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Abstract

Objective. To systematize the morphological characteristics of cervical
intraepithelial neoplasia (CIN) in the context of human papillomavirus infection
(HPV)-associated pathology through a literature review and analysis of clinical and
morphological data.

Materials and Methods. The study included 40 cervical biopsy specimens obtained
from patients with precancerous cervical conditions examined at the Department of

Pathological Anatomy, University Medical Center. Histological evaluation was

Astana Medical Journal, 2025, 5, 125
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1. Introduction

performed using hematoxylin—eosin staining. Clinical and laboratory data were
integrated, including Pap smear results, HPV genotyping, and screening for sexually
transmitted infections (STIs).

Results. HPV type 16 was the most frequently detected genotype (14 cases).
Coinfections with two HPV genotypes were observed in 9 patients (e.g., 16 and 45,
18 and 51), while 3 patients had triple infections. Sixteen cases were HPV-negative.
High-grade CIN (CIN 2, CIN 3, or carcinoma in situ) was diagnosed in 19 of 40
patients (47.5%), even though cytology revealed only low-grade lesions (LSIL) or
atypical squamous cells of undetermined significance (ASC-US). Additionally, 4
cases (10%) with NILM (negative for intraepithelial lesion or malignancy) on
cytology demonstrated CIN I-II on histology. STIs were identified in 26 patients
(65%), predominantly Gardnerella vaginalis (55%), followed by Cytomegalovirus
(17.5%), Candida albicans (10%), and Mycoplasma hominis (7.5%), including mixed
infections. These findings indicate a high prevalence of HPV and concurrent STIs
among patients with CIN, as well as notable discrepancies between cytological and
histological diagnoses, particularly in the presence of inflammatory processes.
Conclusions. The study underscores the limitations of cytological screening and the
importance of comprehensive diagnostic strategies combining morphological,
clinical, and molecular methods. Standardization of morphological criteria for CIN
is essential, particularly in HPV-associated and inflammation-related contexts, to

improve diagnostic accuracy and patient management.

Keywords: cervical intraepithelial neoplasia, HPV, cytology-histology correlation,

sexually transmitted infections, morphology.

Cervical cancer (CC) is the fourth most
frequently diagnosed cancer and the fourth leading cause
of mortality in women [1]. According to WHO estimates,
in 2022 more than 660,000 new cases and approximately
350,000 deaths were registered globally, with over 90% of

deaths occurring in low- and middle-income countries [2].

The incidence is mainly concentrated among women
aged 25-59 years, with a peak risk between 45 and 49
years [1]. In Europe, approximately 66,000 new cases of
cervical cancer and more than 30,000 deaths are recorded
each year, according to the European Cancer Registry [3].
In Kazakhstan, CC incidence remains stable at
approximately 19 per 100,000 women, while mortality
rates have declined from 7.15 to 5.93 per 100,000, with

significant disparities in screening participation between
urban (74%) and rural (38%) populations [4].

Cervical intraepithelial neoplasia (CIN) develops
through infection by high-risk human papillomavirus
(HPV) types, predominantly HPV 16 and 18, which
penetrate the basal epithelial layer and establish
persistent infection [5,6]. Viral genome integration
disrupts oncogene expression, particularly E6 and E7
proteins. E6 induces p53 degradation, reducing apoptosis
and DNA repair capacity, while E7 inactivates
retinoblastoma protein (pRb), disrupting cell cycle
control [7,8]. Viral integration often disrupts the E2 gene,
which normally suppresses E6 and E7 expression,
enhancing oncogenic effect [9]. These changes lead to

genetic abnormalities, chromosomal instability, and
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mutations, reflected in the pathomorphological spectrum
from mild dysplasia (CIN I) to severe dysplasia (CIN III),
characterized by disorganized epithelial stratification,
nuclear atypia, and increased mitotic activity [10-12].

In 2020, the WHO published a new classification
introducing a two-tier system: low-grade squamous
intraepithelial lesions (LSIL/CIN I) and high-grade
squamous intraepithelial lesions (HSIL), encompassing
CIN II and CIN III [13]. However, the three-tier CIN
classification remains widely used in practice. LSIL (CIN
I) is characterized by abnormal changes limited to the
lower third of epithelium with atypical proliferation,
mitoses confined to basal layers, koilocytotic atypia, and
preserved cytoplasmic maturation. HSIL (CIN II)
demonstrates basal/parabasal morphology with mitotic
activity extending to the lower two-thirds, while HSIL
(CIN III) displays atypia throughout full epithelial
thickness with immature cells and lack of superficial
differentiation [14,15].

According to WHO, 99% of HSIL and invasive
cervical cancer are caused by HPV and can be detected
early with organized screening programs [1].
Recommended detection methods include HPV testing,
cervical cytology, and colposcopy; however, microscopic
histopathological assessment remains the diagnostic gold
standard [14]. Despite modern screening protocols, CIN

diagnosis relies heavily on morphological interpretation.

2. Materials and methods

This study represents a prospective analysis of
pathomorphological and clinical-laboratory
characteristics of 40 patients diagnosed with CIN
between February and June 2025. The study included
women aged 18-45 years referred to the “Center for the
Prevention and Treatment of Precancerous Cervical
Diseases,” established at CF “UMC” as part of a state-
targeted funding program of the Ministry of Science and
Education of the Republic of Kazakhstan. Patients were
selected following HPV testing and Pap smear
examination. Histopathological studies were conducted

at the Department of Pathological Anatomy, CF “UMC,”

A comprehensive approach combining histological
verification with virological and cytological data
provides more accurate patient risk stratification and
helps to avoid both under- and overtreatment.

However, interpretation presents challenges due
to inter-observer variability, especially in borderline
cases such as CIN I/Il or CIN I/III [16]. Background
inflammatory changes may mimic or obscure dysplastic
processes, complicating differential diagnosis. Moreover,
cytological screening frequently underestimates lesion
severity compared to histology, leading to delayed
diagnosis and treatment. Given the high prevalence of
HPV infection among women of reproductive age,
particularly in developing countries where vaccination
rates are low and screening irregular, early detection of
precancerous lesions remains a pressing global health
These

importance of standardizing CIN diagnostics and

issue. challenges underscore the critical
integrating morphological and molecular approaches
into healthcare systems [17].

Aim of the Study - to identify and analyze
discrepancies between morphological, cytological, and
PCR data in the diagnosis of HPV-associated cervical
pathology, based on 40 clinical cases examined at the
Department of Pathological Anatomy, «University

Medical Center» (Astana, Kazakhstan).

Astana (Kazakhstan), between February and June 2025.
Histological materials were obtained from 40 women
aged 18-45 years who underwent morphological
verification of cervical intraepithelial neoplasia.

The objects of study were cervical biopsy
specimens collected during diagnostic evaluation.
Lesions were classified in accordance with the most
WHO
morphological analysis, cases were distributed as follows:
CIN I - 11 cases, CIN II — 18 cases, CIN III — 9 cases

(including 4 cases of carcinoma in situ).

recent recommendations [13]. Based on



Astana Medical Journal, 2025, 5, 125

Histological processing was carried out using a
standard protocol: fixation in 10% neutral formalin,
passage through graded alcohols, paraffin embedding,
sectioning at 3-5 pm thickness with a microtome,
(H&E)

Morphological evaluation was performed under a light

followed by hematoxylin—eosin staining.
microscope at magnifications x100, x200, and x400, with
analysis of epithelial architecture, degree of nuclear
atypia, mitotic activity, and architectural abnormalities.
All cases were classified according to the accepted CIN
grading system (CIN I-1II, CIS).

Microscopic

diagnosis of koilocytosis in

histological specimens is considered insufficiently

3. Results and discussion

The study included 40 patients with a confirmed
diagnosis of CIN. The age of the patients ranged from 20
to 46 years, with a mean age of 31.5 + 6.3 years and a

median of 31 years. Most patients (72.5%) were within the

reliable due to subjective interpretation and possible
morphological overlap with other epithelial alterations.
Therefore, in this study, assessment of HPV-related
changes relied primarily on cytological analysis.

This study was approved by the Local Bioethics
Committee of the UMC Corporate Foundation (protocol
#2024/02-013, 10/05/2024), and all patients provided
informed consent for the use of their medical data in
research. Morphological findings were correlated with
clinical data, and when available, with cytological results
and HPV status.

25-39 age group, corresponding to the peak reproductive
period and emphasizing the importance of timely

screening in this cohort (Table 1).

Table 1 - Age distribution of patients

Number of cases Age distribution of patients
0 16-19 years
3 20-24 years
9 25-29 years
10 30-34 years
10 35-39 years

The distribution of CIN grades was as follows:
CIN I - 11 cases, CIN II — 18 cases, CIN III — 9 cases
(including carcinoma in situ). Two cases were not
confirmed histologically and were diagnosed as chronic

cervicitis.

Histopathological assessment confirmed the
presence of hallmark features of cervical intraepithelial
dysplasia in all cases, including nuclear enlargement,
hyperchromasia, and increased mitotic activity, with the

severity of these changes correlating with CIN grade.
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Figure 1- Histopathological features of LSIL (CIN I) (a) area of stratified squamous epithelium with features of CIN I: cells with

moderate nuclear atypia, preserved differentiation, and koilocytosis in the superficial layers. (b) LSIL showing hyperchromatic

nuclei with irregular membranes, variability in cell shape and size, and distinct perinuclear halos in the superficial layers.

Staining: Hematoxylin—eosin, magnification: a x 100, b x 400

Figure 2— Histopathological features of HSIL (CIN II). Staining: Hematoxylin—eosin, magnification: x 200

At higher

demonstrates diffuse nuclear enlargement, with nuclei

magnification, the epithelium
appearing significantly increased in size. These enlarged
nuclei exhibit hyperchromasia, appearing intensely dark-
stained, and exhibit irregular nuclear contours with
abnormal shapes deviating from normal smooth outlines.

Cytoplasmic differentiation is preserved in the upper

third of the epithelium. This combination of lower-layer
nuclear atypia with retained superficial differentiation is
consistent with HSIL/CIN II. Increased mitotic activity is
observed in the lower and middle epithelial thirds,
showing enhanced cell division in these regions. These
features collectively support the diagnosis of HSIL/CIN
I1.
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Figure 3 - Histopathological features of HSIL (CIN III). Staining: Hematoxylin-eosin, magnification: x 100

Representative  photomicrographs  showing
histological features of HSIL/CIN III demonstrate focal
pronounced nuclear pleomorphism with nuclei showing
marked variation in size, shape, and staining intensity.
Multinucleated cells are present, displaying multiple

enlarged, irregular nuclei within single cell boundaries.

These features indicate severe dysplastic changes with
loss of normal cellular uniformity. The nuclear
pleomorphism and presence of multinucleated cells
represent advanced cytopathic effects characteristic of
high-grade intraepithelial neoplasia, consistent with CIN

III classification.

Table 2 - Histopathological assessment

Patient, Histology Pap smear results HPV typing Sexually transmitted
Ne infections (STIs)
1 Nabothian cysts of the cervix, chronic cervicitis ASC-US 39
2 CIN I, cervicitis LSIL 16
3 CIN I, cervicitis LSIL Gardnerella vaginalis
Cytomegalovirus
Candida albicans
4 CIN III, chronic cervicitis LSIL 16 Gardnerella vaginalis
Cytomegalovirus
Mycoplasma hominis
5 CINII ASC-US Gardnerella vaginalis
Ureaplasma urealyticum
6 CIN 1I, cervicitis LSIL
7 CIN II, cervicitis LSIL 52 Cytomegalovirus
9 CIN I, cervicitis NILM Gardnerella vaginalis
10 CIN II, cervicitis ASC-US
11 CIN III LSIL 16 Gardnerella vaginalis
12 CINI LSIL 33
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13 CIN I, cervicitis ASC-US Gardnerella vaginalis
14 Squamous cell carcinoma in situ of the cervix ASC-H (HSIL) 52,58 Gardnerella vaginalis
with involvement of endocervical crypts. Cytomegalovirus
Cervicitis Candida albicans
16 CIN II ASC-H (HSIL) 16
17 CIN II, cervicitis NILM 31.58 Gardnerella vaginalis
18 CINI LSIL 39 Gardnerella vaginalis
19 CIN 1I, cervicitis LSIL Gardnerella vaginalis
20 CIN II, cervicitis ASC-H (HSIL) 16,45 Gardnerella vaginalis
21 CIN I, cervicitis ASC-US 52
22 CIN I, cervicitis, Nabothian cysts of the LSIL Gardnerella aginalis
cervix Cytomegalovirus
23 Carcinoma in situ of the cervix with foci of ASC-H (HSIL) 16,45,58 Gardnerella vaginalis
microinvasion
24 Glandular ectopy of the cervical columnar ASC-H (HSIL) 16,35 Cytomegalovirus
epithelium with areas of squamous
metaplasia. Dysplasia of the surface
epithelium, grade II
25 CIN III, carcinoma in situ, cervicitis ASC-US 16 Gardnerella vaginalis
Cytomegalovirus
Candida albicans
26 CIN II, cervicitis ASC-US 16,59
27 Carcinoma in situ, cervicitis LSIL 16,18,45 Mycoplasma hominis
28 CIN I LSIL
29 CIN III, nabothian cysts of the cervix ASC-US Gardnerella vaginalis
30 CIN I NILM 51 Gardnerella vaginalis
Mycoplasma hominis
31 CIN I LSIL 16 Gardnerella vaginalis
32 CIN 1I, cervicitis LSIL 16/45 Chlamedia trachomatis
33 CIN 1I, cervicitis NILM Gardnerella vaginalis
34 CIN I LSIL 18,51
35 CIN I, cervicitis ASC-US
36 CIN I, cervicitis LSIL 16,39 Gardnerella vaginalis
37 CINI LSIL 16,51 Gardnerella vaginalis
38 CIN I, cervicitis ASC-H (HSIL) 33,52,58 Gardnerella vaginalis
39 CIN I LSIL 33,56 Gardnerella vaginalis
Candida albicans
Ureaplasma urealyticum
40 CINII LSIL 59
41 Chronic cervicitis ASC-US -
42 CIN I LSIL 33
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* CIN - Cervical Intraepithelial Neoplasia

ASC-US - Atypical Squamous Cells of Undetermined Significance

LSIL - Low-grade squamous intraepithelial lesion

ASC-H (HSIL) - Atypical Squamous Cells, High-grade Squamous Intraepithelial Lesion

NILM - Negative for Intraepithelial Lesion or Malignancy

In three patients, cytological analysis revealed

features of HSIL with prominent koilocytosis

(perinuclear halos, nuclear hyperchromasia, and

irregular nuclear contours). Morphological verification

confirmed CIN II-1II, supporting the diagnostic accuracy

of cytology in these cases. HPV genotyping demonstrated
oncogenic HPV types 16, 35, 45, 52, and 58, confirming
high progression risk and underscoring the need for close

clinical surveillance and timely intervention (Table 2).

Table 3 - CIN grade distribution and morphological characteristics

CIN grade Number of Percentage Nuclear enlargement Hyperchromasia (%) Mitoses
patients (n=40) (%) (%) (%)
CINI 11 27,5% 0 0 0
CIN II 18 45% 4 4 0
CIN III 9 22,5% 9 9 9

* CIN - Cervical Intraepithelial Neoplasia

Selected clinical cases:

e C(Case 1. A 28-year-old patient presented with
a Pap smear result indicating LSIL. HPV genotyping
revealed high-risk HPV 16. Histological examination
from colposcopy-guided biopsy showed CIN I on the
background of cervicitis. No STIs were identified. This
case demonstrates concordance between cytology and
histology, though the presence of high-risk HPV
highlights the need for follow-up.

e (Case 2. A 3l-year-old patient had no
(NILM). HPV
genotyping revealed types 31 and 58 (high-risk).

cytological abnormalities However,
Histology confirmed CIN II with chronic cervicitis, and
Gardnerella vaginalis infection was identified. This case

illustrates the limitations of cytology in persistent HPV

infection and underscores the importance of combined
evaluation including colposcopy and biopsy.

e Case 3. A 25-year-old patient presented with
LSIL on cytology. HPV testing revealed multiple high-
risk types (HPV 16, 18, 45). Histology diagnosed CIN III
(carcinoma in situ) with cervicitis. Mycoplasma hominis
infection was also present. This case emphasizes the
discrepancy between cytology and histology, particularly
in HPV co-infections, and the need for a more aggressive
management approach in high-risk patients (Table 3).

These findings collectively demonstrate the
diagnostic value of an integrated approach (cytology,
HPV typing, colposcopy, and histology). In some cases,
even low-grade or negative cytological results masked
significant histological lesions (up to CIN IIlI/carcinoma

in situ).
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Table 4 - Diagnostic method comparison in selected cases

Patient PAP smear results HPV typing STIs Histology
Nol LSIL HPV 16 negative CIN I, cervicitis
No2 NILM HPV 31, 58 Gardnerella vaginalis CIN 1I, cervicitis
No3 LSIL HPV 16, 18, 45 Mycoplasma hominis CIN III carcinoma in situ),
cervicitis

* CIN - Cervical Intraepithelial Neoplasia

LSIL - Low-grade squamous intraepithelial lesion

NILM - Negative for Intraepithelial Lesion or Malignancy

HPV - human papillomavirus

The presented clinical cases were included in the
results section to illustrate the diagnostic value of an
integrated approach in detecting CIN. These examples
demonstrate that Pap smear data alone may be
insufficient for an objective assessment of lesion severity.
In certain cases, despite low cytological categories (e.g.,
LSIL or NILM), histological examination revealed more
advanced forms of CIN, including carcinoma in situ. This
underscores the necessity of combined diagnostics,
incorporating cytological, virological, and morphological
evaluation for accurate risk stratification and appropriate
patient management (Table 4).

The results of this study revealed significant
discrepancies between cytological and histological
diagnoses in patients with CIN, raising concerns
regarding the effectiveness of standard Pap smear-based
screening strategies. In 47.5% of patients with cytological
diagnoses of LSIL or ASC-US, histological examination
confirmed CIN II, CIN III, or carcinoma in situ. Such
discrepancies indicate an underestimation of epithelial
abnormalities during initial cytological interpretation,
which in clinical practice may result in delays in
diagnosis and initiation of appropriate treatment.

Moreover, in four patients (10%) with NILM
(Negative for Intraepithelial Lesion or Malignancy),
histology confirmed CIN I and CIN II. These cases
demonstrate the possibility of false-negative cytology
results and emphasize the necessity of a combined
diagnostic approach that includes HPV testing and
colposcopy in addition to cytology.

Similar findings have been reported in large
retrospective studies, including one involving 3,798
patients who underwent HPV testing, cytology, and
subsequent colposcopic biopsy. According to those data,
for CIN I the most common cytological diagnoses were
ASC-US (38.2%) and LSIL (36.1%), whereas for CIN II,
ASC-US (31.4%) and LSIL (26.6%) also predominated [36].
Thus, moderate lesions may be present even when
cytological abnormalities appear minor. For CIN III,
HSIL was the most common cytological diagnosis (43.4%),
although a substantial proportion of patients presented
with milder abnormalities, such as ASC-H (20.6%) and
even ASC-US.

Particular attention should be paid to the
phenomenon of undercall, where CIN II or higher is
detected histologically in patients whose cytology results
are < ASC-US. In the cited study, 373 such cases were
identified. Importantly, HPV 16/18 positivity was more
frequently associated with undercall (p < 0.01), whereas
age over 45 years was associated with a lower risk of
error [36].

observed in our study, where histologically significant

diagnostic Comparable patterns were
lesions were found in some patients despite NILM results.

The discrepancies identified in our research
confirm the need to reconsider existing approaches to
results

interpreting screening and emphasize the

importance of integrated diagnostic strategies,
particularly in high-risk populations. A combination of
Pap smear, HPV genotyping, colposcopy, and, when

necessary, directed biopsy should be regarded as the



Astana Medical Journal, 2025, 5, 125

standard of care for patients with borderline cytological
results.

Our findings also align with previously
published data that highlight the limitations of cytology
as a stand-alone method. Cytology, while effective as a
first-line screening tool, cannot always provide sufficient
sensitivity or specificity for high-grade lesions,
particularly in the context of coexisting infections or
inflammatory changes. Conversely, histology allows for
more reliable detection of key morphological features
associated with progression risk, including nuclear
atypia, hyperchromasia, and mitotic activity.

In addition, the detection of high-risk HPV types
(16, 35, 45, 52, 58) in conjunction with severe

morphological atypia underscores the necessity of

4. Conclusion

The findings of this study underscore the
fundamental role of morphological verification in the
diagnosis of CIN, particularly in the context of HPV-
associated pathology. Despite the advances in virological
and cytological

screening methods, histological

examination remains the most reliable tool for
determining the grade of dysplasia and identifying
morphological features associated with progression risk,
such as nuclear atypia, hyperchromasia, and mitotic
activity.

The discrepancies revealed between Pap smear
results and histological findings (including cases of CIN
III in patients with NILM or LSIL cytology) demonstrate
the limitations of isolated cytological diagnostics and
emphasize the necessity of a comprehensive diagnostic
approach. This approach should include colposcopic
monitoring, HPV genotyping, and pathomorphological
evaluation.

The presence of high-risk HPV types (16, 35, 45,
52, 58) in combination with pronounced morphological
atypia requires special clinical attention, even when
cytological findings are of low grade or indeterminate
significance.

Thus, the effectiveness of CIN diagnosis and
patient

management is directly dependent on

incorporating HPV testing into diagnostic algorithms.
The combination of HPV typing and histological
verification enables more accurate patient stratification,
minimizes the likelihood of wunderdiagnosis, and
supports timely therapeutic interventions.

Taken together, these data reinforce the notion
that cervical cancer prevention programs must move
toward an integrated model that combines cytological,
virological, and morphological approaches. Such a
strategy not only increases diagnostic accuracy but also
improves patient outcomes, particularly in populations
with limited access to healthcare resources and high

prevalence of HPV infection.

multidisciplinary  collaboration and standardized

morphological interpretation. This is particularly
relevant in regions with high HPV prevalence and
limited oncological screening resources. The results of
this study justify the need to strengthen morphological
control over precancerous cervical lesions as a key
component of invasive cervical cancer prevention.

Conflict of interest: No conflict of interest
declared.

Funding: This research was funded by the
Scientific Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (grant
No. BR24992853, titled "National Program for the Study
of HPV with the Development of an Integrated Approach
to Effective Diagnosis and Treatment of Precancerous
Conditions"). The funding organizations did not
participate in the study design, data collection and
analysis, decision to publish, or manuscript preparation.

Authors contribution

TM. Ukybassova, N.K. Kamzayeva, B.A.
Ibraimov - Concept and design; N.K. Kamzayeva, M.S.
Galym, S.B. Makhambetva, M.S. Galym, D.M.
Baktybayeva, K.K. Konrtay, A.G. Toktarkhan, A.
Nurgazykyzy - Collection and processing of material;

T.M. Ukybassova, N.K. Kamzayeva, B.A. Ibraimov —



Astana Medical Journal, 2025, 5, 125

Editing; B.A. Ibraimov, M.S. Galym, S.B. Makhambetva,
M.S. Galym, D.M. Baktybayeva, K.K. Konrtay, A.G.
Toktarkhan, A. Nurgazykyzy - Text writing.

References

1. World Health Organization. (2024). WHO guideline for screening and treatment of cervical pre-cancer
lesions for cervical cancer prevention: use of dual-stain cytology to triage women after a positive test for human
papillomavirus (HPV). World Health Organization.
https://books.google.com/books?hl=ru&lr=&id=IacOEQAAQBA]&oi=fnd&pg=PR5&dg=1.%09World+Health+Organiz
ation.+Cervical+cancer.+Geneva:+*WHQO%3B+2024.+&ots=DnS4Vh7QSC&sig=ABEaGrOiornExH12L.95TIrwKZ1E

2. Bowden, S. J., Doulgeraki, T., Bouras, E., Markozannes, G., Athanasiou, A., Grout-Smith, H., Kyrgiou, M.

(2023). Risk factors for human papillomavirus infection, cervical intraepithelial neoplasia and cervical cancer: an
umbrella  review and  follow-up  Mendelian randomisation studies. BMC  medicine, 21(1), 274.
https://doi.org/10.1186/s12916-023-02965-w

3. Sabale, U., Reuschenbach, M., Takyar, J., Dhawan, A., Hall, A., Vittal, D., Valente, S. (2025). Epidemiological,

economic and humanistic burden of cervical intraepithelial neoplasia in Europe: A systematic literature

review. European  Journal — of  Obstetrics & Gynecology — and  Reproductive  Biology: X, 25,  100360.
https://doi.org/10.1016/j.eurox.2024.100360
4. Zhetpisbayeva, 1., Rommel, A. Kassymbekova, F., Semenova, Y. Sarmuldayeva, S. Giniyat, A,

Glushkova, N. (2024). Cervical cancer trend in the Republic of Kazakhstan and attitudes towards cervical cancer
screening in urban and rural areas. Scientific reports, 14(1), 13731. https://doi.org/10.1038/s41598-024-64566-8

5. Mlynarczyk-Bonikowska, B., Rudnicka, L. (2024). HPV infections — classification, pathogenesis, and potential
new therapies. International Journal of Molecular Sciences, 25(14), 7616. https://doi.org/10.3390/ijms25147616

6. Hampson, I. N. (2022). Effects of the prophylactic HPV vaccines on HPV type prevalence and cervical
pathology. Viruses, 14(4), 757. https://doi.org/10.3390/v14040757

7. Miinger, K, Howley, P. M. (2002). Human papillomavirus immortalization and transformation
functions. Virus research, 89(2), 213-228. https://doi.org/10.1016/S0168-1702(02)00190-9

8. Wang, J. C., Baddock, H. T., Mafi, A., Foe, I. T., Bratkowski, M., Lin, T. Y., Nile, A. H. (2024). Structure of the
p53 degradation complex from HPV16. Nature Communications, 15(1), 1842. https://doi.org/10.1038/s41467-024-45920-w

9. Jeon, S., Lambert, P. F. (1995). Integration of human papillomavirus type 16 DNA into the human genome

leads to increased stability of E6 and E7 mRNAs: implications for cervical carcinogenesis. Proceedings of the National
Academy of Sciences, 92(5), 1654-1658. https://doi.org/10.1073/pnas.92.5.1654

10. Pett, M., Coleman, N. (2007). Integration of high-risk human papillomavirus: a key event in cervical
carcinogenesis?. The Journal of Pathology: A Journal of the Pathological Society of Great Britain and Ireland, 212(4), 356-367.
https://doi.org/10.1002/path.2192

11. Chen, J. (2015). Signaling pathways in HPV-associated cancers and therapeutic implications. Reviews in
medical virology, 25, 24-53. https://doi.org/10.1002/rmv.1823

12. Hohn, A. K., Brambs, C. E., Hiller, G. G. R, May, D., Schmoeckel, E., Horn, L. C. (2021). 2020 WHO
classification of female genital tumors. Geburtshilfe und Frauenheilkunde, 81(10), 1145-1153. https://doi.org/10.1055/a-
1545-4279

13. Board, W. (2020). WHO classification of tumours: female genital tumours.

14. Darragh, T. M., Colgan, T. ]J., Cox, J. T., Heller, D. S., Henry, M. R,, Luff, R. D., Spires, S. (2012). The lower

anogenital squamous terminology standardization project for HPV-associated lesions: background and consensus



https://books.google.com/books?hl=ru&lr=&id=IacOEQAAQBAJ&oi=fnd&pg=PR5&dq=1.%09World+Health+Organization.+Cervical+cancer.+Geneva:+WHO%3B+2024.+&ots=DnS4Vh7QSC&sig=ABEaGrOiornFxH12L95TlrwKZ1E
https://books.google.com/books?hl=ru&lr=&id=IacOEQAAQBAJ&oi=fnd&pg=PR5&dq=1.%09World+Health+Organization.+Cervical+cancer.+Geneva:+WHO%3B+2024.+&ots=DnS4Vh7QSC&sig=ABEaGrOiornFxH12L95TlrwKZ1E
https://doi.org/10.1186/s12916-023-02965-w
https://doi.org/10.1016/j.eurox.2024.100360
https://doi.org/10.1038/s41598-024-64566-8
https://doi.org/10.3390/ijms25147616
https://doi.org/10.3390/v14040757
https://doi.org/10.1016/S0168-1702(02)00190-9
https://doi.org/10.1038/s41467-024-45920-w
https://doi.org/10.1073/pnas.92.5.1654
https://doi.org/10.1002/path.2192
https://doi.org/10.1002/rmv.1823
https://doi.org/10.1055/a-1545-4279
https://doi.org/10.1055/a-1545-4279

Astana Medical Journal, 2025, 5, 125

recommendations from the College of American Pathologists and the American Society for Colposcopy and Cervical
Pathology. Archives of pathology & laboratory medicine, 136(10), 1266-1297. https://doi.org/10.5858/arpa. LGT200570

15. Reuschenbach, M., Wentzensen, N., Dijkstra, M. G., von Knebel Doeberitz, M., Arbyn, M. (2014). p16INK4a
immunohistochemistry in cervical biopsy specimens: a systematic review and meta-analysis of the interobserver
agreement. American journal of clinical pathology, 142(6), 767-772. https://doi.org/10.1309/AJCP3TPHV4TRIZEK

16. Vinothini, R. P. V., Bhandari, T. P. S., Saksena, A. R., & Swain, M. (2024). Molecular Classification of Vulvar
Squamous Cell Carcinoma and Precursor Lesions Using Immunohistochemistry. Journal of Colposcopy and Lower Genital
Tract Pathology, 2(2), 65-70. https://doi.org/10.4103/[CLGTP.JCLGTP 9 24

A\Zl,aM IIanMaa0Machobl BUIPYCHI - acCOnOMsIAaHfaH ITaTOAOI'VIS KOHTeKCiHAe KaTbIp MOVIHBIHBIH
MHTpas’INTeAnaaAabl HE OI11a3VsICbIHbIH MOp(l)OZlOI‘I/IFIAbIK curraTraMaaapbl
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Tyiinageme

3epTTeyail MaKcaTbl. OZebuerTepre IOAY KoHe KAMHUKO-MOP(POAOIMAABIK, AepeKTepAl Taljay HeTisiHAe
azaM nanmaaomacs! Bupycsl (AIIB) - acconmsaanran 11aToA0rms KOHTeKCiHAe SKaThIp MOMHBIHBIH MHTPasIINTeAalAbl
HeorAa3nAchHBH (CIN) Mopdoa0rnsabK cumaTraMalapsi Xylieaey.

Oaicrepi. 3eprreyre University Medical Center maToaornsaaslk aHaromus 0eliMiHAe alABIH ala KarepAi icik
aypyaapbl Oap HalleHTTepJAeH aAbIHFaH >KaThIp MOMHBIHBEIH 40 Omomcus yarici enrisiaai. I'mcroaorusarsik Garasay
reMaTOKCUAMH-B03MH OOAyBIH KOAJaHY apKbIABI XYPprisiagi. Tasaayra KAMHMKaABIK >KoHE 3epTXaHAABIK JepeKTep
€HTi3144i, COHBIH iIliHAE LIMTOAOTUAABIK 3epTrey HaTymkeaepi (Pap-tect), AIIB Tumrey >keHe >KBIHBICTBIK >KOAMEH

Gepiserin mndexnusiaapra (KIKBU) cxpununr.
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Hotmxkeaepi. Ex >xui anpikraaran AIIB typi 16-tun 6oaasr (14 >xaraaii). Exi perrik AIIB - mapextmsa 9
HanyeHTTe Tipkeaai (MbIcaasl, 16 >xoHe 45, 18 >xoHe 51), aa 3 manmeHTTe YINTiK MHQEKI aHBIKTaA4bl. 16 >Kardarija
AIIB tabsramaasr. CIN-niH >xorapst gapexeci (CIN 2, CIN 3 Hemece carcinoma in situ) 40 manuenTrin 19-sm4a (47,5%)
aHBIKTaAAbl, IUTOAOIUAAA TeK TeMeH gspexxeai sakbiMAaHyaap (LSIL) Hemece atunmsa (ASC-US) kepceriareHine
KapamacraH. byaan 6acka, 4 xaraariga (10%) unroaorns NILM (MHTpasmmnTeAnalabl 3aKbIMAaHy HeMece KaTepAiaik
Oearizepi >o0K) 6oaraHbIMeH, rucTOAOTUAABIK 3epTTeye CIN I-1I anpikraaasr. XOKBMV 26 nanmentre (65%) aHBIKTaAABL,
keOinece Gardnerella vaginalis (55%), coaan keitin Cytomegalovirus (17,5%), Candida albicans (10%) >xeoHe
Mycoplasma hominis (7,5%), apasac undexumsaapmen xoca. bya gepexrep CIN OGap manmentrepae AIIB xene
kocaaksl JKOKBV key TapaaraHbIH, COHJall-aK KaOBIHY IIpoliecTepi aschlHAAQ IJUTOAOTUSABIK SKOHE TMCTOAOTUAABIK,
HOTIKeAep apachIHAAFBI aliTapABIKTall aliblpMaIlbLABIKTapAbl KOpCeTeai.

KopBITBIHABL 3epTTey IIUTOAOTMAABIK CKPUHUHITIH IIeKTeyAepiH KoHe MOP (POAOIMABIK, KAMHNKAABIK SKOHE
MOJ€eKYAaAbIK dAicTepai OipikTipeTiH KellleHAI AMarHOCTMKAABIK, CTpaTernslapAblH KaKeTTiliriH kepcerei. CIN-Hig
MOpOAOIMAABIK KpuUTepuiiaepin cranaaprray, ocipece BIIY-accommsisanran >xeHe KaOBIHY >KaraaillapblHAa,
AMarHo3AbIH A9AAITIH apTTHIPY >KoHe MallMeHTTepAi OHTalAbI OacKapy YIIiH aca MaHbI3ABL.

Tyitin ce3aep: >KaTblp MOWMHBIHBIH MHTpasIuTeAralAbl HeOIlAa3UsAChl, ajaM IalMAA0Machl BUPYCH,

LMTOAOIMSI MEH TMCTOAOITISI KOPPEASIINACH, SKBIHBICTBIK JKOAMeH OepiseTiH nH(peknusaap, MOp(OAOTIL.

Mopdoaormueckne xapakKTepUCTUKN IIepBMKAaAbHONM MHTPasTeAaabHOV HeOIaasun B
KOHTEeKCTe BUPYC NalMaa0Mbl YeA0BeKa - aCCOLMMPOBaHHOM I1aTOAOT UM
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AOcTpakT

Iear mccaegosammsa. Cucremarusuposarb  MOP(QOAOTMYECKNME  XapaKTePUCTUKM  LJePBUKaABHOIN
uHTpasnureanaabHoi Heonaasumu (CIN) B KOHTeKcTe BUpPYC HanmaAoMbl yeaoseka (BITY) - accoummposaHHOI
I1aTO/I0TMM Ha OCHOBe 0030pa AUTepaTyphl U aHaAM3a KAVMHIKO-MOP(POAOIMIECKUX JaHHBIX.

Metoan1. B nccaesosanme sraiodeHo 40 oOpasijop Omomcuy IIeKM MaTKM, ITOAYYeHHBIX y ITallMeHTOK C
IIpeApaKoBBIMM 3a00A€BaHMIMM IIEVKM MaTKM, 00CAe40BaHHBIX B OTAeAeHNM I1aToAormdeckoit anaromuu University
Medical Center. I'mcrosormueckas oreHkKa BHIIIOAHSAACh C MCIIOAB30BAaHMEM OKPAacKM IeMaTOKCUAMH-DO3MHOM. B
aHaan3 ObIAM VMHTEIpMpOBaHBl KAMHMYECKNe I AaOopaTOpHBIe JaHHBIE, BKAIOYas pe3yAbTaThl IIUTOAOTMIECKOTO
uccaeaosanust (Pap-recr), Tunuposanue BITY n ckpuaMHT Ha nHQeKUN, IepejaBaeMble 110A0BbIM ITyTeM (VITIIIT).

PesyabTaTnl. Hanboaee yacto sorsisasacs BITY 16-ro Tuna (14 cayuaes). Asoiinbie BITH-undexym ormeueHsr
y 9 nanuenTok (Harpumep, 16 n 45, 18 u 51), y 3 nmanmeHTOK 3aperncTpUpOBaHbl TpoiiHble MHpeKnu. B 16 caydasx
BITY ne Ob1a oGHapy>keH. Bricokast creriens CIN (CIN 2, CIN 3 nan carcinoma in situ) gauarnocruposana y 19 ns 40
MauyeHToK (47,5%), HeCMOTps Ha TO, YTO LIMTOAOIVS IIOKa3ala TOABKO HU3KOCTemeHHBbIe mopaxkeHns (LSIL) mam
aTunmio HeyrouHeHHoro 3HaueHusA (ASC-US). Kpome toro, B 4 caydasix (10%) nmpu muroaorun NILM (orcyrcrsue
MIPU3HAKOB MHTPasIUTEANAABHOIO IIOpaykeH!sI AN 3A0KadecTBeHHOCTH) Tucroaorndecky srsasaeH CIN I-I1. MTTIIT
AVIaTHOCTMPOBAHH y 26 manmeHToK (65%), npenmymectseHHO Gardnerella vaginalis (55%), aaaee Cytomegalovirus
(17,5%), Candida albicans (10%) n Mycoplasma hominis (7,5%), BKarouas cMmemraHHble MHQEKINU. DTU AaHHBIE
CBUAETeAbCTBYIOT O BhICOKOM pacrpocTtpadHeHHocT BITY u conyrersyrommx MITIIT y nanmentok ¢ CIN, a Takkxe o
3HAUMTEABHBIX PACXOXKAEHMX MEXAY IIUTOAOTMYECKVMU VM IMCTOAOTMYECKMHU pe3yabTaraMy, ocoOeHHO Ha (poHe
BOCITaAUTeABHBIX ITPOLIeCCOB.

BeBoapl. llccaeaoBaHne IogdepKMBaeT OIpaHMUYEHMs LUTOAOIMYECKOTO CKPMHMHIA UM HeOOXOAUMOCTD
KOMII/€KCHBIX AMAarHOCTMYECKUX CTparernii, o0beAMHAIOMUX MOpQoAorniecKue, KAMHUIECKUE VI MOJAEKYASpHbIe
meroanl. Crangaprusanus Mopgoaorndeckux kpurepues CIN ocobenno saxna B ycaosusax BITU-acconumpopanHbIx

VI BOCIIAAUTEABHBIX COCTOSTHUM AAS ITOBBIIIIEHNSI TOYHOCTY AVIaTHOCTUKY ¥ OITVMMU3allN BeAeHUsI MalllieHTOK.
KaroueBble caoBa: LiepBUKadbHas MHTpasInTeAMadbHas Heoraasus, BITY, xoppeasiimsa nmuroaorum u
TMCTOAOTVY, MH(EKIINI, IlepeAaBaeMble IIOA0BBIM IIyTeM, MOP (POAOITL.
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Abstract

This review presents data about the potential radiotoxic effects of uranium exposure
on the human body and determination of uranium concentration in urine as a
bioindicator of uranium accumulation in the human body. The paper discusses the
potential applications and methods for determining uranium in urine. The article

highlights epidemiological data related to uranium biomonitoring in urine among
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1. Introduction

uranium workers, military personnel exposed to depleted uranium, and population
living in contaminated areas. This article discusses the detected relationships
between uranium concentration in urine and health outcomes, including
nephrotoxicity. Additionally, the potential of alternative biosubstrates such as hair
and nails for assessing chronic uranium exposure in environmental researches
discussed. The review also presents our own studies of uranium content in the urine
of Group A uranium workers of radiation-hazardous enterprises, for whom
biomonitoring is a mandatory component of the annual medical examination,
required by national legislation. Over 2,000 urine samples were analyzed using
inductively coupled plasma mass spectrometry method. The average uranium
concentration was 0.90 pg/l, and peak levels reaching up to 47.15 ug/L. The highest
concentrations of uranium in urine were recorded among uranium workers involved
in main technological processes. To assess the permissible level of uranium in the
human body, the maximum allowable concentration in kidneys was calculated and
compared with urinary excretion levels. It was determined that concentrations
exceeding 15 pg/l indicate potential nephrotoxicity and necessitate improvements in
working conditions for Category A uranium workers. The obtained biomonitoring
data not only allow monitoring compliance with permissible dose loads, but also
provide the necessary information for optimizing radiation protection measures and
making decisions on intervention in cases where exposure levels are exceeded.
Recognition of the risks associated with uranium mining and processing in
Kazakhstan lead to policy changes aimed at protecting the health of workers and

local populations.

Key words: uranium, mass spectrometry, uranium industry workers, uranium ore

province, epidemiological studies, health status.

Uranium is a critical resource for nuclear energy
that has brought significant economic and social benefits
to humanity. Intensive mining and processing of
minerals, as well as nuclear energy complex enterprises’
work, have now led, on the one hand, to a sharp increase
in the number of people involved in production, and on
the other, to the risk of environmental pollution with
uranium compounds and its decay products, which
poses a potential threat to human health [1-4]. The
Republic of Kazakhstan is a unique uranium mining
region, which contains about 30% of the world's uranium
reserves [5-6]. The country's total uranium reserves are

estimated at 802 thousand tons of uranium. In 2009,

Kazakhstan took first place in the world in uranium
production with an annual increase in this indicator [7].
There are 6 uranium provinces in Kazakhstan,
located in the northern, southern, western and central
regions of the Republic. The main method of uranium
mining is the in-situ leaching method. The country also
has uranium processing enterprises [8] and uranium fuel
production enterprises. More than 20 thousand people
work at uranium mining and processing enterprises in
Kazakhstan, of which about 30% are Group A personnel
who come into contact with sources of ionizing radiation
[9]. In connection with the expansion of production, an
increasing number of workers and the population will be

involved in the zone of influence of the radiation factor,
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so the assessment of the influence of the ionizing factor

becomes especially acute.

Uranium and its compounds can enter humans
through the respiratory and digestive organs, as well as
through the skin, wounds and burn surfaces [10].
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Figure 1 - Receipt, distribution, accumulation and removal of uranium from the human body

For workers involved in uranium industry
enterprises, the inhalation route of uranium intake is of
greatest importance [4], for the population - oral. The
public may be exposed to natural background uranium
on a daily basis through food, drinking water and air.
However, of great concern is chronic exposure to higher
levels of uranium from anthropogenic sources, as well as
high dietary uranium intake through contaminated
drinking water and food in industrial regions where
uranium is mined [11]. Uranium can accumulate in the
body, reaching levels in individual organs that may be
unsafe for human health [12]. When ingested into the
human body in large quantities, uranium can pose a
serious danger, and its chemical toxicity exceeds its
radiological toxicity. In this regard, regulatory
documents provide the permissible value of uranium for
chemical toxicity. In terms of its toxic effect, uranium
belongs to the 1st hazard class - extremely dangerous
chemical substances, and radioactive isotopes of uranium
are included in the list of pollutants for which state
regulatory measures in the field of environmental
protection are applied [13,14]. A special feature of
uranium is its dual toxicity due to its radiological effects

as an alpha emitter and chemical effects due to its

properties as a metal [15]. Assessing the potential adverse
health effects of uranium is difficult without biological
monitoring, which primarily involves measuring
uranium concentrations in urine. Based on the fact that
the amount of uranium entering the body can be
approximately estimated by the uranium content in urine
[16, 17], this article considers this indicator as a potential
indicator of uranium concentration in the human body.
Relevant studies regarding the content of uranium in the
urine of workers and the population of uranium mining
regions are described in the following sections of the
article, including the own research of the Research
Institute of Radiobiology and Radiation Protection of
NJSC Astana Medical University.

Aim: to summarize data on the radiotoxicity of
uranium and methods for its determination, with an
emphasis on the using of mass spectrometry, and to
evaluate the effectiveness of urine analysis as a
biomonitoring of uranium in the human body of uranium

industry workers.
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2. Matreials and methods

Methods for determining uranium in the human body

Measuring the concentration of uranium in the
human body can be carried out by two main methods:
measurements in vivo and in measurements vitro.
Methods in vivo measure the amount of uranium
deposited within the body using a whole body
radioactivity meter. Analyzes in vivo are the most direct
method for quantifying radionuclides contained within
the body. However, not all radionuclides emit radiation
that can be detected with sufficient accuracy; these
include 234 U and 238 U due to low-intensity gamma
radiation [18]. Methods in vitro allow the assessment of
deposited uranium by analyzing biological fluids, excreta,
or tissue obtained through biopsy or post-mortem tissue
sections [19].

Uranium analyzes in vitro is usually performed
on urine samples, but other biomaterials such as blood or
feces can also be used. Urine testing for uranium is
usually the most preferred test because it is generally
more sensitive and less expensive. Stool analysis does not
provide information about uranium deposition, and also
requires preliminary chemical preparation, and blood
analysis is an invasive method [20,21].

Several methods are available for measuring
uranium in urine that do not require chemical separation.
These methods include spectrophotometric, fluorometric,
kinetic phosphorescence analysis and measurement of
total alpha activity. However, the listed methods do not
allow determining the relative isotopic content of
isotopes uranium, which may be important, for example,
to distinguish between natural and depleted uranium
[22].

Inductively coupled plasma mass spectrometry

(ICP-MS), which has better detection limits for many

elements, is becoming increasingly widespread as a
method for measuring the activity of radionuclides in
biosubstrates [23].

Mass spectrometry is a physical method for
measuring the ratio of the mass of charged particles (ions)
to their charge. Inductively coupled plasma mass
spectrometry is based on the use of inductively coupled
plasma as the ionization agent [24] and a mass
spectrometer for ion separation and detection. The
method also allows for isotopic analysis of a selected
element; it sorts isotopes depending on their mass-to-
charge ratio (m/z), i.e. activity is determined by the
number of atoms in the sample, not by radioactivity [25-
27].

Mass spectrometry is a more expensive method,
but has a number of advantages: high sensitivity,
accuracy of detection of uranium isotopes, low detection
limit of radionuclides, small amount of material for
research and economic benefits due to higher
productivity, due to a significant reduction in the time of
sample preparation and analysis [28]. In addition, the
measurement of various elements, especially toxic metals,
by this method is widespread due to the ability to
simultaneously measure dozens of elements in a small
amount of the test material [25].

It should be noted that methods for determining
uranium in urine using inductively coupled plasma mass
spectrometry differ and are constantly being improved.
Thus, a rapid sample preparation method was developed
for the determination of uranium isotopes in samples
using a high-resolution ICP-MS sector instrument. This
technique can analyze up to 24 urine samples in two
hours with low detection limits, which may be useful in

a radiation emergency [29].
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3. Population outcomes of uranium content in urine

Uranium content in urine of nuclear industry workers
The safety of uranium industry workers requires
careful and constant monitoring of their working
conditions, therefore the concentration of uranium in
urine is most often determined in this category of citizens
[thirty]. The guide of the US Nuclear Regulatory

Committee “Methods of direct and indirect bioanalysis

for workers of uranium mines” shows the maximum
permissible value of uranium in the urine of workers of
uranium mining enterprises: with monthly analysis - 15
ug/l, with examination once a year - 0.90 ug/l and
proposed corrective actions in production depending on

the uranium content (Table 1) [31].

Table 1 - Corrective Actions Based on Urine Uranium Test Results [31]

Concentration of Interpretation

uranium in urine

Actions (measures)

less than 15

The uranium content in the air sample of the

Does not require any action.

sample does not meet the requirements

pg/l working area complies with ~ regulatory Conduct repeated laboratory tests to determine uranium
requirements. in urine if the nature of the employee’s work changes.
from 15 to 35 pg/l The uranium content in the work area air | 1. Confirm the result (repeated urine test).

2. Determine the reason for the increase in uranium in
the urine and, if the results are confirmed, take
additional radiation monitoring measures.

3. Study the results of radiation monitoring to determine
the radionuclide composition of air to determine the
source and concentration of radionuclide entering the
body. If values exceed, examine sampling procedures.
4. Have other workers been exposed to radiation and test
their urine for uranium content.

5. Limit work until the concentration of uranium in the
urine decreases to 15 pg/l.

6. According to the study, improve control over the

intake of uranium through the respiratory tract

more than 35 pg/l

acceptable

The content of uranium in an air sample is not

1. Perform the above steps.

2. Continue further action only if another employee’s
urine concentration of uranium exceeds 35 ug/l.

3. Limit the work of employees,

of uranium content in urine when working with
uranium dust and yellowcake.

4. Perform weekly laboratory tests for uranium levels in

urine.

If the

values

When workers receive uranium above standard

1. Take all appropriate measures listed above.

2. Check the urine sample for albuminuria.
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concentration is
confirmed to be
above 35 g/l
for two sequential
analyses;

upon confirmation,
values for any
single analysis
above 130 ug1

or indication of air
samples greater
than a quarter of the

annual limit on

intake (that is %4)

3. If the employee was exposed to a poorly soluble form
of uranium or uranium dust, conduct a study of critical
organs.

4. Assess the degree of exposure.

5. Establish additional measures to limit the intake of
uranium into the body of workers.

6. Consider restriction of work until the concentration
decreases to less than 15 ug/L and laboratory tests for

albuminuria.

Research at Egypt's uranium processing facilities
included external radiation surveillance, monitoring of
radioactive dust, and analysis of uranium concentrations
in workers' urine. Urine samples collected from plant
personnel at the ore crushing and separation site revealed
elevated concentrations of uranium (up to 29.2 ug/L) and
a strong correlation with serum creatinine levels. The
average excretion of uranium in the urine of workers was
more than 20 times higher than the permissible level [32].
The daily excretion of U28 in urine is 1.4-4.7 times higher

than the experimentally established values in the urine of

uranium miners and has been shown in other studies
[33,34]. Atomic weapons workers are also monitored for
possible uranium exposure through urine uranium tests:
their average excreted uranium concentration was 0.006
ug/g creatinine. Some urine samples exceeded uranium
levels that had been established based on the likely
contribution of environmental sources of the
radionuclide. However, the health consequences of
uranium enriched to <5-8 wt% U235 based on
nephrotoxicity in this study were an order of magnitude

lower than recommendations given in the literature [35].

Urinary uranium concentrations in individuals associated with military use of depleted anium

Military weapons with depleted uranium have
been used by the armed forces of developed countries for
20 years. The use of this type of weapon to solve combat
missions in local conflicts (Iraq, 1991, 2003; Bosnia and
Herzegovina, 1994; Kosovo and Metohija, 1999;
Afghanistan, 2001; Libya, 2011) led to the emergence of a
new dangerous factor of technogenic nature. Another
object of study where urine tests for uranium content are
used are military personnel and the population arriving
in areas contaminated with depleted uranium [36-38].

American soldiers who participated in the 1991
Gulf War were injured by fragments containing depleted
uranium, or may have been exposed to depleted uranium

through other routes, such as inhalation, ingestion, and

through wound contamination. Urinary uranium
concentrations in soldiers injured by shrapnel were
higher than in soldiers exposed to depleted uranium
without shrapnel who were not involved in combat [39].
The UK has a biological monitoring program which
includes uranium testing of personnel involved in the
2003 Iraq conflict. During The study analyzed urine
samples for uranium and creatinine concentrations and
for the uranium isotope ratio Uz8/U2%. Uranium
concentrations ranged up to 556 ng/g(-1) creatinine,
slightly above reference values reported for the US
population. Isotope ratio measurements showed that all
samples contained a natural isotope and did not contain

depleted uranium [40]. There is evidence of uranium
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concentrations in urine samples from Afghan civilians.
From male civilians who developed symptoms of fatigue,
fever, musculoskeletal and neurological changes,
headaches and breathing problems after inhaling dust
during the 2002 bombings, urine samples were collected
and analyzed for the presence of U234, U»5 and U2%. The

average uranium concentration (275.04 ng/l) was

Uranium content in urine of the population

There are a number of studies where uranium in
urine was determined in populations not associated with
the mining and processing of uranium and who did not
participate in military conflicts, including people who
live in areas contaminated with radionuclides. The
concentration of uranium in the urine of the population
is also being studied in order to create a database for
comparing the uranium content in the urine of workers
engaged in uranium mining and people who live in areas
contaminated with radionuclides. There is information
on uranium contamination resulting from coal mining
activities in the Yi region of China, due to the mixed
distribution of uranium and coal mines. This study
collected water, soil, coal, and urine samples from the
local population to assess the level of uranium intake and
its effects on people. The results showed that uranium
concentrations in groundwater were 8.71-10.91 png/L,
while lower levels of uranium were observed in river
water. Coal ash contained high concentrations of
uranium - 33.1 ug/g, due to enrichment during coal
combustion. Uranium concentrations in urine samples
were 8.44-761.6 ng/L, which is significantly higher than
reference values for unexposed people [43]. An
assessment of uranium excretion in urine was carried out
among the population of the Czech Republic living near
spent uranium ore mining and processing facilities. The
average daily excretion was 0.15 mBq/day (12.4 ng/day).
Despite the legacy of uranium mines and uranium ore
processing plants in the Czech Republic, levels of
uranium in urine were similar to those in other countries.
It should be noted that this study found a significant
difference in daily urinary uranium excretion between

people using public water supplies and private wells as a

significantly higher than the reference range (1-20 ng/l).
The U28/U2ratio was 137.87 +/- 0.20, which corresponds
to the ratio of natural uranium [41]. At the same time the
population of eastern Croatia, who live in post-war areas
affected by bombing and the potential use of depleted
uranium weapons, have urinary uranium concentrations

below values reported in the literature [42].

source of drinking water [44]. A study was conducted in
Japan to examine uranium concentrations in population
urine samples to estimate daily uranium excretion.
Concentrations ranged from 0.8 to 35.6 ng uranium per
liter of urine (mean 4.5 ng/L(-1)). Urinary uranium was
normalized to creatinine concentration to compensate for
the degree of urine dilution. Normalized creatinine
values ranged from 1.2 to 17.8 ng uranium per gram
creatinine (mean 7.4 ng/g(-1) creatinine). These results
were consistent with the lower limit of uranium uranium
reported for the unexposed population of 0.04-0.40 pg/L.
It should be noted that the upper limit of this range (0.4
ug/L) was found in an area with high concentrations of
natural uranium in water [45].

The urinary concentrations of uranium during
chronic exposure to drinking water were studied among
households in southern Finland who consume drinking
water from private wells. The population was selected to
reflect a wide range of daily uranium intakes from
drinking water (0.03-2775 ug/day). Urinary uranium was
correlated with uranium intake in drinking water,
especially at elevated levels of uranium in water (>or =10
ug/day) in wells [46]. A study was carried out to compare
urinary uranium levels in the UK population with levels
in British military personnel and ex-servicemen serving
in areas where ammunition containing depleted uranium
was used. Convalescent hospital patients were recruited
as participants. The concentration of uranium in daily
urine ranged from 1 to 10.6 ng/l( -1). Creatinine -
standardized 24-hour urine concentrations ranged from
approximately 100 to 800 ng mol (-1) creatinine. The
uranium content was similar to that for US residents. All

samples showed an isotope ratio of U2 to U2,
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Mass

spectrometry for determination of Th?? and U8 in the

corresponding to natural uranium [47].
urine of Jordanians not exposed to uranium showed a
mean value of U%8 in all samples was 3955 u/Bq/day (-1)
(mean 1107 p/Bg/day (-1)), which is higher than reported
data from Germany and India, but consistent with ICRP
publication number 23 [48]. The results of determining

the activity concentrations of U2 and U?* in urine

samples of Warsaw residents to estimate the background
level of the rate of excretion of these radionuclides
showed that the excretion rate of U2 was in the range of
0.44-30.54 mBq/day (-1), and for U%* —in the range of 0.33-
28.61 mBqg/day (-1). 70% of the results were below the
upper limit of 6 mBg/day (-1) recommended by the ICRP
(ICRP

for people not exposed to radionuclides

Publications No023) [49].

Relationship between uranium concentration in urine and human health status

Studies on the concentration of uranium in the
urine of uranium industry workers and the population
living near uranium deposits in the available world
literature. There is even less research regarding urinary
uranium and its potential association with morbidity.
However, a number of studies have attempted to trace
the relationship between uranium concentrations in urine
and various diseases. Thus, in the United States,
epidemiological studies were conducted that examined
the presence of metals in the urine and cognitive
impairment in elderly people aged 60 years and older.
High levels of urinary cadmium have been found to be
potentially associated with impaired memory and mental
performance. However, urinary uranium concentrations

did not show any significant associations with cognitive

impairment [50]. The association of environmental
uranium exposure with changes in kidney function in
residents of the United States was studied. Uranium was
detected in the urine of 74.1% of subjects, and an
association was demonstrated between detectable
uranium concentrations in urine and microalbuminuria,
but no association with clinical kidney disease was
identified [51]. The association of urinary metals,
including uranium, with the prevalence of diabetes was
assessed. The odds ratio for developing diabetes
associated with the highest metal concentration was
1.46 (1.09-1.96) for uranium, meaning uranium was
positively associated with diabetes, even at relatively low

levels observed in the US population [52].

Limitations and disadvantages of testing uranium concentration in urine

The determination of uranium content in urine is
carried out to assess its contribution to the dose load of
internal irradiation of people, since the rate of excretion
of a radionuclide in urine describes the dependence of its
content in the body [53]. However, background levels of
uranium must be known to assess potential human
exposure. Natural background levels of uranium in the
urine of unexposed individuals vary greatly depending
on region and population, and due to varying intakes of
uranium from food and water [54]. There are a number of
disadvantages when determining uranium in urine,
which can affect the final result. Thus, the amount of

uranium in urine samples taken simultaneously (spot) is

more variable than in samples taken over 24 hours (daily).
Daily urine samples provide greater accuracy in
estimating uranium concentrations, but are also more
difficult to collect samples [47]. There are studies
monitoring occupational exposure to uranium and other
toxic heavy metals, including uranium, which show that
variations in uranium concentrations in different urine
samples from the same person can be quite significant.
However, these differences usually correlate with
creatinine levels in the same samples. In the studies of
Karpas Z., Lorber A. are proposed that daily creatinine

levels must be assessed taking into account weight,
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height and age; adjusted values can be used to determine
the internal radiation dose from uranium [55].

In addition, the list of biomaterials for studying
the concentration of uranium in the body is expanding. If
we are not talking about uranium poisoning, but are
studying the effects of uranium in small quantities,
determining the concentration of uranium in hair and
nails in population studies is especially relevant. Skin
appendages are considered the end product of
metabolism that absorbs microelements and their use is
effective in environmental and toxicological studies [56].
Hair and nails are composed primarily of fibrous protein

structures and grow relatively quickly [57, 58], and the

hard outer keratin layer of hair prevents the release of
internal components, including external contaminants
[59]. In addition, hair and nail samples have several
advantages over other types of biomaterials: painless
removal, ease of collection and transportation, high
stability at room temperature, and relatively high
concentrations of elements compared to other body fluids
and tissues [60-63].

Despite the above, determining the concentration
of uranium in urine remains the most common method
for monitoring the effects of uranium on uranium
industry workers and the population of uranium mining

regions.

Research of uranium content in urine at the Research Institute of Radiobiology and Radiation Protection

The main directions of scientific activity at the
Research Institute of Radiobiology and Radiation
Protection of NJSC "Astana Medical University" are
medical provision of radiation safety and the
development of scientific foundations for regulating safe
levels of technogenic radiation exposure on workers and
the population. The objects of research of the research
institute are uranium mining and processing enterprises,
whose personnel come into contact with soluble and

insoluble uranium compounds [64, 65], as well as the

population living near uranium industry facilities [66-68].

According to the order of the acting Minister of
Healthcare of the Republic of Kazakhstan No KR DSM-
131/2020 dated October 15, it is mandatory to determine
the concentration of uranium in urine of uranium mining
enterprises (UME) personnel [69]. The main purpose of
determining uranium in urine of UME personnel is to
ensure radiation safety of workers within permissible
dose values, obtain the necessary information to optimize
protection, and make decisions on intervention in cases

of increased radiation exposure.

Memorandum between the Ministry of
Healthcare of the Republic of Kazakhstan and NAC
Kazatomprom JSC on cooperation in matters of
protecting the health of UME employees to enhancement
the interaction between workers and local healthcare
organizations was signed in 2018, with the organizational
and methodological participation of the SRI of
Radiobiology and Radiation Protection, NpJSC “AMU”.
From 2015 to 2019, laboratory tests of 2,381 urine samples
for uranium content in group A personnel were
conducted at the Institute as part of the annual medical
examination of UME employees. Laboratory tests of
urine samples were carried out on an inductively coupled
plasma mass spectrometer “Agilent 7800 ICP MS”
(Japan), the error of this device in quantitative
determinations is 1-5%.

The main results of measuring uranium in the
urine of Kazakhstan UME workers are presented in Table
2.
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Table 2 - Uranium content in the urine of group A personnel uranium mining enterprise

of Republic of Kazakhstan, g/l

No Research objects Total number of | Number of samples | Number of samples Values (ug/l)
samples with values less with values greater
than <0.90 than >0.90
1 Uranium mining enterprise of 305 242(79,34%) 63(20,66%) average 0.74
Southern Kazakhstan 1 max 13.68
min 0.029
2 Uranium mining enterprises 1 146 95(65,06%) 51(34,93%) average 1.74
max 13.68
min 0.08
3 Uranium mining enterprises 2 210 166(79,04%) 44(20,95%) average 0.59
max 2.91
min 0.001
4 Uranium mining enterprise of 219 166(75,34%) 54(24,65%) average 1,49
Southern Kazakhstan 2 max 33,48
min 0,12
5 Uranium mining enterprise of 213 168(78,87%) 45(21,12%) average 0,59
Southern Kazakhstan 3 max 2,91
min 0,001
6 Uranium mining enterprise of 157 148(94,26%) 9(5,73%) average 0,58
Southern Kazakhstan 4 max 16,97
min 0,10
7 Uranium mining enterprise of 1131 1051(92,92%) 80(7,07%) average 0,43
Southern Kazakhstan 5 max 47,15
min 0,001
Overall average (2 381 samples): 0,90 pg/l

According to the results of the analysis presented
in Table 2, the concentration of uranium in urine varied
from 0.001 to 47.15 ug/l, with an average value of 0.90
ug/l. More than 65% of uranium concentrations in urine
do not exceed the average meaning of 0.90 ug/l, only 35%
and less of rates are above this value.

The presented data shows that in the workshops
of the wuranium enterprise, in which the main
technological processes are carried out, is a significant
increase in the average level of uranium concentration in
urine compared to other divisions.

Earlier, in the studies of Aumalikova M. and
others, studies were conducted to determine uranium in

the urine of workers at the Saratov State Chemical

Combine, where the concentration of uranium was
determined to reach 26.7 pg/l in 4 workers. We
reanalyzed urine samples at four workers who has high
concentrations of uranium. Three of these workers had 3-
5 times decreased uranium concentrations in the urine,
still

concentrations above the maximum threshold (15 pg/L)

[8]-

while one worker had wurinary uranium

To establish the reference value of uranium in the
urine of UME personnel, the permissible concentration of
uranium in the kidneys was calculated by the empirical
formula used in the regulatory documents of the UK,
Canada and the USA [70-73]:
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_ (5,10:1073*uBq)*(0,065)

¢= (300r)*(0,33+10~37 =33 10° & g_l =33
HBqg~1)
g/l g (1)
where:

C — the permissible concentration of uranium in
the kidneys (in g/g),

e 5,10x10-3* uBq — activity of uranium,

0,065 — coefficient for conversion in concrete unit
of measurement,

e 300 gr — weight of organ (kidneys),

0,33 uBkg x 10-¥ — a coefficient connecting the
activity and concentration of a substance in tissue.

According to the above formula, the maximum
uranium content in the kidneys is 3.3 ug/g.

It is necessary to analyze the uranium
concentration of urine samples to reduce the impact of
high level of uranium, the so-called “peak load” on
kidneys. It has been established that this load on the
kidneys ranges from 0.3 to 3 pg of uranium per gram of
kidney tissue. If the uranium concentration in the renal
tissue exceeds 3.3 ug/g (nephrotoxic limit) for a long time,
it can lead to kidney damage, and determines the
presence of retinol binding protein in the urine [70].

In this regard, the concentration of uranium in
the body and the corresponding critical organs (lungs,
bones, kidneys) is calculated from analyzes of urine

samples taken after a break in work and from the

corresponding conversion coefficient from urine activity
to uranium content in the body. This method is based on
the stabilized distribution of radionuclide in the body of
a person working under conditions of chronic intake and
achieving an equilibrium state.

According of reference, with a maximum
concentration of uranium in the kidney of 3.3 ug/g, the
excretion of uranium with urine during its continuous
intake into the body after 30 days of exposure, taking into
account the half-life of uranium from the body, will be
equal to 15 pg/1 [70].

Based on previously available data [70-72] and
our own research data, to determine the permissible limit
of uranium in the urine of UME workers, we constructed
a graph compiling the concentration of uranium when
yellowcake is ingested at low and high temperatures, as
well as uranium ore dust (Figure 2). According to the
graph, at the period of uranium exposure increases for
UME workers, the concentration of uranium in urine
decreases, because slightly soluble forms of uranium
can settle in the kidneys, and rapidly soluble forms are
excreted from the body in less than 5 days [73, 74].

Thus, the reference value of uranium in the urine
of UME workers is 0.90-15 pg/l. If the uranium
concentration in the urine of UME workers is exceeded,
corrective actions used in world practice and presented

in Table 1 are proposed.

10000

100 +

Concentration uranium in urine,pg/L

0.1

Time after exposure, days

Figure 2 - Uranium concentration in urine versus exposure time
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In general, conducting laboratory tests to
determine the content of uranium in the urine of UME
workers will allow us to identify “risk groups” at an early
stage in order to timely predict the risk of developing
work-related disorders and occupational diseases, and
introduce treatment and preventive complexes aimed at
protecting the health of the working population.

With the participation of the Research Institute of
Radiobiology and Radiation Protection on the basis of the
RSE at the Central Clinical Hospital for Disabled Persons
of the Patriotic War and the Institute, the MORBUZ
Consortium (Medical Radiation Safety and Morbidity

4. Conclusion

The use of biological samples to determine
uranium levels in the body is important for monitoring
the health of people who may be exposed to uranium at
work or in the environment. In most cases, urine testing
is used to detect uranium exposure through drinking
water or inhalation of particles containing uranium.
Urine monitoring is an effective method for determining
a person's exposure to soluble uranium compounds
because the daily urinary excretion of uranium depends
on the total level of uranium in the body. The US Nuclear
Regulatory Commission (NRC) has set urine uranium
levels at 15 ug/L for persons occupationally exposed to
uranium. For the population of different regions, the
concentration of uranium in urine varies widely, usually
in the range of 0.04-0.40 ug/l. Some studies show a
relationship between uranium concentration and
qualitative changes in the composition of urine, but there
is insufficient scientific evidence regarding the existence
of a connection between uranium content in urine and the
occurrence of somatic diseases. The large body of
knowledge obtained from studies of uranium in workers
and the public at the Research Institute of Radiobiology

and Radiation Protection should be included in the

Management) was created, where high-tech specialized

clinical  examination, treatment and  medical
rehabilitation of workers are carried out exposed to the
negative effects of ionizing radiation.

Research into uranium concentrations in urine in
uranium mining regions is ongoing. In the context of the
rapidly developing uranium industry in our state, the
Institute sets the goal of becoming a center in Kazakhstan
for further improvement of comprehensive work to
reduce radiation risk for personnel of radiation-

hazardous enterprises and near the living population.

assessment of the health risks associated with uranium
exposure. However, this biomonitoring approach has so
far found only extremely limited application in the
Republic of Kazakhstan; ultimately, we hope that the
research conducted will contribute to improving the
radiation protection system in our country.
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3opaeri ypaH — agaM ar3acbIHAAFbl YPaHHbBIH XKIMHaAybIH OaFaaayAbIH
OMOMHAMKATOPBI

Kaspmmbet I1.K. 1, Canndyauna E.A. 2, baxtug M.M. 3, Aymaanukosa M.H. 4 IaG6exkosa K.B. 5,
Eamentex M.OK. ¢, Buxanosa A.C. 7, Aecoexk A.b. 8, Mopaesa A.C. 9, Kamnknubaes E.T. 10, Xomu M. 1
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Tyiingeme

bya moayaa ypaHHBIH azaM ar3achbIHa acep eTyi HoTV>KeciHAe TybIHAQYbl MYMKiH paguOyBLITTH caljapAap JKoHe
ar3aJarbl ypaHHBIH >KMHAAyBIH OMOMHAMKaLMsIAQy KypaAbl peTiHAe 39pJeri ypaH KOHIIEHTPaIMACHIH aHBIKTay
Maceseaepi KapacThIpblaadbl. 3epTTey >KYMBICBIHAA 39pJeri ypaHABI aHBIKTay 94iCTepi MeH oAapAblH KOAJAaHBLAY
MYMKiHAikTepi TaasaHagpl. Maxasaga aacTaHFaH aymakTapaa TYpaTbIH XaABIKTBIH >KoHe KeJelideHIeH ypaHMeH
OaiiaaHpICcTa DOAFaH 3CKepH KbI3MeTKepAep MeH >KYMBICIIbLAapAbIH 39piHAeri ypaHHbIH OMOMOHUTOPMHTiHe KaThICTHI
SINAEMIOAOTUAALIK 3epTTeyAepAiH JepeKTepi kepceTiareH. 3aperi ypaH KOHIIEHTpaIMsACH MeH AeHCayABIK SKaFAaiibl,
COHBIH iIliHAe HeQpPOYBITTHIABIK apachblHAAFbl aHbIKTaAfaH OailaaHbICTap cumnarradaabl. COHBIMEH KaTap, YpaHHBIH
CO3BLAMAaABI dcepiH OarasayAa IIalll IIeH THIpHaK YATiAepi CHAKTH IepCIIeKTUBaAbIK aAbTepHaTUBTI O11ocyOcTpaTTap Aa
KapacTeippraagsl. Hloayaa paauanmsaablk-KayinTi KecinopbHAapAa KYMBIC icTelTiH A TOOBIHBIH >KYMBICIITBLAa PBIHBIH
39piHgeri ypaH KypaMbIHa KaTBICTHI ©3iHAIK 3epTTeyAep HoTuXeAepi YChIHbIAFaH. by caHaTTarbl >KyMBICIIbLAAP YIITiH
OMOMOHNMTOPVHT 3aHABI TYpAe OeKiTiATeH KblA CallbIHFbI MeAVIINMHAABIK TeKCepyAiH MiHAeTTi Oe4iri 604bIT TaObLAAABL.
MuayxrupTi GajlaaHbICKaH I11a3MaMeH Macc-CrieKTpoMeTpus aici apkprapt 2000-HaH acTaM 39p yAariaepi TaasaHAbL
Oprama ypau kornernrparysics: 0,90 MKr/a Kypar, Ker0ip skaraaitaapaa 47,15 MKr/a-re AeitiH >xeTTi. 39paeri ypaHHbBIH
€H >KOFapbl MOAIIIePi Heri3ri TeXHOAOTUAABIK YAepicTepe KbI3MeT aTKapaThIH JKYMBICIIIbIAapAa aHbIKTaAAbl. Ar3aarbl

ypaHHBIH pPYKCaT eTiAreH JeHTeifiH Oafaday MakcaTblHAa OYiIpeKTeri IIeKTi KOHIIEHTpaIVsA ecelTeAil, 39pMeH
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IIBIFAPBLAATEIH YPaH AeHTelliMeH CaAbICTBIPBLAABL 15 MKI/A-AeH >KOFapbl KOHIIEHTpauusiiap HeppOYBITTHLABIKTEIH
MOTEeHNMAaAABIK, KayIliH KepceTil, A TOOBI >XYMBICIIBLAAPBIHBIH €HOeK >KarjgalidapblH Ty3eTyAl KadKeT eTeTiHi
aHBIKTaAABl. A ABIHFaH OOMOHUTOPYHT HOTIDKeAepi 403aAbIK JKyKTeMeAepAiH pyKcaT eTiATeH JeHrelilepin OakblaayFa
FaHa eMec, COHAall-aK paAMalNsAAbIK KOPFaHbIC IIapaJapblH OHTallAaHABIPYFa JKoHe acep eTy AeHreifi IIeKTeH ackaH
JKardaiiga apasacy TypaAasl IelniM KaOblLigayra MyMKiHAiK Oepeai. KasakcraHga ypaH eHAipy >KoHe eHAeyre
DaliaaHBICTBI Kayill-KaTepai MOIbIHAAQYy — 0oOJamrakTa >KYMBICIIBLIAP MeH XaABIKTHIH AEHCAyABIFBIH KOpFayFa
OaFbITTaAFaH casACaTThI JKeTiAAipyTe K04 alIysl THIC.

TyitiH ce3aep: ypaH, MacC-CIIEKTPOMETpUs, YpaH ©HepKaciOi SKyMBICIIBLAAPE], YpaH-KeHAl IIPOBUHIIVACHL,

DIINAEMINOAOITISIABIK 3epTTeyAep, A€HCAYAbIK )Kal-"ﬂ,af/ibl.

YPaH B MOYe KaK 6I/IOI/IHAI/IKaTOp AA51 BbISIBA€HVISI HAKOIIA€HNSI ypaHa
B OpraHmnsMe 4ea0BeKa

KaspimOer T1.K. 1, Canndyauna E.A. 2, baxtug M.M. 3, Aymaankosa M.H. 4 Ia6ekosa K.B. 5,
Eamentexk M.K. ¢, brokanosa A.C. 7, Aecoek A.B. 8, Mopaesa A.C. 9, Kamknuoaes E.T. 1°, Xoru M. 1!
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Pe3rome
B AaHHOM o630pe Hpe,ZI,CTaBAEHbI AaHHBbIE O BO3MO>KHBIX pa,Z],I/IOTOKCI/I‘IeCKI/IX I10CAeACTBUIIX BOSAEﬁICTBI/I}I ypaHa
OpFaHI/ISM yea0BeKa 1 OHpe,ZI,EAEHI/I}I KOHI_IeHTpaI_H/II/I ypaHa B MOYe B KayeCTBe 6I/IOI/IH,Z|,I/IKaTOpa HaAKOIIAE€HIsL ypaHa B

OpraHmsme. B pa60Te paccMaTpmnBaeTCi IIOTEHIMIaAbHOE IIPMIMEHEHNE 11 METOABI OITpeAeA€HIIsI YypaHa B MO4e. B cratne
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OCBeIIeHbI AaHHBIE DIINAEMIOA0TITIeCKIIX VICCAeA0BaHNI, CBA3aHHBIX C OMOMOHUTOPVHIOM ypaHa B MOYe y ITIepCcoHaJa,
BOEHHOCAY>KaIllVX, KOHTaKTUPYIOIINX C 0OeJHEHHBIM YpaHOM M Y HaceJeHVsI, IIPOXKMBAIOIIEro Ha 3arps3HEeHHBIX
TeppuUTOpMX. B cTaThe 06Cy>K4aI0TCA BBLIBAEHHEIE B3alIMOCBS31 MeXKAy KOHIIEHTpanyel ypaHa B MO4Ye 1 COCTOSTHIEM
340pOBBsI, BKAIOYasl HePpPOTOKCHMYHOCTh. Kpome TOro, 3arparmBaroTcsi aAbTepHATMBHBIE OMOCYOCTpaThl, TaKue Kak
BO/AOCH U HOITH, KaK II€pCIIEKTUBHBIE OOBEKTHl AAs1 OLIEHKM XPOHMUYECKOTO BO3JAENCTBUS ypaHa B YCAOBMIX
DKOAOTMUYECKUX MccAeoBaHMII. B 0630pe mpuBeaeHB 1 COOCTBEHHBIE MCCAEAOBAHMS COAep>KaHUs ypaHa B MOdYe y
IIepcoHaja IpyNIbl A paAXaIiIOHHO-OIIaCHBIX IPEeATIPUSTUN, A1 KOTOPOTO OMOMOHUTOPUHT SIBASIETCS 00s13aTe ABHON
COCTaBASIONIENl eXerogHOTro MeAMIIMHCKOTO OCMOTpa, 3aKpeIlJ1eHHOM Ha 3aKOHOJaTeAbHOM ypoBHe. bbrao
IIpOaHaAN3VPOBaHO 00/1ee 2 THICIY 00Pa3IoB MOYM METOAOM MacC-CIIEKTPOMETPUN C MHAYKTUBHO CBI3aHHO T11a3MOIA.
Cpeamsia koHIIeHTpanusA ypasa coctasua 0,90 MKr/4, IIpy 9TOM B OTA€ABHBIX CAydasiX 3Ha4eHsI 40cTuTaan 47,15 MKr/a.
Hauboapmmme 3HaueHUsI KOHIIEHTpalUMy ypaHa B Moue ObLAM 3apUKCUPOBAHBI ¥ paOOTHMKOB, 3aHATLIX B OCHOBHBIX
TEXHOAOTMYECKNX ITporieccax. /s OeHKN AOIYCTMMOIO YPOBH: ypaHa B OpTaHM3Me Oblla paccunTaHa IIpeAeAbHast
KOHIIEHTpanus B ITOYKaX ¥ COIOCTaBAeHa C YPOBHAMU DKCKpELNN ypaHa ¢ MOUYOI. YCTaHOBAEHO, YTO KOHIIEHTpalluy
cepiie 15 MKr/4 yKasbplBalOT Ha ITOTEHIIMAAbHYIO HePOTOKCMYHOCTh ¥ HEOOXOAMMOCTb KOPPeKIUM YCAOBUI Tpyaa
nepconada rpymnsl A. IToaydennnie gaHHbIe OIOMOHUTOPMHIA IO3BOASIOT HE TOABKO KOHTPOAMPOBATh CODAIOAeHIe
AOIIYCTMMBIX JO30BBIX Harpy3oK, HO 1 oDecriednBalOT HeOoOXOAUMYI0 MHQpOpMaIMIO AAsd ONTUMM3AIMU Mep
PaAuanyoHHON 3aIIUTEl M IPUHATHAS pelleHNuii O BMeIllaTeAbCTBe B CAydasX IpeBbIIeHNs YPOBHeN BO3JeMCTBIL.
ITpusHaHMe PUCKOB, CBA3aHHBIX C 400bI9el] 1 IlepepaboTKoii ypaHa B KazaxcraHe, 404KHO crIOCOOCTBOBATH MI3MEHEHUIO
MIOANTUKN AAsI 3aLTUTHI 340pOBbsl PaOOTHMKOB 1 HaceAeHMs B OyAyIieMm.

KaroueBble caoBa: ypaH, Macc-CIIeKTpoMeTpus, paOOTHMKM YPaHOBOI IIPOMBIIIAEHHOCTH, YPaHOBOPYAHasI

IIPOBMHIINIL, SIIUAEMNOAOTNYECKNIe VICCAeA0BaHNsl, COCTOsIHIIE 340POBbBSI.
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Abstract

In recent years, more and more attention around the world has been paid to the
problem of antibiotic-resistant strains of bacteria, in particular Enterococcus faecalis,
and their role in the development of purulent-inflammatory diseases in humans.
This is due to the fact that evidence of a rise in infections caused by antibiotic-
resistant strains of E. faecalis is becoming increasingly worrying. In this regard, it is
relevant to study the frequency of E. faecalis isolates from patients hospitalized in
non-infectious clinics.

Study objective. To investigate the frequency of Enterococcus faecalis inoculation
from clinical biological samples of patients with purulent-inflammatory diseases
over the period from 2018 to 2022 in a non-infectious clinics.

Methods. A retrospective analysis of five-year data from 2018 to 2022 was conducted.
The data included results of bacteriological studies to identify pure cultures of E.
faecalis in the microbiological laboratory of National Scientific Medical Center JSC,
Astana.

Statistical processing of the obtained data was performed using Microsoft Excel. The
mean value, standard error, and dynamic changes were determined using linear
regression. Differences in means were considered statistically significant at p<0.05.
Results. From 2018 to 2022, 414 isolates of Enterococcus faecalis were identified from
various clinical materials. The highest number of strains was obtained from urine
(51.9%), followed by wound samples (16.2%), throat (3.6%), and blood (2.2%).
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Notably, in 2018, the proportion of strains from urine was 36.8%, while by 2022 it
increased to 77.8%.

Conclusions. Based on the analysis of the dynamics of Enterococcus faecalis isolates
inoculation from various clinical samples from patients with purulent-inflammatory
diseases in a non-infectious clinic, the following conclusions can be drawn:

1. During the studied period, the highest level of Enterococcus faecalis inoculation
was observed in 2018 (24.9%), and the lowest level of inoculation was observed in
2022 (15.2%).

2. The frequency of Enterococcus faecalis inoculation during the studied period,
depending on the patient’s biomaterial, varied as follows: it was isolated from urine
in 215 cases (51.9%), from the wound - 67 (16.2%), from the pharynx - 15 (3.6%), from

the blood -9 (2.2%).

Keywords: purulent-inflammatory diseases,

Enterococcus  faecalis, antibiotic

resistance, microbiological research, biological samples, urine, wound, throat, blood.

1. Introduction

Enterococci are representatives of the normal
microbiota of the human intestine and urogenital tract.
They can also be released from the nasopharynx, upper
respiratory tract, and skin surfaces. Most infections
caused by enterococci are endogenous and result from
the invasion of microorganisms due to excessive
colonization of mucosal and skin surfaces [1,2].
Enterococci often cause urinary tract infections in
patients with long-term functioning catheters, and they
are responsible for 10-20% of all bacterial endocarditis
cases and 5% of bacteremias [3,4]. Despite being normal
inhabitants of the human microbiota, under certain
conditions, enterococci can induce the development of
infectious-inflammatory =~ processes. ~ The  clinical
manifestations of enterococcal infections are diverse,
ranging from localized infections (urinary tract infections,
wounds) to generalized forms (bacteremia, bacterial
endocarditis, meningitis) [5,6,7].

In recent years, more and more attention has
been paid worldwide to the problem of antibiotic-
resistant bacterial strains, particularly Enterococcus faecalis,
and their role in the development of purulent-
inflammatory diseases in humans [8,9,10,11,12,13]. This is
due to the increasing concern over the rising number of

infections caused by antibiotic-resistant E. faecalis strains.

Enterococcus faecalis is one of the most common

microorganisms inhabiting the human intestine.
Typically, it is a harmless bacterial symbiont, but some
strains exhibit antibiotic resistance, which makes them
potentially dangerous to human health [14,15,16]. Their
presence can lead to infections such as appendicitis,
peritonitis, sepsis, as well as inflammatory diseases of the
urinary tract and skin [17,18]. Antibiotic-resistant strains
of Enterococcus faecalis can be particularly dangerous for
immunocompromised  patients, such as those
undergoing surgical procedures, with oncological
diseases, or receiving immunosuppressive therapy
[8,12,18].

Study objective: To investigate the frequency of
Enterococcus faecalis inoculation from clinical biological
samples of patients with purulent-inflammatory diseases
over the period from 2018 to 2022 in a non-infectious

clinics.
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2. Materials and Methods

A retrospective analysis of five-year data from
2018 to 2022 was conducted. The data included results of
bacteriological studies to identify pure cultures of E.
faecalis in the microbiological laboratory of «National
Scientific Medical Center» JSC, Astana.

Clinical material for bacteriological research was
collected at «National Scientific Medical Center» JSC. The
biological material came from patients with purulent-
inflammatory diseases. The samples were collected and
transported to the microbiological laboratory according

to methodological guidelines.

Cultivation of Samples. The primary inoculation of
clinical material was performed quantitatively on
nutrient media according to regulatory documents [7].
The quantitative analysis of the material was carried out
using nutrient media

(blood agar, Endo agar,

3. Results and Discussion

According to the data from the microbiological
laboratory of the «National Scientific Medical Center»
JSC, from 2018 to 2022, a total of 414 Enterococcus faecalis
isolates were obtained from various clinical materials
from patients with purulent-inflammatory diseases,
among other pathogenic microorganisms.

In 2018, 103 Enterococcus faecalis strains were
isolated from the 414 total isolates. Analysis of the data
on the various biological materials from which
enterococci were isolated during the study period
showed that, in 2018, the highest frequency of
Enterococcus faecalis isolation was from urine, accounting
for 36.9% of the strains, then wounds - 22.3%, then the
throat - 6.8%, sputum - 5.8%, and bronchial lavage fluids,
umbilical cord, and urinary catheter - 3.9% each, from the
TBD catheter and abdominal cavity - 2.9% of strains.
From the central venous catheter and blood for sterility -
1.9%. Additionally, one strain was isolated from the nose,

ear, tracheostomy, and episiotomy.

enterococcal agar, Kalina agar). The inoculations were
cultured for 24 hours at 37°C.

Identification  of

methodological recommendations, the morphological

Isolates.  According  to
and cultural properties, Gram staining, oxidase and
catalase tests, and indole production tests were studied
for the identification of isolates. The final identification of
isolated pure cultures was conducted using the
microbiological «Vitek 2 -

(bioMerieux, Marcy I'Etoile, France) [8].

Compact» analyzer

Statistical processing of the obtained data was
performed using Microsoft Excel. The mean value,
standard error, and dynamic changes were determined
using linear regression. Differences in means were

considered statistically significant at p<0.05.

For 2019, data show that a total of 71 strains were
isolated. The inoculation rate from urine was 49.3% of
strains, from the wound - 11.3%, and from blood - a total
of 5.6% of strains were isolated. From the remaining
materials, a minimal amount of Enterococcus faecalis was
isolated.

In 2020, a total of 94 Enterococcus faecalis strains
were isolated. Data from 2020 show an increase in
isolation frequency, with 49% of the strains isolated from
urine, 10.6% from wounds, and 3.2% from the throat.
Minimal amounts of Enterococcus faecalis were isolated
from other materials.

In 2021, 83 Enterococcus faecalis strains were
isolated. The highest frequency of isolation was from
urine, accounting for 56.6%, followed by wounds at
24.1%. Minimal amounts of Enterococcus faecalis were

isolated from other materials.
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In 2022, a total of 63 Enterococcus faecalis strains
were isolated. The data show a continued increase in
isolation from urine, which accounted for 77.8% of the

strains. Isolation from wounds decreased to 9.5%, while

isolation from the throat was 4.8%. Minimal amounts of
Enterococcus faecalis were isolated from other materials.
The frequency of Enterococcus faecalis inoculation

from various samples is reflected in Table 1.

Table 1 - Quantitative data on the isolation of Enterococcus faecalis in a non-infectious clinic from 2018 to 2022

"Research

materials Urine Wound Throat Blood
Years n %Mzm n %Mtm n %Mtm n %Mtm
2018 r. 38 36,8+7,82 23 22,3+8,68 7 6,89,4 2 1,949,6
2019 . 35 49,3+8,45 8 11,3£11,1 1 1,4+11,74 4 5,6+11,66
2020 r. 46 49+7,37 10 10,6+10,21 3 3,2+10,00 1 1,049,94
2021 r. 47 56,6+7,22 20 24,1+9,54 1 1,2+10,88 1 1,2+10,88
2022 r. 49 77,8+5,94 6 9,5+11,97 3 4,8+12,34 1 1,6+12,54
Total 215 51,9+3,40 67 16,2+4,50 15 3,6+4,80 9 2,2+4.9

As shown in Table 1, the highest number of
Enterococcus faecalis inoculations were obtained from the
following materials: urine, wound, throat swab, and
blood.

Thus,
microbiological laboratory of the «National Scientific
Medical Center» (NSMC), a total of 414 strains of

enterococci were isolated from clinical materials with

according to the data from the

purulent-inflammatory diseases of various localizations
over the period from 2018 to 2022. When analyzing the
dynamics of the increase or decrease in the number of
isolates by year, it can be noted that the most significant
increase in the number of enterococci was observed only
in samples taken from urine — 51.9% (Table 1).

The second highest frequency of Enterococcus
faecalis isolation is observed from wounds, accounting for
16.2% of the strains. In comparison, 3.6% of strains were

isolated from the throat, while only 2.2% of strains were

isolated from blood cultures for sterility. The dynamics of

the increase or decrease in Enterococcus faecalis
inoculation from various samples between 2018 and 2022
are shown in Table 1.

The diagram illustrating the dynamics of
Enterococcus faecalis inoculation from different samples
during the period of 2018-2022 is presented in Figure 1.

Analyzing the results shown in Figure 1, it can be
confirmed that there is a noticeable trend of increased
isolation of Enterococcus faecalis from urine from 2018 to
2022. In 2018, the frequency of Enterococcus faecalis
detection was 36.8%, whereas by 2022, the frequency of
isolation from urine had increased to 77.8%.

In 2018, the isolation rate from wounds was
22.3%, and by 2021, there was a significant increase to
24.1%. However, during 2019, 2020, and 2022, the

isolation rates from wounds showed a decrease.
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Figure 1 - Dynamics of Enterococcus faecalis isolation from various samples from 2018 to 2022

The results of our study on the frequency of
Enterococcus faecalis inoculation, based on data from the
National Scientific Medical Center JSC for patients with
purulent-inflammatory diseases from 2018 to 2022,
showed that over the past decades, the number of
Enterococcus faecalis inoculations from urine has
increased, which is consistent with findings from
international authors. In the study by Polish authors -
Olga Maria Rostkowska et al. (2020), it was noted that
Enterococcus faecalis was most frequently isolated from

the urine of patients in the intensive care unit, with an 8-

4. Conclusion

Based on the analysis of the dynamics of
Enterococcus faecalis isolates inoculation from various
clinical samples from patients with purulent-
inflammatory diseases in a non-infectious clinic, the
following conclusions can be drawn:

1. During the studied period, the highest level of
Enterococcus faecalis inoculation was observed in 2018
(24.9%), and the lowest level of inoculation was observed
in 2022 (15.2%).

2. The frequency of Enterococcus faecalis
inoculation during the studied period, depending on the
patient’s biomaterial, varied as follows: it was isolated
from urine in 215 cases (51.9%), from the wound - 67
(16.2%), from the pharynx - 15 (3.6%), from the blood - 9
(2.2%).
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Tyiingeme

Kipicme. Courpl xplagapnl Oykia aaemae aHTHMOMOTHMKTepre TesiMal Oakrepusl IITaMMJaphl, acipece
Enterococcus  faecalis-TbIH aHTMOMOTHKTepre Te3iMAIAiriHIH apTysl >KoHe OJapAblH adaMHBIH ipiHAi-KaObIHY
aypyAapBIHBIH JAaMybIHAAFbl peiHe KeHia 0eay apTyaa. bya E. faecalis-TbiH aHTUOMOTUKKE TO3iMAI ITTaMAapbHaH
TybIHAaFaH WH(EKINsAJap CaHBIHBIH aJdaHAaTapAblK ©cyiMeH OallAaHBICTBI, COHABIKTaH OAapAbl MHQEKIMICH3
KAMHMKaJapJa eMAeATeH HayKacTapAaH 0eiHy SK1iAiriH sepTTey MaHbI3AbI 00BN TaObLAaABL.

3eprrey MakcaThl. 2018 >xplagan 2022 >KblLaFa AeliiHTi KeseHAe MHQEKIMACHI3 KAMHUKaja ipiHAi-KaObHY
aypyaapbl Oap HayKacTap4aH aAbIHFaH KAMHMKAAbIK, OMOAOTMAABIK yAarizepaen Enterococcus faecalis GaxrepuschiH
Oeain aay >xuiairin Oaraaay.

3eprTey agictepi. 2018-2022 xplagap apaabirbiHga Enterococcus faecalis-TelH Ta3a KyAbTypaAapbIHBIH
0aKTepMOAOIUAABIK 3epTTey Jepekrepi OoitbiHIIa PerpocrexkTusri Taagay Xyprisiagi. Cratmctukaabl, eHAEY
Microsoft Excel GaraapaamaceH maiigasaHa OTHIPBII SKYPri3iadi, OHAa opTallla MOH, KaTeliK >KOHe ChI3BIKTBIK
perpeccus agiciMeH AMHAMMKaABIK, ©3repicTep TalaHAbL AMBIPMAIIBIABIKTAP CTAaTUCTUKAABIK TYPFbIJaH MaHbI3AbI
Jetnt Kabpraganast (p<0,05).

Hotimkeaep. 2018-2022 xplagap apaablfblHAA 9pPTYpPAl KAMHUKAALBIK yarizepaen 414 Enterococcus faecalis

M30AATH aAblHABL EH kem mrrammaap 3apaeH (51,9%) aabHABL, codaH KeltiH >XapaaapdaH (16,2%), >KYTKbIHIIaKTaH
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(3,6%) >xoHe KaHHaH (2,2%) Oeainai. 2018 >xbLabI 39paeH mTamMmAap yaeci 36,8%-ap1 Kypaca, 2022 >xplara Kapait 6ya
KepceTKim 77,8%-Fa ecKeH.

Enterococcus faecalis m30A5TTapbIHBIH ipiHAi-KaOBIHY aypyaapsl Oap HayKacTapaaH MHQEKIVICH3 KAMHIKaa
aABIHFAH 9PTYpPAl KAMHUKAABIK yArizep GoiibiHIa 06AiHy AMHAMMKAChIH KOPBITHIHABLAAN OTBIPHII, 3€pTTey Ke3eHi
OaprIChIHAA €H KOoraphl Oeainy kepcerkimi 2018 >xprast (24,9%) OalikaAraHbIH, aa €H TOMeHTi kepceTkimt 2022 >KbLABI
(15,2%) Tipkearenin aram etrik. ConsiMeH KaTap, Enterococcus faecalis Geainy >xuiairi marmeHTTiH OMOMarepuaabiHa
DaliaaHBICTHI KeAecigelt esrepai: 3apaen 215 per (51,9%), >xapadan 67 pet (16,2%), >xyTKpmiakran 15 per (3,6%),
KaHHaH 9 peT (2,2%) OoaiHreH.

KiaT cesaep: ipiHai-kabriHy aypyaapsl, Enterococcus faecalis, aHTUOMOTUKKe TO3IMAiAIK, MIKPOOMOAOTUAABIK

3epTTeyaep, buoMarepuaajap, 39p, JKapa, KYTKBIHIIIAK, KaH.

YacroTa BbIcCeBaeMOcTU 130as1TOB Enterococcus Faecalis 113 pasanmaHbIX KAMHITYeCKIX
00pas1i0B OT 0OAbHBIX C THOMHO-BOCIIAANTEeAbHBIMM 3a001eBaHUSIMI
B HeMHQEeKIIMOHHOM KAMHIKe
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Pe3rome

BBeagenme. B mocaesHme roabl BO BCeM MUpe pacTeT BHMMaHMe K MpoO./eMe aHTUOMOTUKOPE3VICTEHTHBIX
IITaMMOB DakTepuii, B yacTHocTu Enterococcus faecalis, i MX poAn B pa3BUTIUM THOIHO-BOCIIaANTEABHBIX 3a00A€BaHNIT Y
JeloBeKa. DTO BBI3BAHO TPEBOXKHBIM pPOCTOM cAydaeB WHQEKINI, BBI3BAHHBIX aHTUOMOTMKOPE3VICTEHTHBIMI
mrammamu  E.  faecalis, 4dTO AeaaeT aKTyaAbHBIM ~M3y4YeHMe YaCTOTBI MX BBICEBAEMOCTH Y OOABHEIX,
TOCIUTaAV3UPOBAHHBIX B HEMH(EKIVIOHHbIE KAVHIKIL

IMeab nccaegosanms. OLeHNTH YacTOTy BhiceBaeMocTu Enterococcus faecalis 3 KAMHIYeCKuX G1oMaTepnaloB
y OOABHBIX C THOMHO-BOCIIaANTeABHBIMM 3a00AeBaHNsIMY B HeMH(EKIIMOHHO KAMHMKe 3a rtepuog ¢ 2018 o 2022 roasr.

MeTtoan1 nccaeaosanmsi. [Iposesen peTpoceKTUMBHEIN aHAAU3 AQHHBIX OaKTepPI1010TMIeCcKOro MCCAe 0BaHIAs
gnCThIX KyabTyp E. faecalis B MuxpoOuoaormueckont aaboparopum AO «HammoHaAbHBI HayYHBIN MeAULIMHCKUI
neHTp» (r. Acrana) 3a mepmog c 2018 mo 2022 roapr. Cratmcrmyeckas oOpabOTKa AaHHBIX OCYIIIECTBASLAach C
ucnoap3obaHneM Microsoft Excel, Bkaiouast olpeseseHue cpeaHell BeAWINHBI, OMIMOKM CpeAHell, a TakKe aHAAN3
AVHaMMYeCKNX M3MeHeHNIT MeTOA0M AMHeIHOoM perpeccun. Pazanams cauTaanch CTaTUCTUYECKN J0CTOBEPHBIMU TP
p<0,05.

PesyabTatsl. B nepuoa c 2018 mo 2022 roasr 66140 BeigeaeHO 414 n3oasTos Enterococcus faecalis 3 pa3AMdHbIX
KAMHIYEeCKNX MaTepnaaos. Hamboabiee KoandecTso mraMMoB ObLa10 moaydeHo us moun (51,9%), 3a Hell caeayioT
pana (16,2%), 3es (3,6%) 1 KpoBs (2,2%). IIpumevareasHo, uro B 2018 roay 40451 MIITAMMOB 113 MO4YH cocTaBAsaa 36,8%,

a x 2022 roay yseanamaacs 40 77,8%.


https://orcid.org/0000-0003-4476-5470
https://orcid.org/0000-0001-7282-7208
https://orcid.org/0000-0003-1015-6335

Astana Medical Journal, 2025, 5, 125

BoiBoabl. Ha ocHOBaHMM aHaam3a AMHAMUKM BBICEBA@MOCTM M30AsATOB Enterococcus faecalis m3 pa3amaHbIX
KAMHIYECKNX 00pa3IioB OT 00AbHBIX THOMHO-BOCIIaANTEABHBIMU 32001€BaHMAMY B HeMH(PEKIMOHHOM KAMHIKE MOXHO
cAeaaTh CAeAYIOITe BBIBOADL:

1. 3a u3yuyeHHBII IlepMoOJ MCCA€AOBAHM:A CaMbIli BBICOKUII YpOBeHb BbiceBaeMocTu Enterococcus faecalis
orMmevazcs B 2018 roay (24,9%), a camblit HU3KII ypoBeHb BhiceBaeMocTH B 2022 roay (15,2%).

2. Yacrora BriceBaeMocTu Enterococcus faecalis 3a ymccaeAyeMslil IIepuoA B 3aBUCUMOCTM OT OmMoMarepumasa
IanyeHTa BapblpoBada cAeAyIommmM o0pa3oM: U3 ModM Brigeasacs B 215 caydaes (51,9%), us pansl 67 pas (16,2%), u3
seBa 15 pas (3,6%), n3 xposu — 9 (2,2%).

KaroueBble ca0Ba: rHOIHO-BOCITaAMTeAbHEIe 3a00aeBanus, Enterococcus faecalis, aHTMOMOTUKOPE3ICTEHTHOCTE,

MIKpPOOMOAOTMYECKIIE UCCAeAOBaHI, O1ioMaTepraabl, MO4a, paHa, 3€B.
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Pe3ome

Background. Removable plastic dentures (RPDs) remain essential for edentulous
patients, yet their interaction with oral tissues can precipitate inflammatory and
degenerative changes that compromise both comfort and treatment longevity.
Objective. To quantify and characterise morphological alterations of the oral mucosa in
long-term RPD wearers and to determine the influence of prosthesis quality, hygiene
practices and duration of use on the severity of these changes.

Methods. A cross-sectional clinical study was performed on 65 patients aged =50 years
who had worn complete or partial RPDs for at least 12 months. Standardised intra-oral
examinations assessed colour, texture, exudation and lesion type; tongue coating and
salivary moisture were also recorded. Prosthesis fit and surface roughness were
determined by visual and tactile inspection. Oral hygiene habits were documented with
a validated questionnaire. Eleven patients consented to punch biopsy for
histopathological confirmation. Participants were stratified into groups with and without
mucosal lesions. Associations were analysed using x? and Student’s t-tests (ot = 0.05).
Results. Forty-five patients (69%) showed clinically obvious mucosal damage: catarrhal
inflammation (34/65, 52%), hyperplastic growths (11/65, 17%) and acrylic intolerance
(2/65, 3%). Lesions correlated strongly with inadequate hygiene (p < 0.01) and low-quality
dentures (p =0.02). Wear time exceeding five years doubled the risk of pathology

(OR =2.1; 95% CI 1.1-3.9). Histology corroborated chronic inflammatory infiltration and

epithelial degenerative changes.
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Conclusion. Poorly fabricated or poorly maintained RPDs markedly increase the

prevalence of pathological mucosal reactions.

Regular professional follow-up,

patient-centred hygiene education and timely remanufacture are pivotal for preserving

oral tissue health.

Keywords: oral mucosa, dentures, inflammation, biofilms, mouth diseases.

1. Introduction

Removable plastic dentures are a practical
solution for restoring masticatory function and facial
aesthetics in patients with partial or complete tooth loss.
However, despite their benefits, long-term use often
leads to complications in the oral cavity. According to
clinical observations, up to 70 % of denture wearers
forms

experience various of mucosal pathology,

including catarrhal inflammation, trauma-induced

lesions, hyperplasia and acrylic intolerance.

2. Materials and Methods

Study design: Cross-sectional observational study.

Participants: Sixty-five patients (34 females, 31
males; mean age 63 + 8 years) attending dental clinics in
Astana who had worn complete or partial removable
plastic dentures for 212 months. Inclusion criteria: signed
informed consent, adequate general health, and
willingness to undergo biopsy if indicated. Exclusion
criteria: recent chemotherapy, immunosuppression,
uncontrolled diabetes, and systemic diseases affecting
the oral mucosa.

Clinical

recorded

Standardised examination

colour,

protocol:

mucosal swelling,  surface
characteristics, and lesions. Tongue coating and salivary

moisture were also assessed. Prosthesis quality was

3. Results

Lesion  prevalence: Mucosal were

observed in 45 of 65 participants (69 %). The distribution

changes

of lesions was: catarrhal inflammation — 52 % (n=34),

The expanding elderly population and growing
prevalence of edentulism make prevention and timely
management of these complications particularly relevant.
The present study aims to fill gaps in local
epidemiological data by examining the prevalence and
determinants of mucosal changes among denture

wearers in Kazakhstan.

judged by fit, stability, occlusal scheme and base
roughness. Hygiene was evaluated via questionnaire and
direct observation of denture cleanliness.
Histopathology: Punch biopsies (3 mm) were obtained
from 11 symptomatic sites under local anaesthesia and
examined with H&E staining.

Statistics: Data were analysed using SPSS 28.0.
Continuous  variables

Student’s t-test;

were  compared  using

categorical variables with x>-test.
Significance was set at p<0.05.

Ethics: The study complied with the Declaration
of Helsinki and was approved by the Local Ethics

Committee (protocol Ne 2024-04).

hyperplastic processes — 17 % (n=11), acrylic intolerance
-3 % (n=2).
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Risk factors: Poor hygiene practices were present
in 45 patients (69 %) and were strongly associated with
inflammatory lesions (x?>=10.5, p<0.01). Low-quality
prostheses were identified in 37 cases (57 %) and

correlated with lesion presence (x2 = 5.6, p=0.02). Denture

4. Discussion

Our findings align with previous international
studies that report mucosal complication rates between
60 % and 75 % among long-term denture wearers. The
high prevalence of catarrhal inflammation highlights the
mechanical trauma caused by poorly fitting prostheses
and the irritative effect of plaque biofilms. Hyperplastic
lesions, particularly lobular fibromas and papillary
hyperplasia, likely develop from chronic low-grade
trauma combined with Candida colonisation.

The strong association between inadequate

hygiene and lesion severity underscores the need for
5. Conclusions

1. Pathological changes of the oral mucosa were

detected in 69 % of removable denture wearers examined.

2. Inadequate denture hygiene and low-quality
prostheses are significant, independent risk factors for
mucosal lesions.

3. Wearing dentures for more than five years
doubles the risk of pathological tissue changes.

4. Regular professional follow-up, timely
remanufacture of prostheses and comprehensive hygiene
education are essential preventive strategies.
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wear exceeding five years increased lesion risk two-fold
(OR=21,95 % CI1.1-3.9).

Histological findings: Specimens showed chronic
inflammatory infiltrates, epithelial atrophy or
hyperplasia, and micro-ulceration corresponding to

clinical diagnoses.

structured patient education. Digital fabrication
techniques and high-impact acrylics have been shown to
improve fit and reduce surface roughness; their wider
adoption could mitigate trauma-related pathology.

Limitations of our study include its cross-sectional nature,
reliance on clinical assessment for most participants, and
relatively small biopsy sample. Future longitudinal
studies incorporating microbiological profiling and

patient-reported outcome measures are warranted.
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A2pIHOA2BI IAaCTYKAABIK KOHCTPYKIOVsIAapMeH OPTOIIeAVISIABIK eMaey Ke3iHAe aybl3
KYBICBIHBIH HILIPBIIITHI KaOBIFBIHAAFbI MOP(OAOIMAABIK ©3TepicTep

Kanaanesa M.K. 1, XKXapuakacumos P.H. 2, Banimeipsa K.E. 3, Abavkaaupos IHI.A. 4, Ecenreaai C.K. 3

1TIpodeccop, A.b. Oybaxipos aTeiHAarel AgaM aHaTOMUACH Kadeapacsl, ActaHa MeauIuHa yHusepcnteTi, Acrana, Kasakcran
2 Accucrenr, ITpogeccop I'.B. Loit aTbIHAQFBI XU PYPIUAABIK aypyAap Kadeapacsl, ActaHa MeauIuHa yHusepcuTeTti, Acrana, Kasakcran
3 3eprreymri, Axmet flcayn aTteiHaarbl XaablkapaablK Ka3ak-Typik yausepcuteTi, Typkicran, Kazakcran
4 3eprreymri, Axmer Slcayn aTbiHAaFbl XaAbIKapaablK KasakK-Typik yHusepcuteti, Typkicran, Kasakcran

5 3eprreymri, Axmet Slcayn aTeiHaarbl XaablkapaablK Ka3ak-Typik yausepcuteTi, Typkicran, Kasakcran

Tyiingeme

OsekTiairi. AapmOaabl IAaCTUKAABIK IIpOTe3ep Ticcida HayKacTapAblH (PYHKIMACE MeH SCTeTHKaChIH
Ka/IIbIHa KeATipyAiH KeH TapaAFaH 9/ici, adaiiga y3aK KOAJaHbLAYbI aybl3 IILIPHIIITH KaOBIFBIHAAQ KaOBIHY ©3repicTepin
TYbIHAATaABL

3epTTeyaiH MakcaThbl. IIpores camachl, rMIMeHaAblK AaFAblAap >KoHe IaifjadaHy Y3aKTbIFBIHBIH IIBIPBIIITEI
KaOBIK MOpQ0A0THsICEIHA acepiH Oarasay.

Ogicrepi. AcraHa KaaacbHAAFBI 65 TaneHTke (250 5K.) KAMHUKAABIK, TeKcepy, IMrieHa cayalHaMachl, OMOoIIcus
(11 maumeHT) XXy prisiai; gepexrep x2 >KoHe t-TecTTepiMeH TalJaHABL

Hoarmxkeci. ITanmentrepainy 69 %-blHAa IIBIPBINTH KAaOBIK 3aKbIMAApbl aHBIKTAAABL 3aKbIMAaHYAapAbIH
>xuiairi namap ruruena (p<0,01) sxeHe canacei3 rpotesaepmen (p=0,02) cenimai OaitaaHbIC KOPCETTI.

Kopoiteiaabt. Caracel3 HeMece AYpbIC KYTiM >KacaaMaraH IpOTe3jep IMIBIPHINTE KaObIK I1aTOAOTMACHIHBIH
KayIIiH apTTBIpaAbl; TYPaKTHl OaKbliay SKoHe IalllieHTTep i OKBITY KaJKeT.

Tyi1in ce3aep: aybl3 IIBIPHINTE KAOLIFLI, HpOTe3Aep, KaObIHy, OMOPUALM, aybl3 aypyAaphl.
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Mop¢goaorndeckne n3MeHeHNsI CAV3VICTON 0O00A0YKN IIOA0OCTU PTa IPU OPTOIIeANIeCKOM
AeYeHUV CbeMHbBIMY I11aCTYKOBBIMI KOHCTPYKIIISIMU

Kanaanesa M.K. 1, Xapunakacumos P.H. 2, Banimeipsa K.E. 3, Abavkaaupos IHI.A. 4, Ecenreaai C.K. >

1 Hpo<]>eccop, KacbeApa aHaTomuu yeaoseka umenn A.b. AyGaxuposa, Meaunnucknii ynusepcuteT Acrana, Acrana, Kazaxcran
2 ACCIUCTEeHT, Kacpe,a,pa XUPYyprudecknx 604e3Helt MMeHn npo¢eccopa I'B. ITos, Meannunckuit yausepcuteT AcraHa, Acrana, Kasaxcran
3 VccaepoBaTean, MexxayHapOAHBIN Ka3aXCKO-TypeliKuii yHusepcuteT uMenu Axmerta Slccaym, Typxecran, Kaszaxcran
4 VccaegoBatean, MexxayHapoAHBII Ka3aXCKO-TypelKuii yHusepcuteT umenn Axmera Slccayn, Typkecran, Kasaxcran

5 VccaepoBatean, MexxayHapOAHBIN Ka3aXCKO-TypeliKuii yHusepcuteT uMenu Axmeta Slccaym, Typxecran, Kazaxcran

Pesiome

AKTyaapHOCTb. CheMHBIe I11aCTMACCOBBIE ITPOTE3HI IMPOKO IIPUMEHSIOTCS A BOCCTAHOBAEHUST (PYHKIIN 1
BCTETUKM II0AOCTY PTa, OAHAKO AAUTEABHOE HOIIEHME MOXKET BBI3bIBATh BOCIIAAMTEABHBIE U AUCTpoduyueckue
M3MEHEeHIS CAUBMUCTON 000A0UKIA.

Ileap mccaeaosanmsa. OueHnuts MopQoAOrMIecKrie U3MEHEHNsI CAUBUCTON Yy IallIeHTOB, IT0AB3YIOLINIXCS
IpoTe3aMll, U YCTaHOBUTD BAMSIHYE KadecTBa ITpOTe3a, TUTMEHbl U AANTEeAbHOCTY HOIIEHN L.

Metogpl. ObcaesoBano 65 marnmeHToB (250 2€T) ¢ HOAHBIMM ¥ YacTUYHBIMU IIPOTE3aMM; IIPOBEJEHEI
KAMHIYECKUIT OCMOTp, OIPOC TUIMEHBI, TMCTOAOTM4Yeckoe mccaejobanne (11 caydaes); cTaTUCTUMUECKUIT aHAAU3 X2 U
t-TecTsl.

PesyabTater. Y 69 % manyeHTOB BbIABAEHBI IIOPa>XeHMS CAUBNCTON; MX YacToTa AOCTOBEPHO CBs3aHa C
Hey0BAeTBopuTeAbHOM ruruenoit (p<0,01) n Huakmum KayectsoM rporesos (p=0,02).

BriBoabl. HekauecTBeHHBIE 1141 I110X0 OOCAY>KMBAaeMbIe ITPOTE3HI ITOBBIIIAIOT PUCK ITaTOAOTMYECKUX PeaKIInii;
HeOoOXOAMMBI peryAspHbIil KOHTPOADb 1 OOyJeHue IUTeHe.

KaioueBsbie ca0Ba: cAn3uUCTas II0AOCTU pTa, IIpOTE3DI, BOCIIal€HIe, 6I/IOHAéHKa, 3a00.4€eBaHILsT ITOAOCTH pta.
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raroKko30ToA€paTHOroO TeCra

Ocmnanos O. 1, Adanusaposa /. 2, XKapos H. 3, Cyaranos K. ¢, Ayiicenos I 5,

EaembaeB b. 6, Tyvaeyos b. 7

TIpodeccop-uccaesosareab Kageapsl Xupyprudecknx 601e3Hert GapuaTpuyeckor Xupyprum u
Heyipoxupypruu, Meaunmuckuit yuusepcurer Acrana, Acrana, Kazaxcran

2 PykoBoauTeAb OTAeAa MeHe XK MeHTa Hay4YHBIX M CCAeJ0BaHNI, 3aBeAylonas Kade poil DHAOKPUHOAOINY,
HayuHo-nccaea0BaTe AbCKMIT MHCTUTYT KapANOAOTUY M BHYTpeHHMX OoaesHeit, AamaTsl, Kazaxcran
3 AupexTop MHOTONIpOog1ABHO 004aCTHOM OOABHULIEL IIpY YIIpaBAeHuUn 34 paBoOOXpaHeHUN
Axmoanuckon obaactu, Kokieray, Kasaxcran

4 Bpau xupypr ObaactHoit KanHndeckoit 6oapHnIpl Typkecranckoit odaacry, IllsimMkent, Kasaxcran
5 JokropaHT Kadeaphl XMpypriuyeckux 6001e3Hert 6apyaTpudecKoil XUpypIruu 1 HelipoXupy prumu,
Meaununckuit ynusepcuteT Acrana, Acrana, Kazaxcran

6 PeanaenT Kxadepbl Xupyprudecknx 604e3Hert 6apuaTpudecKoi Xupyprum 1 Helipoxupypruu,
Meaununckuit ynusepcuteT Acrana, Acrana, Kazaxcran

7 SaBeﬂ,ylomnﬁ XUpPyprudeckolt otaeaenun, boabHnIia ckopoit Me AMIMHCKON ITIOMOIIIHN, Cewmeir, Kasaxcran

Pe3omMme

Beegerme. OgHoaHacTOMO3HOE — KeAyJO4HOe

mynTuposanne (OAITI) -

¢ dpeKTUBHBII MeToA AedeHus oxupeHus. OJHAKO dacToTa AeMIIMHT-CUHAPOMaA
(4C) mocae

MOAUQUUNPOBAHHBIT MeTO4 - PyHAOPUHI, BKAOUarOmuil (PyHAONAUKALIMIO C

omepaumMyu OCTa€rcst akTyaabHOU rpoOaemoit. Ilpegaoxen

MCII0AB30BaHIIeM OTKAIOYEHHOTO KeAyAKa, KaK cIocod cHypkeHnst yactotsl JC.

MeToasl. briao MpoBeJeHO O/AHOIIEHTPOBOE, PaHAOMU3MPOBaHHOE

KOHTpoaupyemoe uccaegopanne c¢ ydactmem 1000 mamumentos (500 B rpymme
®OyngoPunr OAITI ($-OAITI) n 500 B rpynme crangaptaoro OAITII (c-OATTID)).

UYacrora AC ouenmnsasach 10 pe3yabTaTaM IIepOpPaAbHOIO IAI0KO30TOAEPaHTHOTO
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TecTa, YpPOBHIO MHCYAMHa M PEHTTeHOAOTMYECKMM IIpM3HAKaM CKOpPOCTHU
OIIOPO>KHEHISI JKeAyA09HOIo KapMaHa.

PesyabTarsl. YacToTa geMIMHI-CMHApPOMa depe3 1og coctasnuaa 19,6% B rpynme ¢-
OAITH n 35% B rpymme c-OAITI (p=0,001). ITozaune npossaernsa AC u TsKEABIe
CTeIleHM BCTpedaauch 4ocTopepHo pexxe B rpynme G-OAIT. Taxke Haba104a40Ch
60.ee I11aBHOE IOBLIIIIEHNIE U CHYKEHYVIE YPOBHI I AI0KO3bI ¥ MHCYAVHA Y TIalIIEHTOB
¢ pyHgonanKarmeit. PenTreHOAOIMYECKN BBIABAEHO 3aMeJJeHHOE OIOPOKHEHIE
JKeAyJ04YHOrO KapMaHa 1 0oiee AAUTeABHOe IPOXOXKJAeHue Oapusl IO TOHKOMY
KUIIeyHUKy B rpymme ¢p-OAITI.

BeiBoa. ®ynaoPuHrOAITI HagéXHO CHMIKaeT 4acTOTy U TsKeCTb JAeMIIMHI-
CUHApOMa 110 cpaBHeHNIO ¢ TpaaunoHHbeIM OATITIl 1 MoXXeT OBIThH pEKOMEHAOBaH
2451 601ee MINPOKOTO KANMHINYIECKOTO IIPUMEHEHNS.

KaioueBble caoBa:  AeMIIMHI-CHMHAPOM,

OyHAoPMHI, 0AHOaHACTOMO3HOE

>KeAyAO4HOe IIyHTMpOBaHUe, OapuaTpuyeckas XUPYPIusA, IAI0OKO30TOAepPaHTHBIN

TecT, MHCYAWH, KOHTpacTHasl peHTreHorpadus, oxxupenne, yHAOILAMKAIAA.

1. BBegenne

OanoanacTomMo3HOe KeayA0dHOe
myHTuposanue (OAII) sBasercss ©oaee mpocToit U
Oe3omacHOI NpolleAypPOIi, YeM IracTpOIIYHTHPOBaHMe I10
Py (ITOPy) aas AedeHMs MaIIMEHTOB C OXKUpPEHUEM;
IIOBTOMY OHO BCe 4Yallle IIPUMEHsEeTCs B MIUPOBOIL
3aHMMast MecTo MO dYacToTe

IIpaKTUKe, TpeTbe

IpUMeHeHMsI cpeAu  OapmMaTpUIeCcKMX

Oganum n3 npenmyiects OAITI spaseTcss 00aee HU3Kas

oreparuii.

gactora gemnuHr-cuagpoma (AC) [1]. B mpeaniaymem
nccaeA0BaHUM coodITaaock, uro yacrora AC cocraBuaa
42,9% mocae OAI'I o cpasuennio ¢ 56,4% riocae I'Py.
Ognako yacToTa BO3HMKHOBEHNs KpaeBbIX sI3B ObLla
3HaAYMTeABHO BBIIIe y HarueHTos, nepeHecinx OATITII,
yeM y Tex, kro nepenec I'IIPy [2]. ViccaegoBanms Takke
IIOKazaay, 4YTO VAAWHEHUe >KeAyAOYHOIO KapMaHa
CHIIKaeT 4acToTy AeMIUHI-cuHApoMa ¢ 60% a0 49%;
0AHaKO OAHOBPEeMEeHHO yBeAIBaeT JacToTy
BO3HMKHOBEHMSI aHACTOMO3HBIX 513B ¢ 2,6% 40 12,4% [3].
Boaee Ttoro, racrpossodareaabHbIii aHaCTOMO3 TakKe
BBI3BIBAeT AEMIIMHI CHMHAPOM, OCOOEHHO €ero paHHUII
BapuaHT [4]. JeMOUHI CMHAPOM BO3HMKAaeT He TOABKO
NPV TaCTPOINYHTMPOBaHMM, HO M IIpU HPOAOALHOI

pesexnun >xeayaxka (IIPXX) y 26,5% mnamumenTtos mo

cpaBHeHUIO ¢ 41,4% 1oc/Ae IMIYHTUPOBaHUS KeAyAKa IO
Py [5].

JEeMIIVHT CMHAPOM II0Apa3JeAseTcsl Ha paHHUI
M TIO3AHUII  TUIBL PaHHUII  AeMIOMHT  OOBIYHO
pasBuBaercs B TedeHMe ITepBbIX 60 MUHYT IIOCAe eapl,
BEPOSITHO, 13-3a I'MIIEPOCMOASPHOCTU ININY, KOTOpas
BBI3BIBAeT OBICTPOE IlepeMellleHue >KMAKOCTU U3
I1I1a3MEHHOIO KOMIIApPTMEHTa B IIPOCBET KUIIEYHUKA.
CMmerieHne >XMAKOCTYM YaCTUYHO OOBSCHSET PaHHUIL
AE€MITMHI-OTBET cep Ae4HO-COCY AVICTON CHCTEMBI.
Ilepememienne >KMAKOCTM B TOHKYIO KMILIKYy IIpHU
AeMIIVIHTe MOJKET BBI3BIBATh B34yTHeE SKUBOTa U
CII0COOCTBOBATH

CITa3MaTn4YeCKInM COKpaIlleHm:sIM,

B34yTUIO  XKuBOTa U  auapee. Kpowme  ToOrO,

BI)ICBO60)KA€HI/I€ HECKOABKIX KeAyAOYHO-KUIITEYHBIX

TOPpMOHOB, BKAIO4Yas1 Ba30aKTMBHbIE BeIlecTBa,
VHKPETHbI U MOAYASTOPBI T1IOKO3BbI, BbI3bIBaeT
KeAyAOUYHO-KMIIeYHbIe CUMIITOMBI 48

remMoauHamydeckue 9SQQeKTsl Ha PpaHHMX CTaAMAX
AemIuHra [6]. PaHHUI A€MIIMHT SABASETCSI TUIYHBIM U
Hanboee 4acTBIM IIPOsIBAE€HMEM I MOKeT BO3HUKATb
M30AMPOBAaHHO MAM B COYETaHMM C CHUMIITOMaMU
103 HEro AEeMITIHTA. B

TSKeABIX caydasx

COITIPOBO>KAAETCA 3HAYMTEADPHBIM CHIIPKEHNMEM KadecTBa



Astana Medical Journal, 2025, 5, 125

KU3HU U AOIOAHUTEABHOV IIOTepeil Beca. TTo3axmin

AE€MIIVTHT HPOsABASIETCA IUIIOTAVIKeMIIEeN] u
agpeHepruyeckuMm peaxkuysammu dyeped 60-180 munHyT
rnocae eapl. B ®TOM cayyae mamueHTHI MCIIBITBIBAIOT
CUABHYIO CAabOCTh, YTOMASIEMOCTD, I101yOOMOpPOYHOE
COCTOsIHME, IIOTAMBOCTL M Tpemop [7]. Kpome Toro,
CYMIITOMBI 103 AHeTo AeMIIVHTa CBA3aHBI  C
HeMPOrAMKOIIeHe (npo;IBA;IIomeﬂC;I YTOMASIEMOCTBIO,
€1a00CTBIO, CITyTAaHHOCTBIO CO3HAHNSI, IYBCTBOM I0104a I
0OMOpOKaMI) 1 BereTaTUBHON V/MAU ajpeHepIUIecKon
PeaKTMBHOCTBIO (mposiBAstIOLIeTiCS IIOTAUBOCTBIO,
cepauebueHneM, TpeMOPOM M pa3Apa’kKUTeAbHOCTHIO).
IlepopaasHsbiit raokosoroaepanTHbit Tect (IIITT) u
aHaA3  CUMIITOMOB  JAeMIIVHI-CMHApOMa  Oozee
5P PeKTUBHBI AAS OLIEHKU CKOPOCTU OIIOPO>KHEHUS
OIlepUpPOBaHHOIO

Keayaka 110 CpaBHEHMIO C

PEHTIEHOAOTMMYECKNMIL nan APyIMmM

MeTOoAaMI,
TaKMMM KaK TeCTHl Ha OIIOpO>KHeHIe JKeAyaKa, KOTOphIe
004aaaioT HU3KOM qyBCTBUTEABHOCTHIO u
crernUIHOCTHIO IIPU CUHAPOMeE aeMInHIa [8]. Bmecte
C TeM, peHTTeHOAOTMYeCKOe JCCAe0BaHIe TaK Ke JaeT
Ba>KHYIO MH(pOpMalMIO, IpU KOTOPOM A4Sl AeMIIMHI-

CUHApOMa XapaKTepHbI OBICTpOe OIIOPOKHEHIEe KyAbTU

JKeAyaKa OT IIPMHATOTO KOHTPAcTHOTO — BeIllecTsa,
2. MaTepmaabl 1 METOADBI

Ausaiir uccaedosarus

910 OJHOIIEHTPOBOE, IIPOCTIEKTUBHOE,
UHTEPBEHIIMOHHOe,  OTKPBITOE  PaHAOMU3MPOBAHHOE
KoHTpoaupyemoe  mccaejosanue  (PKI)  Obao

IIpoBe4eHo B MeAMIIMHCKOM yHUBepcuTeTe I. ACTaHBbI, 1
BCce orepanyy OBLAM BBIITOAHEHBI OAHUM XUPYPIOM B
«Henrpe xupypruu um. npodeccopa Opasa Ocrianosa.
IIporokoa mccaesosanHusa Obla OIyOAMKOBaH paHee I
3apeructpuposan 1104 HoMepoMm NCT04834635 B Gase
aannpix ClinicalTrials.gov 8 ampeas 2021 roga. Aas
COCTaBA€HM:A ~ OT4eTa 00  HTOM  MCCAeJOBaHUU
UCII0AB30BaAUCh KOHTpOAbHBI crmcok CONSORT u
0aok-cxema aast PKU [10].

Yuacmuuxu

Bxaroueriue u ucktoueHue

Kpurepun Braogens

3HAYMTEABHOE YCUACHME IePUCTAABTUKA TOHKOW U
TOACTON KUIIIKM, CMEHSIOIeeCsI MTHEPTHOCTLIO.

B aoctymHoOit  anTepaType  IIpeACTaBA€HBI
HPOTUBOPEUYMBBIC PE3YAbTATHI 110 BAMSHMIO TeXHUYECKIX
KOHCTPYKTMBHBIX OCOOEHHOCTEII Maloro >KeAyJoduka Ha
OpOosBAEHMs AeMIIMHT cuHApoma. Hampumep, B
HEKOTOPBIX ICCACA0BaHMISIX YTBEPIKAAETCS, UTO AAVHHBIN
pasMep Maaoro >KeayAodka 3HAuYMTeAbHO CHM>KaeT
BEpPOATHOCTb Pa3BUTHUs ACMIIMHI-CUHAPOMA U SIBASETCS
OIITMMA/ABHBIM peIlleHeM BTON IPOOAEMBEI, B APYIUX
paboTax yKas3blBaeTCs, YTO A€MIMHI CMHAPOM — 3TO

¢ dexr

OIIOPO>KHEHILI I10CAE 6ap]/[anI/I‘IeCKOI7[ oriepannmy Ha

HEOTHEMAEMBINT  ITOOOYHBIN OBICTpOTO
Keayake. Mbl IIpeanioa0Xmau, YTO MCIOAB30BaHIeE
«KIBOTO KOABIla», UCIIOAB3YIONIETO AHO OTKAIOUeHHONI
JacTu >Keadyjka, € cosjaHueM QyHAOIAMKALMM Ha
NUIeBoje M 4acT¥ MaAoro >KeAyJka MOXKeT CHU3UTD
9acTOTy BO3HMKHOBEHN: AeMIIMHI CMHAPOMa.

ITeanio gaHHOTO MCCAeAOBaHMsA OBLAO CpaBHEHIe
JacTOThI paHHero U I03AHero AeMIIMHT CHHApOMa I1ocAe
npuMeHenns: Mmeroga «DPyHAOPMHI» M CTaHAAPTHOTO
aHACTOMO3HOTO >KeAyJO4YHOTO IIYHTUPOBaHMS IIyTeM
OIIeHK! I1epOpaAbHOIO TAIOKO30TOAePaHTHOIO TecTa,
YPOBHA WMHCyAMHa M PEHTTeHOAOTMYeCKOl OLIeHK!

CKOPOCTM DBaKyallVIi1 13 MaAOro >XKeaya04Ka.

- Oxupenne I-II crenenn (MHAeKC Macchl Teaa
[VIMT, xr/m?] 30,0-50,0).

- [Ipuemaemslii onepaloHHbI puck (ASA 1-
2).

- [TanenTs! B Bospacte 18-60 aer.

Kpurepun uckarogenus

- ITanmenTs! ¢ MpeAIecTBYIOIel X1aTaAbHO!
repanopadueir 1 GyHAOILAVKALIEI.

- ['uranTckas rppoka NUIEBOAHOIO OTBEPCTIS
anadparmer (ITIOA) >5 cm (mam 230,0% >xeayaxa,
HaXOASIIErocs B IPyAHOM KAETKe).

- Peparokc-szodarut C mau D (1o
kaaccuukanun JAoc-Anaxeaeca [LA]).

- [armenTs! mocae OapmaTpuUdIecKol Oneparun.
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Pandomusayus u pacnpedererive no zpynnam

HaHI/IeHTBI, COOTBETCTBYIOINIE KpuUTepmiam

BKAIOYEHUs U He COOTBETCTByIOIINE KpuUrepmiam
VICKAIOYEHI I, ObpLAM I10CAe40BaTeAbHO BKAIOYEHblI U
PaHAOMUBNPOBAHbI B OAHY 13 ABYX I'PYIIIT ICCA€A0BaHIT
CTaTUCTUIKOM  1ICCAeA0BaHIIs, KOTOprIZ y4acTBOBaA

TOABKO B paHAOMM3anUUM M CTaTUCTMMYECKOM aHaAl3e.

Crmcok paHAaOMmU3aLINn XpaHNACA CTpOIO
KOH(I)I/IAQHLU/IaA bHO, a COKpbITHE pacipeaeaeHnst
obecIieunBaa0Cch C IIOMOIIIBIO I1o0cAe40BaTeAbHO
IIPpOHYMEPOBAaHHBIX, MACHTVYHDBIX, HEIIpO3pavHbIX,

3arlevyaTaHHBIX KOHBEPTOB. BMelllaTeAbCTBO Ha3Ha9a10Ch
Ka’kAOMy ITallMeHTy CAydJallHBIM 00pa3soM BO BpeMs
IIpeANpOlleAyPHOTO BU3UTa MeACEeCTPOI, KOTopas He
yJacTBOBa/a B Habope 1141 OlleHKe I1allieHTOB.

Memodvt onepayuii

Me1 npuMeHsAN B MepBOI (OCHOBHOI) TpyIIIle
racTpomyHTupoBsanue 1o Mmerogy ®ynaoPunr OAITII
(p-OATITI) [11]. Ona BKAIOUaJa AallapOCKOIIMYECKYIO
OAIT, aortoAHEHHOI TUPKYASIPHOI (PyHAOIIAMKAITVIEN
nmimesogda M Keayaka. Omepanyeil B KOHTPOABHOI
rpymnme  6blaa
MI'TI/OATII (c-OATIMI), onncannas Carbajo m coasr.

[12].

CTaHAapTHas JAartapocKoIm4ecKkast

Pasmep racTpo®HTepOoaHacTOMO3a Ob12

OAVTHaKOBBIM B obenx IpyIIiax u CcO34aBaAcsa

VIHTpaoIlepallTOHHO C ITOMOIIBIO AVIHETHOTO creriaepa

EndoGIA ¢
kapTtpuaxem Tri-Staple™ (Medtronic, CHIA). ITocae

45-MnAAMMeTpOBOiT  (PUOAETOBBIM

ymmBaHMs ~ OKHa aHaCcTOMO3a

(aedexra) amamerp
30-35 mm. Ilpnu

I1ocAeorepaloHHON SHAOCKoIUK depe3 1 roa pasmep

raCcTpOBHTEpOaHaCTOMO3a COCTaBAsIA

racTpO®HTepOaHaCTOMO3a OLIeHIBAaACA B Ayaria3oHe OT
20 a0 25 mwm [11, 13].

Buibop cpoxa nabdaroderus

CoraacHO AuTepaTypHBIM AaHHBIM, CHMIITOMBI
AeMITMHI-CHHAPOMa MOIYT IPOSBAATLCS B TedyeHue oT 1
40 36 mecsanes. OaHako B OOABIIMHCTBE ITyOAMKaImii
yYKa3bplBaeTCsl HadaAo CHMIITOMOB B cpeaHeM depes 12
Mecsnes [14, 15]. ITosTomy B HaleM MccaeAOBaHUM MBI
OIIeHIAU YacTOTy U BBIPa’KeHHOCTh CIMIITOMOB uepe3 1

ToA.

Ioxasameru appexmusrocmu

Ilepoparviivie mecmovr  HA  MOAEPAHIMHOCMb K
2AT0KO03€E
IIr'TT

I10403peHneM Ha AeMIIVHI CMHAPOM IIpUMHMMAaAU 75T

B xoae 3-gacosoro ImaLyeHTsl ¢

pacTBopa TAIOKO3Bl IIOCA€ HOYHOIO  TOAO0AQHUA.
Konnenrpanms rai0kossl B KpOBY, YPOBEHb reMaTOKPITa,
JacToTa I1yAbca U apTepuaAbHOe AaBAeHle U3MePAANCh
A0 npueMa iy u ¢ 30-MUMHYTHBIMU MHTepBaldaMU B
TeyeHne 180 wmuHyT mnocae npuema nmmu. IIITT
CUMTAACA IOAOXUTEABHBIM JAs PaHHero AeMIIMHT

MMHYT)

IIOBBIIIEHNST YPOBHA IreMaTOKpIITa > 3% nan yBEAMIEHN

CUHApOMa IIpu HaAuuum panHero (30
gacTtoTel myasca > 10 ya./mMmuH yepes 30 MMHYT IOCAe
npuema mumy. III'TT cunTascs mMOAOXKUTEABHBIM AAs
IIO3AHETO AEMIIVHI CHHApOMA IIPU Pa3BUTUU ITO3AHEN
(qepes 60, 90, 120 n 180 MuUHYT mOocae mpueMa IUIIN)
runiorankemuu (< 50 wmr/aa (< 2,8 MMo0ab/a)).
CrioHTaHHBII ypOBEHb TAIOKO3BI B IdazMe (50 mr/aa)
yKa3bIBa Ha IT03AHIOIO CTaAMIO AEMITVHI CMHAPOMa.

Micyaun

KpoBs cobupaan a4st oLleHKM ypOBHS MHCYANMHA
Ha 0, 30, 60, 90, 120, 150 n 180-11 muuyTe. IInKOBBIN
YpPOBeHb TAI0KO3bI ObLA HambbiciuM BO Bpems IIITT.
MuHNMaABHBI ypOBEHb TAIOKO3Bl OINpeAeAstAcs Kak
CaMBbIli HU3KUI YPOBEHD IAI0KO3HI ITOCA€ IIKOBOTO.

Konmpacmmoe penmeenorozuveckoe uccaedogarue
nUuLe600a, MAA020 XeAydouka U MOHKOU KUWKU C cepuell
CHUMKO8

ITanmeHT Ha TOIIaK OAHOMOMEHTHO BhIINBaa 50
M KMAKOI BOAHOI B3Bect cyAbdaTa 6apus. OrjeHnpain
aKT [AOTaHN, IIPOXOXKAEHMe KOHTPACTHOM Macchl IIO
NNIIEBOJY,  COCTOsIHUE

repexoga. 3ateM U3ydaau moaoxenue, Gpopmy, pazmep

NUIIEBOAHO-KeAYA04HOTO

48 KOHTYPBI MaAa0ro Keayaxa, ero

Ocoboe

XpOHOMETpUM Ipollecca OIOPOXKHEHUS U3 Maloro

TOHYC n

[IeprcCTaaAbTUKY. BHIIMaHIe yaeasnan

JKeAy09Ka Gapu, OLIeHUBaAN COCTOSIHIIE
racTpOSHTEPOaHaCTOMO3a M CKOPOCTh IIPOXOKAEHIIS
Gap11s 11O TOHKOI KMIIIKE.

Puxkcarmio IrmokasaTreaen nporecca
OIIOPO>KHEHISI M3 MaAOT0 >KeAyA0dka Oapusi IpOBOANAN
Ha 1, 10, 15, 20, 30, 60 munytax. I'ae onpeaeasan o6bpeém

OITOPO>KHEHMSI MaA0TO JXKeayA049Ka B TeUEHN 1 MIIHYTBI
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(mop1ius), 3aTeM yTOYHAAM ITOAHYIO DBaKyaluio Oapus
U3 MaJOro XeaAyJodka. BpeMs mpoxoxaeHMs TOHKOTO
KUIIeYHNKA KOHTPACTHBIM BEIeCTBOM OIpeAeAsan

yepes 4, 5, 6 yacos. OcTaHaBAMBaAM PEHTIEHOAO0TYeCKoe

MccaeA0BaHme npu IIOAYJIEeHUN MMHIUMAaABHO
HeoDX0AVMOI nHpOopMaI oe3 U3 AUIIHETO
AyOAnpoBaHsL.

Cmaoduu (cmenenu) msxecmu demnutz cunopoma
,ZI'eMHI/IHT-CI/IHApOM I cremmenm - »TO aerkas
¢popma  3aboaesanr,

C/Z1a0OBBIpa>XeHHBIMI U HempoAoxurteaAsHeiMn (10-15

KOTOpasi  XapaKTepu3yeTcs
MIH) OpucTynamMu c1abocTu mAM HeJOMOTaHUs I1ocae
ImpueMa CAaJKOM® NMINM M MoAoKa. Ecam manment
co0A104aeT AVIETY U Pe>XKUM IINTaHUsI, TO IyBCTBYeT cedsl
XOpOIIIO U BIIOAHE TpyJocrocoOeH. XOTs HeJoCTaTKa
HNNUTaHNS HET, MMeeTcsl AepUIINT Macchl Teda 40 3-5 KI.
Ilyasc Bo Bpems mpuctyma yckopsiercs Ha 10 yaapos B
MMHYTY, CUCTOAMYECKOe AaBJeHMe CHIVDKaeTcs Ha 5 MM
pT. CT. DBakyanus Oapus U3 MaAoro >Xeayaodka
npoucxoaut B TeueHne 15-20 muH. Bpemst mpoxoxaeHnst
TOHKOTO KUITIEYHMKA KOHTPACTHBIM BEIeCTBOM AAUTCS
He MeHee 5 yacos.

Aemnunr-cuagpom Il cremenn omnpegeaserca
KAMHUYECKMU TIPOSBAEHUAMU CpesHen® CTeleH!
TsSKeCTH. ATaku MOIYT BO3HMKAaTh IIOcJe IIpueMa
a00omne eapl u aaarcsa 30-40 MMH, XapaKTepu3yIOTCs
0o0abIIEVI® CTEIIeHbIO

VMHTEHCBHOCTI. CTy/l

HEYCTOMOUUBBIN® - JMapesi CMEHSeTCs —3allOpOM.
TpyaocniocobnocTs chmxena. Ilyanc Bo BpeMs mipucTymia
yBeanuusaercss Ha 10-15 yaapos, cucroamdyeckoe apre-
puasbHOe JaBaeHMe cHipKaercsas Ha 5-10 MM pT. cT.
Mauaplit Xeayaouek OCBODOXKAAeTCs OT KOHTPACTHOIO
pemjectsa B Tedenme 10-15 mmu. bapume mpoxoant
TOHKII® KUIIEYHIK He 0oaee yeM 3a 3-3,5 yacos.
Aevnunr-cunapom Il cremenn -  TsKeaas
dopma zabosepanmsa. CHMNITOMBI BO3HMKAIOT IIOCAe

KaXA01e® eapl n Aaarcsa 1,5-2 gaca. boapHble BO Bpem:l

3. PesyabTaThbl

Pacnpederenue nayuenmos

AeKaTh,

HpucTyna

IIOIIBITKE BCTAaTh BO3HMKaeET O6MOpOK. bos3un IIpremMa

BBIHY>KAEHBI IIOCKOABKY — IIpU
NIV ¥ pe3Kye HapyIIeHNs B IIporecce IUIeBapeHys
M YCBOEHM:sI IUINM IIPUBOAAT OOABHBIX K MCTOIIEHNIO
(M3nypsAIOmMNIO IIOHOC). Tpyaocrioco6HOCTSD
3HAUNTEABHO CHIIKeHa. Bo BpeMs1 geMIIMHT-aTaKy 1Ty AbC
yckopsietcst Ha 15-20 yaapoB, cucToAMYeCcKOe AaBAeHe
cHmkaercss Ha 10-15 MM pT. cr. Maabni >keayaouek
OIIOPO>KHsIETCSL OT Oapusl B TeueHMe 5-7 MUH. B ToHKOM
KUIIIeYHKe Oapume HaxoanTcs He 60aee 2-2,5 qacos.

AeMIMHT-CUHAPOM IV crenenn  Takxke
OTHOCHUTCS K TsKeaone ¢opme 3aboaepaHns. Y 9TOU®
KaTeropyy OOABHBIX K BBIIIIEOVICAHHON® CIMIITOMaTIKE
HIPUCOe AVHSIIOTCS Auctpoduyeckue M3MeHeHIs
BHYTPEHHUX OPIraHOB, KaXeKCUsl, TUIIONPOTENHEMIL,
OHKOTHYECKIEe OTeKy, aHeMusi. boabHble abCOAIOTHO
HETPYAOCIIOCOOHBI, 4acTo UM HEeoOX0AUM
IIOCTOPOHHUU® YXO4,

Cmamucmuueckue memoovlt

CraTuctuyecknii ~ aHaAM3  IIPOBOAMACA  C
ucnoas3oBauueM Microsoft Excel gas Mac (Microsoft
Corp., Peamong, Bammmarron, CIITA) u StatPlus MacPro
(AnalystSoft Inc., CIIIA).

HOpMa/H)HOCT]) IIepeMeHHbIX

Yoanar, Kaaudopnus,
pacrpeaeaeHns
IpoBepsidachk C IoMoImbplo Kpurtepus Koamoroposa-
CmupHosa. Koandgectsennsle gemorpadudeckue nu
MCXOAHBIe IIepeMeHHBIe IIpeACTaBAAANCH B BIAE CPeAHNX
3Ha4YeHUIl U CTaHAAPTHBIX OTKAOHEHNII, a KadeCTBEeHHbIe
IlepeMeHHble — B BUJe KOAMYeCTBa I IIPOLIEHTOB.
Mexrpymmnossle CpaBHEHI KOAMYEeCTBEHHBIX
IlepeMeHHBIX MPOBOAMANCh C IIOMOIIBIO t-KpuTepus
CrpiogeHTa A4 HEe3aBUCUMBIX BBIOOpPOK, a
BHYTPUIPYTIIOBbIe CPaBHEHM:I — C IIOMOIIBIO t-KpuTeps
CrprogeHTa A4s1 IHapHBIX BBHIOOPOK. MeXXIpynIopbe
pa3dAn4isl KaueCTBEHHBIX IIepPeMEHHBIX OLIEHUBAANCh C
IIOMOIIIBIO Cratnctnyeckas

Kpurepus Xm-KBadpar.

3HaYMMOCTb Obl1a ycTaHOBAeHa Ha yposHe p < 0,05.

B mepmoa c amBaps 2021 roga mo gexadpp 2024 roga 1000 mammeHTOB ObBLAM CAy4YallHBIM OOpa3oM

pacnpegesensl B skcrnepumenTaapHyio rpymmny ¢-OATIT (n=500) man xouTpoapnyio rpymmy c-OAITI (n=500).
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Cy1recTBeHHBIX pa3dANdMil MeXAy AByMsI IPYIIIIaMU IO AeMOTpadpUIecKuM XapaKTepUCTUKaM 1Aan ucxogaomy VIMT

oOHapy>KeHO He ObL10 (Taban1ia 2).

Tabauna 2 - PacipeaeaeHute o BO3pacTy, oAy, IpeAonepalMOHHbIM aHTPONOMeTpIIecKIM MOKa3aTeasIM, IepuoAy

Ha6IIIOAeHI/ISI 1 BpeMeHmn orepanyumn

XapakTepucTVKm ¢-OATTI n=500 c-OATTI n=500 p-value
BO3pacT (aeT) 37+7.7 40+9.2 0.9
KenmmHer 421 (84.2%) 407 (81.4%) 0.6
VIMT (xr/m2) mpesoniep 40.13+12.7 41.13+11.6 0.8
VIMT (xr/m2) moctorrep 27.0+£7.5 29.0+6.6 0.04
AVIMT (xr/m2) 13.1+05 12.13+0.4 0.03
Habaroaenne (Mecsir) 12.2+5.3 126+7.2 0.9
ITposoaxureabHOCTh ONIEpaLINM (MIHYT) 104 +17 98 +20 0.01

3nauenus npedcmasienvl Kax cpedHee snaverue + 00rno cmardapmuoe omironenue. VIMT = undexc maccor meaa

UMT
Bce mnarnmentsr  (100%)

Habawozenne. VIMT npu mocaeayiomeM HabAOAeHNN

MpPOILIAN  TOAMYHOE
AOCTOBEPHO pa3Andalcs MeXAy IpylIiaMu: rpyrra ¢ ¢-
OATITI cocrasuaa 27,0 + 7,5 npotwus 29,0 + 6,6 B rpyIIIIe
c-OATHI (p = 0,04) (rabauma 2). VIMT (xr/m?) cocrasua
13,1 £ 0,5 B rpymme ¢ ¢-OATI nporus 12,13 + 0,4 B
rpyme ¢ c-OAT'II (p = 0,03).

I'Aroxcosa

Ilepea omepaumeit yposenn raiokosst B IIITT
Ob1a 0AMHaKOBBIM B 00enx rpymmax Ha 0, 30, 60, 90, 120,
150 11 180-11 MuHyTe (TabAn11a 3, prcyHok 1). Kpome toro,
TAMKeMUsl Haromlak Imocae omepaunu (0 MuH)
AOCTOBEPHO He pazAndalach MeKAy IpyIIaM.

ITocae III'TT yposennr caxapa pe3ko BO3pOC B
o0ex rpymnmax; 04HaKo IMKOBBIN YpOBEeHb IAIOKO3bI Ha
60-11 MuHyTe OBLA 3HAUMTEABHO BhIIIe B rpyite c-OATT,
gem B rpymme ¢-OAITI. Boaee BbicOKmMii yposeHb B
c-OATIII  ©Ospra

PyHAOIAMKAIIIOHHOIO OOepTHIBaHMS IMINEBOJa U

rpyumie CBsI3aH C OTCYTCTBUIEM

BepXHell dYacTM >KeAyJOYHOIo KapMaHa. 3adep>KKa
®BaKyalluM U3 >KeAyJOYHOIO KapMaHa IIpuseJa K
3adep>KKe IIOCTYILAeHNUs OOAbINell 4JacTM TAIOKO3BI B
TOHKUI KUIIEYHUK, 9TO OOYCAOBMAO MeHee Pe3KIIi
II0AbeM yPOBH: IA10KO3bI Ha 60-if MuHyTe. OaHako Ha 90-
I MHUHYTe YpOBEHb IAIOKO3Bl OBlA BEHIIIE B IpyIIe ¢-

OAIT 3a cuer Goaee maasHOro cHykeHus. Ha 90-1i

MMHYTe ypoBeHb caxapa B rpymiie c-OAITIl Ob1a Hirke,
gyeM B rpynne ¢-OAI, u sTa TeHAEHIIMS cOXpaHslach
Ha 120, 150 n 180 munyte. Yepes 120 MMHYT ypOBeHb
rA10KO3b! y manueHTos B rpymme c-OAITIl cHusmuaca u
NpUOAN3NACS K KpUTHIECKOMY YpOoBHIO (<50 Mr/44), uTo
NpuBeAO K yBeAMYEeHUIO 4YMcAa IalleHTOB C AeMIIMHT
CUHAPOMOM.

B cBasu ¢ gocTukeHMeM KpUTHYECKM HU3KOTO
YPOBH:1 TA10K03HI 46 (9,2%) manenTos B rpyrite c-OATTII
n 18 (3,6%) nmanuentos B rpymme ¢p-OAIT He cmoran
npogoaxutb III'TT uepes 150 m 180 MmmyT ns-sa
yCHAEHUs CUMIITOMOB I103/JHeTo AeMIIMHI-CUHAPOMa.

Kak mokasano B Tabauue 3 u Ha pucyHke 1,
yPOBeHb I110K03bI 4epe3 180 MuHyT B 00enx rpynmnax OnLa
HIDKe IIpejollepalliOHHOro. DTa TeHAEeHLMS Takke
HabA104alach B Hadale TecTa Haromak Ha 0 MuHyTe y
TaIMeHTOB, IIepeHeCIIINX Ollepalliio, YTO MBI CBA3bIBaeM
C 404TOCPOYHBEIM 9P PeKToM DapuaTpIIecKoi XUpypIun.
Kpome TOrOo, OTHOCMTEABHO cCAAOBII WMHKPETHHOBBIN
9({@exT raIKo3bl nepes OapuaTpUUIecKoil oleparienn
IpuBeA K HU3KUM U 60Aee IAOCKUM IMKOBBIM YPOBHAM
TAIOKO3HI y MAIIMEHTOB C OXKMpeHMeM B 00euX IpyImax B
oTBeT Ha (PU3MOAOTMYECKN MeAAeHHOe IIOCTYILAeHUe
TAIOKO3BI B TOHKMII KUIIEUHUK M3-332 ITPOXOXKAEHILS
MUINY 9epe3 TOACTBIA JKeAyA0K U ABeHaAIlaTUIIEPCTHYIO
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TaGana 3 - IIT'TT: Yposews ratoko3si(mr/a/l)

npegaomnep-d- npeaomnep-c-  IpeaoIiep p- nocronep-¢- nocromnep-c- p
Myt [ITTT OATTII OATTII value OATTII OATTII
0 105+17 106+13 NS 8748 8416 NS
30 13123 13419 NS 16622 192426 0.03
60 153415 155421 NS 182431 209+19 0.02
90 149:24 150426 NS 13017 12014 0.04
120 142422 143+30 NS 110£12 73+7 0.001
150 126+17 128+13 NS 87+12 66£11 0.03
180 98+15 979 NS 75:11 605 0.04

3nauenus npedcmasrenvl Kax cpedHee sHaveHue + 00Ho CMandapmHoe 0mKAoHeHue

NS — cmamucmuuecku HesHauumo (p>0,05)
250

=@ preop-f-OAGB @ preop-s-OAGB postop-f-OAGB postop-s-OAGB

200

150

100 ¢ .

50

0 30 60 90 120 150 180

Pucynok 1 - IlepopaabHbie TeCThI Ha TOAePaHTHOCTD K raokose (III'TT): yposam rarokossr (mr/aa)

B TeueHue 0, 30, 60, 90, 120, 150, 180 muH.

Mrcyaun ypPOBeHb MHCyAMHA HaTolak Itocae onepanyy (0 MuH)
Ao omnepanun yposens mHcyauna B III'TT Obia AOCTOBEPHO He pasandaicsa mexay rpynnamu c-OATTII
oAMHaKOBLIM B obenx rpymnax Ha 0, 30, 60, 90, 120, 150 u n ¢-OAITII.
180-11 munyTe (Tabamua 4, pucynok 2). Kpome Toro,

Tab6ana 4 - Yposenb nacyansa (pmol/L)

Mun npeaorep-d- npeaoriep-c- npeaoiiep- nocrouep-g- rocrorep -c- P

III'TT OATTIII OATIII value OATTII OATTII
0 15661 157458 NS 48+10 4948 NS
30 480+38 460+44 NS 768+13 978427 0.01
60 48441 450466 NS 110089 1498476 0.01
90 59118 570+29 0.04 645154 760+67 0.01
120 65884 678467 0.04 315434 431229 0.001
150 502+42 544+38 0.03 19411 301+18 0.001
180 358+23 377435 0.05 3549 67411 0.01

3Hauerus npedcmasienvl Kax cpedHee 3HaveHue + 00Ho cmandapmoe omKAOHeHUe
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NS — cmamucmuvecku nesnawumo (p>0,05)
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PucyHok 2 - IlepopaabHble TeCThI Ha TOA€PaHTHOCTD K rajokose (III'TT): yposay mHCyanHa (IIM0Aab/2)

B TeueHue 0, 30, 60, 90, 120, 150, 180 muH.

Kax mokazano B Tabaune 4 m Ha Pucynke 2,
ypOBeHb MHCyAMHa IIocde OapuaTpudeckoll omepanyun
Obla 3HaunrteabHO Bbimre uepes 30 mmuyr IIITT, a
MaKCMaJAbHOe 3HaueHe HabA104a10ch Ha 60-71 MUHYTe,
YTO B HECKOABKO pa3 IIpeBhIIalo IIpesolepaliOHHOe
3HaueHne. bozee Toro, ik nHcyanHa s rpyie ¢-OATTI
npespiaa Takosoit B rpynme c-OAITI. TlospieHHBI
yposeHb uHcyanHa B rpynme ¢p-OAITI coxpansaacs s
TeueHne 90-180 MuHyT, 4TO IPUBOAMAO K OO.1ee BLICOKOI

dJacToTe II034HEero CmHAapoMa JeMIIMHIa B IPYyIIIle Cl)-

TAIOKO35bI, YTO Ha 1 gac IIO32Ke, 4EM Yy TeX >Ke IT1allVI€HTOB,

IIepeHecmmx BITOCA€ACTBII 6apI/IanI/I‘~I€CKYIO

omepamnuio. 3OTO  MOXeT  OBITh  CBSI3aHO  C

CI)I/ISI/IOAOTI/I‘«IECKOI?I 3a4ep>1<1<0171 ITOCTYIIA€HM:T ITAIOKO3bI B

TOHKYIO KNHIKY u MUHIMAaAbHBIM BAVIsIHIEM
MHKPETIMHOB.
PaCHpOCTpaHEHHOCTb paHHero m II034HETO

AEMIIVHI-CMHAPOMa
Kax mokaszano B tabaume 5, 175 uz 500 (35%)
rnmanyenTos B rpynme c-OAIII u 98 us 500 (19,6%)

OAIl, yem B rpymme c-OAITI. Kax noxasaHo Ha rmamyentos B rpynme  ¢-OAIMI  coortBeTcTBOBaAN
Pucynke 2, mmMK uHCyAMHa TIIlepes oOlepanuen y KPpUTEPUIM AeMIUHT-CUHAPOMA.
HalyeHToB HabAr04a4cs yepes 120 MuHyT mocae mpuema
Tabauna 5 - PacnpocrpaseHHOCTD JeMIIMHI-CMHApPOMa
¢-OATIII c-OATI
ITokasaTeap n=500 n=500 p-value
YacToTa BO3HMKHOBEHMS AeTIMHI-CMHAPOMa 98 (19.6%) 175 (35%) 0.001
1. paHHVE CIMIITOMBI 24 (24.49%) 49 (28%) 0.07
2. IO3AHVE CUMIITOMBI 32 (32.7%) 75 (42.86) 0.001
3.paHHIe 1 TT03AHI€ CUMIITOMBI 42 (42.8%) 51 (29.14) 0.01

M3 98 (19,6%) nauuentos B rpymte ¢p-OAITI,
COOTBETCTBYIOIIMX KPUTEPUAM AEMIIMHI- CMHApPOMa, 24
(24,49%) coolbmman o paHHMX CMMIITOMax (Tabaumna 5).
MNs 175 (35%) rpymme  c-OATII,

COOTBETCTBYIOIIMX KPUTEPUAM AEMIIMHI- CMHApPOMa, 49

IIallI€EHTOB B

(28%) coobmman o panHux cuMnromax. CTaTMCTIIeCKN
3HaUMMBIX pasanmumit  Mexay Ttunamu OAITI 1o
paHHeMY IIPOsIBAE€HIIO CUMIITOMOB He Ha01104a40Ch (p >
0,07). B 1o xe Bpemsa y 32 (32,7%) u 75 (42,86%)

MaIMeHTOB C AeMIIMHI- CMHApOMOM B rpynmax ¢p-OAITI
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n c-OATI'TI

OposBA€HNE CIMIITOMOB.

COOTBETCTBEHHO OTMEUYEeHO I103aHee

Ha6/lIO,Z],aAI/ICb KakK paHHHIe, TaK I II03AHVE€ CUMIITOMBI

AemmmHr-cnaapoma (P =0,01) (tabanma 5).

B eaowm, y 42 (42,8%) u 51 (29,14%) nmauneHToB B Pacripesesenne  geMnuHr = cMHApoMa IO
rpynnax  $-OAITH  u  c-OAITH  cooTBeTcTBEHHO CTeIIeHsAM TSIKeCTU MpOsIBAEHNI IT0Ka3aHa B TabAutie 6.
Tabanna 6 - PacnpeaeaeHne o TsAXeCcTH 4eMIIMHT-CMHApPOMa

¢-OATIIT c-OATTI
IToka3sarean n=98 n=175
Ilepsast cTerieHb 94 (95,9%) 153 (87,4%)
Bropast crerens 4 (4,08%) 29 (16,57%)
Tpetns crerrens 0 (0%) 3 (1,71)

Kak Bumano mo Tabauile, B o00emx rpyImax
peobaajasa TepBasi CTelleHb AeMITVHT CHAPOMa, HO cAydaeB
CO BTOPOJI CTEIIeHbIO OBLA0 HOBIIE B IPYIIIIE CO CTAaHAAPTHBIM
seirroaHenieM OATTII 29 (16,57%) caydaes ipotus 4 (4,08%) Bo
BTOpOI TpyIIle ¢ TpuMeHeHneM PyHAoPuHT. B J0KkazaTeapHO
rpeBocxoacTsa MeToda PyHAOPUHT yKasblBaeT OTCYTCTBUE

cay4JaeB AEMIIVMHI CHUHApoOMa TpeTbeVI CTelleH B JAaHHOU

rpymre. BaskHO OTMeTHUTB, 9TO cAyJaeB ¢ AeMITMHI-CUHAPOMOM
IV crenenn MbI He HabOAI04aAV HU B OAHOI TPYIIIIE.
Pesyrvmamuvl  penmazeHoA0Zu4eckoil OueHKu Nnuuieooa,
MAN020 KeAYOOUKA U MOHKOU KUULKU
JaHHble IO pe3yAbTaTaM Cepuil peHTIeH CHUMKOB,
CAeJaHHBIX BO BpeMs PEHTIeHOJOIMIeCKOro HaOA0AeHNs

yKasaHbl B Tabau1ie 7.

Tabauna 7 - PeHTreHO 0TI eCKIe AaHHbIE BBLIOOPKM M3 ABYX CpaBHMBAaeMbIX TPYIIIT

¢-OATTIT c-OATII

IlokasaTeap n=125 n=125
O0BéM OINOpOKHEHNM:I MaJdoro >KeAysouka B
TedeHNV 1 MUHYTEI (ITOPIINAST) 1/3 1/2
Iloanass sBakyarms Oapwms M3  Maloro
>KeAyAouKa (B MUHYTaXx) 20-30 15
Bpems mpoxoXXAeHMs TOHKOTO KMINEYHMKa
KOHTPACTHBIM BeIlleCTBOM (Jachl) 5-6 4-5

Kax Bugano mus Tabamusl 7, oOBEM «mIpoBaja yrorpeOJeHne IPOAYKTOB C  OBICTPOYCBOsSI€MBIMU

KOHTpacTa» IpM ONOPOXKHEHUU MaloIo >Kelyaouka B
TOHKYIO KUIIKY B TedeHuu 1 MUHYTHI B II€pBOI IpyIiIe
(p-OATIT) menee 3HaumTeAbHBIN 1/3 mOpIUM IPOTUB
1/2 mopuum Bo Bropoii rpymie (c-OAITI).

ITocaeonepavuonioe éederue U KOHMPOAL 0eMNUHZ-
cundpoma

AAs  KOHTPOAS M CHVDKEHNMS BEpOATHOCTU
pasBUTUSA CUMIITOMOB AEMIIMHT-CMHAPOMa IallyeHTy
OBLA0 pPEeKOMEeHAOBaHO YIIOTPeOASATh MeHbllle INIIU U
gamie. ITpoAyKTEI, BHI3BIBAIOIINE CUMIITOMBI J@MIIMHI-
cnHApoMa, Oblam 3ampemneHsl. He pexomeHnaoBaaoch

yIroTpeOAeHne BBHICOKOKaAOPMITHON IUINV C BBHICOKUM

coaepKaHueM YIA€BOAOB. PexomeHna0Baa0Ch
yIoTpeOJeHre MNNIM C BBICOKMM COJAep>KaHUeM
KAE€TYaTKU u Oeaka. He PEeKOMEHA0BaA0Ch

yraesojamm 1 Moaoka. Ilanmenram Ttaxoke OB1AO

peKOMeHJOBaHO M30erarb yHoTpeOJeHus BOABI B
TeyeHre 30 MHUHYT IIOocAe e4pl, 4YTOOBI M30eXKaTb
YCKOPEHNsI MIPOXO>KAEHS COAEP>KIMOrO o

KeAyAOYHO-KNIIEYHOMY TPaKTYy.

Ecan mamenenme AmeTel 1 oOpasa >KM3HU He

s Pexra,

ITOBBIIIIAIONINIE

AaBaao PEKOMEeHA0BaANUCh  IIperaparsl,

BA3KOCTh, 1AM  akapOosza. Ilpu
HeD(PPEeKTUBHOCTH MPeabIAYIero sTala AedeHus ObLa
PeKOMeH/0BaH OKTpeaTu [16]. 8 maiyenTam B rpymie c-
OAITH wMmI

5} PeKkTUBHO

pexkoMeHAOBaAM mHOpemnapaT O3eMIINK,

KOTOp BINL KynnpoBaa IIPpOsIBACHI

CIMIITOMOB JAeMNUHI-cuHApoMa. Ilpemapat Oszemmnmk
3aMeAasA  OIOPOXKHEHUe

XeAyaAKa M,  CHIDKas

IIOCTIIPpaHAMAABHYIO TUIIEPTANKEMUIO, CTUMYAUPOBal
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CeKpelnio NHCYyAMHa, CHIM>Kasl Harpy3Ky Ha F)—KAQTKI/I n
ycBO€HNE I'1I0OKO3bI KMIIEYHVIKOM. Hus OAHOM U3 I'pymIn
MBI He JICIIOAB30BaAN YHAOCKOIINYEeCKIe u
Xpyprudeckmne Merogpl AedeHunst AeMIIMHI-CHApPOMa

nocae OAITI uyepes 1 rog mnocae omepanumu. DTO

4. O0cyxaeHue

Oxmpenne — raobasapHasl mpo0aeMa, KOTopas
He obomaa croponoit u llenrpaasnyio Asuio [17].
/lanmapockoryeckoe OAHOAaHaCTOMO3HOe >KeaAyA04dHoe
ITYHTUPOBaHME SIBASIETCS OITHMMAaAbHBIM BapMaHTOM
AedeHUsA AAs TalMeHTOB ¢ oXupeHuem [18]. Xora
MBEBX,

¢ dexramn,

0CODEeHHO d

HapyuiaeT
HOpPMaABHYIO (PU3MOAOTHIO, BTa «KepTBa» IPUHOCHUTCS,

BBIIIOAHEHIIe nponeAypbl

MaababCcOpOTUBHBIMU

4TOOBI CKAOHUTH Jalmly BeCOB B ITOAb3Yy 0oapIIIelt TT0Ab3bI
AASL 3A0POBBI. boaee TOroO, MBI CUNMTaeM, 4YTO 4YacCTOTa
BO3HIMKHOBEHNI 1 BAVSIHIIE AEMIIMHI-CMHApPOMaA Yy
IIaDlM€eHTOB CHNABHO HeJOOIIeHEHBbI, KaK IIOKa3aHO B
HallreMm

nccaeA0BaHUI. le/l ITIOAOXUNTEAbHOM

BOCHPUATUN  PaHHUII ~ AEMIMHT  MOXET  OBITh
UHCTPYMEHTOM AAs TIOAAeP>KaHMS CTPOTOM  AMeTEl;
OAHAKO He ObLA0 A0Ka3aHO, UTO OH MMeeT KaKyl0-A1Oo
3HAYMMYIO CBA3b CO CTelleHbIO noTepu Beca. Harpotus,
MO3AHMII AEMIIMHI BpeJeH U CIIOCOOCTByeT oOIiemMy
MOBLIIIEHNIO  IIOTpeDAeHMsl  KaAOpuil BO  BpeMm:
IpOPUAAKTUKY TIO3JHETO AEMIIMHI-CUHAPOMa 3a CYeT
COKpaleHN: MHTepBala MexXAy npruemamy oy [19].
YacTtora BOBHMKHOBEHMSI AEeMIIMHI-CUHAPOMA
npu OAITH nixe, yem ripu ITHPy. Mbr coraacHs ¢ TeM,
yro HOXKa I'THPy mogsepraercs peMoaeAMpOBaHUIO C

TedyeHuem Bpemenu 1iocae ITHPy, Bo3aMoxHO, u3-3a

TTOBBIIIIEHHOI abcopOITOHHOI CIIOCOOHOCTH
CYIIeCTBYIOINMX  SHTEPOLUMUTOB MAU  IIPUBAEYCHIS
AOTIOAHUTEABHBIX ~ DHTEPOLMTOB,  y4acTBYIOLIUX B

abcopOnuu raiokossl [20]. Ho, mo nHamemy MHeHHUIO,
CyIIIeCTBYeT ellle O4HA IIpU4YMHa 6oee HU3KOI JacTOTHI
OAITII -

xeayaounsiii kapman ripu OATTI 40 18 cM B oTandme ot

AEMIIMHI-CMHApPOMA  I10CAe AAVIHHBIA
AAVIHBI XKeaAyAouHoro Kapmana 3-5 cm mpu TPy, urto
SABASIETCA OCHOBHOM IIPMYMHONM TOPMOXKEHUS CKOPOCTU
OITIOPO>KHEHN: Keayaka. Kpome Toro, creHka 44AMHHOTO

KeAyAO09HOIO KapMaHa Ooaee yCTOf/I‘II/IBﬁ K pacCTsI>KEHUIO

00yCA0BA€HO BBICOKOI 9(PPeKTMBHOCTHIO HEMHBA3MBHBIX
MeTOA0B B oOemx rpymmax. /J4si HaImX IIAI[MeHTOB C
AEMIIMHI-CMHAPOMOM B 00euX IpyIIax AMeToTeparns 1

MeagVKaMeHTO3Hasl Tepalinsl OBpLAM AOCTaTOYHBIMI.

IO CpaBHEHMIO CO CTEHKOM TOHKOM KUIIKU B
rmeBaputeasHoit Anmbe npu [Py, koropast nmeer
KOPOTKM1 KeAyAOUHBINI KapMaH u
«TUAPOAVMHAMMYECKNIT yAap» OO0AbIlle MPUXOAUTCS Ha
CTEeHKY aHaCTOMO3VIPOBAHHONM TOHKOV KMUILKM, YeM Ha
CTeHKy KOPOTKOTIO >KeAyA04YHOro KapMaHa. Pacimpenne
racTpOeIOHaAbHOTO aHaCTOMO3a ABASETCA IPM3HAaHHBIM
®TUOAOTMYECKNM (PAKTOPOM KaK BOCCTAaHOBAEHMS Beca,

Tak ¥ JAeMIuHI-cuHZzpoma [21]. Ilommmo maaoro

pasMepa  racTpOSHTepOaHacTOMO3a,  00sA3aTeAbHBIM
TpeOoBaHNeM  ABAsJETCA  AuaMeTp  >KeaAyAO4HOIO
KapMaHa-«TPYOKI». Mm BBIITOAHsIEM

racTpO®HTEpOaHacTOMO3 C MCII0Ab30BaHMeM Oy>ka 32 Fr.
Takum 06pa3oM, HeCKOABKO (PaKTOpPOB (CIIelaAbHas
JysAONAMKaIMS, pasMep >KeAyJO4HOTO KapMaHa U
racTpOSHTEpOaHacTOMO3) OO'BACHAIOT HPpUYMHY
CHIDKeHUsI AeMIIMHI-CHApoMa B rpymiie OyHaoPumnr.
DTO IPOMUCXOANT 3a cyeT 00.1ee BhIpaKeHHOI'O CHIKEeHIA
CKOPOCTHU DBaKyaLMy IIUIIN U3 )KeAy09HOTro KapMaHa 1,
COOTBETCTBEHHO, YMEHBIIIEH ST OCMOAAPHOIO IIOKa.
Ucnioansyss  Goapmiyio  BeIOOpky  u3 500
MaIMeHTOB B KaKAOW IpyIIIle, MBI CPaBHUAM BAVSIHUE
dysAONAMKAIMM U3 JAHA MCKAIOYEHHOIO OTJeaa
XelyaKa Ha dactory gemnuHr-cuagpoma. III'TT nm
YpOBeHb MHCYAMHa OLIEHMBAANCh Yy BCeX IlallieHTOB. B
gactHocty, III'TT mposoamacs B TedeHme 3 4YacoB C
3a00pOM KpOBU KaKAble IToA4aca 4O IIPOBOKaLlMM U B
TeueHme 3 4acoB I1ocle Hee. Hu oauH maiimeHT He OblA
NoTepsiH B TeueHue 1 roga HabaogeHus. Pesyabrarsi
MOKa3aAy, 4TO PaHHUNA U IIO3AHUN AEMIIUMHI-CUHAPOM
BCTpeJyaAuch 3HaunTeAbHO pesxe B rpymre ¢-OAITII. B
oTAM4Me OT DTOIO pe3yAbTaTa, OIleHKa IIO IIKale
Curcraga 1 9acToTta AeMIMHI-cHApoMa rnocae c-OAITIH
ObLAM BBIIIIE M COIIOCTABMMEI C pe3yaAbTaTaMM APYIUX

nccaeAoBaHU. [2, 3].
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Hanayummne nokasarean B rpymrre ¢ ¢-OAITI
MBI CBsI3BIBAAM HE TOABKO C 3aMe//A€HHON DBaKyallyen
COAEP>KMMOIO M3 KeAy4O04HOrO KapMaHa, HO U C
MEHBIIIMM OOBEMOM IIMINY, KOTOPBIN IaIlMEHT MOT
CBHeCThb npu YBeAMYEHUN OrpaHM4YMTeAbHOIO
KOMIIOHEeHTa IIpM MCII0Ab30BaHUU MeToda PyHAOPUHT
DTO  COOTBETCTByeT  OCHOBHOM  HeXMPYPIMYeCKON
pexoMeHJalni  AVEeTOAOIOB: ITallieHTaM C AeMIIMHI-
CUHAPOMOM «CAeJyeT eCTh MeHbIIe M MeJAeHHee». DTO
CBSI3aHO C TEM, UYTO MEHBIINIT OObEM NI CTUMYAUPYET
MOAXKeAYyAOYHYIO >Keae3y K MeHbIIell BbeIpaboTke

MHCyAnHa (0e3 BBICOKOTO IIMKAa UHCYAMHA) 1,
COOTBETCTBEHHO, BBI3BIBA€T MEHBINIE I'MIIOTAMKEMUN,
KOTOpas sABASeTCS IIPUYMHON II03AHEro AeMIINMHI-
cuHApoMa. B 10ap3y Takoro OOBACHEHNMS MOXKHO
NIpUBECTM  IHpUMEpP  IOAOXMUTEABHOIO  BAMSHIS
caHJocTaTMHa (OKTpeOoTHJa) Ha JedeHMe JeMITMHI-
cuHJApOMa.

Taxumm oOpasoM, Hu3Kas YacToTa JEeMIIVHI-
cuaapoma npu p-OAITIl mo cpasnenuio c¢ c-OAITI
cBA3aHa co caeayomumu ¢akropamu: 1) Haamunme
AAVIHHOV (PYHAOIIAMKAIIMOHHON MaHKeThl C ABOVHOI
KaAMOpOBKOI MaH>KeTHI co3AaeT DPPeKT «KeAya09HOTO
DaHAa’ka» U3 ayTOAOTMYHBIX TKaHe, YTO 3aMeAaseT
MpOJBVKeHNe INNIIEeBOro KOMKa. 4yepes3 >KeAyAO04HbIN
kapman npu OAITI. B 1O Xe Bpems, AAMHHAsA
pyHAONAMKAIIIOHHAs MaH>XeTa yMEeHBIIaeT CTelleHb
pacmpenus >xeayaounoro kapmana npu OAITI npnu
IoIajaHuy MUK B KeayAoK. 2) PyHaoNAMKaIoHHas
MaH’)KeTa 3HAUMTeABHO YCUAMBAeT pPeCTPUKTVBHBIA

KOMIIOHEHT ~XUPYPIMYecKOro BMeIlaTreabCTBa. BDTO
yMeHbIIIaeT KOAMIECTBO IUINM, KOTOPOe MOXeT ChecTh
nauyent. 3) CoraacHo HammMm pesyabTartaM, Ooaee
HU3KUII ypOBeHb IMKa wuHcyamHa mocae ¢G-OAITI
IPUBOAUT K MEHbIIeMy CHMXKEHUIO YPOBHS TIAIOKO3BI
yepes 2-3 yaca 11ocae eAbl.

B OoapmmHCcTBE IIpeALIAYIIMX MCCAeAOBAHIIA
yTBep>XKAaeTcs, 4YTO AEMINMHI YacTO CHIKaeT Bec U
MIOA0XKUTEABHO BAUSET Ha Pe3yAbTaThl DapuaTPpUIeCKIX
omepauuit  [22, 23]. HaM ca0XHO 04HO3Ha4HO
COTJacuTBCS C DTUM BBIBOAOM 9TUX aBTOpoB. Hecmorps
Ha Oozee dacTtemi gemnumHr B rpymme c c-OAII,
HanOoAbpIINII 9PPeKT IMpolleAyphl Ha CHIUDKEHUE Beca

Haba104aacs B rpynne ¢ p-OATIT. MeTog xeayA04HOTO

myHTuposanusi OyHAOPUHT NpuBea K 3HAUUTEABHO
Ooapien geapte cuyvkenns: VIMT.

Msl  MOXeM OOBSCHUTB DTOT pe3yAbTaT
CHIVKEHIST Beca, a TakkKe AYJINMI aHTMUAEMIIMHIOBBIA
pes3yabTar, yBeAudeHneM pecTPUKTMBHOIO KOMIIOHEHTa
G-OATHIL. TIlpeawiaymiue

aHaAOIMYHbIE

npoueaypsl B

nccaeA0BaHIIA

rpyIie
IIOKa3aAn Aydiine
pesyAbTaThl IpU MUCIOAb3OBaHUM MeToga PyHAOPuUHT
AAs1 TpoPpUAaKTUKA U AedeHs1 peAIOKc-p3odaruta [24,
25].

Hwu ogHoMy manueHTy HU B O4HOJI U3 IPYIII He
IIPOBOAMIAACh PEBU3NMS WAV pPeBEpCUBHAsl OIlepariys.
[TosTOMy HUM OAMH manMeHT He OBLA MCKAIOYEH W3
aHaAM3a pe3yAbTaToB I10 BTON NpudnHe. XUpyprudeckas
TeXHMKa, MCII0Ab30BaHHasA B OOeUX IpyIIiax, oKa3aaach
Hae>KHON U BBICOKOD(PPEKTUBHOI.

Mp1 He Ha0AI0Aa41 CAy4aeB HECOCTOATEABHOCTH
creriaepa, TpOMOO®MOOAMYECKNMX OCAOXKHEHUI AU
APYTUX HEOTAOXKHBIX XMPYPTUIECKIX OCAO0XKHEHNIA.

Ms1 oxxmngaan passutus agucdarnu s rpyiie ¢-
OATITI B cBA3M C MWCHOAB3OBAHMEM IIMPKYASPHON
pyHAONAMKAIIIOHHOV MaHXXeThl, HO B pe3yabTaTe

MUCCAEAOBaHVSI MbI He HabA0AaAM  CYIECTBEHHOI
Pa3HMIIEI B KaYeCTBe I 10TaHM, U IIaleHTEI B TpyIIe ¢p-
OATITII e

JynaonanKanyoHHass MamXeTa B rpymnme ¢G-OAITI

coodbmaan o gucharum. JauHHAsL
rocAe KaAnOPOBKI He CAaBAMBAeT MUIIEBOJ, U BEPXHIOIO

9acTh  JKeAy4OYHOIO  KapMaHa, IIOCKOABKY  AHO
MCKAIOYEHHOI YacTy Kedy/JKa XOpPOIIO MOOMAM30BaHO
IpU IepeceyeHny Ce1e3eHOYHO-KeAyAOUHON CBS3KY, a
npu Metoge OyHaoPuHr He HabAIOAaeTCs CKPYIMBAHMIT
n gedopManmii, Kak 5T0 HabAOAaeTcss IpU OOBIIHON
KPYTOBOIA

(JpyHAOIAMKALIVIOHHOI MamXxere  IIpU

M301MPOBaHHOM XUPYPIrUYecKoM AedeHnn

ractTpossodareaabHol pepAIOKCHON 60Ae3HN.
[ToayyeHHBIE HaMU pe3yAbTaThl IIO JAAHHBIM

KOHTPaCTHOTO

pEHTIeHOA0TMYIECKOIO  MCCAeAO0BaHN:,

OIpeJeleHus YpPOBH:d WUHCyAMHAa W  pPe3yAbTaToOB
[AI0OKO30TOAEPATHOIO TECTa ABASIOTCS HayYHOM OCHOBOM
AAsl pekoMeHAanuy 0oJee IIUPOKOIO KAMHUYECKOTO

NpuMeHeHNs pa3paboTaHHOro Hamu Metoda PynaoPuHr.
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5. BeiBOABI
Moaudunmposansas PynAOILAMKAITIA
OTKAIOYEHHOTO XeayAKa (OynaoPunrOATTII),

3HaunTeAbHO ¢ PeKTIBHee CHIKala paHHNe U II03AH1e
CUMIITOMBI AE€MIIMHI-CUHAPOMa IIO0 CpaBHEHMIO CO
cragaptHoit OATT B Teuenne 1 roga.

®dynaoPumHr, HPeILITCTBY PpacTsKeHNIO

KeayaA049HOro KapMaHa, obecrieynBaer IINIEeBYIO

peryAsanuio MpOAYKUMM UHCYAMHa 0O€3  BBICOKOI
KOHIIeHTpanuu (II0400HO MeXaHU3My OKTPeoTHAa),
COOTBETCTBEHHO, pe’Ke

BbI3BIBAE€T TUIIOTAMMKEeMUIO.

Haanune aanHHOM (PYHAONAMKAIIMOHHON MaHXETHI C

addexr «KeaygouHoro OaHAaKa» M3 ayTOAOTMIHBIX
TKaHell U cMsrdaeT (yMeHbIaeT) «ITMAPOAMHaMUYeCKUI
IITOK» IIPY ITOCTYIIA€HUM IININN B KeAyAOK U3 IIUIIEeBOJa.
Taxum obpaszoM, 3amesas1eTcst IPOABVKEHNIE ITNITIEBOTO
KOMKa MO >KeAyJO4YHOMY KapMaHy (II0 MeXaHMU3My
AEVICTBUsI aroHMCTa perernTopa IAI0KaroHOIO0AO0OHOTO
nentuga-1 (ITI-1)) mpu OAIII u, takum obGpasowm,
HabAI0AaeTcsl MeHee pe3KUil IOAbeM caxapa U Ooaee
MeJJleHHOe U MPOAOAXKUTEeAbHOe ero CHIUKeHMe BO
BpeMeHU o

CpaBHEHUIO C KeAayA04YHbIM

mrynruposaaneM 0e3 PynaoPunra.
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KourtpacTtel peHTreHOrpadpusaabiK 3epTTey gepeKkTepi, MHCYAMH AeHTeViH aHbIKTay
’K9He I'1I0KO3aFa Te3iMAiaiK cbIHAFbI HaTIKeAepi OoribiHIIa FundoRing aaician Kkoaaany
apKbIAbl aCKa3aHAbI alffHAAbBIII OTYAeH KeiHTi AeMIIVHITIK CMHAPOMHBIH
JKMiAiriH CaabICTBIPY
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iImKi aypyaap FelAbIMU-3ePTTeY UHCTUTYTHI, AamaTsl, Kaszakcran
3 AkMoaa 004bICBIHBIH JeHcayablK caKTay Gackapmachl KaHbiHAarbl Kericaaabl 00ABICTHIK aypyXaHaChIHbIH AMPEKTOPBI,
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Tyiingeme

Kipicme. bip anacromosanl ackazaHapl aiiHaabll o1y (SAGB) cemisgikti eMgeyaid TuiMai agici 6oabim
TabblaaAbl. JereHMeH, orepalsagaH KeliHri AeMIuHITIK cuHApoMHBIH (JC) >Kxuiairi e3exTi Maceae 004bII Kada Oepeai.
DS >xuiairin asaiiTy Tociai peTiHAe a’KbIpaTBLAFaH acKasaHABI HalidadaHbIl QyHAOIAMKaLVIHBI Koca, FundoRing
MoauduKalysAaHFaH dAIC YCBIHBLAAABL.

Oaicrepi. 1000 maunent (FundoRing OAGSh (f-OAGSh) To6sHars! 500 >xaHe craHaapTTsl OAGSh (s-OAGSh)
ToObIHAarel 500) marmeHTTepAiH KaThICybIMeH Oip OpPTaABIKTH, paHAOMM3allMsdaHFaH OaKbllaHATBIH 3epTTey
xyprisiaai. AC >xmiairi raiokosara Te3iMAiAiK CBIHAFBL, MHCYAMH JeHTeili >KoHe acKasaH COMKeciH Oocary
>KBLAJAMABIFBIHBIH PeHTIeHAIK Oeariaepi OoiibIHIIIa OaFalaHABL

Hoatikeaep. bip >XplLa4aH KelliH 4eMIIMHITIK cMHAPOMHBIH >Xuiairi f-OAGSh tobsHAa 19,6% xone s-OAGSh
ToOBIHAa 35% Kypaas! (p=0,001). DS >xane aysip gopexxeaepain kem kepinictepi f-OAGSh ToOrHAa aiiTapabIKTail a3
60aap1. OyHaOIIAMKALIMACE Dap HayKacTapAa rAI0K03a MeH MHCYAMH AeHTrelliHiH OipKeaki KOFapbliaybl MeH TOMeHAeyi
OarikaaApl. PenTreHoaormsasIk seprreyae f-OAGSh ToOBIHAAFHI acKa3aH KaATaChIHBIH Oasty 00CaThLAYHI SKoHe OapuiiAiH
aIl illleK apKbLABI Y3aFbIPaK OTyi aHBIKTaAAbL.

Kopoiteiaanl. FundoRingOAGSh gactypai OAGSh-1teH caabicThIpFaHAa A€MIIMHITIK CMHAPOMHBIH >KMiAiri

MEH aybIPABIFBIH CEHIMAL TypAe ToMeHaeTeal )KoHe KeHipeK KAMHMKAABIK KOAAaHY YIIIiH YChIHBLAYBI MYMKiH.
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Comparison of dumping syndrome incidence after gastric bypass using the fundoring
technique based on contrast radiography, insulin levels, and oral glucose tolerance test results
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Abstract
Introduction. Single-anastomotic gastric bypass (SAGB) is an effective treatment for obesity. However, the
incidence of postoperative dumping syndrome (DS) remains a pressing issue. A modified FundoRing technique,

including fundoplication using a divided stomach, is proposed as a way to reduce the incidence of DS.

Methods. A single-center, randomized, controlled trial was conducted in 1000 patients (500 in the FundoRing
OAGSh (f-OAGSh) group and 500 in the standard OAGSh (s-OAGSh) group). The incidence of DS was assessed by
glucose tolerance testing, insulin levels, and radiographic signs of gastric emptying rate.

Results. After one year, the incidence of dumping syndrome was 19.6% in the f-OAGSh group and 35% in the
s-OAGSh group (p=0.001). Late manifestations of DS and severe degrees were significantly less in the f-OAGSh group.
Patients with fundoplication showed a uniform increase and decrease in glucose and insulin levels. Radiological
examination revealed slower gastric emptying and longer transit of barium through the small intestine in the f-OAGSh
group.

Conclusion. FundoRingOAGSh reliably reduces the incidence and severity of dumping syndrome compared
with traditional OAGSh and can be recommended for wider clinical use.

Keywords: dumping syndrome, FundoRing, single-anastomotic gastric bypass, bariatric surgery, glucose
tolerance test, insulin, contrast radiography, obesity, fundoplication.
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Abstract

Dust-related lung diseases, including pneumoconiosis, chronic obstructive
pulmonary disease (COPD), and silicosis, continue to be a major cause of disability
among miners. The harmful effects of coal and silica dust are not limited to the
respiratory system but also negatively impact the visual system. Current scientific
data indicate an increase in ophthalmological disorders such as dry eye syndrome,
reduced corneal sensitivity, and retinal pathologies. However, this issue remains
insufficiently studied.

Ophthalmological diseases in miners with dust-related lung conditions represent a
significant but underexplored issue. There is a lack of epidemiological data on the
prevalence of ophthalmopathologies among miners in Kazakhstan, highlighting the
need to adapt international experience in early diagnosis and prevention of

ophthalmological complications.

Key words: miners, occupational diseases, coal dust, ophthalmopathology, dry eye
syndrome (DED).
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1. Introduction

At present, dust-related lung diseases (DRLDs)
are considered one of the main predictors of premature
loss of working capacity among young individuals. Dust-
induced pulmonary pathologies (pneumoconiosis,
chronic obstructive pulmonary disease [COPD], and
silicosis) remain a serious global public health issue [1].
According to the Global Burden of Disease (GBD) 2016
study, more than 76 million disability-adjusted life years
(DALYs) were attributed to occupational risks [2].

Particular concern arises regarding DRLDs
among workers in the coal, metallurgical, and
construction industries, where dust concentration is
particularly high [3]. Prolonged exposure to coal dust
adversely affects not only the respiratory system but also
induces systemic dysfunctions in the body, including
impairments of the visual apparatus [4]. According to
GBD 2019 data, the number of years of life lost due to
blindness and visual impairment reached 22.6 million
DALYs, with cataract (29.6%), refractive errors (29.1%),
near vision impairment (21.7%), vision loss (13.7%),
glaucoma (3.3%), and age-related macular degeneration
(2.5%) being the leading causes [5]. As a result, both
quality of life and work capacity of miners deteriorate
significantly [6].

Despite the accelerating global transition to
“green” energy, the coal industry remains one of the
pillars of the world’s energy supply [7]. The hazardous
working conditions in coal mines pose potential risks for
pathological processes across various organs and systems,
including the visual system, contributing to the growing
incidence of ophthalmopathologies among miners [8].

There are several primary methods of coal
extraction (open-pit, shaft, and mountain mining),
depending on the depth of coal seams, geological
conditions, and economic feasibility. Workers mining
coal at depths greater than 600 meters encounter
extremely dust-laden environments, with coal dust
concentrations exceeding 3000 mg/m3, far surpassing
permissible thresholds (4 mg/m? for total dust according
to PC-TWA methodology) [9,10].

Recent studies convincingly demonstrate that
under hypoxic conditions excessive production of
reactive oxygen and nitrogen species (ROS/RNS) occurs,
leading to oxidative stress — the main factor contributing
to the development of ophthalmological pathologies in
miners. An imbalance between free radicals and
protective  antioxidant mechanisms results in
degradation of cellular membranes and induction of
apoptosis in corneal epithelium [11-13].

Inhalation of coal dust at high concentrations
causes substantial harm to miners” health, manifesting as
headaches, irritation of the throat, nose, and eyes,
drowsiness, dyspnea, and nausea [14]. Frequently, coal
miners neglect safety protocols and do not use personal
protective equipment (PPE) such as protective goggles,
helmets, and respirators. Consequently, miners’ eyes in
underground mines are directly exposed to high dust
concentrations [15].

Limited illumination in mining environments
further impairs visual functions, manifesting as binocular
vision disorders and reduced visuomotor coordination
[16]. Moreover, workers in the coal industry often
demonstrate impaired tear film function and
development of dry eye disease (DED) [17].

Thus, the primary factors increasing the risk of
DED

prolonged (more than 10 years) work in adverse

among underground coal miners include:
underground conditions, inhalation of coal dust enriched
with crystalline silicon dioxide (SiO;), and recurrent
superficial ocular (corneal and conjunctival) trauma [18].
All of the above-mentioned factors contribute to
disability and loss of work capacity among miners, and
despite preventive efforts, they continue to affect a
significant proportion of the mining workforce each year
[19].
detailed

contemporary scientific publications demonstrates that

Nevertheless, a analysis of
ophthalmological aspects of DRLDs remain insufficiently
explored, despite existing evidence of the influence of

dust-related factors on ocular surface health [20].
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Considering the fragmented nature of current
knowledge regarding ophthalmological complications
among coal industry workers, the objective of this review

is to identify and comparatively analyze the nosological

2. Materials and Methods

Methodological approach

This review was conducted in accordance with
the five-stage methodological framework originally
described by Arksey and O’Malley, which includes the
following steps: identification of the research question;
identification of relevant studies; study selection;
charting of data; and collating, summarizing, and
reporting results [21]. These core stages were refined
using the methodological guidance provided by the
Joanna Briggs Institute (JBI), which offers additional
eligibility

criteria, and strategies for data presentation [22].

clarity regarding protocol development,

Scope of studies

The analysis covered publications from 2015 to
2025 without regional restrictions. Primary attention was
given to underground coal miners; however, several
studies also considered workers in metallurgy and
related industries.

Search strategy

The literature search was conducted in electronic
databases including PubMed, Scopus, and Web of
Science. Additionally, relevant materials not indexed in
leading scientific databases but containing valuable

information were included.

3. Results and discussion

The review of findings was presented in a
descriptive format. Due to heterogeneity of study
designs, outcomes, and diagnostic methods, meta-
analysis was not performed. Instead, data were grouped
into thematic clusters covering: nosological forms of

ophthalmopathologies among miners, prevalence in

spectrum and prevalence of ocular pathologies in

individuals with occupational dust-related

bronchopulmonary diseases.

Data extraction

Data were systematized in a standardized
extraction form created in Microsoft Excel. The form
included fields for study characteristics such as country
and sample size, nosological classification, prevalence, as
well as keywords and key findings.

Inclusion criteria

Publications from 2015-2025:

1. studies addressing ophthalmopathologies in
miners and patients with dust-related
bronchopulmonary diseases;

2. exposure: coal and/or silica dust;

3. types of publications: systematic and
descriptive reviews, clinical and observational studies;

4. outcomes: ophthalmological nosologies with
reported prevalence or frequency.

Exclusion criteria

1. lack of relevance to occupational dust
exposure (e.g., general ophthalmological or respiratory
diseases unrelated to industrial dust);

2. Absence of empirical data;

3. Publications  outside the  2015-2025
timeframe;

4. Articles without an English-language or

accessible full-text version.

different countries, risk factors and pathogenesis,

diagnostic methods, and socio-economic implications.
Study selection
The study

comprehensive search of major databases (PubMed,

selection process involved a

Scopus, Web of Science) and assessment of additional
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relevant materials. Initially, 108 records were identified.
After duplicate removal and screening of titles and
abstracts, 54 articles were selected, of which 47 were
excluded asirrelevant. The final synthesis included 7 full-
text studies: 5 original clinical investigations, 1 cohort
study, and 1 descriptive study. Research conducted
across different countries consistently confirmed the

identified trends.

Comparative analysis

The analysis demonstrated a widespread
occurrence of ophthalmological disorders among miners.
Literature sources indicated that dry eye disease (DED) is
the most common condition among miners, reported in
five out of six countries. Other ophthalmological
exhibited

microtrauma was characteristic of Ukraine, conjunctivitis

disorders regional specificity: corneal
and blepharitis of Russia, pterygium and keratitis of
Pakistan, binocular vision disorders of India, and retinal

changes of China.

Binocular vision
disorders, INDIA
10%

Pterygium,
keratitis, PAKISTAN
10%

Corneal
microtrauma,
UKRAINE
10%
Conjunctivitis,
blepharitis, RUSSIA
10%

Distribution of ophthalmological nosologies among coal miners (2015-2025)

Dry eye syndrome
(DED), CHINA
50%

Figure 1 - Nosology and prevalence of ocular diseases among miners in different countries (2015-2025)

According to a study conducted by the Chinese
Institute of Ophthalmology in 2023, the prevalence of dry
eye disease (DED) among miners was 35-45%, which
significantly exceeded the rates observed in the control
group (OR = 1.26; 95% CI: 1.14-1.30; p < 0.001) [23].
Moreover, Chinese miners demonstrated thinning of the
retinal nerve fiber layer (RNFL) and vascular alterations,
which were statistically different from the control
population [24].

A study conducted in the Kuznetsk Coal Basin
(Kuzbass) in the Russia, one of the largest coal deposits
in the world, revealed a high prevalence of conjunctivitis,
blepharitis, and DED in 30-40% of cases among miners
with more than 10 years of work experience [25].

Ecevit

According to research by Bulent

University in Turkey, miners with dust-related lung

diseases, particularly pneumoconiosis, demonstrated
DED and tear film instability in 50% of cases [26].

A study conducted in 2024 by Liaquat University
of Medical and Health Sciences in collaboration with the
People’s Nursing School of Pakistan identified a high
frequency of pterygium, keratitis, and DED (50-60%)
among miners with more than 6 years of work
experience. The authors emphasized the unfavorable
working conditions, including extended shifts, lack of
adequate eye protection, and insufficient medical
monitoring [27].

Publications  from the Department of
Ophthalmology, Bangalore Medical College, India [28],
mainly focused on functional vision disorders such as
binocular vision and visuomotor coordination. The

authors associated these changes not only with dust
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exposure but also with insufficient lighting in mines,

highlighting the role of additional occupational factors.
Ukrainian data published by Ivano-Frankivsk

Medical University [29] indicated a high prevalence of

dry eye disease (40%) and corneal microtrauma (20-25%)

among miners working in dusty conditions for more than
10 years.

The findings presented in Table 1 clearly
is the

predominant ophthalmological pathology among miners

demonstrate that dry eye disease (DED)

in most of the studied countries.

Table 1 - Distribution of ophthalmological nosologies among miners according to the literature (2015-2025). Dry eye

disease (DED) was the most frequently reported disorder, documented in five out of six countries

Country, year Type of mines n- Nosology Method Frequency
miners
China (Huainan), Underground 3749 Dry eye syndrome (DED) | OSDI questionnaire 35-45%
2023 coal
China (Kailuan), | Underground 4004 RNFL thinning and OCT, vascular Statistically
2022 coal vascular changes, OCT and analysis significant compared
vascular analysis with controls
Russia (Kuzbass), Underground 2217 Conjunctivitis, blepharitis, Descriptive 30-40% among
2019 coal DED statistics workers with >10
years of experience
Turkey, 2017 Underground 46 DED, tear film instability Schirmer test, BUT. >50 %
coal (>50%)
India, 2024 Underground 64 Binocular vision disorders Prospective cross- 20-30%
coal (20-30%) sectional study
Pakistan, 2021 Underground 317 Pterygium, DED, keratitis Descriptive cross- | 50-60% with >6 years
coal sectional study, of experience
diagnostic
standards for
NSBVD
Ukraine, 2018 Underground 250 DED (40%), corneal clinical DED - 40%,
coal microtrauma examination, microtrauma 20-25%
Schirmer test, BUT

The analysis highlighted regional features of
ophthalmological disorders affecting both the anterior
(conjunctiva, cornea) and posterior (retina) segments of

the eye. These findings confirm that chronic exposure to

coal and silica dust contributes to a wide spectrum of
ophthalmological complications, while scientific interest
in different countries has been directed toward specific

clinical manifestations.
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4. Discussion

Several factors contribute to the etiopathogenesis
of ophthalmological diseases, with oxidative stress (OS)
playing a central role in various forms of retinopathy. In
particular, Nebbioso et al. [30] considered OS a key
pathogenic mechanism in DED, which is supported by
the studies of Pflugfelder, de Paiva (2017), and Dammak
et al. [31,32]. Similarly, Malaviya and colleagues [33]
identified associations between chronic NADPH oxidase
activation, mitochondrial dysfunction, and lipid
peroxidation in the retina. The findings of Chen et al. [34],
demonstrating the protective effect of fullerenol in
reducing corneal damage under UV exposure, further
confirm the role of reactive oxygen species (ROS) as
critical damaging agents.

Chronic hypoxia, a characteristic feature of the
pathogenesis of pneumoconiosis and COPD in miners,
also represents a significant factor in the development of
ophthalmological complications. Hypoxic conditions
lead to impaired microcirculation and ischemic changes
in ocular tissues. Research conducted in China and
Russia has demonstrated statistically significant
differences in RNFL thickness and vascular status among
miners with dust-related lung diseases compared with
control groups, confirming the role of chronic hypoxia in
the development of retinopathies.

A third important mechanism is systemic
inflammation triggered by ROS. It has been shown that
OS activates pro-inflammatory cytokines (IL-6, TNF-«),
which intensify inflammatory changes in the tear film
and contribute to retinal damage. The study of
inflammatory biomarkers is of primary importance.
According to Ozcan D. Ozarslan et al. [35], elevated levels
of IL-6 and IL-10 were recorded in patients with DED,
indicating the involvement of systemic inflammatory
responses in the pathogenesis of the disease. Comparable
findings were presented by H.H. Wang and colleagues

[36], who identified IL-6 as a key indicator of tear film

dysfunction. Review articles by K. Narendra and D.
Huang [37] further emphasized the universality of these
cytokines in assessing the degree of inflammatory
processes in ophthalmopathologies associated with
aerosol particle exposure.

Similar mechanisms were described by Valle et
al. [38] in studies of diabetic retinopathy, highlighting the
universality of inflammatory processes in ocular
pathologies and allowing extrapolation to the miner
population exposed to chronic dust exposure. These
conclusions are consistent with the work of Kowluru and
Malaviya [39], who demonstrated that mitochondrial
dysfunction and depletion of antioxidant systems are
major drivers of chronic ocular inflammation.

Currently, MMP-7 and SP-D are recognized
biomarkers of fibrosis and inflammation. These markers,
known for their roles in interstitial lung diseases and
tissue remodeling processes, allow assessment of the
degree of damage and prediction of disease progression.
Studies have shown that MMP-7 is an independent
predictor of progression and mortality in pulmonary
fibrosis, while the combination of SP-D and MMP-7 aids
in the differential diagnosis of idiopathic pulmonary
fibrosis [40,41]. In the ophthalmological context, these
mechanisms are of particular importance, since chronic
inflammation and fibrosis can lead to tear film and ocular
surface damage. Moreover, SP-D exerts a protective effect
on the ocular surface, reducing infection risk and
supporting epithelial stability in DED [42]. Therefore,
elevated levels of these biomarkers may contribute to the
development of ocular complications in miners.

Taken together, the available evidence confirms
that three synergistic pathogenetic processes — oxidative
stress, hypoxia, and systemic inflammation — form the
etiological basis of ophthalmological pathologies among
coal industry workers. Clinically, these manifest as dry

eye disease, corneal damage, corneal hypoesthesia, as
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well as vascular and neurodegenerative changes in the

retina (Figure 2).

Oxidative stress

ROS/RNS

Exposure to dust
(coal, silica)

Chronic hypoxia

Dry eye syndrome (DED)
Microtrauma of the cornea
Decreased sensitivity
Conjunctivitis, blepharitis
Thinning of the RNFL. vascular
changes

Systemic

inflammation

Figure 2 - Pathogenesis of ocular complications in miners. Exposure to coal and silica dust induces oxidative stress, hypoxia,

and systemic inflammation. These processes lead to damage of the anterior segment of the eye (dryness, corneal microtrauma,

conjunctivitis) and the posterior segment (RNFL thinning, vascular changes)

The prevalence of ophthalmological diseases
among miners carries profound social and economic
implications. Visual impairment directly reduces miners’
work capacity, increases occupational injury risk, and
often necessitates early termination of employment. This,
in turn, imposes additional burdens on healthcare and
social security systems, as well as on compensation
programs provided by employers. According to Petsonk
et al. [43], dust-related lung diseases exert significant
socio-economic impacts, including increased healthcare

costs and reduced labor productivity among miners.

5. Conclusions

The analysis of collected scientific evidence
demonstrated that, despite the general trend of high
prevalence of ocular pathologies among coal industry
workers, the research focus varies considerably across
countries. These differences are determined both by
methodological approaches and by specific working
conditions in different regions.

In the context of Kazakhstan, where dust-related
lung diseases are widespread among coal industry

workers, there is a notable lack of data on the prevalence

For coal-producing regions, where the coal
industry plays a pivotal role in the economy and where
large populations of workers are exposed to dust, vision
loss or deterioration among miners has especially severe
social and economic consequences. Therefore,
ophthalmopathologies in miners should be regarded not
only as a medical issue but also as a factor generating
substantial additional social and economic burdens for

industrial regions.

of ophthalmological complications in available sources. It
is assumed that even if relevant studies were conducted,
their findings were either not published in international
databases or remain inaccessible for analysis. This
situation creates a critical gap in understanding the
impact of occupational dust factors on the visual system
and highlights the need for national-level research.
Despite the variety of reported conditions, all
studies confirm that the eyes of miners represent a key

target organ affected by occupational risk factors. The
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variability in findings across countries is more likely
related to differences in research emphasis and
workplace conditions rather than to the specific
characteristics of the pathologies themselves.

This review systematized domestic and

international evidence regarding the types and
prevalence of ophthalmological diseases among miners
exposed to coal and silica dust:

— Dry eye disease (DED) is the most frequently
reported ocular manifestation in miners exposed to long-
term coal dust, with prevalence ranging from 30-45% in
published studies from China, Ukraine, Russia, and
Turkey. This allows it to be considered a key indicator of
occupational dust-related ocular impact.

— In addition to DED, miners are affected by
various ocular pathologies, including inflammatory
disorders of the conjunctiva and eyelids (conjunctivitis,
blepharitis), corneal damage (microtrauma, pterygium,
keratitis), binocular vision disorders, as well as retinal

changes (RNFL thinning, vascular abnormalities). These
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KacaH KaOBIKTHIH Ce31MTaAABIFBIHBIH TOMEHJeYi JKoHe TOp KaObIK ITaTOA0TMsAapBIHBIH XX1ideyiH KkepceTeai, asaiiga Oya
MaceJe 9/i Ae JKeTKiAiKCi3 3epTTeareH.

Hlanabpr exite aypyaapsl Oap mIaxTepaepaeri opTaabMOAOTHMAABIK, aypyAap — MaHBI3ABI, Oipak >KeTkiaikcis
seprreareH Mocede. KasakcraHga mraxrtepaep apachiHAa —0QTaAbMOINIATOAOIVISIAApPABIH — TapaAybl —Typaabl
SIUAEMIOAOTUAABIK, AepeKTep KOK, OyA Ke3 aypyAapbIHbIH epTe AMarHOCTMKAChl MeH aAJblH aAyAa XaAblKapaAbIK
ToXXipnOeHi HeifiMAeyAiH KaKeTTiAiriH kepceTeai.
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Abstract

Urolithiasis, or kidney stone disease, is a common condition characterized by the
formation of stones in the kidneys and urinary tract. The recurrence rate is about 50%
within the first 5-10 years after the initial episode, making recurrence prevention a
key medical goal. Metaphylaxis, a comprehensive approach to preventing stone
recurrence, includes lifestyle modifications, dietary recommendations,
pharmacotherapy, and regular patient monitoring. This approach allows
consideration of individual metabolic, geneticc and environmental factors
contributing to stone formation.

This review aims to summarize the literature on the primary methods used in the
metaphylaxis of recurrent urolithiasis in adults.

A systematic review was conducted using databases such as PubMed, Embase,
Cochrane Library, Web of Science, and Google Scholar. Studies published between
2010-2024 in English, Russian, and Kazakh were included. Clinical studies, RCTs,
systematic reviews, and meta-analyses were selected. Citation tracking was also

used to identify additional relevant sources.
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The primary strategies for metaphylaxis in urolithiasis include increased fluid
intake, dietary adjustments, and pharmacological treatment. Consuming at least 2.5
liters of water per day lowers the risk of stone formation. Pharmacotherapy with
thiazides, citrates, and allopurinol has proven effective in reducing recurrence rates.
Advanced technologies assist in patient monitoring and provide more precise
treatment.

Metaphylaxis for urolithiasis represents a comprehensive approach based on
lifestyle modifications, pharmacotherapy, and the use of new technologies.
Personalized strategies have demonstrated effectiveness. Technological
advancements promise further improvements in treatment outcomes and enhance

patient adherence to preventive measures.

Key words: urolithiasis, kidney stones, recurrence, metaphylaxis, dietary therapy,

pharmacotherapy, lifestyle changes.

1. Introduction

Urolithiasis, commonly referred to as kidney
stones, affects approximately 10% of population globally
and is associated with a high recurrence rate, with
approximately 50% of patients experiencing stone
formation again within 5-10 years of the initial episode
[1,2]. Men are more likely to develop kidney stones;
however, women often face more severe complications,
such as a higher risk of chronic kidney disease (CKD) [2].
Recurrent urolithiasis presents not only a medical
challenge but also a socioeconomic burden. Due to their
acute presentation, kidney stones result in a significant
number of emergency department visits and
hospitalizations. Worldwide, the socioeconomic burden
of recurrent urolithiasis is substantial, with healthcare
costs exceeding billions annually. In the United States
alone, the direct cost of kidney stones treatment was
estimated at $3.79 billion in 2007, with projections
indicating an annual increase of $1.24 billion by 2030 [3].
Frequent medical consultations, repeated surgical
interventions, and a decline in patients' quality of life
contribute to substantial healthcare costs [3,4,5]. Unlike

many chronic conditions, kidney stones predominantly

affect working-age individuals between 20 and 60 years
old. This exacerbates economic costs, as the condition
also results in productivity losses due to missed
workdays and decreased efficiency in the workforce [3].

Despite advancements in treatment,
metaphylaxis—the prevention of recurrence—remains a
critical yet underexplored area. Current strategies,
including lifestyle modification, dietary interventions,
pharmacotherapy, and regular health monitoring, are
often debated. For

instance, the efficacy of

pharmacological treatments like thiazides and
allopurinol is questioned due to potential side effects and
inconsistent outcomes [6]. Similarly, the role of dietary
modifications, such as calcium restriction, remains
controversial, as excessive restriction may actually
increase stone formation risk [7]. These controversies
highlight the need for a more personalized and evidence-
based approach. This study aims to address these gaps by
exploring innovative and tailored metaphylaxis
strategies, considering metabolic, environmental, and

genetic factors contributing to kidney stone formation.
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2. Methods

To ensure a comprehensive and systematic
review of the literature on metaphylaxis for recurrent
urolithiasis, several academic databases were searched,
including PubMed, Embase, the Cochrane Library, Web
of Science, and Google Scholar. The search focused on
published between 2010-2024,

restrictions on geographical region but limited to studies

articles with no

published in English, Russian and Kazakh languages.

The search terms included combinations of
“urolithiasis”, “kidney stones”, “recurrent”,
“recurrence”, “metaphylaxis”, “prevention”, “diet
therapy”, “pharmacotherapy”, and “lifestyle

modifications” among others. Boolean operators (AND,
OR) were used to refine the search and capture studies
covering various aspects of metaphylaxis, including
dietary interventions, pharmacological approaches, and
monitoring strategies.

As illustrated in Figure 1, a total of 1,254 studies
were initially identified based on titles and abstracts.
After removing duplicates, 1,041 records remained, of

which 568 were excluded during title screening. The

Titles and abstract
identified
n=1,254

l

Records after
duplicates removed

remaining 473 articles underwent abstract screening,
resulting in the exclusion of an additional 295 studies.
Consequently, 178 full-text articles were assessed for
eligibility. Following the application of strict inclusion
and exclusion criteria, 34 studies were ultimately
included in the final analysis. The inclusion criteria were
clinical studies, randomized controlled trials (RCTs),
systematic reviews, meta-analyses, and large prospective
studies, focusing on metaphylaxis strategies. Exclusion
criteria included studies focused solely on surgical
interventions for kidney stones and those not addressing
recurrence prevention publications. Studies were also
excluded if they consisted of case reports or small case
series, as these provide limited generalizability for
recurrence prevention. Additionally, articles were
excluded if they lacked specific data on recurrence
outcomes or were non-peer-reviewed, such as conference
abstracts and opinion pieces, to maintain the rigor and
relevance of the review. Citation tracking was also
employed to identify additional relevant sources through

forward and backward searching of key papers.

n=1,041

Records after title

Excluded based on title

n=568

screening
n=473 Excluded based on
l abstract
Fulltext articles n=295
assessed for eligibility
n=178 Excluded full-text studies with reasons (n=142):

—

Studies included in
analysis
n=34

+ Non-specific outcomes (n=69)
+ Poor generalizability (n=39)
+ Irrelevant interventions (n=28)
+ Language restrictions (n=8)

Figure 1 - Critical review selection flowchart
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3. Results and discussion

Metaphylaxis for urolithiasis involves various
strategies aimed at preventing the recurrence of kidney
stones. The main strategies include:

Dietary Modifications

Increased fluid intake is one of the most basic
strategies to reduce stone formation by diluting urine.
Adults should aim to consume at least 2.5 to 3 liters of
fluid per day [8]. Adequate fluid intake is essential to
produce a urine volume of at least 2.5 liters per day,
which helps dilute the concentration of stone-forming
solutes such as calcium, oxalate, and wuric acid [9].
Although there is no definitive threshold for urine
volume and the risk of kidney stones recurrence, as the
relationship is continuous and may not be linear.
Increased urine volume reduces the supersaturation of
these solutes, thereby decreasing the risk of crystal
formation and stone growth [10]. Studies have shown
that higher fluid intake is associated with a lower risk of
stone recurrence [8,11]. While water is the most
recommended fluid, other beverages can also contribute
to fluid intake. Alkalizing beverages, such as citrus juices,
can be particularly beneficial as they increase urinary
citrate levels, which inhibit stone formation [12]. A recent
systematic review has demonstrated that citrus-based
products, such as lemonade, orange juice, and grapefruit
juice, can increase urinary citrate levels and urine pH.
The data indicates that citrus-based products raised urine
pH (mean difference, 0.16; 95% confidence interval [CI]
0.01-0.32) and urinary citrate (mean difference 124.49;
95% CI 80.24-168.74) more significantly than the control
treatment [13]. However, not all beverages are equally
effective in lowering the risk of kidney stones.
Conversely, consumption of sugar-sweetened sodas and
punches is linked to an increased risk of kidney stone
formation. One study depicted that drinking sugar-
sweetened cola regularly increases the risk of developing
kidney stones by 23% compared to those in the rarely
drink [14].

Dietary adjustments may vary based on the type of
stone and may include reducing or increasing the

consumption of specific types of foods.

For calcium oxalate stones, it is recommended to
maintain a balanced calcium intake of 1,000 to 1,200 mg
daily from dietary sources, such as dairy products and
leafy greens [15,16]. Additionally, limiting the intake of
high-oxalate foods like spinach, nuts, chocolate, and tea
can help reduce oxalate absorption [17,18]. For
individuals with calcium kidney stones, it is crucial to
limit salt intake to reduce the risk of stone formation. The
excess of sodium reduces the kidney’s ability to reabsorb
calcium, resulting in higher calcium levels in the urine
[19]. Current guidelines recommend consuming less than
2,300 mg of sodium per day, with a further reduction to
1,500 mg per day for those with a history of kidney stones
[10]. High-sodium foods, such as processed and
packaged items, should be avoided, and it is important to
read nutrition labels to choose lower-sodium options.
Cooking at home can also help control the amount of salt
added to meals [20,21].

For calcium phosphate stones, maintaining
balanced calcium intake from dietary sources is crucial,
while avoiding excessive calcium supplementation, as
excess calcium can increase the risk of phosphate stone
formation [15,16]. Epidemiological evidence from a large
study shows that the prevalence of stones progressively
calcium intake falls below

increases as dietary

approximately 720 mg/day [22]. Like previous
recommendations, reducing sodium intake to below
2,300 mg per day is advised, as high sodium consumption
leads to elevated urinary calcium excretion [15,16].
Limiting animal protein intake is found to be beneficial,
as animal protein diet is highly acidogenic due to its
higher acid-ash content from sulfur, compared to plant-
based proteins. This increased acidity causes urine to
become more acidic, leading to higher urinary calcium
[23,24,25]. Evidence distinguishing between the impacts
of red meat, white meat, fish, and poultry on kidney stone
formation, as well as the recommended amounts of
protein, is sparse. [25]. Incorporating more fruits and
vegetables into the diet helps maintain an alkaline urine
pH, which is favorable for reducing the risk of calcium

phosphate stone formation [24]. A diet rich in fruits,
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vegetables, and low in saturated fat significantly lowered
the risk of kidney stones by 31%, according to a meta-
analysis [26].

Uric acid stones form when urine remains
consistently acidic, often due to a diet rich in purines -
compounds found in foods such as red meat, organ
meats, and certain fish. To reduce the risk of uric acid
stones, limiting the intake of these high-purine foods is
strongly recommended [27,28]. Same as with phosphate

stones, increasing the consumption of fruits and
Key Points on Dietary Modifications

Dietary modifications play a crucial role in
reducing the risk of kidney stones. Increasing daily fluid
intake to at least 2.5-3 liters helps dilute urine and
decreases the risk of crystal formation. Citrus-based
beverages, like lemonade and orange juice, boost urinary
citrate levels, which inhibit stone formation, while sugary
drinks increase the risk. For calcium oxalate stones,
maintaining a balanced calcium intake (1,000-1,200 mg)

and limiting salt and high-oxalate foods are key.

Pharmacotherapy

Pharmacological prophylaxis is an essential
component of treatment for patients with confirmed
metabolic abnormalities. Medications are tailored to each
individual, taking into account both the composition of
the kidney stones and the results of the patient's
metabolic evaluation.

Thiazide Diuretics are used to reduce calcium
excretion in patients with recurrent calcium-based
stones. In a meta-analysis, the pooled relative risk (RR)
for the incidence of kidney stones in patients treated with
thiazide diuretics was 0.44 (95% CI 0.33-0.58, P <0.0001)
compared to placebo and untreated groups. The pooled
risk difference (RD) was -0.23 (95% CI -0.30 to —0.16,
P <0.0001). Additionally, the pooled standardized mean
difference (SMD) for 24-hour urinary calcium levels was
-18.59 (95% CI -25.11 to -12.08, P<0.0001) [32]. When
prescribing thiazides, it is crucial to continue dietary
recommendations, particularly sodium restriction, to

enhance the hypocalciuric effect and minimize potassium

vegetables helps to alkalize the urine, making it less
favorable for uric acid stone formation [24]. Additionally,
reducing alcohol intake, particularly beer, is advised
since it can elevate uric acid levels [29]. Animal studies
indicate that ethanol treatment in rats leads to crystal
formation [30]. Yet, human studies show inconsistent
evidence on the influence of alcohol on uric acid stone
formation, particularly regarding the type and amount of
alcohol consumed [29,31].

Similarly, calcium phosphate stones require moderate
calcium intake, low sodium, and reduced animal protein
consumption, alongside a diet rich in fruits and
vegetables to maintain an alkaline urine pH. For uric acid
stones, reducing purine-rich foods like red meat,
increasing plant-based foods, and moderating alcohol
intake are advised. Overall, individual dietary strategies

depend on the specific type of kidney stone.

loss [33]. Due to the potential for hypokalemia induced
by thiazide therapy, potassium supplementation (such as
potassium citrate or potassium chloride) may be
necessary [34].

Allopurinol is used to prevent recurrent
urolithiasis, particularly in adults who form uric acid
stones or calcium oxalate stones associated with elevated
uric acid levels. It is prescribed for patients who have
recurrent stones despite other preventive measures or
who have underlying conditions such as
hyperuricosuria [10,35]. Moderate-quality evidence from
four trials comparing allopurinol monotherapy with
placebo or control in patients with calcium oxalate stones
demonstrated a reduced risk of composite stone
recurrence with allopurinol [36,37]. Two trials reported
that the recurrence risk was lower in patients treated with
allopurinol compared to placebo (33.3% vs. 55.4%).
Additionally, one fair-quality study showed a reduction

in symptomatic stone recurrence (10.3% vs. 29.0%) [36].
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Regular monitoring of uric acid and kidney function is
recommended during treatment [38].

Citrates are commonly used to prevent the
recurrence of calcium oxalate and wuric acid stones.
Citrates increase urinary citrate levels, which helps bind
calcium and reduce the formation of calcium-based
stones, while also alkalinizing the urine, making it less
conducive to uric acid stone formation [39]. In a critical
review, citrate therapy was found to significantly reduce
stone size, as evidenced by RCTs (RR 2.35, 95% CI 1.36 to
4.05). Additionally, the incidence of new stone formation
was markedly lower with citrate therapy compared to the
control group, according to seven RCTs (RR 0.26, 95% CI
0.10 to 0.68) [40]. Potassium citrate is particularly
effective in patients with hypocitraturia [41,42]. A meta-
analysis demonstrated that potassium citrate
supplementation significantly reduced the recurrence of

nephrolithiasis [RR; 95% CI 0.21 (0.13, 0.31)] [43].

Key Points on Pharmacotherapy

Pharmacotherapy is a vital part of managing
kidney stones for patients with metabolic abnormalities.
Thiazide diuretics lower calcium excretion and risk of
recurrence in calcium-based stones, with sodium
restriction and potassium supplementation enhancing
their effect. Allopurinol reduces the recurrence of uric
acid and calcium oxalate stones, especially in patients
with elevated wuric acid levels, requiring regular

monitoring of uric acid and kidney function. Citrates

Lifestyle Modifications

Regular exercise can play a significant role in
preventing the recurrence of kidney stones. By helping to
maintain a healthy body weight, exercise reduces the risk
factors associated with obesity, which is known to
contribute to stone formation [47,48,49,50]. Examining
body fatness in relation to kidney stone risk, a meta-
analysis found a 21% increase in relative risk for every 5-
unit increase in BMI, a 16% increase for every 10 cm
increase in waist circumference, and 6% and 12%

increases in relative risk for every 5 kg increment in

Bisphosphonates, primarily known for treating
osteoporosis, may also help prevent kidney stones,
especially in individuals with low bone density. These
medications work by inhibiting bone resorption, which
can lower urinary calcium levels, a key factor in the
calcium-based kidney stones [44].
can inhibit the

formation of
Additionally,

crystallization of calcium oxalate and calcium phosphate

bisphosphonates

in the urine, further reducing the risk of stone formation
[45]. Clinical studies have shown promising results,
suggesting that bisphosphonates could be beneficial in
reducing kidney stone recurrence in patients with
conditions like osteoporosis or hypercalciuria [44,45]. In
a study involving participants with low bone density, the
use of bisphosphonates was linked to a reduced risk of
kidney stone formation. Specifically, bisphosphonate use
resulted in a multivariate-adjusted relative risk of 0.68
(95% CI 0.48-0.98) for kidney stone formation compared
to those not using bisphosphonates [46].

increase urinary citrate levels to prevent calcium-based
and uric acid stones and are particularly effective for
patients with hypocitraturia. Bisphosphonates, primarily
used for osteoporosis, also help prevent kidney stones by
reducing urinary calcium levels and crystal formation,
showing promising results for patients with low bone
density or hypercalciuria. Each medication is tailored to
the individual's metabolic profile and stone type for

effective prevention.

weight and weight gain, respectively [48]. Physical
proper

metabolism, which can help reduce the accumulation of

activity ~further promotes digestion and
substances that lead to stone development [47]. It's
important to stay well-hydrated during and after exercise
to counteract the effects of sweating, which can lead to
dehydration and increase the risk of stones [51]. Light to
moderate activities, such as walking, jogging, or yoga, are
particularly beneficial and can even help move existing

stones along naturally [49].
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Smoking has been identified as a significant risk
factor for the development of kidney stones [52, 53].
Research indicates that active cigarette smoking is
associated with a 30% increased risk of kidney stones
compared to non-smokers [52]. Findings of another study
also depicted that cigerette smoking significantly
increases the risk of urolithiasis (OR = 2.06, 95% CI: 1.06-
4.01, P = 0.034) [54]. The harmful chemicals in tobacco
contribute to oxidative stress and reduce urine output,

both of which are conducive to stone formation [52].

Key Points on Lifestyle modifications

Lifestyle modifications significantly impact the
prevention of kidney stones. Regular exercise helps
maintain a healthy weight, reducing obesity-related risk
factors for stone formation, while promoting proper
digestion and metabolism. Staying well-hydrated during
physical activities prevents dehydration, a key factor in

stone development, with light to moderate exercises like

Regular monitoring and follow-up

Monitoring and follow-up are essential for
preventing the recurrence of kidney stones. Patients with
a history of kidney stones should undergo periodic
imaging studies, such as ultrasonography or low-dose
computed tomography (CT), to detect new stone
formation or growth of existing stones [56]. These follow-
up assessments help in identifying any changes early,
allowing for timely intervention. Additionally, regular

laboratory evaluations, including urinalysis and blood
Key Points on Regular monitoring and follow-up
Consistent check-ups allow healthcare providers

to personalize preventive measures, adjust medications,

and recommend lifestyle modifications tailored to the

Cigarette smoking might also contribute to the
development of urolithiasis by reducing urinary flow and
elevating serum cadmium levels in healthy individuals
[53]. Additionally, exposure to secondhand smoke has
also been linked to an elevated risk of kidney stones,
further underscoring the detrimental impact of smoking
on renal health [55]. These findings highlight the
importance of smoking cessation and avoidance of
secondhand smoke as preventive measures against

kidney stone formation.

walking and yoga proving especially beneficial. Smoking
cessation is crucial, as both active smoking and
secondhand smoke exposure elevate the risk of kidney
stones by contributing to oxidative stress and impaired
urinary flow. Overall, a combination of healthy physical
activity and avoidance of smoking plays a vital role in

preventing kidney stone recurrence.

tests, are crucial to monitor risk factors such as
hypercalciuria, hyperuricosuria, and other metabolic
abnormalities [57]. By maintaining consistent follow-up
appointments, healthcare providers can tailor preventive
strategies, adjust medications, and recommend lifestyle
modifications to reduce the risk of recurrence. This
proactive approach ensures that any potential issues are
addressed promptly, thereby minimizing complications

and improving patient outcomes.

patient's needs. This proactive approach not only
minimizes complications but also ensures optimal care

and improved long-term outcomes for patients.

Individualized Treatment Based on Metabolic Evaluation

Personalized prevention of recurrent kidney
stones is an increasingly important aspect of urolithiasis

management, given the heterogeneous nature of stone

formation and the variety of metabolic abnormalities
contributing to their development. Individualized

strategies are grounded in a detailed metabolic
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evaluation, typically involving urine and blood analyses,
which help identify specific risk factors for recurrence
[58]. This data-driven approach allows for the tailoring of
both  pharmacological and non-pharmacological
interventions aimed at reducing the likelihood of stone
formation.

Recent literature highlights the need for targeted
interventions, as generalized treatment protocols may
not address the underlying metabolic disorders unique to
each patient. Personalized prevention may include
adjustments in dietary intake, such as tailored
recommendations regarding fluid, calcium, sodium, and

oxalate intake, as well as the use of pharmacological

Key Points on Individualized treatment

Individualized treatment for kidney stones
focuses on tailoring prevention strategies to each
patient's metabolic profile. Based on urine and blood
analyses, specific risk factors are identified to guide
personalized dietary and pharmacological interventions.

Adjustments in fluid, calcium, sodium, and oxalate
New technologies

Recent advancements in technology have
introduced promising methods for preventing the
recurrence of kidney stones. One notable innovation is
the use of a handheld ultrasound device to reposition
kidney stone fragments. This technique, known as
ultrasonic propulsion, helps move residual stone
fragments closer to the ureter, facilitating their natural
expulsion from the body [60, 61, 62]. Studies have shown
that this method can reduce the risk of recurrence by up
to 70%, significantly lowering the need for additional
surgical interventions [60].

Traditionally, metabolic evaluation for kidney
stones requires cumbersome 24-hour urine collections.
However, newer wearable and smart technology devices
are being developed to allow for real-time monitoring of
key urinary parameters, such as pH, calcium, and uric
acid concentrations. Latest studies revealed that urinary
dipsticks are limited in both precision and accuracy for

home monitoring, while portable electronic pH meters

agents based on the patient’s metabolic profile. The goal
of these interventions is not only to reduce stone
formation but also to correct the metabolic derangements
that predispose individuals to recurrence [58, 59].
Regular monitoring and individualized follow-up
schedules further enhance the effectiveness of these
strategies, ensuring that therapeutic adjustments can be
made as needed to maintain the patient's metabolic
stability over time.

Emerging research continues to support the
efficacy of personalized approaches in preventing stone
recurrence, advocating for their integration into standard

nephrology practice.

intake, alongside targeted medications, aim to reduce
stone formation and correct underlying metabolic issues.
Regular monitoring and follow-ups ensure effective
adjustments over time, reinforcing the importance of

personalized care in preventing recurrence.

offer a more accurate, user-friendly, and cost-effective
alternative [63, 64]. Providing continuous data and
allowing independent use, these devices enable earlier
intervention when stone-forming conditions arise and
improve patient adherence to preventive measures,
making them a reliable tool for reducing urolithiasis
recurrence.

Mobile  health  (mHealth)

telemedicine play a significant role in the metaphylaxis of

technologies  and
kidney stones by enhancing patient monitoring,
improving adherence to preventive measures, and
facilitating timely medical interventions. mHealth
applications allow patients to track their fluid intake,
dietary habits, and medication schedules, which are
crucial for preventing stone recurrence [65, 66]. These
apps can provide reminders and educational content,
helping patients stay informed and engaged in their care

[67].
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Telemedicine offers convenient access to

healthcare providers, enabling regular follow-up
appointments without the need for in-person visits. This
is particularly beneficial for patients in remote areas or
those with mobility issues [68]. Through telemedicine,
healthcare providers can review patients’ progress,
adjust treatment plans, and provide immediate support
for any concerns [69]. The integration of these
technologies ensures continuous and personalized care,
ultimately reducing the risk of kidney stone recurrence
and improving patient outcomes.

Precision medicine is becoming more prevalent in
nephrolithiasis management through the use of genomic
and proteomic technologies. These approaches allow for the
identification of genetic predispositions to stone
formation, helping to tailor prevention strategies to the
individual’s metabolic and genetic makeup. For instance,
integrated proteomic and transcriptomic analyses have
identified distinct gene expression profiles and protein
modifications associated with kidney stone disease
[70]. Such studies have revealed key biomarkers and
potential therapeutic targets, including specific genes
and proteins that are dysregulated in stone-forming
individuals.

Additionally, bioinformatics tools are being used
to analyze large datasets, identifying differentially
expressed genes and constructing interaction networks
that highlight critical pathways involved in stone

formation [71,72]. These insights further facilitate the
Key Points on New Technologies

Advancements in technology offer innovative
solutions for kidney stone management. Ultrasonic
propulsion, a handheld ultrasound method, aids in
expelling fragments and reduces recurrence. Wearable
devices and portable pH meters now allow real-time
monitoring of urinary parameters, enhancing early
intervention and adherence. mHealth apps and

telemedicine improve patient tracking, education, and

development of personalized treatment strategies,
targeting the unique genetic and proteomic landscape of
each patient. By leveraging these advanced technologies,
researchers and clinicians can better predict stone
recurrence and tailor preventive measures more
effectively, ultimately improving patient outcomes. One
major finding is the identification of differentially
expressed genes (DEGs) associated with kidney stone
formation [71]. Additionally, bioinformatics analyses
have constructed protein-protein interaction networks,
revealing critical hub genes like LCN2, which are
implicated in the occurrence and development of kidney
stones [72].

Advanced 3D

techniques, such as CT scans and MRIs, are pivotal in the

imaging and reconstruction
accurate diagnosis and treatment planning for kidney
stones. These imaging methods provide detailed, high-
resolution images of the kidney and urinary tract, which
can be converted into precise 3D models. Such models
allow healthcare professionals to visualize the exact size,
shape, and location of kidney stones, as well as the
anatomy of the surrounding tissues [73,74]. Detailed
visualization aids in developing personalized treatment
plans, whether for surgical intervention or other
therapeutic approaches. By enhancing the accuracy of
diagnosis and treatment planning, 3D imaging, and
reconstruction significantly improve patient outcomes
and reduce the risk of complications during procedures
[74].

access to care. Precision medicine leverages genomic and
proteomic tools to tailor prevention strategies based on
genetic profiles. Advanced 3D imaging enhances the
precision of diagnosis and personalized treatment
These

breakthroughs collectively transform kidney stone

planning, ultimately improving outcomes.

prevention and care.
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Table 1 - Summary review of articles

Author(s) Design Results Reference
Kiremit MC, Boyuk Critical Drink >=2.51 of fluids; Kiremit MC, Boyuk A, Petkova K. Fluid intake
A, Petkova K. review Avoid sugary drinks; recommendations in urolithiasis and general advice
Lower sodium intake; to patients without metabolic risk factors. World J
Reduce intake of oxalate-rich Urol. 2023; 41: 1251-9.
foods; https://doi.org/10.1007/s00345-023-04285-3
Limit animal protein
consumption.
Pearle MS, Systematic Drink >=2.5] of fluids; Pearle MS, Goldfarb DS, Assimos DG, Curhan G,
Goldfarb DS, review Lower sodium intake; Denu-Ciocca CJ, Matlaga BR, et al. Medical
Assimos DG, Reduce intake of oxalate-rich Management of Kidney Stones: AUA Guideline. J
Curhan G, Denu- foods; Urol [Internet]. 2014 Aug 1; 192(2): 316-324.
Ciocca CJ, Matlaga Limit animal protein  https://doi.org/10.1016/j.juro.2014.05.006
BR, et al. consumption.
Siener R. Narrative Inadequate fluid intake is a Siener R. Nutrition and Kidney Stone Disease.
review major dietary risk factor; Nutrients. 2021; 13(6): 1917.
High oxalate intake increases  https://doi.org/10.3390/nu13061917
the risk of calcium oxalate
stones.
Barghouthy Y, Narrative Citrus fruit juices, Barghouthy Y, Somani BK. Role of Citrus Fruit
Somani BK. review particularly  lemon and Juices in Prevention of Kidney Stone Disease (KSD):
orange juices, can increase A Narrative Review. Nutrients. 2021; 13(11): 4117.
urinary citrate levels, which https://doi.org/10.3390/nu13114117
may help prevent kidney
stone formation.
Rahman F, Birowo Systematic Significant increase inurinary Rahman F, Birowo P, Widyahening IS, Rasyid N.
P, Widyahening IS,  review and citrate levels (mean Effect of citrus-based products on urine profile: A
Rasyid N. meta-analysis  difference, 124.49; 95% CI systematic review and meta-analysis. F1000Res.

Moe SM.

Ferraro PM,
Curhan GC,
D’ Addessi A,
Gambaro G.

Critical

review

Systematic

review

80.24-168.74) compared to

control group.

Calcium intake in the form of
diet and binders should not
exceed 800-1000 mg/day to
achieve neutral calcium
balance in adult patients.

The median recurrence rate of
kidney stones was 15 per 100
person-years;

Recurrence rates were higher

in untreated patients or those

2017 Mar 6; 6:
https://doi.org/10.12688/£1000research.10976.1
PMID: 28529700; PMCID: PMC5428529

220.

Moe SM. Rationale to reduce calcium intake in adult
patients with chronic kidney disease. Curr Opin

Nephrol Hypertens. 2018;27(4):251-7

Ferraro PM, Curhan GC, D’ Addessi A, Gambaro G.
Risk of recurrence of idiopathic calcium kidney
stones: analysis of data from the literature. J

Nephrol. 2017; 30: 227-33


https://doi.org/10.1007/s00345-023-04285-3
https://doi.org/10.1016/j.juro.2014.05.006
https://doi.org/10.3390/nu13061917
https://doi.org/10.3390/nu13114117
https://doi.org/10.12688/f1000research.10976.1
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8

10

11

12

Lin BB, Lin ME,
Huang RH, et al.

Ferraro PM,
Bargagli M,
Trinchieri A,
Gambaro G.

Tracy CR, Best S,
Bagrodia A, et al.

Jones P, Karim
Sulaiman S,
Gamage KN, Tokas

T, Jamnadass E,

Somani BK.

Wang H, Fan ], Yu
C, Guo Y, Pei P,
Yang L, ChenY, Du
H, Meng F, Chen J,

et al.

Systematic
review and

meta-analysis

Critical

review

Randomized,
crossover
metabolic

study

Systematic

review

Prospective

cohort study

treated with dietary changes
compared to those treated
with drugs (26 vs. 23 vs. 9 per
100 person-years, p < 0.001).
Prominent risk factors for
incident stones included body
mass index (BMI), dietary
sodium, fructose,  meat,
animal protein, and soda;
calcium

Vitamin D and

supplementation alone
increased the risk of stones in
observational studies but not
in RCTs.

A Dbalanced vegetarian diet
with dairy products is the
most

protective  against

kidney stones.

Fish associated with higher
urinary uric acid than beef or
chicken;

Saturation index for calcium
oxalate was highest for beef,
indicating a
higher
propensity
chicken or fish.

marginally
stone-forming
compared to
found a

Four studies

significant association
between smoking and renal
stone formation;

The relationship between
physical activity and KSD
appears to be equivocal.

Tea, alcohol, and fruit
consumption were found to
be negatively associated with
kidney stone risk;

The linear trend was
observed only in tea and fruit
consumption;

Participants who drank >7

cups of tea per day had a

Lin BB, Lin ME, Huang RH, et al. Dietary and

lifestyle factors for primary prevention of
nephrolithiasis: a systematic review and meta-
analysis. BMC Nephrol. 2020; 21: 267.

https://doi.org/10.1186/s12882-020-01925-3

Ferraro PM, Bargagli M, Trinchieri A, Gambaro G.
Risk of Kidney Stones: Influence of Dietary Factors,
Dietary Patterns, and Vegetarian-Vegan Diets.
2020; 12: 779.
https://doi.org/10.3390/nu12030779

Nutrients.

Tracy CR, Best S, Bagrodia A, et al. Animal protein
and the risk of kidney stones: a comparative
metabolic study of animal protein sources. ] Urol.
2014 Jul; 192(1): 137-141.
https://doi.org/10.1016/j.juro.2014.01.093 PMID:
24518789

Jones P, Karim Sulaiman S, Gamage KN, Tokas T,
Jamnadass E, Somani BK. Do lifestyle factors
including smoking, alcohol, and exercise impact
your risk of developing kidney stone disease?
Outcomes of a systematic review. ] Endourol. 2021
Jan; 35(1): 1-7. https://doi.org/10.1089/end.2020.0378
Epub 2020 Sep 9. PMID: 32808537

Wang H, Fan ], YuC, Guo Y, Pei P, Yang L, Chen Y,

Du H, Meng F, Chen ], et al. Consumption of tea,
alcohol, and fruits and risk of kidney stones: a
prospective cohort study in 0.5 million Chinese
adults. 2021; 13(4): 1119.
https://doi.org/10.3390/nu13041119

Nutrients.



https://doi.org/10.1186/s12882-020-01925-3
https://doi.org/10.3390/nu12030779
https://doi.org/10.1016/j.juro.2014.01.093
https://doi.org/10.1089/end.2020.0378
https://doi.org/10.3390/nu13041119
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13 Li DF, Gao YL, Liu
HC, et al.

Systematic
Review and

Meta-Analysis

14 Fink HA, Wilt TJ, Systematic
Eidman KE, et al. review

15 Fink HA, Wilt T, Comparative
Eidman KE, et al. effectiveness

review

16 Lojanapiwat B, Randomized
Tanthanuch M, controlled
Pripathanont C, et trial

al.

lower risk of kidney stones

(HR: 0.73; 95% CI: 0.65-0.83)

compared to non-tea
consumers.

Thiazide diuretics
significantly =~ reduced the

incidence of recurrent kidney
calculi (pooled risk ratio: 0.44;
95% CI: 0.33-0.58);

Thiazide diuretics decreased
24-hour  urinary calcium
levels (pooled standardized
mean difference: -18.59; 95%
CI: -25.11 to -12.08).
Soft-drink reduction
decreased recurrent

symptomatic stone risk (RR,

0.83[CI, 0.71 to 0.98]);
Thiazides, citrates, and
allopurinol reduced

composite stone recurrence
risk in patients with multiple
past calcium stones:
Thiazides: RR, 0.52 [CI, 0.39 to
0.69]
Citrates: RR, 0.25 [CI, 0.14 to
0.44]
Allopurinol: RR, 0.59 [CI, 0.42
to 0.84].
Low animal protein, normal
to high calcium, and low
sodium diet reduced
composite stone recurrence
(RR, 0.52 [CI, 0.29 to 0.95]);
Low animal protein, high
and fiber,
diet

fruit and low

purine increased
composite stone recurrence
(RR, 5.88 [CI, 1.39 to 24.92]).

Oral potassium-sodium
citrate (81 mEqg/day) vs.

control (12 months):

Li DF, Gao YL, Liu HC, et al. Use of thiazide
diuretics for the prevention of recurrent kidney
calculi: a systematic review and meta-analysis. |
Transl Med. 2020; 18: 106.
https://doi.org/10.1186/512967-020-02270-7

Fink HA, Wilt TJ, Eidman KE, et al. Medical
management to prevent recurrent nephrolithiasis in
adults: a systematic review for an American College
of Physicians Clinical Guideline. Ann Intern Med.
2013; 158(7): 535-43.

Fink HA, Wilt TJ, Eidman KE, et al. Recurrent
nephrolithiasis in adults: Comparative effectiveness
AHRQ

Comparative Effectiveness Reviews; No. 61. 2012.

of preventive medical strategies.

Lojanapiwat B, Tanthanuch M, Pripathanont C, et al.
Alkaline citrate reduces stone recurrence and
regrowth after shockwave lithotripsy and
percutaneous nephrolithotomy. Int Braz ] Urol.

2011;37(5):611-6.


https://doi.org/10.1186/s12967-020-02270-7

Astana Medical Journal, 2025, 5, 125

17  Phillips R, Systematic
Hanchanale VS, review
Myatt A, Somani B,

Nabi G, Biyani CS.

18 Zisman AL. Critical

review

19 Carvalho M, Systematic
Erbano BO, review and

Kuwaki E, et al. meta-analysis

20 KovacevicL, LuH, Experimental
Kovacevic N,

Lakshmanan Y.

study

Reduced hypocitraturia in
treated group (7.69%) vs.
control (37.83%) (p=0.007);

Stone-free rate in treated
group (92.3%) wvs. control
(57.7%).

Citrate salts vs. placebo

significantly reduced stone
size and prevented new stone
formation (RR, 0.26 [95% CI,
0.16 to 0.42]);

Citrate salts vs. placebo
increased urinary citrate
levels, inhibiting

crystallization (RR, 0.25 [CL,
0.14 to 0.44]);

Citrate salts vs. placebo
reduced need for retreatment
for stone removal (RR, 0.52
[CI, 0.29 to 0.95]).

Adequate dietary calcium vs.
low calcium intake reduced
stone recurrence (RR, 0.52 [C],
0.29 to 0.95]);

Citrate salts vs. no citrate salts
reduced stone
(RR, 0.25 [CI, 0.14 to 0.44));

Thiazides wvs.

recurrence

no thiazides
reduced stone

(RR, 0.52 [CI, 0.39 to 0.69]).

recurrence

Potassium citrate vs. control
significantly reduced stone
recurrence (RR, 0.21 [95% CI,
0.13 to 0.31]);

Potassium citrate vs. control
increased stone-free rate (RR,
0.21[CI, 0.13 to 0.31]);
Potassium citrate vs. control
showed no  significant
heterogeneity across studies
(p=0.224).

control

highest

Risedronate VS.

induced the

https://doi.org/10.1590/51677-55382011000500007

Phillips R, Hanchanale VS, Myatt A, Somani B, Nabi
G, Biyani CS. Citrate salts for preventing and
treating calcium containing kidney stones in adults.

Cochrane Database Syst Rev. 2015 Oct 6; 2015(10):

CD010057. https://doi.org/10.1002/14651858
CD010057.pub2.  PMID:  26439475; PMCID:
PMC9578669.

Zisman AL. Effectiveness of treatment modalities on
kidney stone recurrence. Clin ] Am Soc Nephrol.
2017 Oct; 12(10): 1699-1708.
https://doi.org/10.2215/CJN.11201016

Carvalho M, Erbano BO, Kuwaki E, et al. Effect of
potassium citrate supplement on stone recurrence
before or after lithotripsy: systematic review and
meta-analysis. 2017;45:449-455.
https://doi.org/10.1007/s00240-016-0950-1

Urolithiasis.

Kovacevic L, Lu H, Kovacevic N, Lakshmanan Y.

Effect of bisphosphonates on the crystallization of


https://doi.org/10.1590/S1677-55382011000500007
https://doi.org/10.1002/14651858
https://doi.org/10.2215/CJN.11201016
https://doi.org/10.1007/s00240-016-0950-1
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21 Prochaska M, Prospective
Taylor E, Vaidya A,  cohort study

Curhan G.

22  Aune D, Mahamat-
Saleh Y, Norat T,

Riboli E. meta-analysis

Systematic

review and

inhibitory activity (IA) of 37%
on CaP at 0.001 mg/mL;
Ibandronate vs. control had
the strongest IA on COM
(24%) at 0.001 mg/mL;
Risedronate ~ vs.  control
required a two-fold higher
concentration (0.002 mg/mL)
to inhibit MAP crystallization
(30% 1A);

Etidronate vs. control
required a four-fold higher
concentration (0.004 mg/mL)
to inhibit MAP crystallization
(42% 1A).

Low bone density vs. normal
bone density increased risk of
incident kidney stones (RR,
1.39[95% CI, 1.20 to 1.62]);
Bisphosphonate use vs. no
bisphosphonate ~ use  in
participants with low bone
density reduced risk of
incident kidney stones (RR,
0.68 [CI, 0.48 to 0.98]);

Low bone density vs. normal
bone density associated with
higher 24-hour urine calcium
excretion (mean difference, 10
mg/d [CL 1 to 19]).

Each 5-unit increase in BMI
was associated with a higher
risk of kidney stones (RR, 1.21
[95% CI, 1.12 to 1.30]);

Each 10 cm increase in waist
circumference increased the
risk (RR, 1.16 [CI, 1.12 to
1.19]);

Participants with diabetes
had a higher risk compared to
those without (RR, 1.16 [C],
1.03 to 1.31]);

No significant association

between high vs. low physical

stone-forming salts in synthetic urine. Investig Clin

Urol. 2020; 61(3): 310-5.

Prochaska M, Taylor E, Vaidya A, Curhan G. Low
bone density and bisphosphonate use and the risk of
kidney stones. Clin ] Am Soc Nephrol. 2017 Aug 7;
12(8): 1284-1290.
https://doi.org/10.2215/CIN.01420217 Epub 2017 Jun
2. PMID: 28576907; PMCID: PMC5544505.

Aune D, Mahamat-Saleh Y, Norat T, Riboli E. Body
fatness, diabetes, physical activity and risk of kidney
stones: a systematic review and meta-analysis of
cohort studies. Eur ] Epidemiol. 2018 Nov; 33(11):
1033-47.  https://doi.org/10.1007/s10654-018-0426-4
Epub 2018 Jul 31. PMID: 30066054; PMCID:
PMC6208979.
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23

24

25

26

Ferraro PM, Prospective
Curhan GC,  cohort study
Sorensen MD,

Gambaro G, Taylor
EN.

Chen CH, Lee ]I,
Jhan JH, et al.

Prospective

cohort study

Sorensen MD, Randomized
Dunmire B, Thiel ], controlled
etal. trial
Janssen KM, Brand = Experimental
TC, Cunitz BW, study

Wang YN, Simon
JC, Starr F, Liggitt
HD, Thiel ],
Sorensen MD,
Harper JD, Bailey

MR, Dunmire B.

activity and kidney stone risk
(RR, 0.93 [CI, 0.78 to 1.10]).
Higher physical activity vs.
lower  physical  activity
reduced risk of kidney stones
(RR, 0.75 [95% CI, 0.66 to
0.85]);

Higher energy intake vs.
lower energy intake increased
risk of kidney stones (RR, 1.42
[CI, 1.25 to 1.61]);

Combined higher physical
activity and lower energy
intake vs. lower physical
activity and higher energy
intake showed the lowest risk
of kidney stones (RR, 0.58 [CI,
0.49 to 0.69]).

Secondhand smoke exposure
vs. no exposure increased risk
of kidney stones (OR, 1.64
[95% CI, 1.21 to 2.23]).
Ultrasonic  propulsion  vs.
observation increased time to
relapse (1530 + 92 days vs.
1009 + 118 days) (p < 0.003);
Ultrasonic  propulsion  vs.
observation reduced risk of
relapse (HR, 0.30 [95% CI,
0.13 to 0.68]);
Ultrasonic  propulsion  vs.
observation increased
fragment passage within 3
weeks (63% vs. 5%) (OR, 30.00
[CI, 6.34 to 142.00]).

The technique successfully
repositioned urinary stones
and fragments in 100% of
cases, improving patient
outcomes;

The study supports the use of
longer focal beam and burst
duration in ultrasonic

propulsion as a safe and

Ferraro PM, Curhan GC, Sorensen MD, Gambaro G,
Taylor EN. Physical activity, energy intake and the
risk of incident kidney stones. ] Urol. 2015 Mar;
193(3): 864-8.
https://doi.org/10.1016/j.juro.2014.09.010 Epub 2014
Sep 16. PMID: 25229560; PMCID: PMC4378568

Chen CH, Lee ]I, Jhan JH, et al. Secondhand smoke
increases the risk of developing kidney stone
Rep. 2021; 11: 17694.
https://doi.org/10.1038/s41598-021-97254-y

disease. Sci

Sorensen MD, Dunmire B, Thiel J, et al. Randomized

Controlled Trial of Ultrasonic Propulsion—
Facilitated Clearance of Residual Kidney Stone
Fragments vs Observation. ] Urol. [cited 2024 Oct
24]; 0(0). Available

https://doi.org/10.1097/TU.0000000000004186

from:

Janssen KM, Brand TC, Cunitz BW, Wang YN,
Simon JC, Starr F, Liggitt HD, Thiel J, Sorensen MD,
Harper JD, Bailey MR, Dunmire B. Safety and
effectiveness of a longer focal beam and burst
duration in ultrasonic propulsion for repositioning
urinary stones and fragments. ] Endourol. 2017 Aug;
31(8): 793-799. https://doi.org/10.1089/end.2017.0167
Epub 2017 Jun 26. PMID: 28537452; PMCID:
PMC5567608
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27  Sanz-Gémez I, Systematic
Angerri O, review
Baboudjian M, et
al.

28 Ungerer GN, Systematic
Winoker ]S, Healy review
KA, et al.

29  Young A, Scoping
Orchanian-Cheff review
A, Chan CT, Wald
R, Ong SW.

effective method for
managing urinary stones and
fragments.

Portable electronic pH meters
showed a sensitivity of 85%
(95% CI.  80-90%) and
specificity of 90% (95% CI: 85-

95%), making them more
accurate than  urinary
dipsticks;

Portable electronic pH meters

were found to be cost-
effective, with a cost per
measurement of $0.50 (95%
CI: $0.45-$0.55);

These meters are reliable for
home use, with a patient
adherence rate of 75% (95%
CI: 70-80%).

Smart" water bottles and
mobile apps increased fluid
intake in most studies.;
Platforms improved the rate
of long-term retained stents,
with an improvement rate of
30% (95% CI: 25-35%);
Virtual stone clinics increased
access, lowered costs, and had
satisfactory outcomes, with a
cost reduction of 25% (95% CL:
20-30%);

Smartphone-based
endoscopy  offered  cost-
effective image quality in
resource-limited settings,
with a cost-effectiveness of

$100 per procedure (95% CI:

$90-$110).
Patient satisfaction rate
video-based telemedicine

was 85% (95% CI: 80-90%);
Improvement in  clinical
outcomes by 70% (95% CI: 65-

75%);

Sanz-Gdémez I, Angerri O, Baboudjian M, et al. Role,
Cost, and Availability of Urinary pH Monitoring for
Kidney Stone Disease— A Systematic Review of the
Literature. Curr Urol Rep. 2023; 24: 381-388.
https://doi.org/10.1007/s11934-023-01166-5

Ungerer GN, Winoker ]S, Healy KA, et al. Mobile
and eHealth technologies in the management and
prevention of nephrolithiasis: A systematic review.
Actas Urol Esp (Engl Ed). 2024 Jan-Feb; 48(1): 25-41.
https://doi.org/10.1016/j.acuroe.2023.06.010 ~ Epub
2023 Jun 25. PMID: 37364768

Young A, Orchanian-Cheff A, Chan CT, Wald R,
Ong SW. Video-based telemedicine for kidney
disease care: a scoping review. Clin J] Am Soc
Nephrol. 2021 Dec; 16(12): 1813-1823.
https://doi.org/10.2215/CJN.06660521
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30 Zhu W, Qiong D, Experimental
Yanli G, et al. study

31 GaoY, LiuD, Zhou Bioinformatics
H, et al. study

32 Khan SR, Canales
BK, Dominguez-

Gutierrez PR.

Review article

Reduced in-person visits by
30% (95% CI: 25-35%).

Six distinct gene clusters were
identified in calculi rats. A
total of 5897 genes were
quantified at both
transcriptome and proteome
levels. The study found
increased  expression  of
injured and apoptotic
markers, immune molecules,
and decreased expression of
solute carriers, transporters,

and metabolic-related factors.

The study identified 44
upregulated DEGs and 1
downregulated DEG.

Signaling pathways such as
leukocyte migration,
chemokine activity, NF-kB,
TNF, and IL-17 were
identified. Ten hub genes
were identified, with LCN2
showing significant
expression differences.

Urine supersaturation
promotes kidney damage by
inducing reactive oxygen
species and oxidative stress,
leading to Randall’s plaque
initiation and calcium stone
tissue

formation. Kidney

surrounding Randall’s
plaques is associated with
pro-inflammatory

macrophages  (M1) and
downregulation of  anti-
inflammatory macrophages
(M2). Increased expression of
molecules implicated in the
inflammatory cascade,
including osteopontin, matrix
Gla protein, and fetuin A, was

observed.

Zhu W, Qiong D, Yanli G, et al. Proteomics and
transcriptomics profiling reveals distinct aspects of
kidney stone-related genes in calculi rats. BMC
Genomics. 2023; 24: 127.
https://doi.org/10.1186/s12864-023-09222-7

Gao Y, Liu D, Zhou H, et al. Identification of
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023-04704-5

Khan SR, Canales BK, Dominguez-Gutierrez PR.

Randall’s plaque and calcium oxalate stone
formation: role for immunity and inflammation. Nat
Rev  Nephrol. 2021 Jun; 17(6): 417-433.
https://doi.org/10.1038/s41581-020-00392-1  Epub
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Bioprinting technology

allows precise placement of

cells, biomaterials, and
biomolecules  within 3D
structures. It has been

successfully used to construct

tissues and organs for
implantation, including heart
valves, myocardial tissue,
trachea, and blood vessels.
Despite its potential,
challenges such as scaffold
fabrication methods,
biomaterial availability, and
precise cell delivery remain.

3D printing and augmented

reality technologies have
significantly improved
preoperative surgical

planning, patient education,
and surgical training. These
technologies enhance surgical
outcomes and learning curves
for novice surgeons and
residents. Future perspectives
include broader
intraoperative applications of
augmented reality to further
improve surgical precision

and patient outcomes.

Seol Y], Kang HW, Lee §J, Atala A, Yoo ]J.
Bioprinting technology and its applications. Eur ]
Cardiothorac Surg. 2014; 46: 342-348.

Esperto F, Prata F, Autran-Gomez AM, et al. New
technologies for kidney surgery planning: 3D,
impression, augmented reality 3D, reconstruction—

current realities and expectations. Curr Urol Rep.

2021; 22: 35. https://doi.org/10.1007/s11934-021-
01052-y

4. Conclusion

Kidney stone metaphylaxis, or prevention of
recurrence, integrates personalized lifestyle changes,
pharmacotherapy, advanced imaging and innovative
technologies, reflecting the complexity of nephrolithiasis
management.

Dietary and lifestyle adjustments form the
foundation of preventive care. Increasing fluid intake is
universally recommended, as studies link high water

consumption with a decrease in stone formation by

diluting urinary solutes that contribute to stone
crystallization. It is also the most economical, and
modifiable intervention to prevent recurrence of
urolithiasis, irrespective of stone composition. For
calcium oxalate stones, balanced calcium intake is
essential, as extreme reductions may paradoxically
increase risk by enhancing oxalate absorption.
Meanwhile, those with uric acid stones benefit from a diet

low in purine-rich foods and increased intake of fruits
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and vegetables to alkalize urine. Evidence supporting
these modifications is strong, with meta-analyses
affirming the effectiveness of tailored dietary changes in
reducing recurrence. Exercise, weight management, and
smoking cessation also contribute to risk reduction.
Although evidence for these lifestyle interventions is
moderate, studies indicate a beneficial role in long-term
management.

Pharmacotherapy is critical for patients with
recurring stones despite lifestyle interventions. Thiazide
diuretics reduce urinary calcium excretion, particularly
beneficial for calcium-based stones, and are backed by
substantial clinical evidence. Allopurinol, often used for
patients with elevated uric acid levels, decreases the
formation of both uric acid and calcium oxalate stones,
supported by strong evidence for its effectiveness in
reducing stone recurrence. Citrates, which bind calcium
and enhance its excretion, help reduce stone formation,
especially for patients with low urinary citrate. Evidence
for citrates is particularly robust in those with
hypocitraturia, demonstrating significant reductions in
recurrence. Additionally, bisphosphonates, primarily
used to manage low bone density, may offer potential in
lowering urinary calcium, though current evidence is
emerging and requires further validation.

Precision medicine is also making strides, driven
by advances in genomic and proteomic profiling that
identify ~ specific ~ genetic  predispositions  to
nephrolithiasis. The studies have highlighted biomarkers
and genetic mutations associated with rare forms of
kidney stones, which enable clinicians to customize
prevention strategies for individuals with hereditary
risks. Although still an emerging field, early findings in
precision medicine suggest promising avenues for
targeted treatments, especially as large-scale studies
provide more data on genetic influences in kidney stone
formation.

Emerging technologies represent the latest
frontier in stone prevention. Ultrasonic propulsion
devices, which are still under research, allow for non-

invasive repositioning of stone fragments in the urinary

tract to facilitate natural expulsion, with studies reporting
moderate to strong support for their effectiveness.
Wearable devices and smart technology are gaining
traction, enabling real-time monitoring of urinary
parameters such as pH and specific gravity. These tools
allow for earlier intervention when stone-forming
conditions are detected, potentially enhancing adherence
to preventive measures. Initial studies show that
wearable monitoring devices improve patient adherence
and provide valuable data, though more research is
needed for widespread adoption. Telemedicine and
mHealth solutions are also emerging as practical
approaches for consistent follow-up and patient
education, with moderate evidence suggesting they
improve outcomes by facilitating regular contact and
adherence. High-resolution 3D imaging, including CT
and MRI, has revolutionized the diagnostic process.
These methods provide detailed images and 3D
reconstructions of the kidney and urinary tract, helping
clinicians determine the exact size, location, and type of
stones. Studies demonstrate robust evidence for these
techniques, as they improve diagnostic accuracy, support
personalized  surgical planning, and  reduce
postoperative complications.

the field of kidney

metaphylaxis has evolved into a multifaceted, evidence-

In summary, stone

based approach combining traditional preventive
measures with cutting-edge technology. Personalized
dietary and lifestyle modifications, pharmacotherapy,
and innovative technologies form an integrated strategy
to reduce recurrence rates. With ongoing advancements,
particularly in precision medicine and wearable
monitoring, the future of kidney stone management
promises increasingly personalized care, improved
patient adherence, and enhanced long-term outcomes.
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3 CrpaTerusaslK AaMy, PeMTUHI JKoHe calla OpTaAbIFbIHBIH Oaciibicel, Koskxa Axmer Slcaym aTbIHAQFbI
XaarpIkapaablK Kazak-Typik yausepcuteTi, Typkicran, Kaszakcran
4 F'p1apIM >XoHe CTpaTerusAAbIK daMy Buile-pekTopsl, Koxxa Axmer Slcayn aTeiHAQFbI
XaablKapaabIK Ka3ak-Typik yuusepcuteti, Typkicran, Kasakcran
5 KaysIMaacTelpeLaras mpodeccop, Meauimna ¢akyasteriniy gekansl, Koska AxmeT Scayu aThIHAAFbI
XazablKapaablK Ka3ak-Typik yuusepcurerti, Typkicran, Kasakcran
6 Xupyprusasix, aypyaap kadgeapaceHsig npogeccopsl, Koxxa AxmeT SIcaym aThiHAAFbI

XaablKapaabIK Kas3ak-Typik yuusepcurerti, Typkicran, Kasakcran

Tyininaeme

Ypoanrnas HeMece OyIIpeK Tac aypysl - 39p IIBIFApPy KOAAapbIHAa TacTap AbIH Ialiga 00AybIMEH CUIIaTTaAaThIH
KeH TapaafaH aypy. bacramxer smmsoaraH KeiiiHri aaramkel 5-10 xbla imniHAe KaiiTasaHy JeHreiri mamameH 50%
Kypariasl, Oya KaiTalaHyABIH alAbIH aly MeAVIIVHAHBIH MaHbI3AbI MiHAeTiHe aliHaAAbl. MeraduaakTuka, TacTapAby
KaliTa aitAa O0AyBIHBIH aAABIH aAyAbIH KeIlleHAl TaCiAl peTiHae eMip Cypy CaAThIH TY3€TYAL, AMeTaAbIK YCHIHBICTapAbI,
A9pi-a9pMeK TepallMsCHIH JK9He IallMeHTTIH >KarJalibiH yHeMi OakbliayAbl KaMTUABL bya Tacia TacTrapAblH Haiiga
0o0/ybIHa BIKIIAA €TETIH >KeKe MeTaDOAMKAABIK, TeHETUKAABIK JKoHe DKOAOTUABIK (PaKTOpAapAbl eCKepyTe MYMKIHAIK
Oepeai.

bya 1moayaslH MakcaTBl — epeceKTep apachlHAArbl — KailTalaHaTBIH = OyiipeKk Tac —aypyBIHBIH
MeTa(pUAaKTUKACBIHBIH HETi3Ii aaicTepi Typaasl agebuerrepAi >KaAmblLiay.

PubMed, Embase, Cochrane Library, Web of Science >xane Google Scholar cusKTh gepekKkopAapAbl HaligalaHa
OTBHIPHII, KaliTalaHATBIH OyMpeK Tac aypysl KesiHgeri MeTadpuiakTuka aicrepi OOIIBIHIIA KyiieAl IITOAY >KYMBICHI
Kypriziaai. 2010-2024 >xplagap apaAbIFbIHAA aFBIAINBIH, OpBLIC JKoHe Kasak TilJdepiHae >KapuslaHFaH 3epTreyaep
eHrisiaai. Isaey ypoanrmas, Oyiipek Tac aypysl, KaliTalaHy, alAblH aay, AM€TaAbIK Teparms, (papMakoTeparnms >KoHe
eMip Cypy caaAThIH ©3TepTyTe KaThICThI TepMIUHAepre OarbiTTaaral. Kannukaasik seprreyaep, PK3, xyiteai moayaap
JKoHe MeTa-TaaJayaAap TanJaaabl. Kocbimina TmicTi gepekkesaepai TaOy VIIH adiiekcesepdi Kajgaraday ad4ici ge
KOAAAHBIAABI.

Byiipek Tac MeradpuAaKTMKaCBIHBIH HETi3Ii cTparernsAapblHa CYMBIKTBIKTBI TYTBIHYABl apTTBIPY, AVIE€TaHBI
Ty3eTy >KoHe 4dpi-A9pMeKlleH emgey Kipeai. KyHine kem gerenge 2,5 auTp cy TYTBIHY 39pJaeri Ty3zapAblH
KOHIIeHTpallMACLIH TOMeHJeTesi, Tac Iailda 0oay KaymiH asaiTagel. Tuasuarepai, nuTpaTrapabl >KoHe
aAAOIypUHOAABl KOJAJAHATLIH (apMakoTepamnys KaliTadaHy >KHMIiAiriH TeMeHaeTyde THUIMAL eKeHiH Jaaeajeai.
3amMaHayM TexXHOJOIMsAap, COHBIH ilTiHAe KuiaeTiH Kypblarbiaap MeH 3D keckiHAepi HallMeHTTepAiH >KaraaliblH
Dakblaayra KoMeKTecei JKoHe 491ipeK eMAeyAi KaMTaMachl3 eTeli.

Tac aypybIHBIH MeTaduAaKTUKACBl ©Mip Cypy CaATBIH e3repTyre, ¢apMaKoTepalusdra >KoHe >KaHa
TeXHOAOTUAAapAbl KOAAaHyFa HeTidgeAreH KellleHAl Tacia 60abi Tabblaaabl. CyMBIKTBIKTEL KOII TYTBIHYADL, AMeTaHBI
e3repTyai >koHe TYpaKThl OaKbll1ayabl KOca alfaHAa, JKeKeleHAipiareH ctpaTermsidap Oyiipek TacTapbIHLIH KaliTadaHy
SKBLAJAMABIFBIH TOMEHAeTy e TUiIMAl ekeHiH adaeadeai. Kuiayre 6oaaTeiH KypBlAFBLAQP MEH TeleMeAMIIHA CUSAKTHI
TeXHOAOTMIABIK, JKeTICTIKTep eMJey HoTIMIKeAepiH oJaH 9pi >KakcapTy¥a >KoHe IMalMeHTTepAiH IpoPuAaKTIKaABIK
IapajapAbl CaKTayblH apTTBIpyFa MyMKiHAIKTep Oepeai.

Kiatr ce3gep:  ypoaurmas, Oyiipek Tac aypybl, KaliTadaHy, MeTa(PMAaKTUKa, AUeTaAbIK Teparims,

(apmakoTepamnusi, ©Mip Cypy CaATbIH ©3repTy.
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COBPEMeHHI)Ie dCIIeKTbI METa(I)I/IZlaKTI/IKI/I penmnanBoOB MO4YeKaMeHHOV 00ae3Hu

Taraesa JK.A. !, Haknnosa JK. K. 2, Keipeikbaesa C.C. 3, Omubaena A.E. 4,
Hycka6aesa I'.O. 3, Kapumbaes K.K. ¢

1 lokropaHT, MeXXAyHapoAHbIN Ka3aXCKO-TypelKuil yHuBepcuteT uMeHn Xoaxu Axmesa Slcasy, Typkecran, Kazaxcran
2 JokropanT, MexayHapoAHBIIT Ka3zaXCKo-TypelKuii yausepcuteT uMmenn Xoaxun Axmega Slcasu, Typkecran, Kasaxcran
3 PykoBoauTeAb IIeHTpa CTpaTerM4eckoro pa3BuUTusl, peliTUHIa U KadecTsa, MeXXAyHapoAHBI Ka3aXCKO-TYPelKIIl YHUBe PCUTeT
nmenn Xoaxu Axmega fcasu, Typkecran, Kasaxcran
4 ITpopexTop 110 HayKe U CTpaTernyeckoMy passuTuio, MesxxayHapoAHBIil Ka3aXCKO-Ty PeLIKII YHUBEPCUTET
nmenn Xoaxu Axmega fcasu, Typkecran, Kasaxcran
5 AccormposaHHbIiT Ipodeccop, 4ekaH Meaunuackoro gpakyabTeTa, MeskayHapoAHBI Ka3aXCKO-TYPELIKUI YHIBE PCUTET
nmenn Xoaxu Axmega fcasu, Typkecran, Kasaxcran
¢ ITpodeccop kadeapnt «Xupypruueckue 601e3HM», MeXXAyHapOAHBIII Ka3aXCKO-TYPeLKIUI yHUBEepCUTeT

nmenn Xoaxu Axmega fcasu, Typkecran, Kasaxcran

Pe3iome

Ypoaurtnas, mam MouekaMeHHas ©00Je3Hb - pacIpocTpaHeHHOe 3aboJeBaHUe, XapaKTepU3YIOIlleecs
obpa3oBaHMEeM KaMHeJ B ITOYKaX ¥ MOYEBBIBOAAIIMX IyTsAX. YacToTa penmAnBOB cocTaBAsieT okoao 50% B TedyeHMe
repBbIX 5-10 2€T 1ocAe HavyaABHOTO BINM30A4a, YTO AelaeT NPOPUAAKTUKY PeIAVBOB Ba>KHON 3ajadeil MeAVIIMHEL.
Mertaduiaxruka, KOMIIAEKCHBINI II0AXOJ K IIpeAOTBpAIlleHUIO IIOBTOPHOTO OOpa3OBaHMSA KaMHeEN, BKAIOYaeT
KOPPEKLNIO 00pa3a >KI3HHU, AeTUIeCKIe peKOMeHally, MeAUKaMEeHTO3HYIO Tepannio U PeryAsSpHbII MOHUTOPVIHT
COCTOsIHUSI TanyeHTa. Takol I10AXOJ ITO3BOAsSET yYUTHIBaTh MHAUBUAYaAbHble MeTabOAMYecKue, IeHeTndecKue U
®KOA0TMYecKye (paKTOPhl, CIIOCODCTBYIONIIEe OOpa3OBaHNIO KaMHETA.

Leapo aaHHOro 0630pa sBAseTCsl ODOOIIEHMe AUTepaTyphl IIO OCHOBHBIM MeToAaM MeTapUAaKTVKI
penuAVBUpPYIOIIeil MOYeKaMeHHOI 001e3HM Y B3POCABIX.

Driaa mpoBeseHa cucTeMarmyeckas 0030pHas paboTa IO AnWTepaType 1O MeTaduaaKTuUKe IIpU
PeLMANBUPYIOIIeM YPOAUTHIA3E C MICIIOAb30BaHMeM 0a3 AaHHBIX, Taknx Kak PubMed, Embase, Cochrane Library, Web
of Science 1 Google Scholar. BkatoueHs! nccaeaosaHms1, OIy0AnKoBaHHBIe B Ileprog ¢ 2010 1o 2024 roa Ha aHT AMIICKOM,
PYCCKOM U Ka3axCKOM s3bIKaX. ITomck OblA cocpesOTOUeH Ha TepMUHAX, CBA3AHHBIX C YPOAUTHA30M, peLNiuBaMI,
IpopUAAKTHKO, AueToTepanueli, papMaKoTepareil 1 U3MeHeHIsIMI o0pasa >K13HN. bbLan BEIOpaHbl KAVHIIEeCKIe
nccaeaosanns, PKV, cucremaTiueckne 0630psI 1 MeTa-aHaAM3EL Takke MCII04b30BaACA METO/ OTCAEKMBAaHUA IIUTAT
AAs1 IOUCKa AOIIO/HUTEABHBIX PeAeBaHTHBIX ICTOYHIKOB.

OcHoBHBIE cTparermn MeTapUAaKTUKN YPOAWTMAa3a BKAIOYAIOT IIOBBIIIEHME IIOTpeDAeHMs >KUAKOCTH,
KOpPeKUUIO AUeTHl VM MeAMKaMeHTO3Hoe AedeHne. [lorpebaeHne He MeHee 2,5 AUTPOB BOABI B A€Hb CHVDKAeT
KOHILIEHTpAaLVIO COAell B MOYe, yMeHbIIIasl pCK KaMHeoOpasoBaHysl. PapMaKoTepamisl C UCIIOAb30BaHIEM TUA3UAOB,
LNUTPaTOB ¥ aAAO0IypHUHOAA J0Ka3ala d(PQPEeKTVBHOCTD B CHVDKEHUN 9acTOTHI pelnausos. CoBpeMeHHbIe TeXHOAOTU,
BKAIOYasl HOCUMBIe ycTpoiictBa U 3D-mso0OpakeHus, MOMOIalOT B MOHUTOPUHIE COCTOSHUS IIALIEHTOB I
obecrieunBaiOT 00.1€e TOYHOE AedeHue.

Meradniakruka ypoanuTuasa peACTaBAseT COO0I KOMILAEKCHBIN I104X04, OCHOBaHHBII Ha I3MeHeH! obpasa
KM3HY, (apMakoTepanmMy U IIPMMEHEHUM HOBBIX TEeXHOAOIMI. IlepcoHaamsMpoBaHHBIE CTpaTernMy, BKAIOYAs
IIOAJep>KaHue BBICOKOTO YPOBHSI IIOTpeOAeHNUsI JKUAKOCTHY, U3MEHEHIIS B AVieTe Y PeryASPHBI MOHUTOPMHL, A0Ka3aAl

CBOIO Bq)q)eKTI/IBHOCTb B CHVM>KEHII 9aCTOTBI peniABOB KaMHe B IIOYKaX. TexHoaormyeckue AOCTVIDKEHVIsI, TaKe KakK
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HOCVIMbIE yCTpOIZCTBa n TeaeMeannyiHa, O6ELI_[aIOT AaAbHeIIee yAay4dnieHre pe3yAabTaTOB A€4YeHVsI 1 ITOBbIIIEHNE
NPpUBEP KEHHOCTU ITalIlMIEHTOB K HpOCl)I/I/laKTI/I‘IeCKI/IM MepaM.

KaroueBble caoBa: ypoamTmas, KaMHM B IIOYKaX, penuANnB, MeTapUAaKTMKa, AMeTHdecKas Teparms,

(l)apMaKOTeparH/m " IBMEeHEeHI I o6pa3a KVM3HI.
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@ O) Abstract

This article reviews recent evidence on effective training models for Applied
Behavior Analysis (ABA) specialists, comparing traditional, blended, and telehealth-
based approaches. The analysis highlights that competency-based training with
structured supervision ensures high-quality professional preparation. Traditional in-
person training remains the gold standard for skill acquisition, while blended and
telehealth models increase accessibility and sustainability —particularly relevant for
Kazakhstan, where a shortage of qualified specialists persists. Implementing
blended learning and tele-supervision could enhance the national capacity to deliver
evidence-based behavioral interventions and promote inclusive education. The
study underscores the importance of establishing national standards, certification
systems, and academic collaboration to develop a sustainable ABA training

framework in Kazakhstan.

Key words: applied behavior analysis (ABA), professional training, blended
learning, telehealth supervision, competency-based education, inclusive education,

Kazakhstan, autism spectrum disorder (ASD).
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1. Introduction

In the last decade the prevalence of children with
developmental disorders, particularly Autism Spectrum
Disorder (ASD), has been steadily increasing worldwide.
According to the World Health Organization (2023),
approximately one in every 100 children has ASD. People
with ASD characterized by difficulties in social
interaction, communication and patterns of behavior that
may differ from typical development. As a result, these
individuals, particularly children, face various challenges
in adaptation to and integration within social
environments. This situation highlights the urgent need
for well-trained professionals capable of providing
evidence-based interventions to support these children
and their families. One of the most effective and
scientifically validated approaches is Applied Behavior
Analysis (ABA) therapy — a method that focuses on
understanding and improving socially significant
behaviors through systematic observation, assessment,
and reinforcement strategies (Heward, Heron, Cooper, &
Scarlett, 2015). ABA therapy designed in way that allows
a specialist to meticulously collect the data about each
child, assess their knowledge and skills to create an
individualized study plan tailored to child’s specific
needs and continuously evaluate their progress.
However, without proper training, interventions may be
ineffective or even counterproductive (Leaf et al., 2016).

Although Applied Behavior

demonstrated substantial effectiveness, many countries

Analysis has

continue to face a significant shortage of qualified
specialists (Leaf et al., 2016; Maglione, Gans, Das, Timbie,
& Kasari, 2012). Kazakhstan, the largest country of
Central Asia, is also affected by this issue. While Ministry
of Health of Kazakhstan recommends ABA therapy as a
non-medical intervention, it is primarily offered through
private practices, making it unaffordable for many
families. The limited availability of trained
professionals not only restricts access to high-quality care
but also hinders the inclusion of children with special
in  mainstream  educational

educational needs

settings(Parsons, Yuill, Brosnan, & Good, 2015).

In Kazakhstan, despite the gradual development
of inclusive policies, access to behavioural therapy
remains limited. According to national data, more than
203,000 children are registered as requiring special
educational conditions, with approximately 16,700
showing communication and social interaction
difficulties typical of ASD (Mambetalina et al. 2022).
Experts note that these numbers likely underestimate the
true prevalence of autism due to diagnostic limitations
and the scarcity of trained professionals, especially
outside major cities. Despite the governmental support of
inclusive education, an absence of standardised ABA
certification and structured specialist training remains a
major obstacle in implementing universal access to
inclusive education in Kazakhstan. In this context, the
presence of civic initiatives such as the Bolashak
Foundation, which advocates for the creation of equal
opportunities and increasing accessibility for children
and adults with special educational needs, is vital. This
community-based model demonstrates how public
engagement can compensate for institutional gaps and
promote the integration of ABA practices into
Kazakhstan’s educational environment (Mambetalina et
al. 2022).

In response to the increasing need for trained
ABA specialists in educational settings, ensuring the
inclusion of all children within the social environment is
essential. Training programs for ABA professionals
should encompass both theoretical instruction and
supervised practical experience. Such an approach
ensures that practitioners not only comprehend the
scientific foundations of behavioural interventions but
also apply these methods ethically and effectively in a
(Hollins, Morris, & Li, 2023) The

following literature review synthesises recent evidence

real-world context.

on training models for ABA specialists, comparing the
effectiveness of traditional, blended, and telehealth-
based approaches, and situates these findings within the
and healthcare context of

current educational

Kazakhstan.
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2. Methodology

The systematic literature review followed a
structured approach to ensure comprehensive coverage
of relevant research papers. The aim of this research was
to answer the main research question:

Which training interventions are most effective for

developing the competencies of ABA specialists?

Information sources

To answer the research question a relevant
publications were identified using the following
keywords: “Applied Behaviour Amalysis training,” “ABA
specialist education,” “behaviour analyst supervision through
major scientific databases, such as PubMed, Scopus, and
Google Scholar. Reference lists of included studies and
relevant review papers were also examined to identify
additional sources.

Eligibility criteria

The review included research publications in the
related to

English language training models or

3. Results

1. Traditional In-Person Training Models

In-person training has long been the traditional
method of ABA professional education. This type of
program is typically conducted in classroom settings,
where teachers deliver evidence-based lectures and use
case reports to illustrate key concepts of the subject.
Empirical studies consistently show that direct, face-to-
face supervision leads to improved skill acquisition,
deepens students' understanding of course materials,
and strengthens their professional confidence (Kranak,
Andzik, Jones, & Hall, 2023; Vazquez, Lechago, &
McCarville, 2024).

A systematic review by Kranak et al. (2023) stated
that in-person supervision based on Behaviour Skills
Training (BST)—which includes instruction, modelling,
measurable

rehearsal, and feedback—produces

educational strategies for ABA practitioners. Research
papers published in the period between 2020 and 2025 in
peer-reviewed journals.

The main exclusion criteria were all studies
unrelated to ABA specialists' training, or studies that
focused on individual outcomes for the trainees without
reference to the effectiveness of the training methods.

Data Extraction and Analysis

All selected research papers were examined to
identify training methods (traditional in-person,
blended, or telehealth), instructional approach (e.g.,
Skills

frameworks), methods of progress assessment and

Behaviour Training, competency-based
overall outcome of the training. Studies were divided
related to the training model, and findings were grouped
thematically to compare effectiveness, accessibility, and

contextual feasibility.

improvements in trainees’ practical competence(Kranak
et al., 2023).

2. Blended Learning Approaches
which

theoretical coursework with in-person practice in the

Blended learning, combines online
field under the guidance of a local supervisor, has been
recommended as an optimal solution for continuous
access to ABA training without compromising quality.
This method was especially useful during the COVID-19
period. (Ninci et al, 2021) The Behaviour Analyst
Certification Board (BACB, 2024) supports blended
models that meet competency and supervision
standards.

A systematic review by Koldas (Koldas, 2025)
found that outcomes of blended learning programs can
provide the same level of cognitive learning outcomes

compared to traditional programs. Online ABA therapy
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training offers greater flexibility for students, allowing
them to engage in active learning, interaction and
discussion with peers, and supervised practical activities
at a convenient time. Additionally, other research shows
that blended programs reduce other barriers, such as
logistics and training costs. These factors increase
accessibility for students from remote regions.

In practice, blended learning models often rely
on competency-based frameworks such as the BACB
Task List (5th ed.), ensuring that theoretical instruction
aligns with practical competencies (Martin & Shook,
2011). Several studies have shown that consistent
feedback and supervision are maintained in higher
education and clinical training, blended learning
produces comparable to, or even better learning
outcomes, than those of fully in-person models (Lockey,
Bland, Stephenson, Bray, & Astin, 2022; Vallée, Blacher,
Cariou, & Sorbets, 2020).

3. Telehealth and Remote Supervision Models

Telehealth-based
became an essential part of global ABA education during
the COVID-19 pandemic. These models utilise video
feedback

classrooms to deliver instruction and observe practicum

training and supervision

conferencing, digital tools, and virtual

sessions remotely (Batton, Kaplan, Ellis, Schmidt, &

Nudelman, 2022; Sipila-Thomas & Brodhead, 2024).
Telehealth supervision improves accessibility in

remote and underserved Several

areas. reports

highlighted that telehealth-based training can achieve

similar learner satisfaction and knowledge gains
compared to in-person training, with added flexibility.
(Du, Guo, & Xu, 2024; Neely, Tsami, Graber, & Lerman,
2022) However, technological barriers remain a major
challenge, limiting opportunities for hands-on
interaction and real-time feedback (Sipila-Thomas &
Brodhead, 2024).
Hybrid

integrate video review with live online feedback have

tele-supervision  approaches that
proven effectiveness in training and maintaining the
quality of access

limitations (Kranak et al., 2023). Telehealth models are

supervision while addressing
particularly relevant for Kazakhstan and Central Asia,
where the shortage of supervisors and geographical
distances hinder the establishment of traditional in-
person programs.

4. Comparative Effectiveness and Best Practices

Comparative studies highlighted that adherence
to evidence-based practice and structured supervision
are the strongest indicators of effective ABA specialist
training (Kranak et al., 2023). Nonetheless, the selection
of an appropriate training format largely depends on
contextual factors such as local infrastructure,
accessibility, and institutional capacity. The literature

converges on several best practices:

Training element

Evidence of effectiveness

Supporting sources

Traditional In-Person Training Models

Ensures standardised skills acquisition

Strongest effect on practical competence

(Kranak et al., 2023; Vazquez et al., 2024)

Blended Learning Approaches

Effective balance of theory and practice

Improved accessibility

(Koldas, 2025; Lockey et al., 2022; Ninci et
al., 2021; Vallée et al., 2020)

Telehealth and Remote Supervision

Models

Essential for local sustainability

Improved accessibility

(Batton et al., 2022; Du et al., 2024; Neely et
al., 2022; Sipila-Thomas & Brodhead, 2024)

4. Discussion

The results of this review emphasize a growing
understanding that ABA specialist training should be

grounded in evidence-based approaches and adapted to

the local context. Traditional in-person education
continues to serve as the most effective model for direct

supervision and immediate feedback. Nevertheless, this
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approach demands considerable resources, including
supervisor time, travel, and access to appropriate client
cases. In many low-resource settings, including
Kazakhstan, the limited number of qualified supervisors
and practicum opportunities poses additional challenges.

In Kazakhstan, where inclusive education is still
developing, the introduction of blended and telehealth-
supported training formats could help overcome regional
inequalities and the shortage of resources. These methods
would also create opportunities for collaboration
between local universities and international experts,
supporting the formation of a sustainable national
network of trainers and supervisors.

Another  promising  direction  involves
integrating ABA principles into psychology, pedagogy,
Introducing ABA-related

and medical education.

competencies into undergraduate curricula would help

5. Conclusion

High-quality training of ABA specialists plays a
crucial role in ensuring effective behavioral support for
individuals with developmental disorders. Research
shows that competency-based programs with structured
supervision—whether delivered in person, through
blended

practitioners who are both skilled and ethical in their

learning, or via telehealth—can prepare
professional practice.

For Kazakhstan and other countries in Central
Asia, blended and telehealth formats are particularly

valuable, as access to trained professionals is still limited.
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Tyininaeme

bya wmakazaga kKoadaHOaawsl MiHe3-KyAblK Taadaysl (Applied Behavior Analysis, ABA) mamanAapbiH
JaspaayAblH THiMai MoAeawpdepi KapacTtwipblaagbl. AJactypai, apaaac (blended) >xone Teaezencayawik (telehealth)
¢opMaTTapBIHBIH TUIMAIAIT CAABICTEIPMAaABI TYPA€e TalAaHFaH.

3epTTey HOTIIKeAepi KepCeTKeHAel, KYphlAbIMAAAfaH CylepBususAMeH Oipre KypriziaeTiH KysbIpeTTiaikke
HeTi3JeATeH OKBITY >KOFaphl calladbl KociOM AalibIHABIKTBI KaMTaMachls eTedi. JacTypai odaaitH OKBITYy eH TmiMai
004BIIl CaHaACa, apajac >KoHe KAIIBIKTaH OKBITY YATidepi KOAXeTiMAiAiKTi apTTHIpasbl >KoHe TYPaKTBLABIKTHI
KaMTaMachl3 eTeal.

Bya taciagep Kasakcra yIuiH e3ekti, cebebi ease 6iaikti ABA MamMaHAapBIHBIH >KeTicIieymriairi 6arikaaassl.
Apaaac >xoHe TeaecynepBusysl popMaTTapblH €HIi3y MHKAIO3MBTI 0iaiM Gepyai 4aMbITyFa >KoHe FBLABIMI HeTi3AeAreH
MiHe3-KYABIKTHIK, apaJacyJapAbl >Ky3ere achlpyfa MYMKiHAIK Oepegi. Makadaga VATTHIK CTaHAAapTTap MeH
cepTn(UKaTTay KYIeCiH KaAbIITaCTHIPYABIH MaHBI3ABLABIFEI aTall ©Tideal.

Tyiiiu ce3aep: Koagan0aabl MiHe3-KyABIK Taajaysl (ABA), keciOn aasipAbIK, apadac OKbITY, TeAeCylepBU3Is,

KY3BIpeTTiAiKkke HerizJeareH 6i4iM, MHKAIO3UBTI 0iaiM, KasaxcraH, aytism criekrpiniy 0yspiapicst (ACD).
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Pesiome

B crarpe nipeacTaBaeH 0030p COBpeMEeHHBIX MOZeAell IIOATOTOBKM CITeNMaAVICTOB 110 IIPUKAaAHOMY aHaAU3Yy
nosegenuss (Applied Behavior Analysis, ABA) c cpasHenmem TpaaunmonHoro, cmemanHoro (blended) u
TeaemeaunuHa (telehealth) popmaros oOyuenn:.

AHaau3 IOKa3bIBaeT, YTO IPOrpaMMBbl, OCHOBAHHEIE Ha KOMIIETEHTHOCTHOM II0AXOA€ U CTPYKTYPUPOBaHHOI
pyKaBoACTBe, 0OecIieunBaloT BHICOKII YPOBEHb ITpOdeCcCOHaABHON ITOATOTOBKI. TpasuioHHbIe OYHBIE IIPOTPaMMBI
CIIOCOOCTBYIOT AyYIlIeMYy YCBOEHMIO MPAaKTMYECKNX HaBLIKOB, TOrJa KaK CMeIIaHHBIe U AVICTaHIIMOHHBIE (pOpMaThl
MOBBIIIAIOT JOCTYITHOCTD U YCTOMYMBOCTD OOYIeHNA.

DT 1moaxoapl ocobeHHO akTyaabHBI Aas1 KasaxcraHa, rge coxpassiercss AepUIIUT KBaAM(PUIIMPOBAaHHBIX
CIIeIIMaANCTOB. BHeagpeHme cMeIlaHHBIX M AMUCTAaHIVIOHHBIX -MOJeJell MOMKET CIIOCOOCTBOBaTh —Pa3BUTHIO
MHKAIO3MBHOTO 0OpasoBaHMsI M pacUIMpeHNIO IIPMMEHeHUs HayYHO OOOCHOBaHHBIX IIOBeAEHYECKNX VHTEPBEHITNIL.
IToauepxuBaeTcss HEOOXOAUMOCTB CO34aHNI HAllMOHAABHBIX CTAHAAPTOB, CUCTEMBI CEPTU(UKALINY 1 aKaAeMIIeCKOTo
COTPYAHMYECTBA 451 YCTOMYMBOTO pa3BuTus rmoarorosku ABA crienmaancros 8 Kasaxcrane.

KaroueBble caoBa: nmpukaagHON aHaau3 nosedeHus (ABA), nmpodeccroHasbHasl IIOATOTOBKa, CMeIIaHHOE
obyueHNe, TeAeCylepBIU3lsl, KOMIIETEHTHOCTHOE OOpa3oBaHIie, MHKAIO3MBHOe oOpasosaHue, Kasaxcran, paccrporicta

aytuctuyeckoro crekrpa (PAC).
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Abstract

@) ©

The search for new hypoglycemic agents for the prevention and treatment of type 2
diabetes is driven by the severe burden of this disease on the global population. Type
2 diabetes affects over 500 million adults worldwide and is characterized by a steady
increase, despite the impressive arsenal of synthetic hypoglycemic drugs that target
various stages of diabetes pathogenesis. Interest in natural complex compounds
found in medicinal plants is currently growing. This bibliometric analysis aims to
examine the results of studies on the hypoglycemic potential of herbal medicines in
the treatment of patients with type 2 diabetes. Data were extracted from the open-
access PabMed database using an inclusive search strategy. The analysis included
379 relevant studies published in 180 different sources, involving 1,804 authors. The
results show a marked increase in research on the efficacy of herbal remedies,
indicating a growing interest in new sources of non-drug approaches to diabetes.
Bradford's Law identified 13 key journals that played a significant role in
disseminating research in this area, with Medicine emerging as the most prolific. The
United States and China were particularly strong in collaborative research. The
China Academy of Chinese Medical Sciences, Beijing University of Chinese
Medicine, and the Hospital of Chengdu University of Traditional Chinese Medicine
were the most productive institutions, and Tong X. and Zhang Y. were the lead

authors. A chronological keyword analysis highlighted the significance of terms such
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as "Humans, female, middle-aged, male, diabetes mellitus type 2, drug therapy."

Overall, this study sheds light on the global landscape of research on the use of

herbal remedies in patients with type 2 diabetes. The information obtained from this

analysis is important for determining future research priorities and collaborative

efforts in finding effective drugs or improving treatment outcomes for type 2

diabetes and its complications. However, the study acknowledges the limitations of

using a single publication database and recommends that future studies include data

from other sources.

Keywords: type 2 diabetes, herbal remedies, herbs, bibliometrics, co-occurrence,

herbal.

1. Introduction

Diabetes mellitus (DM) is currently recognized as
one of the most significant noncommunicable epidemics
globally, attracting the attention of the United Nations
(UN) and the healthcare systems of various countries.
The disease is characterized by a steadily increasing
prevalence and poses a serious threat to public health due
to the high incidence of early disability and mortality
associated with vascular complications [1].

According to the International Diabetes
Federation (IDF), the number of people aged 20-79 years
with DM has reached 537 million. By 2045, this number is
projected to almost double, reaching 783 million people,
representing a 46% increase [2—4].

The search for herbal remedies for the treatment
of diabetes is of great scientific and practical importance.
Despite advances in modern pharmacotherapy, a
complete cure for diabetes remains elusive, and existing
medications are often associated with side effects and
high costs. This makes the search for natural alternatives
with effective and safe hypoglycemic effects relevant [5-
7].

Plant sources are a rich reservoir of biologically
active compounds—flavonoids, alkaloids, terpenoids,
saponins, and polyphenols—that can regulate blood
glucose levels, increase tissue sensitivity to insulin,
protect pancreatic (3-cells, and reduce oxidative stress.
They can exert a multicomponent effect, combining
antioxidant,

anti-inflammatory, lipid-lowering, and

nephroprotective effects, which is particularly important

in the complex treatment of diabetes and its
complications [8-11].

Thus, the study and implementation of herbal
remedies in the treatment of diabetes mellitus represents
a promising direction that can expand therapeutic
options, improve its safety and accessibility, and facilitate
the development of a personalized approach to the
treatment of this disease.

Bibliometric analysis is an effective method for
the quantitative evaluation of scientific publications,
allowing researchers to track the development of specific
scientific areas. This approach is based on the application
of mathematical and statistical tools to analyze the
growth dynamics, productivity, and overall trends of
publication activity on a specific topic [12,13].

In medical science, bibliometric analysis is
particularly important, as it helps identify key research
trends, leading countries and institutions, and points to
areas requiring further development. This study can
serve as an important basis for future comparative
studies and analytical reviews. Its primary goal is to
identify key trends and achievements in this field, as well
as to identify promising areas for further research and

improvement.
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2. Materials and Methods

To ensure high-quality research data, journals
were searched in the internationally recognized PabMed
database (pubmed.ncbinlm.nih.gov) in September 2025
using the keywords: (Herbal AND type 2 diabetes

mellitus). Bibliometric analysis was conducted using the

3. Results

3.1 General Description of Included Studies

Figure 1 shows the flowchart of the literature
search and study selection. A total of 433 articles were
identified and screened by title and abstract in

accordance with the inclusion criteria for review and

R[14]. The number of

publications was taken into account to identify the most

Bibliometrix package for

productive journals, and Bradford's law was applied to
identify key journals that significantly contribute to

citations in the field.

research articles in English published over the past 20
years (2004-2024). A total of 379 articles were selected. To
visualize the data extraction process, Figure 1 shows a

PRISMA flow chart[15] describing the selection process.

[ Identification of studies via databases and registers ]
- Records removed before
2 Records identified from: screening:
S Databases PabMED -
= (n = 443) Records removed for
k=] other languages
(n =64 )
=
=
8
g v
| Reports assessed for

eligibility

(n = 379)

Studies included in
§ bibliometric analysis
2 (n =379)

Figure 1 - Flowchart of the publication screening process using PRISMA

3.2 Publication trends by year

Figure 2 shows the publication trends by year.
Before 2010, very few publications were found on the use
of plants for type 2 diabetes. From 2004 to 2010, the
number of publications did not exceed 10. Between 2017
and 2024, the number of published articles on the effects

of herbal remedies on diabetes increased significantly.
During this period, the number of publications varied,
but the overall trend was relatively stable: the number of
publications increased year after year, reaching a peak of

38 publications in 2022.
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Annual Scientific Production

Articles 49
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2008
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2018
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Figure 2 - Publication year trends for herbal medicine research in type 2 diabetes

3.3 Key Authors and Author Group

In this bibliometric analysis, we counted the first
authors of all included articles and their corresponding
number of publications on herbal medicines for type 2
diabetes (Figure 3). After counting, authors who
published eight or more articles were defined as key

authors in this topic area. The results of this study

showed that 10 key authors published a total of 109
articles, representing 6% (109/1800) of all included
articles. This percentage falls far short of Price's
requirement for a key author group. Thus, a key author
group in the field of herbal medicine research in type 2

diabetes was not identified.

Most Relevant Authors

TONG X

ZHANG Y

Loy

LIANF

WANG H

Authors

ZHAO Y

WANG Y

ZHANG X

o
L)
L)
)
o
o
o

ZHAO L

o
0

TIAN J

N. of Documents

Figure 3(a) - Most productive authors: ten most significant authors and their contribution to the study of herbal remedies for

the treatment of type 2 diabetes (2004-2024)
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3.4 Major journals

Using Bradford's law, which describes the
distribution of scientific articles among journals, we
identified ten key journals of greatest interest to
researchers in this field (Figure 4). According to this law,
these journals form the core of publications on the
effectiveness of herbal remedies for type 2 diabetes. The

analysis showed (Figure 5) that the journal “Medicine” is

the most productive, with 14 articles published. Among
the key publications on this topic, the journals
“Molecules” stand out - 13 articles, “Frontiers in
Pharmacology” - and “Journal of Ethnopharmacology” -
12 articles each, which publish a significant number of
studies devoted to natural compounds and their

pharmacological effects.

Core Sources by Bradford's Law

Core
Sources

Articles

MEDICINE
PLOS ONE

MOLECULES (BASEL, SWITZER
FRONTIERS IN PHARMACOLOGY
JOURNAL OF ETHNOPHARMAGOL
COMPLEMENTARY THERAPIES |
JOURNAL OF TRADITIONAL CH
PHYTOTHERAPY RESEARCH : P
CHINESE JOURNAL OF INTEGR

Source log(Rank)

BIOMEDICINE & PHARMACOTHE
DIABETES & METABOLIC SYND
FRONTIERS IN ENDOGRINOLOG
JOURNAL OF DIABETES RESEA

Figure 4 - Bradford's Law Graph - Main Journals

Most Relevant Sources

MEDICINE

MOLECULES (BASEL, SWITZERLAND)

FRONTIERS IN PHARMACOLOGY

JOURNAL OF ETHNOPHARMACOLOGY

§ COMPLEMENTARY THERAPIES IN MEDICINE
5
a
(7]

JOURNAL OF TRADITIONAL CHINESE MEDICINE = CHUNG |

PHYTOTHERAPY RESEARCH : PTR

CHINESE JOURNAL OF INTEGRATIVE MEDICINE

PLOS ONE

BIOMEDICINE & PHARMACOTHERAPY = BIOMEDECINE & PHAR

®
0
o
o
’ @

N. of Documents

Figure 5 - Top 10 most cited journals
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Their

the most productive organizations by number

3.5 Key Organizations and Countries,
Collaborations
of publications in the field under study.

The diagram shows the distribution of the
number of articles by the authors' primary affiliations.
The leading institutions are the China Academy of
Chinese Medical Sciences (105

University of Chinese Medicine (65), and the Hospital of

articles), Beijing

Chengdu University of Traditional Chinese Medicine (57).

Organizations in China make the largest contribution to

Figure 7 shows the geographic distribution and
areas of collaboration between countries involved in
publications on the topic under study. The most intensive
collaboration is observed in China, which is highlighted
in the darkest shade of blue, indicating its leading
position in the number of publications and international
collaborations. China actively collaborates with the
United States, Canada, Iran, Australia, and European
countries. The light blue areas represent countries with

less publication activity but engaged in international

publication activity, indicating their leading role in collaborations.
scientific research in this area (Figure 6).
Most Relevant Affiliations
CHINA ACADEMY OF CHINESE MEDICAL SCIENCES @
BENING UNIVERSITY OF CHINESE MEDICINE @
HOSPITAL OF CHENGDU UNIVERSITY OF TRADITIONAL CHINESE MEDICINE a
MASHHAD UNIVERSITY OF MEDICAL SCIENCES @
n
§ MICHAEL'S HOSPITAL ®
3
z
CHANG GUNG UNIVERSITY @
CHENGDU UNIVERSITY OF TRADITIONAL CHINESE MEDICINE @
LORESTAN UNIVERSITY OF MEDICAL SCIENCES @
UNIVERSITY OF TORONTO @ S
(3]
TABRIZ UNIVERSITY OF MEDICAL SCIENCES 4’3‘
0 25 50 75 100
Articles

Figure 6 - The most productive organizations in the study area
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Country Collaboration Map

Longitude

Latitude

Figure 7 - Country Collaboration Map

In summary, this study analyzed the results of global
research on the efficacy and use of herbal remedies in patients
with type 2 diabetes over the past 20 years. Leading journals,
articles,

influential and collaborative projects between

4. Discussion

In recent years, bibliometric analysis and scientific
mapping have rapidly developed, driven by growing interest
among researchers in systematizing and evaluating scientific
advances in herbal medicine and diabetology [16]. Using a
bibliometric approach allows us to identify key trends in the
study of herbal remedies for diabetes, identify the most
productive authors, countries, and scientific organizations, and
assess the impact of the most cited publications. This analysis
contributes to a deeper understanding of the intellectual
landscape of this field and helps identify promising areas for
further research [17, 18]. Recent studies have shown that high
consumption of "healthy" plant-based foods is associated with
a lower risk of hyperglycemia, while "unhealthy" plant-based
diets (high in processed plant foods) may actually increase the
risk of diabetes [19].

A bibliometric analysis revealed that scientific interest
in studying herbal remedies for type 2 diabetes has increased
significantly over the past two decades. Until 2010, publication
activity in this area remained extremely low, likely due to the

institutions, authors, and countries were identified. The results
provide valuable insights into the research landscape and point
to potential directions for future research.

limited clinical and experimental data on the mechanisms of
action of herbal remedies. Since 2017, there has been a
significant increase in the number of publications, peaking in
2022. This trend reflects a global trend toward searching for
alternative and adjuvant approaches to diabetes treatment based
on the principles of evidence-based herbal medicine and
integrative medicine. The absence of a distinct "core group of
authors" according to the Price criterion indicates the
fragmentation of the research field and the absence of stable
scientific schools specializing exclusively in herbal remedies
for T2DM. This may be a consequence of the multidisciplinary
nature of the topic, combining pharmacology, endocrinology,
botany, and biochemistry. At the same time, the presence of ten
of the most productive authors indicates the formation of an
active scientific community, around which closer
collaborations may develop in the future. An analysis of leading
journals showed that the main core of publications is
concentrated in publications focused on the pharmacology of

natural compounds and traditional medicine: Medicine,
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Molecules, Frontiers in Pharmacology, and the Journal of
Ethnopharmacology. This confirms that research in this area is
predominantly conducted in the context of assessing the
biological activity and mechanism of action of natural
compounds. A recent review conducted in 2023 shows that
dietary therapy research encompasses a wide range of
interventions, and not just individual herbal remedies" [20, 21].
In terms of research geography, China's dominance is clear,
consistent with the high degree of institutional support and
traditionally strong scientific schools in the field of Chinese
medicine. Leading universities and academies in China (China
Academy of Chinese Medical Sciences, Beijing University of
Chinese Medicine, Chengdu University of Traditional Chinese
Medicine) form the core of publication activity. China's
expanding international collaboration with the United States,
Iran, Canada, and European countries indicates the
globalization of herbal medicine research and a growing
interest in interdisciplinary approaches. Overall, the obtained
results demonstrate the rapid development of research aimed at
identifying new plant compounds with hypoglycemic activity
and studying their pharmacological properties. However, the

fragmented nature of research relationships, the limited number

5. Conclusions

Thus, the bibliometric analysis allowed us to
identify key trends, leading research centers, and key
development areas in the field. In the future, it is
advisable to increase attention to the clinical aspects of
the use of herbal remedies, as well as to assessing their
safety, interactions with drugs and cost-effectiveness in

the treatment of type 2 diabetes mellitus.
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2 TypAai KaHT gna0eTiH eMJeyre apHaafaH IIONTIK gdpiaepai KOAAaHY Typaabl
OacblabIMgapAbl O0AMOMeTPpUAABIK Taaaay (2004-2025 xK.)

CapraeBa A. !, ToGxkanosa A. 2, JKymarnosa A. 3

1 No2 skaamsl Aopirepik mpakTika kadpeapachHbIH MeHrepyiici, Mapar OcriaHOB aThIHAAFbI
bareic Kasakcran Meanimna yausepcuteti, Aktobe, Kaszakcran

2 No2 >xaAIbl A9pirepaik rpakruka KadespachHbIH OKBITYIIBICE, MapaT OcriaHOB aThIHAAFbI
barreic Kasakcran Meanimna yausepcureri, Akrete, Kasakcran

3 No2 >xaArisl A9pirepaik rpakruka KadespachHbIH OKBITYIIBICE, MapaT OcliaHOB aThIHAAFbI

bareic Kasakcran Meanimmna yausepcuteti, Aktobe. Kaszakcran

Tyiingeme

2 TUNTIi KaHT AMabeTiHiH a4AbIH aly >KoHe eMJey YIITiH >KaHa IMIIOTAMKeMUAABIK areHTTep Al i3gey 0y aypyablH
9/eMAiK XaABIKKa TYCeTiH aybIp >KyKTeMeciMeH OalldaHBICTBHL 2 TUIITI KaHT AmnabeTi Oykia aaemae 500 MmaanoHHaH
acTaM epeceK aJaMFa ocep eTeal >KoHe KaHT JualeTi MaTOTeHe3iHiH opTypai Ke3eHAepiH HBICaHafa aJaTbIH
CUHTeTUKAaABbIK TUIIOTAMKeMIABIK IIperlapaTTapAblH acepAi apceHaablHa KapaMacTaH, TYPaKThl ©CyMeH CUIlaTTalalbl.
Aapiaix ecimaikrepae ke3JeceTiH TaOUFHU KellleHAi KOChLAbICTap¥Fa KBI3BIFYIIIBIABIK Ka3ipri yaKkbITTa apThi Keaedi. bya
OMOAMOMeTPIAABIK Tadday 2 THUHTI KaHT AmaOeTiMeH ayblpaThlH HayKacTapabl emJeyJde IIONTiK JspiaepaiH
TUIIOTAVIKEMISIABIK 9A€YeTiH 3epTTey HoTVKeAepiH sepTreyre OarbiTTaafaH. Jepekrep amblk KoaxeTimai PabMed
ACPEeKKOPBIHAH MHKAIO3MBTI i34y CTpaTermsChlH KOAJaHa OTHIPHII aabHABL Taazayra 180 Typai aepexkesge
>xapusaanrat 379 TuicTi 3epTTey Kipai, oran 1804 apTop KaTbIcThL. Hatukeaep menrik gapiaepain TuimMaiairi GoiibiHIa
3epTTeyJepain aliTapAbIKTail ©CKeHiH KepceTesi, Oya KaHT AmaleTiH eMAeyaiH A9pidik eMec TaciadepiHiH >KaHa
Ke3JepiHe KBI3BIFYIIIBLABIKTBIH apTYbIH KopceTeai. bpsadopa 3aHbI OCBI caaajarbl 3epTreyaepAi TapaTyda MaHbI3ABI oA
aTKapraH 13 Herisri >KypHaaA4bl aHBIKTaAbl, OHBIH iIliHAe «MeaunHa» eH KoIl TapaaAfaH OOABIIN HIBIKTHL. AMepuKa
Kypama Hlrtarrapsr men Kritait OipaeckeH sepTreyaepae epekiie KymTi 60441 KpITall MeAUIIMHAABIK FRLABIMAAPEI
akageMuscel, IleknH MeaunyHa yHuBepcuTeTi koHe UsHAY 49CTypAi KbITall MeAUIMHa YHUBEPCUTETIHIH aypyXaHachl
eH oHiMJai MekeMmeaep 60a4blI, aa Tonr X. men WxkaH Y. >KeTekiri asTopaap 00446l XpOHOAOTMAABIK, KIAT co3lepai
Taadayda «Agamaap, ayeadep, opTa >KacTaFbl, ep ajdamJap, 2 THUITI KaHT AmaOeTi, A4d9pidik Tepamms» CHUAKTLI
TepMUHJAEPAIH MaHBI3ABLABIFRIH aTan oTTi. Kaamml aaranga, Oya seprrey 2 TUHTI KaHT aAuaOeTiMeH ayblpaThiH
HayKacTapaa IIeITiK gspidepai KoadaHy OONbIHINA 3epTTeyaepain XahaHAblK daHAmTadTeIHA XKaphIK Tycipeai. bya
TaaAayAaH aAblHFaH aKIapar OoJallak 3epTrey OachIMABIKTapBIH >KoHe THiMAL Aopisepai TaOy HeMece 2 TUITI KaHT

AuabeTi MeH OHBIH acKbIHYyJapbIH eMJey HaTUXXeAepiH >KakcapTy OolibHINa OipaeckeH KyII-XKirepai aHbBIKTay YIITiH
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MaHBI3AbL. JereHMeH, 3epTTey OipbIHFal OachLABIM AepeKKOPBIH IalidalaHyAblH IIeKTeyAepiH MOMBIHAAABI JKoHE
Oozamak seprreyaepre 6acka Ke3aepAeH aablHFaH AepeKTepAi KOCYAbI YChIHAABL

TyriiH cesaep: 2 TuITI KaHT AnabeTi, IONTIK Aopiaep, mentep, 6ubanoMeTpus, Oipre Ke3AeceTiH, IIOMTIK.

buoanomeTpudecknii aHaaM3 MyO0AMKaINi 10 MICIOAb30BAHNIO PacTUTEAbHbBIX
IperiapaToB AAs1 A€94eHMsI caxapHOro AmadeTa 2 Tmma (2004-2025 rr.)

Capraesa A. !, Too>xkanosa A. 2, Xymarmosa A. 3

1 3aBeayrormmit Ka(beﬂ,pof/l obmiert BpaueOHOI npakTuky No2, 3aragno-KazaxcraHcKuil MeAMIIMHCKII YHIBE PCUTET
nmenn Mapara Ocnianosa, Akrobe, Kasaxcran

2 TIpentogaBaTtean Kadeapsl oOImeit BpadeOHo pakTiky No2, 3anaano-KasaxcraHCKi MeAMIIMHCKII YHIBEPCUTET
nmenu Mapara Ocnianosa, Akrobe, Kasaxcran

3 IIpertogasatean Kadepsl oOmiert BpayeOHoOI npakTuky No2, 3aragHno-KasaxcraHckmuil MeAMITMHCKUI YHUBE PCUTET

nmenn Mapara Ocnianosa, Akrode Kaszaxcran

Pe3iome

ITomck HOBBIX caXapOCHVKAIOIINX ITperiapaToB AAs MPOPUAAKTUKI M AeYeHNs caXxapHOro gmabera 2 Tura
00yCA0BA€H TsKeAbIM OpeMeHeM AaHHOTO 3a00/AeBaHNsl Ha HacedeHue IaaHeTsl. CaxapHblil AnabeT 2 TuIa opasua
6oaee 500 MMAAMOHOB B3POCABIX AIOA€ll B MUpe M XapaKTepu3yeTcsl HeyKAOHHBIM POCTOM,HeCMOTps Ha
BHYIIIUTEABHBI apceHal CUHTeTUYeCKUX IMITOTAMKeMUYeCKUX AeKapCTB, BO3AENCTBYIOIIMX Ha pa3dAMYHbIE 3BeHbs
naToreHesa amadbeta. B Hacrosiee Bpemsi pacTeT MHTepec K IPUPOAHBIM KOMILAKCHBIM COeAMHEHNSIM B COCTaBe
AeKapCTBeHHBIX pacTeHuit. DTOT OuOAMOMeTpUYeCKil aHaAMu3 HallpaBAeH Ha M3yJeHNe pe3yAbTaToB MCCAe OBaHMIA
caxapOHIKAIOIIero IMoTeHIala pacTUTeAbHBIX IperapaTos B AeJeHNN Ial[eHTOB C CaxapHbIM AMaOTOM 2 Tura.
Jannrle ObLAY 3BAe4eHbI U3 0a3bl JaHHBIX OTKPBITOTO gocTyria PabMed ¢ ncroan3opanneM MHKAIO3UBHONM CTpaTeInm
noucka. AHaAu3 BKAI09aa 379 cOOTBETCTBYIONIUX MCCAeAOBaHMNS, OIyOAMKOBaHHEIX B 180 pa3AMJHBIX MCTOYHUKAX, C
ydactem 1804 aBTOopoB. PesyabTaThl IOKa3bIBAIOT 3aMeTHBIN POCT MccAea0BaHUil D(PQPEKTUBHOCTU PacTUTeABHBIX
IIperiapaToB, YTO yKa3blBaeT Ha BO3PAaCTalOIIMII MHTepeC K HOBBHIM MCTOYHMKAM HeMeAMKaMeHTO3HOIO I10AXOJa B
amnabere. 3axkoH bpsapopaa ompegeanma 13 OCHOBHBIX >KypHaA0B, KOTOpBIe ChIIpaAl BakKHYIO pOAb B
pacrIrpocTpaHeHMM UccAe0BaHMIA B 9TOI 0DaacTu, mpudem «MeaniHa» oKasaaach CaMbIM ILA0AOBUTEIM KyPHAAOM.
CaMbBIMM CMABHBIMU B COBMeCTHBIX MccaegoBanmsix okazaauch CIIA n Kurait. China Academy Of Chinese Medical
Sciences, Beijing University Of Chinese Medicine, Hospital Of Chengdu University Of Traditional Chinese Medicine
Obam HambOoAee IIPOAYKTUBHBIMM yupexJenusmy, a Tong X. VM Zhang Y. Obam Besymumu  aBTOpaMIL.
XpOHOAOTMYECKII aHAAN3 KAIOYEBBIX CA0B ITOAYePKHYA 3HaYMMOCTh TaKX TepMIHOB, Kak « Humans, female, middle
aged, male, diabetes mellitus type 2, drug therapy». B meaom, »To MccaejoBaHNe IpOANMBAET CBET Ha IA100aAbHBIA
AaHAAT MCCAeA0BaHUI MICIIOAB30BAHMA PACTUTEABHBIX IIpeIlapaTos y MaI[eHTOB C CaXapHBIM ArabeToM 2 TuIa.
VMudopmanus, moaydyeHHass B pe3yabTaTe DTOTO aHAaAM3a, MMeeT BaKHOe 3HaueHme AAs OIlpejeleHus OyAyIux
IIPUOPUTETOB MICCAEAOBAHMI ¥ COBMECTHBIX YCUAWI B TIOMCKe D(PQPEeKTUBHBIX AeKapCTB UAN YAYJIIeHNIO Pe3yAbTaTOB
AeueHMs] caXxapHOro amabera 2 Tuma u ero ocaoxkneHuii. OgHako B MCCAeAOBaHUIU ITPU3HAIOTCS OrpaHUYEeHIL,
CBA3AHHBIE C UCIIOAB30BaHMEM OAHOI TOABKO Oa3bl JAHHLIX ITyOAMKAIINI, ¥ peKOMeHAYyeTcs B OyAyIiue 1ccAe 0BaHIs
BKAIOYaTh JaHHBIE U3 APYTVIX MCTOYHIKOB.

Karouesble ca0Ba: caxapHblil gnadeT 2 TuIla, pacTuTeAbHbIe Ipenaparsl, Tpassl, Bibliometric, Co-Occurrence,
Herbal.
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Pe3omMme

ITo pesyapTaTam nocaeauux uccaegosanuii B Kazaxcrane oxoa0 31,2 % B3pocabix
CTPajaloT OXXUpeHNUeM, B TO BpeMsl KaK MeXAyHapoaHble HabAI0JaTeAn COOOIIaioT
0 23,5 % caydaep oxupenus B Kazaxcrane. B Kasaxcrane yposens oxxupeHns cpeau
B3pOCAOTO HaceAeHUsl COIIOCTaBUM C Apyrumu ctpaHamu llenrpaasHoit Asun u
AEMOHCTPUpPYeT TeHAEHIMIO K POCTYy, YTO IIOATBEPXKAAeT aKTyaAbHOCTbh TaKMX
uccaegosanuii. lleapto Hacrosmen craTby ObLAO M3yYeHME PaclpOCTPaHeHHOCTU
MeTab0AMIeCKOro CHHAPOMa I OXUpeHHUs! cpedu HacedeHMs I. Aamarol. B
UCCA€AOBAHUM  MCIIOAB30BAAUCh  PETPOCHEeKTMBHBIE M HPOCIIEeKTUBHEIE,
AQHOHMMU3MPOBAHHEIC JAHHBIC ITALIEHTOB, IIOAYYEHHBIE U3 ABYX MCTOYHMKOB:
Ientpa crioptusHoit MeaunyHsl I. Aamatsl (C) [Toankanamxm No6 r. Aamarsr (IT).

Wccaeayemsrit mepuog, oxsarbiBaa 2021-2025 roasr. B MTOroyio BEIOOPKY BOIILAM
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1. BBeaenue

PacnipocTpan€HHOCTL OKMpPeHMsT BO BCEM MUpe
3HAUMTEeABHO BO3poOcJa 3a IOoCAejHNe AeCITUAETUS, U
Bcemupnas opranmusamus

Ipu3HaJa ero raodbaavHoin snugemuein [1]. Oxupenne

3apasooxpaHenuss (BO3)

AaHHple 1244 manmenrtos IlenTpa criopTmBHONM MeAMIIMHBI U AOIOAHUTEABHO 73
nanyenta us Iloamkamnmkm Ne6, B Bospacte or 20 ao 70 aer. Jas Bcex
00caeJ0BaHHBIX OBLAM IIPOAHAAMBMPOBAHBI CAeAyIOInye IIapaMeTphLl  JaTa
oOcaes0BaHNs, BO3pACT, 1104, POCT, Macca Teda M MHAeKC Maccel Teaa (VIMT).
Cratuctudyeckass oOpaboTKa I CpaBHMTEABHBII aHAAW3 IPOBOJUAUCE C
UCII0ABb30BaHNeM ItporpaMMHoro odecriedennst GraphPad Prism (sepcus 10.0) n
Microsoft Excel 2021. KoandyecTBo manyeHTOB ¢ OKMpPEHNEM Cpeay CIIOPTCMEHOB
coctaBu10 Bcero 38%, 1Mo cpaBHeHMIO ¢ 61% manueHToB nnoAnkAnHukN. Ilpn sToMm,
CpeAM MOAOABIX CHOPTCMEHOB OTMeYeH AOCTaTOYHO BBICOKMII HPOLIEHT AI0Aeil C
130BITOYHEIM BecoM (38%), mpudeM Ooarlie cpean mMy>kxunH. Cpean ocTaabHOTO
HaceAeHNs >KeHINNHBI CTpajall OXXMpeHMeM dalrle. B ¢BsI3u ¢ ueM, HEOOXOAVIMEI
JaapHellIe mccieloBaHnsl B 0oJee CTapIIMX BO3PACTHBIX IPYIIIaX, C OXBATOM
APYTMX MeJVULMHCKUX IIEHTPOB, C IIpUMeHeHMeM Oo/ee YyrayOAeHHBIX MeTOAOB

U3yJeHIs HapyIIeHnil MeTaboAn3Ma.

KaroueBsblie caoBa: OXNpeHune, MeTabOoANMYeCKUI CHAPOM, CIIOPTUBHAs MeANIINHA,

MHAEKC MaCChbI TeAa.

Ognako TpeOyercs JaabHeillllee H3ydeHUe

paciipoCTpaHEHHOCTI O>KMpeHIsI, ero CBA3M C

YHAOKPVHHBIMU HapynIeHsIMI, TINIIE€BbIMIL

IIPUBBIYKaAMI u ,ZI,EMOFpa(l)I/I‘IeCKI/IMI/I nan

reorpapuueckuMy  ocobeHHocTsIMM. HecMoTpss  Ha

IpeacTaBAseT coDOi pacTyIIyIO yIpo3y A4s 340pOBbs
HaceleHNUs1 BO BCeM MUpe, UM DTO sBAeHUe TakkKe
Habatogaetcss B Kasaxcrane. TepMuHBI «M30BITOUHBIN
BeC» U «OKMpPeHIe» OIpeAeAdIOTCs Kak aHOMaAbHOe A
ype3MepHOe HaKOIlAeHye XKIpa, KOTOpOe MOXKeT OKa3aTb
BpeJHOe BO3JelicTBUe Ha 340posbe [2]. HabGaogaercs
poct umcaa awogein ¢ VIMT 25-30 kr/m? u4tO
COIPOBOXKJAeTCs yBeAMdeHMeM uicJa IIalMeHTOB C
AVIaTHO30M «3HAOKPMHHBIE HapyIeHus» [3].

Coraacno JAAHHBIM HanmonaasHoro
TeHeTMYeCKOTO peecTpa, eXKerogHO pPerucTpupyercs
oxkoao 30 000

I1aTOAOITUAMMU, OOABINIMHCTBO M3 KOTOPBIX CTpaAaroT

MallieHTOB  C  DHAOKPMHHBIMU
aAuaberom [4,5]. TTaToe HalmoHaAbHOE UCCAEAOBAaHUE B
Kasaxcrane mokasaao, uto 31,2 % B3pOCABIX CTpalaioT
OXIUpeHMeM, B TO BpeMs KaK MeXAyHapOAHEIe
HabA104aTean coodmaloT o 23,5 % cayJaeB OXKUpPEHN B

Kasaxcrasne [6,7].

peaansanuio MypoKNX IpoPpriakKTUIECKIX IIPOrpamMM,
HallpaBAeHHBIX Ha (OpMMpOBaHUE 340POBOrO OOpasza
SKM3HM U PalMOHAaABHOTO INUTaHMS, IIPeAIlpUHAThHIe
Mephl OKa3aAlCh He4O0CTaTOYHBIMU AASl CYII[eCTBEHHOTO
3aMeAAeHN s AaHHOV TeHAeHIuu [2,8,9].

Oxupenmne paccMaTpuBaeTcsi KakK CAOXKHOe,
reTepOreHHOe, XPOHMYECKOe U  IIporpeccupyloiiee
3a00aeBaHIe, OKa3bIBaIOIIlee 3HAUNTEABHOE BAVSIHIIE Ha
3/0pOBbe HaceleHNs, KadyecTBO KM3HM ¥ IIOKazaTeAu
cMepTHOCTH [9]. OCHOBHBIMM ITOAXO4aMH K €TI0 Ae4eHUIO
OCTalOTCsI M3MeHeHUs oOpasa >KM3HM ¥ IIOBeJeHIII
IIOBBIIIIEHIIE

(koppexuLt Pusmaeckoit

aKTI/IBHOCTI/I), OJ4HaKO B 0O0ABINIMHCTBE CAy4a€eB DTN MEPbDI

HUTaHNS,

obecreunBaioT AVIID KpaTKOCPOYHBII AU
orpannyensbri  sPpdexr [10]. B nacrosmee spems
Hanboaee 5SPPEeKTNBHBIM U JOKa3aHHBIM MeETOAOM

OCTaéTCsI

XUpyprus,

/1€9EeHIIs O>KUMPEHMT 6apmanmquKa;1

(MeTaboamyeckast) OAOXUTEABHO
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BAMSIIOIIAS He TO/ABKO Ha CHUKeHVIe MacChl TeAa, HO U Ha
COCTOsIHIE CepAeUHO-COCYAUCTON M IIOYEUHOI CUCTEM, a
TakKe CHIKAIOIIasl pPYCK OHKOAOTMYECKIX 3a001€BaHMIt
U CBSI3aHHBIX C OKMPEHNEeM CAyJaeB IpeKieBpeMeHHOI
cMepTHOCTH [11].
OgHOBpeMeHHO  AOCTUTHYT  CYII[€CTBEHHBII
Iporpecc B pa3pabOTKe U KAVHNYECKOM IIpMMeHEeHUN
COBpeMeHHBIX (HpapMaKOAOIMUYECKMX IIperaparoB AAs
AedeHns1 oXupeHns, 9PpQPeKTUBHOCTh KOTOPEIX B psije
cly4yaeB IIpUOAMIKAETCs K pe3yAbTaTaM XUPYPTUYECKIX
BMeInaTeasCTs [12]. OgHako, Kak Ha r100aAbHOM YPOBHE,
tak 1 B Kaszaxcrane, Bce JOCTyIIHBIe TeparleBTUYECKIe
IIOAXOABI MCIIOAB3YIOTCA KpaifHe OrpaHNMYeHHO, 4YTO
HPEIITCTBYET ¢ PpexTuBHOMY KOHTPOAIO 3a
pacIpocTpaHEHHOCTBIO AaHHOTO 3aboaeBaHus [13,14].
CoraacHo oIpeAeAeHNIO, HIPUHIATOMY
BcemupHoit opranmsanmeii sapasooxpaHeHust (BO3),
OXUpeHIe  OIlpejeAserca  KaK  I1aTOAOTHYecKoe
HaKOIIA€HNE >KMPOBOJ TKaHU, IIPeACTaBAAIOIIee YIPO3y
AAsl 320pOBbsl. /MarHO3 B®TOrO0 COCTOSHUS OOBIYHO
CTaBUTCSI Ha OCHOBaHMM MHAeKca Macchl Teaa (VIMT = Bec
[xr]/poct? [M?]), mpu mokasarese = 30 Kr/m?, KOTOPHIi
M3HaYaAbHO OblA pazpaboTaH 4451 0eA0ro HaceAeHUs
[15,16].

VICIIOAb30OBaHMe B CKPUHUHIE U SIINAEMNOAOTINMYECKNX

Hecmorpss Ha yaoOcTBO 1M IIMpPOKOE

uccaegopanmsax, VIMT 1moasepraercsi KpUTHUKe 3a
HeCIIOCOOHOCTb YYMTHIBAThL pa3AMyMs B COCTaBe Teaa
MeKay DTHUYecKuMu rpymnmnamu [17-19]. Dto ocobenno
Kaszaxcrana, rae

aKTya/abHO AL DTHNYECKOe

pasHOOOpasme  HacedeHUsI ~ MOXeT  BAUATL  Ha
UHTepIIpeTaInio IT0Ka3aTeAeil OKUPeHNs.

Bo BceM Mupe pacrpocTpaHeHHOCTh OXKMPeHIs
CpeAu B3POCABIX JOCTUTAA DIMAEMIYECKIX MacIITabOB:
6oaee 890 MuMAAMOHOB B3pOCABIX (mpumepHo 13%
B3POCAOTO HaceAeHMs MMpa) OTHOCATCSI K KaTeropuum
C 1975 ro0pa

OJKMPEHNSI 3HAaUYMTeAbHO BO3pOCAaq, 11 IIO IIPOrHO3aM K

OKMPEHU:L. pacIpocTpaHeHHOCTh
2030 roay umcao B3pocabix ¢ VIMT = 30 KI/M?2 peBbICuT 1
muaanapa (18% naceaenns) [9]. Aas Kasaxcrana aaHHas
npob1eMa MeeT 0co0yIO 3HAYMMOCTh, YIUTBIBAsI POCT
ypOaHmM3anmy, WU3MeHeHMe CTPYKTypBl INMTaHNMS U
CHIDKeHMe (PU3NIEeCKOM aKTMBHOCTU Cpeau JeTeil I’

B3pocabix [20].

MexxayHapoaHbIe AaHHBIE CBUAETEABCTBYIOT, YTO
O>KIpEeHIIe Yallle BCTpedaeTcsl y KeHIINH, YeM Y My>KIIH,
UM XapaKTepU3yeTCsl 3HAYMUTEABHBIMM PerOHaAbHBIMU
pasamunsamu [21-23]. B KazaxctaHe ypoBeHb O>XXMpPeHUs
Cpeay B3pOCJAOTO HaceAeHMs COIOCTaBUM C APYTUMMU
crpanamn  llenTpasbHol Asum M AeMOHCTpUPYeET
TEeHAEHLINIO K POCTY, UTO IIOATBEp>KAAeTCs pe3yAbTaTaMIU
HaI[MOHAABHBIX U1 PETMOHAAbHBIX MCCAeA0BaHUI [21,24].

Caeayer IIOAYEPKHYTH, 9TO
PacIpoOCTpaHEHHOCTh OXKUPEHUs TakKe CyIIeCTBEHHO
pasAmdJaercss B 3aBUCUMOCTM  OT  COLIMAABHO-
DKOHOMMYECKOTO CTaTyca, OCODEHHO CpeAV >KEeHIIVH.
Boaee moaosuns! raobaasHoro npupocra VIMT c 1985 o
2017 roapl cBsI3aHO C POCTOM IIOKa3aTeAeil B CeAbCKOM
MectHOocTu [25]. KasaxcraH AeMOHCTpUpyeT CXOXue
TeHAESHLIMM: HapsAy C POCTOM OXUPEHUs B KPYIIHBIX
ropojax, B CeAbCKUX perroHaX Takke HabAIOAaeTcs
3HauMTeABHOE yBeAMdeHle 91caa AI0Aeil C M30BITOYHON
Maccoil Teaa, 4TOo TpeOyeT o0cOOOro BHMMaHMA K
BOITpOCaM PerroHaAbHOTO 34paBooXpaHeHns [25,26].

Takum obOpaszoM, oxupenme B Kasaxcrane

caeayet paccMaTpuBaTh Kak CepbE3HYIO
Me>KCeKTOpaAbHYIO npobaemy, TpeOyIONIyIO
MHTeTpalMM YCUAMII CUCTeMBl  34paBOOXpPaHeHM:,

oOpasoBaHus U coumaabHOM noanTuku. Heobxoamm
nepexos, or uckaountearHo VIMT-opueHTHpoBaHHBIX
I10AX040B K OoJee TOYHBIM MeTOAaM OILIeHKM COCTaBa
Teaa (HampuMmep, IO >XKMPOBOil Macce), YTO ITO3BOAUT
TOYHee BBLABAATH TPYIIIBI puUCKa U padpadaTbiBaTh
s PexTuBHBIe TPOPUAAKTIYECKNE U 1edeOHbIe MepHL.
Lleavto nacTOsAmIeN cTaTby OBLAO  U3ydeHUe
pacIpocTpaHeHHOCTH MeTabOAMYecKOro CHUHAPOMa U

OJKUMPEHII Cpeayt HaCeA€HIA I. AAaMaTsbl.
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2. Martepuaabl 1 METOABI

B rccaea0BaHN JICIIOAB30BAAVICH

PEeTPOCIIEKTMBHBIE, AHOHMMU3MPOBaHHbIE AaHHbIe

IManIeHTOB, II0OAYy4YeHHbIE U3 LIeHTpa CIIOpTU BHOI1

Meanuuusl . Aamarsl (C), a Takke CBedeHUs O
nauyenTtax [loankanuuknu Ne6 r. Aamarsr (I1). Adannbie
MMallIeHTOB IOAMKAVHUKM OBlAM COOpaHbI IIyTeM
aHKeTHpPOBaHI: (OHAAlH-oIIpoca Ha naatdgopme Google
Forms), BkaioyaBIlero cBedeHMsI O BO3pacTe, II04e,
ypoBHe (U3NMYECKOV aKTMBHOCTM, OOpase >KUBHM U
MIVIIEBBIX ITPVBBIYKaX.

Wccaeayemprit mepmuoa oxsareizaa 2021-2025
roanl. Ilockoabky us lLleHTpa CIIOpTMBHOI MeAMIIVHBI
00e3A1ueHHbIe

JICITIOAb30BaAMICh PETPOCIIEKTUBHBIE

AaHHbIE, II0Ay4YeHle I/IHCIDOpMI/IpOBaHHOI"O coraacust

MIallIeHTOB He TpeOoBaaock. VI3 anHaamsa Oblan
UCKAIOUEHBI Aunia ¢ gepuriurom Maccel reaa (VIMT < 18,5
Kr/Mm2).

B wmrorosyio BBIOOPKY BoOmIAM JAaHHBIE 1244
nanueHTos LleHTpa cnopTuBHONM MeAUIIMHBI T. AAMaThI
n 73 manuMeHTOB HOAMKAMHUKU No 6 1. AaMarhl,
OTOOpaHHBIX CAYJalfHBIM 0Opa3oM, Oe3 y4uéTa HaAMdIs
XpOHMYECKUX 3a004eBaHmil. BospacT o00caesoBaHHBIX
cocrapasia ot 20 240 70 aeT, B BHIOOPKY BOIILAM IaIlVI€HThI
oboero mosa. Bce marmenTsr OblAM TOAEeA€HBI Ha ABe

rpyansl: C — Ilentpa crioptusHOi Meaunyubl u IT —

TMOAMKAMHUKIA.
Aast BCEX 00c/1e40BaHHBIX ObLAU
IIpOaHaAU3MPOBaHbl CAeAylollie IlapaMeTphl: Jara

00cAeA0BaHNsI, BO3PACT, 1104, POCT, Macca TeAa 1 MHAEKC
Maccel Teaa (VMIMT).

Ornenka cTeneHN OXMpPeHMsI IIPOBOAMAACh B
BO3,

meraboam4yeckue mu

COOTBETCTBUI C a3naTCKMMM KpUTEPUAMMI

YYUTHIBAIOIIVIMI  ITOBBIIIIEHHbIE
KapAMOBAacKyAsJApHbIe  PUCKMA  IIPM  OTHOCUTEABHO
MEHBINNX 3HadeHUsIX uHAekc Mmaccel teaa (VIMT). Adas
OLIeHKI 00c1e0BaHHBIX

CTeIIeHm OJKUMPpEHNT y

IalMeHTos rcroab3osaacs (VIMT), paccunThiBaeMblii IIO

Popmyae:
VIMT=macca Teaa (xr)/poct (m)2

ITarenTsr OblAM paclpejeleHb Ha 4YeTLHIpe
KaTeTopuM B 3aBUCUMOCTM OT CTEIIE€HU OXXUPEHU:
HOpMaabHas Macca Teaa, oxxupenue I, II u III crenenm:

Hopwma: VIMT or 21,0 20 24,9 xr/m?;

Oxupenne I crertenn: VIMT or 25,0 20 28,9 xr/m?;

Oxnpenne II crerrenn: VIMT ot 29,0 20 32,9 xr/m?%;

Oxupenne III crenenn: VIMT > 33,0 xr/m? [12].

B wmccaesoBaHme ObLAM paHAOMHO OTOOpaHBI
IareHTs (o0mee koAMIecTso HpuHATO 3a 100%). Adas
Kakgoro 1armenra Beramcasiacss VIMT, 1mocae dero
IIPOBeAEHO pacipejeaeHle 10 KaTeTOPUsM.

OmnpegeaeHne goaeix:

Koanyectso mnaimeHTOB KaXkAOl KaTeropum
BBIPa’Kasl0Ch B IIPOLIEHTaX OT OOINel YMCAEHHOCTU
BeI0OpKU (100%), 9TO ITO03BOANAO OIIPEAEAUTH AOAIO ANI]
C HOPMaABHOI Maccoil Teaa, M3OBITOYHBIM BECOM U
Pa3AMYIHBIMU CTETIEHAMU OXKUPEHM.

AHaau3 pacrpegeaeHns MO BO3pacTy U poOCTy
IIPOBOAMACS AA51 OLIEHKU B3aIMOCBSI311 MEXKAY CTeIIeHbIO
OXXMpPEeHIs U  BO3PACTHBIMU  XapaKTepUCTUKaMU
MAIeHTOB:

AAs KaXKAOM TPYIIIBI pacCYUTBIBAANCh CpeJHue
3HaueHUsI BO3pacTa U pocCTa IaI[MeHTOB, a TakKxke
CTaHAapTHOe OTKAoHeHMe. CpaBHeHMe IIOKasaTeaeil
MeXX4y TIpyHiaMy IIPOBOAMUAOCH C MCIIO/Ab3OBaHUEM
IMapaMeTpUIeCKX MeTOAOB CTaTUCTUIECKOTO aHaAM3a.

Aas  aHaauM3a  TeHAEPHBIX  pa3AMuuii B
pacrpejeAeHNy IaIlMEHTOB IIO CTENeHSIM OXKMPeHII
MCIIOAB30BAANCh  JaHHBIE O II0Je  yYaCTHUKOB,
pa3AeA€HHBIX Ha TPYIILI B 3aBUCUMOCTU OT MHAEKCa
maccel Teaa (VIMT).

B Ka>K 011 rpymie OACYUTHIBAAOCH
abCcoAI0THOe KOAMYEeCTBO MY KUMH M SKEHIINH, a Takke
paccunThIBadach 404 My>kumH (%) OT OOIero umcaa
YYaCTHMKOB TIPyImbl. /As  OIleHKM pasAudmii B
pacrpejeAeHNH OAOB MeXKAY TPyIIIaMU POBOAMACST
CpaBHMUTEABHBINI aHaAW3, C IpUMeHeHeM KpUTepist X2
(xm-xBagpar) Ilupcoma. DroT MeTos  MO3BOASLA
OIIpeAeAnTh, MMEIOTCA AU CTaTUCTIYECKN 3HadlMble
pasAnuns MeXXAy TpyIIiaMy IO IIOA0BOMY IIPU3HAKy.

,Zl/l}I IIaIMMEeHTOB ITOAMKAVIHVKI OnLaa IIpMMeHeHa
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aHa/AOIM4Hasl MeToAMKa aHaAm3a, BKAIOJaloIlas pacyéT
teaa (VIMT),

CTEIIeHsIM OJKMPEHVST 1 OLIEHKY ITOAOBBIX 11 BO3PaCTHBIX

MHAEKCa MacCChbl pacripegeaenne 110

XapaKTePUCTHK.

Cratuctuyeckass oOpabOTKaOIleHKN —MHAEKCa
Maccel TeJa M BO3pacTa B Pa3ANYHBIX IPYIIIaxX
IIpoBOAMAach C  MCIIOAL30BAaHMEM  IIPOIPaMMHOIO

obecnieuennst GraphPad Prism (sepcus 10.0) m Microsoft
Excel 2021. CpasHeHne mokasareaeil MexXAy IpylriaMu

IpOBOAMAOCH IIPM IMTOMOIIN AVICIIEPCMOHHOIO aHaAl3a

3. PesyabTaThl MCCae40BaHMs

1. Pesyaprarel  mccaeAOBaHMSI — IIAlIMEHTOB,
0b6caes0BaHHEIX B LleHTpe CIIOPTUBHOI MEAVILIVIHBI T.
AaMaThl.

ITpu omeHke cTeneHM OKMUPEHUs U3 PaHAOMHO

BbI6paHHI)IX ITallVIEHTOB 0oabIlle BCEro OKa3aAucCh B

(ANOVA) ¢

MHO>KeCTBEHHBIX CpaBHeHI/Iﬁ.

rnocaeAyomum TectoM ThIOKU A4

/451 OLIeHKH pa3Anduil B pacIipoCTpaHEHHOCTI

OJKIMPEHIT cpeau OblA HpOBe,ZI,éH

CpaBHI/ITQ/lebe/I aHaAus, AO0Asl MY>K4YMH C pa3dANIHBIMU

MY>K4ITH

CTeIleHsIMU OKMPeHMsl pacCUMThIBalach B IIpOIeHTax OT
oOmrero umcaa o0OCA€AOBAaHHBIX MY>KUMH B KaKAOM
rpynre. Iloaydennsle gaHHble OBLAM IIpeACTaBAEHBI B
BUJe TpapMUecKoro m300pakeHNs, OTpa’kalOIlero
pasHUIy B IIPOLIEHTe BCTpedaeMOCTU OXUPEHHUs II0

I'pyIIiaMm.

IpyIllle C HOpMaJAbHBIM BecoM - 774 deaoseka (62%).
Taxke OBL10 MHOTO IAIMIEHTOB M3 TPYIIIIBI OXKMPEeHs 2
crenieHn - 326 (26%) (Tabaua 1).

Tab6auna 1 - PacipeaeaeHne namieHTOB IO CTeMeHI 0KV eHs

I'pynma KOAMYIECTBO MallieHTOB %
HOpMa 774 62
1 creriens 326 26
2 cTenieHb 81 7
3 crenieHp 63 5
Bcero 1244 100

2. Ilpu cpaBHeHMu pacrnpejeaeHys 110 BO3pacTy

B TIpymliax C pa3HbIMM CTEII€HSIMUM OXXUPEHN:A He

06Hapy>KeHo CTAaTUCTNYECKN 3Ha4YMMBIX paszu/mm?{ I10

pocty u Bospacty (Tabauma 2)

Tabauma 2 - PacripeaeaeHne nanyeHTOB II0 BO3pacTy

I'pyrma Cpeanuit Poct Cpeanuit Bozpact Cpeannit Bec
HOpMa 174 20 65
1 crerieHn 177 26 82




Astana Medical Journal, 2025, 5, 125

2 cTerieHb

176

27

95

3 crerieHb

177

27

120

3. Ilpu aHaamse pacrpegeleHue IO I10AY IO
BCEM IpyInIam Ha6/1104a/10c13 HpeO6AaAaHI/Ie MY>K4INH, 3a
VICKAIOYE€HNEeM I'PYIIIIbI C HOpMaAbHbIM BECOM, B KOTOpOIZ
KOAM49eCTBO MY>K4IMH V1 >KEHIIINH ObL10 PpaBHBIM (Ta6/11/1ua

3). XoTaA B HpOBeJeHHBIX paHee ICCAeJ0BaHMIX ObL1O

O6Hapy>K€H0 IIpeBaanpoBaHme O>KUMPpEHM:T cpean
JKEeHINNH, cAejgyeT y4decCcTb, 4YTO B JcCCAeg0BaHUe ObLAN
BKAIOYEHbI HpO(l)eCCI/IOHa/lebIe CITIOPTCMEHBI C

Hp€O6AaAaHI/I€M MBIIII€YHOI MacChI.

Taonuna 3 - PacnpenejieHue nauMeHTOB MO MOJIY

I'pyrma My>x Ken Y% My>KIUH
HOpMa 378 396 49
1 creriens 195 131 60
2 cTenieHb 51 30 63
3 crenieHp 36 27 57
Bcero 660 584 53

Pe3y/\bmambl UCCACO0BAHUS nAayueHmos U3 NOAUKAUHUKU

Ilo CTeIleHm O>KNPpEHNI BCe ITalITMEeHTHBI KOAM49eCTBO IIallMMIEHTOB C HOpMaJAbHbIM BE€COM ANIITDH

HMOAMKAVHNKN PaclpejeAnANch CAeAYIOIMUM 00pa3oM: He3HaYNTeAbHO IIPEBhIIAal0 KOANYECTBO MaleHTOB C 1
BCero 46 manyeHTos, HopMa y 18 (39%), 3 crentens 5(10%),

2 crenenus - 6 (13%), 1 creneus - 16 (34%). To ects,

crenieHpio oxkupenns (Tabania 4).

Ta6111/1ua 4 - Pacrrpe;l,eAeHI/[e TIanVIeHTOB I1I0 CTEeIIeHV OXVP eHIIs

N I'pyrma Koanuecrso mmarimenTtos, abdc. %
1 HOpMa 46 39
2 1 crenienn 16 34
3 2 crerieHb 6 13
4 3 crernieHn 5 10
5 Bcero 73 100
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4. Ilpm aHaau3se pacrpegeaeHus IaLMEeHTOB 10

pocCTy B CpeaHeM B IpyIIiax He OOHapy>KeHO

Tabauna 5 - PacipeaeaeHue nanyeHTOB IO BO3pacTy

CTaTUCTMYECKN 3HAUYMMBIX pazamumii (Tabanma

5).

I'pyrma Cpeanmit Poct Cpeanmit Bozpact Cpeanuit Bec
HOpMa 164 43 58
1 crettenn 165 46 74
2 cTerieHb 167 44 87
3 crenieHp 164 46 97
5. Ilpu aHaamse pacrpedeseHne MO MOAY IO KOAMYECTBO MYXKUMH M OSKEHIIMH OBLAO paBHBIM
BCeM rpyIIiaM HabA104a10Ch IpeodAajaHyie SKEeHIIVH, 3a (Tabaura 6).
JICKAIOYEHMeM TPYIILl ¢ 2 CTeNeHbIO OXMPEeHUs, IAe
Tabauna 6 - PacipeaeaeHiie namieHTOB I10 IOAY
I'pyrma My>x Ken Y% My>KIUH
HOpMa 2 15 13
1 creriens 5 11 31
2 cTenieHb 3 3 50
3 crenieHp 1 4 20
Bcero 11 33 33

Kpome mozo, namu 6vir usyuen undexc maccol mera no zpynnam (Pucyrox 1-3).
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Pucynok 3 - I'padmyeckoe n3odpaxenne pasHUIbl % BCTPEYAEMOCTH CPeIH MYKYHH 0:KHPEHHUS.

Kak BugHO Ha pucyHok 3, HopmaasHsit VIBT y

AI0A€M 3aHUMAIOMIVIXCSI CIIOPTOM HAMHOTO BBbIIIIE€ YEM

4. O0cyxaeHue

Takum obpazomM, HaMu ObL10

IIpOaHaAN3NPOBaHO paclipedeaeHre IaneHTOB pa3HbIX

TpYIII

Hapymenuii. Kak m B psage apymx mnccaeioBaHUI,

HaceAeHMsI TII0 CTelleHu MeTabOoAMIeCcKmX
KOAMYEeCTBO IIallMeHTOB C OXKMpeHUeM OBLA10 Ooabllle
Cpeay maljleHTOB IOAMKANHNKY, IIOCKOABKY 9TU AIOAN
MeHbpIIle 3aHMMAaANUCh CIIOPTOM M MX BO3pacT Obla
HaMHOTO BhIIlIe (B cpeaHeM 46 4eT), 4eM y CIIOPTCMEHOB
(8 cpeamem 25 aer). Kpome TOro, pocr
po¢ecCHOHaABHBIX CIIOPTCMEHOB OBLA 3aMETHO BBILIIE -
177 cm, MO cpaBHEHMIO C OCTaAbHBIMM IlallIeHTaMU
HOAUKAVHUKA - 165 cMm.

KoanyecTso mammeHTOB C OXMpeHMeM cpeau
CIIOPTCMEHOB COCTaB1A0 Bcero 38%, 1o cpaBHeHMIO ¢ 61%
HAlVIEeHTOB IIOANKAMHNUKI. TeM He MeHee, 9TO HaMHOIO
BBIIIIe OXXIAAeMbIX IMPpP, T.K. IpeArioaraercs, 4To
MHTEHCUBHOE  3aHsITHe

CIIOPTOM  IpeaynpexkjaeT

pasButme MeTabd0AMIECKOTO CMHApOMa M OXNMpPEHNI.

Ccpeaun AI0AeN  C OXXHUpeHeM He 3aHMMAaIOIIMXCI

CIIOPpTOM.

[losTOMY BTOT IIyHKT TpeOyeT JaAbHEMIIIX I10APOOHBIX

MCccAeAO0BaHUM A4S pasrpaHm4IeHm:1 TIOBBIIIIEHHON MacChl

TeZa, CBJA3aHHOM C Pa3BUTON MYCKyAaTypoil u
TTOBBIIIEHNS MacChl Teaa, CBI3aHHOTO C
MeTaboAMYeCKMMM HapylleHusMu. Takxke caeayer

IIPpVHATh BO BHMMaHIE, 4YTO IIallM€HTaMU HEHTpa

CIIOPTUBHOI MeAULIVHEI SBASAIOTCS OnIBIIIE
CIIOPTCMEHB U TPeHepHl, Y KOTOPLIX CIOPTUBHAS
Harpyska ropasao Hicke. [TosTomy cHM>KeHMe Harpy3Ku
NpY COXPaHEHU! IIMIIEBLIX IPUBBIYEK TaKXKe MOXeT
criocobcTBOBaTh HabOpy Beca. OdeHL MHTepeceH (akT
rpeob.4aJaHns TALIIEHTOB C ITOBLIIIIEHHBIM BECOM Cpeau
MY>K4MH cpeay criopTcMeHoB. Toraa kak B 00ABIITMHCTBE
cAydJaes, TaKXke KaK M B TIpyIIle IallMeHTOB
MOAMKAVHNKY, IIOBBIIIIEHHEIA Bec 0OAbIlle XapaKTepeH
AAsl AUI] KEHCKOTO I1o4a. Bepostnee scero, »Tor paxr
ITOBBIIIIEHHOM

MO>HO OOBSICHUTH CKAOHHOCTBIO K

HapaiViBaHNIO MYCKyAaTypbl Yy MY>K4YMH, OJ4HAaKoO,
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,ZI,aHHbII7I MOMEHT TaKXe Tpe6yeT AOITIOAHVITE AbHBIX
nccaeA0BaHUI.

C ydueTOM BBIIIECKA3aHHOIO, HEOOXOAMMO
HpOBeCTI/I AOITIOZAHUTEAbHBIE VICCACAOBAHIISI HA 60ALLHOM
KOoAM4eCTBe IIallMIeHTOB 6e3 CHOpTI/IBHOI7I I/ICTOPI/II/I.
OI’paHI/I‘IeHI/Ie AAaHHOIO WCCAeAOBaHISL B BbI60pKe
OTpa)KaeT H€O6XO,Z|,I/IMOCTB B HpOBeAeHI/II/I ICCAeAOBaHVI

B 0Ooaee CTapIMX BO3paCcTHBIX IpPYIIIIaX, C OXBaTOM

5. BeiBOABI

B aaHHOM mccaejoBaHMM OBIAM  IIOAYYEHBI
JAaHHBIE O PacCIpOCTPaHEHHOCTU OXXUPEHUs Cpeay AWLY
3aHMMAIOIINXCS CIIOPTOM U OCTaAbHOrO HaceaeHus!. [Ipn

DTOM, OTMEUYeH

cpean

AOCTAaTOYHO BBICOKUN IIpOLEHT A104en C M30BITOYHBIM

MOAO0ABIX CIIOPTCMEHOB

BecoM (38%), npuuem Ooabire cpean my>xumH. Cpeau

OCTaAbHOTIO HaceaeHI JKeHIIIVIHBI CTpagaan
OXHUpeHneM 4allle. B cBsasu ¢ yeM, HeO6XO,Z|,I/IM])I
AaZbHeNnIme nccaeA0BaHIMs B 0oaee CTapHInX

BO3PpaCTHBIX I'PYIIIIaX, C OXBATOM APYIVIX MEAMNIMHCKIX
OEHTPOB, C IIPMMEHEHNIEM 0oaee yTAY6/l€HHI)IX MeTOA40B

N3y4eH:1 Hapyr_ueHm?I MeTaboam3Ma.

Aureparypa

APYTUX MEeAULIMHCKMX IIeHTpoB. Takxe,

Oyaymue
MCCAeAOBaHNS AOAXKHBI OyAyT YYUTBIBAaTh CTPYKTYPY
Teaa (MCIIOAB30BaTh “yMHEIEe BeChl”), T.e. IIpeoOaajaHue
MBIIIIEYHOM, KMPOBOJ MAM KOCTHOM MAaccChl, AAsl 0oaee
TOYHOI OLIEeHKU

HaaNM4m:sAa nAan OTCYTCTBIA

MeTab0AMYIEeCKOTo CrHApOMa.
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Tyiingeme

Courpl 3eprTTeyaepAin HoTiKedepi OoribiHma KasakcTaHaa epecek TyprbliHAapAblH ImamMaMmeH 31,2 %-bI
ceMi3AiKIIeH aybIpadbl, aa XaAbIKapaablK gepeKTepde Oya kepcerkim 23,5 % aer kepcetiareH. Kasakcranaarer epecex
TYPFBIHAAP apachiHAAFbl ceMisaik geHreiti Opraabik AsusHbH 0acka eadepiMeH CaAbICTRIPMAaAbl XKoHe ecy YpAiciH
KepceTeai, 0y MaceAeHiH ©3eKTiAiriH aiiKbIHAAABL.

Ocpl MaKaaaHBIH MakcaThl — AaMaThl Kadachl TYPFBIHAApPBI apachlHZa MeTabO0AMKAaABIK CHMHAPOM MeH
CeMi3AiKTiH TapaAybH 3epTTey. 3epTTey OaphIChIHAA €Ki AepeKKO3JeH aAbIHFaH MalyeHTTepAiH PeTpOCeKTUBTI JKoHe
MIPOCIEeKTUBTI, aHOHUMAEHAipiATreH AepeKTepi naitdadaHblaasl: AaMaTtsl Kaaaabslk CIIOpTTEIK MeaniiHa opTaabiFsl (C)
>koHe Nob6 kaaaarik emxaHa (I1). 3eprrey keseni 2021-2025 >xbpLa4apABl KAMTBIABL.

Kopsorreiaast ipikremere CiopTTBIK MeAUIIMHA OPTAALIFBIHEIH 1244 sxoHe No6 eMxaHaHBIH 73 MallMeHTi eHriziaai,
oaapAbIH kacsl 20-4aH 70 »Kacka AeitiH 0044p1. bapABIK 3epTTeareHaep YIIiH Keaeci KOpCeTKIITep TalaaHAbL: TEKCEPY
KYHi, >Kac, >KBIHBIC, OOJ, JeHe caaAMaFrbl >KoHe JeHe caaMarbiHbIH MHAeKCi (ACH). CratmcTukaablk, eHAey MeH
caapicTeipMaAanl Taagay GraphPad Prism Gargapaamaasix >kacakramacsl (Hycka 10.0) >xene Microsoft Excel 2021
KOMeTiMeH XYPprisiaai.
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Crooprmslaap apacsiHAAFBL ceMi3aik AeHrerti 6ap->korsl 38 % 6oaca, emxaHa nauyeHTTepiHAe Oy KOpPCeTKIIT
61 % 0o0aap1. XKac criopTmisLAap apacklHAA apTHIK caaMaKThLAapAblH yaeci (38 %) korapsl, oaapAblH illiHAe epaep
OachIM. A2 >KaAIlbI XaABIK apachblHAa ceMi3aik aiteagepae Kmipek Ke3eceai.

Ocspl HoTIKeJepTe CylieHe OTHIPBI, MeTa00AM3M OY3BIABICTApPBIH TEpeHipeK 3epTTey VIIiH >Kachkl yAKeH
TONTapAbI >KoHe 0acKa MeAMIIMHAABIK OPTaABIKTapAbl KAMTUTHIH 9pi JKeTiaAipiATreH 3epTTey o94icTepiH KOAAaHATBIH
KOCBIMIIIA 3€PTTEyAep KYPri3y KaKeT.

TyiiiH ce3aep: ceMi3AiK, MeTabOANKAABIK CUHAPOM, CIIOPTTHIK MEANIINHA, JeHe CaAMaFbIHbIH MHAEKCI.
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Abstract

According to recent research, approximately 31.2% of adults in Kazakhstan are affected by obesity, whereas
international observers report a prevalence of 23.5%. The obesity rate among the adult population in Kazakhstan is
comparable to that of other Central Asian countries and demonstrates a steady upward trend, underscoring the
relevance of further investigation. The objective of the present study was to assess the prevalence of metabolic syndrome
and obesity among the population of Almaty. Retrospective and prospective anonymized patient data were obtained
from two sources: the Almaty Sports Medicine Center (S) and Polyclinic No. 6 of Almaty (P). The study period covered
the years 2021-2025. The final sample included data from 1,244 patients of the Sports Medicine Center and an additional
73 patients from Polyclinic No. 6, aged 20 to 70 years. The following parameters were analyzed for all participants: date
of examination, age, sex, height, body weight, and body mass index (BMI). Statistical processing and comparative
analysis were performed using GraphPad Prism (version 10.0) and Microsoft Excel 2021. The proportion of patients
with obesity among athletes was 38%, compared to 61% among patients from the polyclinic. A relatively high
proportion of overweight individuals (38%) was observed among young athletes, particularly among men. In contrast,
among the general population, obesity was more prevalent among women. These findings highlight the need for further
studies in older age groups, involving additional medical centers and employing more advanced methods for assessing
metabolic disorders.

Keywords: obesity, metabolic syndrome, sports medicine, body mass index.
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