ex-
posure. These environmental changes have increased
the concentration and distribution of particulate mat-
ter, ozone, and other respiratory irritants, while also af-
fecting the seasonal dynamics of aeroallergens, thereby
extending the period during which vulnerable popula-
tions experience respiratory stress.

The results further highlighted that populations
residing in regions with pre-existing air quality chal-
lenges - particularly areas affected by dust events,
rapid urbanisation, or industrial emissions - bear a
disproportionately high disease burden. Climate-re-
lated environmental stressors amplify pre-existing
respiratory conditions, including asthma, chronic
obstructive pulmonary disease, and allergic airway
disorders. Socioeconomic factors, such as limited
access to healthcare or protective infrastructure,
exacerbate vulnerability and contribute to more
severe outcomes. These patterns underscored the
need for integrated, long-term mitigation and adap-
tation strategies at both community and policy lev-
els. Strengthening early-warning systems, enhancing
air quality surveillance, and improving public-health
preparedness are essential. In addition, the consist-
ent implementation of personal protective measures
and community-level behavioural adaptations can
substantially reduce exposure to climate-amplified
respiratory hazards.

Overall, this study reinforced that climate change
constitutes not only an environmental crisis but also
a major determinant of respiratory health. Addressing
this challenge requires coordinated action across pub-
lic health, environmental regulation, and clinical care
sectors. Despite advances in understanding the rela-
tionships between climate stressors and respiratory
outcomes, important knowledge gaps remain. Future
research should focus on three priority areas: devel-
oping precise regional models to predict respiratory
disease trends under evolving climate scenarios; inves-
tigating biological mechanisms underlying individual
susceptibility to climate-related pollutants; evaluating
the effectiveness of community-level interventions and
adaptive strategies in reducing long-term respiratory
disease burden.
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AHHOTanusA. KiuMaTTbIH €3repylly JieM ajlyy OpraHJapbIHbIH JIeH COOJIYTY YYYH OJIYTTYy KOPKYHYY
KaTapbl KeOYpPeeK TaaHbLIbIN, ©3repyJyl >KaTKaH 3KOJIOTHSJBIK WIAPTTApAbIlH ONKeHYH (QYHKIHSIChIHA
»KaHa JleM aJlyy OOpyJIapblHbIH CTPYKTYpachlHA TUUTU3TEH TAaaCUPHUH TYIIYHYY 3apbLJI 3KEHHUH KepcoTeT. by
0630pyH MaKcaTbl — TeMIlepaTypaHbIH XKOropyJialibl, aba bIpalbIHbIH ©3repylly >kaHa abaHbIH callaTbIHbIH
HayapJjallbl 06aJJblK ZeM ajJyy OOpyJapblHbIH XYTYHO KaHAal Taacup 3TEpPUH KepceTyydyy 3aMaHO6aml
WJIMMHUHI MaaJibIMaTTap/bl GUPUKTUPYY. YUypJarsl pelleH3usJIaHraH WIMMHUH aflabUsAT, 3NN eMHUOJI0THUSAIbIK
W3UJIJ196J16D, CUCTEMAYy 00630pJIOp XKaHa 3J1 apasIblK caJaMaTThIK CAKTOO yIOMJAPbIHBIH OTYETTOPY KEHUPHU
TangaHgbl. KiMMaTThIK apTTapra Gal/JaHBILUTYY 3KOJIOTHUSIBIK (GaKTOpJop JeM aayy JeH COOJYKTYH
KOPCOTKYUTOPY MEHEH Ca/lbIIIThIPbLIAbL. TajJjJaHraH MaaJblMaTTap KJIAUMATTBIK 63TepYYJepAyH AeM anyy
opraHjiapblHa OJIYTTYy Taacup 3TepUH KepceTTy. XKep GETUHAErH 030H, TOKOM 6PTTOPYHYH TYTYHY KaHa
Maia GeJsyKuesyy 3aTTapZblH JKOTOPKY KOHLEHTpaLUsJapbl JeM anyy OeJTrHJepUHUH Ky4yelly >XKaHa
acTMa MeHEeH XPOHMKaJIbIK 0GCTPYKTUBJYY enke oopycyHyH (XOBJI) kypuyulyHa TypyKTyy GalsaHbILITYY.
AtMocdepaarel KeMyp KbIUKbLJI a3 iblH JE€HT33JIMHUH K0T 0PYyJ/Iallbl )kaHa Me3TU/IMK UKIIAEPAUH 603repyLly
I'YJ1/166 Me3TUJ/IIePUHUH y3aKThIThIH )KaHa KYUTYYJIYTYH KOTrOpyJ/1aThIl, aba ajiepreH/iepuHe 3KCIO3ULUSHEI
Ke66HTOT. bIchIK TONIKYHAAD, KAaTYY *KaaH-4ya4yblH/Aap )KaHa CYYHYH KUPYYCY ChISIKTYY 3KCTpeMaJl/IbIK a6a bIpabl
OKysiJlapbl MYKH KepJerd Kerepyy MeHeH JeM ajlyy MHpeKUUAJapbIHbIH TOOOKEJYUJIUIHH >KOropysaTar.
JH Ha3WK TONTOpP - alphikya 6asAap, Kapbl-KapTaHJap »KaHa COLMAJI/bIK )KaKTaH 39KOHOMHUKAJIbIK »KarblHaH
MYMKYHUYJIYTY YeKTeJreH KOOMJ0p - Ke6ypeek Taacupre Ayyuap 60y, 00pyJIapAblH )KYTY NPONOPILHUAIbIK
aMec xkoropy. by 0630pAyH KbIABIHTBIKTApbl KOOMAYK CaJaMaTTbIK CAKTOO MJIaHbIH TY3YY »aHa KJINHUKaJIbIK
yeyuMJEepAU KabObll alyy y4yH WJMMHUH Herusgu TY3YI, YS3BUMBIA TONTOPAYH KJHUMATTBIK JeM alyy
TOGOKEJYMJIUTUH a3alTyyra 6arelTTa/IFAH MaKCaTTYy afalTalus )KaHa )KeHUIAeTYY CTpaTerusapblH HLITEN
YBITyyTa )XapZaM GepUIld MYMKYH

Herusru coe3aep: xxep 6eTHHAETH 030H; 66JIYKY6/IYY 3aTTap; YaHAyy 60p00oH; aba aj/liepreHiepu; XpOHUKATbIK
O0GCTPYKTHUB/YY OIIKO 00PYCY; KEHUIAETYY; aJanTalisl
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AHHOTANUA. V3MeHeHHe KJIMMaTa BCe B GOJIbIIEH CTelNeHU NMPU3HAETCsS Cepbe3HOU Yrpo30U AJisi 3/10pPOBbs
OpPraHOB JbIXaHMUs, UTO JleJIaeT HEOOXOAUMBIM MTOHUMaHHE TOTO, KaK W3MEeHSIOIHUecs YCJA0BUS OKPYKarolen
Cpe/ibl BJAUSIOT HAa (QYHKIUIO JIETKUX U CTPYKTYPY pecnupaTopHbIX 3a6osieBaHui. llesbio gaHHOro 0630pa
SIBJISIJIOCH 0600IEeHNE COBPEMEHHBIX HAyYHBIX JAHHBIX O BJIHSHUM TMOBBIIIEHUS TeMIlepaTypbl, U3MEHEHHUs
MOTOAHBIX YCJIOBUH W YXYJIIeHUs] KavyecTBa BO3/yXa Ha POCT TIJI06aJbHOTO OpeMeHU peCHUpaTOPHbBIX
3abosieBaHUN. BbL1 MpoBe/leH BCECTOPOHHUM aHa/lM3 COBPEMEHHOW peleH3MpyeMOW HAyYHOH JIMTepaTyphl,
BKJIIOYAsl 3MUAEMHOJIOTUYECKUE UCCJEIOBaHUs, CHUCTEMaTH4YecKhe 0630pbl M OTYEThl MeX/yHApPOJHbIX
opraHu3anui 37paBooxpaHeHus1. [JJaHHbIe O KJIMMaTHYECKH OOYCJIOBJEHHBIX GAKTOpax OKPYKaIOLIEH Cpesbl
AHAJIM3UPOBAIUChH B COMOCTABJIEHUM C 3apPErMCTPUPOBAHHBIMU TEHJIEHIUSAMU MOKa3aTeseld peciupaToOpHOro
3/10poBbs. [IpoaHasn3npoOBaHHbIE JaHHbIE 3aCBU/IETENbCTBOBAIN O TOM, UTO KJHMMAaTHYECKH 06YC/IOBJIEHHBIE
HW3MeHEeHHUs] OKpYyXKalllled cpebl OKa3bIBAIOT 3HAYUTEJbHOE BJIMSHHE Ha 3J[0POBbE OPraHOB JIbIXaHMUSI.
[loBbIlIIEHHBIE KOHIEHTPALUU NPU3EMHOTO O030HA, JbIMA JIECHBIX MOXKAPOB M MEJIKOAMCHEPCHBIX TBEPABIX
YaCTHUI, YCTOWYHUBO aCCOLMMPOBAHbI C YCHUJIEHHEM PECNUPATOPHBIX CUMIITOMOB W ydallleHHeM 060CTpPEHUH
OPOHXHAJBHOM aCTMbl M XPOHUYECKOW OOGCTPYKTUBHOH 6ose3HU Jerkux (XOBJI). [loBbllieHWe ypoBHSA
YIJIEKHCIOTO ra3a B aTMochepe U HU3MeHEHUS] Ce30HHbBIX I[UKJIOB CIOCOGCTBYIOT YAJHHEHHI0 U YCUJIEHUIO
CE30HOB NbLJIEHHUS], YBEJIMUUBAsi BO3/[€eCTBHE a3p0alIepTeHOB. JKCTPEMaIbHbIE IOr'0/IHbIe SIBJEHMUS, BKJII0Yas
BOJIHBI JKapbl, HHTEHCHUBHbIE 0CA/IKU U HABOJIHEHHS], CIIOCOGCTBYIOT POCTY MJIECEHU B TOMEIIEHUSX U MOBBILIAIOT
PHUCK pecnupaTopHbIX HHGeKUi. HanboJsiee ysi3BUMbIe IpyINbl HAacCeJeHHUs], 0COOEHHO JIETH, MOKUJIbIE JIIOAN U
COLIMAJILHO He6JIaromoJiyuyHble COO6IIECTBA, HECYT HENMPONOPIMOHATLHO G0Jiee BbICOKOe GpeMst 3a60/ieBaHUM
BCJIE/ICTBHE GOJIbIIed 9KCHO3UIMA U OTPAaHUYEHHBIX aJIalTAllMOHHBIX BO3MOXXHOCTEW. Pe3ysnbTaThl JAHHOIO
0630pa GOpPMHUPYIOT HAy4YHYH OCHOBY JJis1 IJIAHUPOBAHUS Mep OOIeCTBEHHOTO 3/[paBOOXpPAaHEHUs U
KJIMHUYECKOTO IPUHSTHUS PElleHUH, a TAK)Ke MOTYT CIOCOOCTBOBATh pa3paboTKe Ie/IeBBIX CTPATETrUM CMATYEHUS
Y aJlanTalliy, HalNpaBJIeHHbIX Ha CHIKEHHE KJIMMATUYeCKH 06YCJIOBJIEHHBIX PECUPATOPHBIX PUCKOB Cpeau
YSI3BUMBIX T'PYTIIT HaCceJeHUSs

RiloueBbie C/I0BA: MpU3eMHbIA 030H; TBEp/(ble YACTHILbl; NMbLJIbHbIE OYPH; aspoasljiepreHbl; XpOHUYecKast
06CTPYKTUBHAsI 60JIe3Hb JIETKUX; CMSITYeHHe MOCJAe/[CTBUM; aZlanTalus
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