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QUALITY OF LIFE AFTER SURGICAL TREATMENT OF AORTIC VALVE

DISEASE: THE ROLE OF CLINICAL FACTORS AND REINTERVENTIONS
Kayumov Arrabek Ravshanovich
ORCID:0000-0003-4587-7271,

“Medion Innovation” Private Clinic Tashkent, Uzbekistan, PhD, Cardiac Surgeon,
Arab_0505@mail.ru
Maksud Arifovich Saidov
ORCID:0000-0001-9266-3511,

MD, DSc — Director, National Medical Center
Yuri Semyonovich Sinelnikov
ORCID:0000-0002-6819-2980,

MD, DSc — “Medion Innovation” Private Clinic
Kurbanova Sitora Chingizovna
ORCID:0009-0003-3367-3762,

Eurasian Multidisciplinary University, Tashkent, Uzbekistan, student

Abstract. This study presents the results of an assessment of factors associated with quality of
life in patients during long-term follow-up after surgical treatment of aortic valve disease. A decrease
in PedsQL scores was associated with reinterventions, a higher functional class of heart failure, long-
term anticoagulant therapy, severe aortic valve regurgitation, recurrent hospitalizations, and an
increased transvalvular gradient. The presence of reinterventions was identified as the most significant
independent factor associated with reduced quality of life. A longer time since surgical treatment was
associated with improved quality of life.

Keywords: quality of life, PedsQL, aortic valve, reinterventions, heart failure, anticoagulant
therapy, recurrent hospitalizations.

KAYECTBO KHU3HH MNOCJIE XUPYPTHUYECKOI'O JIEYEHUS 3ABOJIEBAHUI
AOPTAJIBHOTI'O KJIATTAHA: POJIb KIMHNYECKHUX ®AKTOPOB U ITOBTOPHBIX
BMEIIATEJBCTB
Kawomos Appabex PaBmianoBu4
ORCID: 0000-0003-4587-7271
Yacrras kaunuka «Medion Innovationy, TamkenT, Y30ekucran
PhD, kapauoxupypr
E-mail: Arab_0505@mail.ru
CaunoB Makcyn ApudoBuy
ORCID: 0000-0001-9266-3511
JOKTOp MenuIuHCKUX Hayk (DSC), mupektop HannoHabHOTO MEIUIIMHCKOTO IICHTpa
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CunenbnuxkoB IOpuii CeménoBnyu
ORCID: 0000-0002-6819-2980
nokTop MenuimHckux Hayk (DSc), yactnas kiuauka «Medion Innovationy
Kyp6anoBa Curopa UnHrusoBHa
ORCID: 0009-0003-3367-3762
EBpaswuiickuii MHOTONIPOUILHBIN YHUBEpCUTET, TalKkeHT, Y30€eKUCTaH, CTyACHTKA

AHHoTanus. B pabore mpejacraBieHbl pe3yibTaThl OLIEHKH (PAaKTOPOB, ACCOLMMPOBAHHBIX C
Ka4yeCTBOM JKM3HU ITALIUEHTOB B OTJAJICHHOM IIEPUOJE IIOCIE XUPYPrUYECKOro JICYEHUs M1aTOJIOTUU
AOpTAJBHOrO KJalaHa. YCTaHOBICHO, 4YTO CHIDKCHHE mokasareneii PedsQL cBszano ¢
peuHTepBeHIUAMH, BbICOKMM DK cepaedHON HEAOCTaTOYHOCTH, ITOCTOSIHHOW AHTHKOATYJISIHTHOU
Tepanuel, BBIpa)KEHHON HEJOCTaTOYHOCTBIO a0PTaIbHOIO KJlallaHa, IOBTOPHBIMYU FOCIIUTAIN3ALUAMU
M TIOBBIIICHWEM TPAHCKJIAMIAHHOTO TPaJUeHTa. 3HAUYUMBIM HE3aBUCHUMBIM (DAKTOPOM SIBISIIOCH
HaJIMYUe PEUHTEPBEHLMHA. YBEIMUYEHUE CPOKA II0CIE XUPYPIUUECKOTO JICYEHHS aCCOLMMPOBAIOCH C
YIY4UIEHUEM KauyeCTBA KU3HMU.

KioueBble cioBa: kadecTBO Jku3HH, PedsQL, aoprambHbId KiamaH, pPEHHTEPBEHIIUH,
ceplieyHasl HeJOCTaTOYHOCTh, AHTUKOATyJITHTHAS TEPANus, IOBTOPHBIE TOCIIUTAIN3ALIUN.

AORTA QOPQOG*I KASALLIKLARINI JARROHLIK YO*‘LI BILAN DAVOLASHDAN
KEYINGI HAYOT SIFATI: KLINIK OMILLAR VA TAKRORIY ARALASHUVLARNING
O*‘RNI
Kayumov Arrabek Ravshanovich
ORCID: 0000-0003-4587-7271
“Medion Innovation” xususiy klinikasi, Toshkent, O°zbekiston
PhD, kardiojarroh
E-mail: Arab_0505@mail.ru
Saidov Maksud Arifovich
ORCID: 0000-0001-9266-3511
tibbiyot fanlari doktori (DSc), Milliy tibbiyot markazi direktori
Sinelnikov Yuri Semyonovich
ORCID: 0000-0002-6819-2980
tibbiyot fanlari doktori (DSc), “Medion Innovation” xususiy klinikasi
Kurbanova Sitora Chingizovna
ORCID: 0009-0003-3367-3762
Yevroosiyo ko‘p tarmoqli universiteti, Toshkent, O‘zbekiston, talaba

Annotatsiya. Ishda aorta qopgog‘i patologiyasini jarrohlik yo‘li bilan davolashdan keyingi uzoq
muddatli davrda bemorlarning hayot sifatiga ta’sir etuvchi omillarni baholash natijalari keltirilgan.
PedsQL ko‘rsatkichlarining pasayishi reintervensiyalar, yurak yetishmovchiligining yugori funksional
sinfi, doimiy antikoagulyant terapiya, aorta gopgog‘ining yaqqol yetishmovchiligi, takroriy
gospitalizatsiyalar va transklapan gradientning oshishi bilan bog‘ligligi aniglandi. Eng muhim mustagil
omil reintervensiyalarning mavjudligi bo‘ldi. Jarrohlik davolashdan keyingi muddatning uzayishi
hayot sifatining yaxshilanishi bilan bog‘lig bo‘ldi.

Kalit so‘zlar: hayot sifati, PedsQL, aorta qopqog‘i, reintervensiyalar, yurak yetishmovchiligi,
antikoagulyant terapiya, takroriy gospitalizatsiyalar.

Introduction
Advances in surgical techniques for the treatment of congenital aortic valve (AV) defects have
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resulted in improved early and long-term outcomes. However, the effectiveness of surgical treatment
cannot be assessed solely on the basis of survival rates, hemodynamic parameters, and the incidence
of postoperative complications [1]. During long-term follow-up, increasing importance is placed on
the patient’s quality of life (QoL), which reflects physical, psychoemotional, and social functioning,
the ability to pursue education and achieve social adaptation, as well as the patient’s subjective
perception of the consequences of the treatment received [15,17].

Even in the presence of a satisfactory anatomical outcome following surgical correction, factors
may persist or additional factors may emerge during long-term follow-up that can substantially limit
the patient’s daily activities [1,5]. These include heart failure, residual or progressive aortic valve
dysfunction, the need for repeat surgical or endovascular interventions, recurrent hospitalizations, and
long-term pharmacological therapy [4]. The need for continuous anticoagulant therapy, in addition to
the risk of hemorrhagic complications, imposes a lifelong requirement for regular coagulation
monitoring and adherence to treatment-related restrictions, which may contribute to an additional
therapeutic burden and affect the patient’s daily life [9,11,13,16].

Thus, during long-term postoperative follow-up after surgical correction of congenital aortic
valve defects, the study of factors determining quality of life is important not only for assessing the
outcomes of surgical treatment but also for identifying appropriate strategies for subsequent follow-up
and rehabilitation [8,10,12].

Objective To assess the associations between clinical and functional parameters, as well as the
characteristics of the long-term postoperative course, and various components of quality of life, and to
identify independent factors associated with the overall PedsQL score.

Materials and Methods.

The study included 228 patients who had undergone surgical treatment for aortic valve disease.
A multicenter prospective randomized study was conducted. The analysis was performed at the
following clinical sites: 1. Federal State Budgetary Institution “Federal Center for Cardiovascular
Surgery,” Khabarovsk, Russian Federation; 2. Medion Innovation Medical Center, Tashkent,
Uzbekistan; 3. Federal State Budgetary Institution “E.N. Meshalkin National Medical Research
Center,” Novosibirsk, Russian Federation.

The clinical study protocol was approved by the local ethics committee (Protocol No. 8, dated
August 12, 2016, Medion Innovation Medical Center). The study was conducted from August 2016 to
July 2026. Participant recruitment was completed upon reaching the target sample size, followed by a
mandatory 60-month follow-up period for all participants. The study included adolescents aged 10-18
years.

Inclusion criteria: pediatric patients aged 10-18 years; indications for intervention, defined as a
mean systolic transaortic valve gradient >40 mmHg on echocardiography or severe aortic regurgitation.
Exclusion criteria: severe concomitant extracardiac disease limiting life expectancy; active infectious
complications at the time of the primary intervention; patients younger than 10 years or older than 18
years; patients with a functionally univentricular heart; parental refusal to participate in the study.
Patients who met the eligibility criteria were included in the study and randomized.

The study was based on the results obtained using the generic questionnaire and the cardiac
module of the Pediatric Quality of Life Inventory (PedsQL). The overall quality-of-life score and
individual domains were analyzed, including physical, psychoemotional, and social functioning,
school functioning, communication, perception of physical appearance, and the burden of long-term
therapy. The total score across all questionnaire domains was used to assess the degree of reduction in
quality of life.

The following clinical and functional factors potentially associated with quality of life were
analyzed: functional class of heart failure, mean and peak transaortic valve pressure gradients, presence
of severe aortic valve regurgitation, presence and number of reinterventions, number of recurrent
hospitalizations, long-term anticoagulant therapy, history of bleeding events, and time since surgical
treatment.

Correlation analysis was performed to assess the associations between clinical and functional
parameters and individual PedsQL domains. To determine the independent contribution of the studied
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factors to changes in quality of life, multivariable linear regression analysis was performed.

Statistical analysis was performed using Stata 14. Regression analysis results are presented as
the unstandardized coefficient B, standardized coefficient B, 95% confidence interval (CI), and p-value.

Results

The correlation analysis (Table 1) revealed statistically significant associations between most of
the clinical and functional parameters studied and individual quality-of-life domains. A strong negative
correlation was observed between the need for long-term anticoagulant therapy and the score for the
“treatment burden” domain (r = —0.63; p < 0.001), indicating a substantial impact of long-term
anticoagulant use and the need for regular treatment monitoring on patients’ daily lives.

Table 1. Correlation Analysis of the Associations Between Major Postoperative Factors and
Quality-of-Life Scores

Factor PedsQL domain | r Type of association

Physical -0.55; Moderate; a higher functional
Functional class of heart | functioning p <0.001 class of heart failure was
failure Psychoemotional | -0.52; associated with lower quality of

functioning p <0.001 life and greater anxiety

Physical -0.48; Moderate; higher indicators of
Mean/peak transaortic functioning p <0.001 obstruction were associated with

lower physical activity

valve gradient Communication _0'_28’004 Weak; associated with greater
p="U. difficulty discussing the disease

Physical -0.53; Moderate; severe aortic
Severe aortic valve | functioning p <0.001 regurgitation was associated with
regurgitation Psychoemotional | -0.49; activity limitations and reduced

functioning p <0.001 | social functioning

. N BE. Moderate; the presence of any
Reintervention Ef%’ ((::trilgﬁmotlonal 0;58’001 reintervention was associated with
g p=o greater patient anxiety

School -0.35;

functioning p <0.001 Moderate; repeated interventions
Number of reinterventions | Perception  of | 5. were associated with impaired

physical 0 <0001 concentration and learning

appearance '

Psychoemotional | -0.46; Moderate; more frequent

functioning p <0.001 hospitalizations were associated
Number  of  recurrent with lower psychoemotional well-
hospitalizations -0.22; being

Communication p=0.002 | Weak; associated with greater

difficulty discussing the disease
Strong; the need for regular

Long-term  anticoagulant | Treatment -0.63; treatment monitoring was
therapy burden p <0.001 associated with a greater impact
on patients’ daily lives
Physical -0.48; Moderate; a history of bleeding
. . functioning p <0.001 was associated with  poorer
History of bleeding Psychoemotional | -0.44; physical and psychoem(?tional
functioning p <0.001 functioning
Moderate; a longer time since
Time since surgical | Psychoemotional | +0.31,; completion of treatment was
treatment functioning p <0.001 associated with better quality of
life

A history of reinterventions was moderately negatively correlated with psychoemotional
functioning (r = —0.55; p < 0.001), while an increase in the number of reinterventions was associated
with lower school functioning (r = —0.35; p < 0.001) and poorer perception of physical appearance (r
= —0.33; p < 0.001). The number of recurrent hospitalizations was negatively correlated with
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psychoemotional functioning (r = —0.46; p < 0.001) and the communication domain (r = —0.22; p =

0.002). A history of bleeding was associated with poorer physical functioning (r = —0.48; p < 0.001)

and psychoemotional functioning (r = —0.44; p <0.001). A longer postoperative period was positively

correlated with psychoemotional functioning (r = +0.31; p < 0.001). This finding may reflect gradual

patient adaptation to the consequences of the intervention and a reduction in emotional distress
associated with the disease and its treatment.

Because the presence of a correlation does not, by itself, allow the independent contribution of

each factor to be determined, multivariable regression analysis was subsequently performed (Table 2).

Table 2. Multivariable Linear Regression Analysis of Clinical and Functional Factors

Associated with the Overall PedsQL Score

Factor B B 95% CI for B p
Presence of reintervention -84 | 034 | -11.36,-5.44 <0.001
Functional class of heart failure, per 1 class 47 | -028 |-6.67:—2.73 <0.001
increase

Long-term anticoagulant therapy —7.6 | —0.26 | —10.76; —4.44 <0.001
Severe aortic valve regurgitation -5.9 |-0.22 | -9.65; -2.15 0.002
Number of recurrent hospitalizations, per 13 | =016 |-2.38-0.22 0.019
hospitalization

Mean transaortic valve gradient, per 10 11| =014 | -2.09-0.11 0.029
mmHg increase

Time since surgical treatment, per 1 year | +0.45 | +0.12 | +0.02; +0.88 0.042

A one-class increase in the functional class of heart failure was independently associated with an
average reduction of 4.7 points in the PedsQL score (B = —4.7; B = —0.28; 95% CI, —6.67 to —2.73; p
< 0.001). Long-term anticoagulant therapy was associated with a 7.6-point reduction in the overall
quality-of-life score (B = —7.6; B = —0.26; 95% CI, —10.76 to —4.44; p < 0.001). Severe aortic valve
regurgitation was independently associated with an average reduction of 5.9 points in the overall
PedsQL score (B =-5.9; B =-0.22; 95% CI, —9.65 to —2.15; p = 0.002). Each recurrent hospitalization
was associated with a 1.3-point reduction in the overall PedsQL score (B = —1.3; B =—0.16; 95% CI,
—2.38 t0 —0.22; p =0.019).

An increase in the mean transaortic valve gradient of 10 mmHg was independently associated
with a 1.1-point reduction in the PedsQL score (B = —1.1; B = —0.14; 95% CI, —2.09 to —0.11; p =
0.029). The only factor demonstrating an independent positive association with quality of life was time
since surgical treatment: each additional year after surgery was associated with a 0.45-point increase
in the overall PedsQL score (B = +0.45; p = +0.12; 95% CI, +0.02 to +0.88; p = 0.042).

The presence of reinterventions was associated with statistically significant reductions across all
analyzed quality-of-life domains (Table 3).

Table 3. Quality-of-Life Scores According to the Presence of Reinterventions During Long-
Term Follow-Up

Quality-of-life domain No . Reinterventions Dn_‘ference, p
reinterventions points

Physical functioning 88 [85; 94] 71 [64; 80] —-17 <0.001

Psychoemotional functioning 85 [80; 91] 72 [64; 79] —13 <0.001

Social functioning 90 [88; 95] 81 [72; 85] -9 <0.001

School functioning 85 [78; 91] 70 [64; 79] -15 <0.001

Overall PedsQL score 87 [81; 92] 73 [66; 81] —14 <0.001

Thus, the presence of reintervention was associated with a 14-point reduction in the overall

quality-of-life score (p < 0.001).
Discussion

The findings of the present study are consistent with the available literature, according to which
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the need for repeat interventions is an important factor characterizing the long-term course of the
disease in patients with congenital aortic valve (AV) pathology. A meta-analysis including 20 studies
and 3,808 patients who had undergone surgical correction of congenital heart defects (CHD)
demonstrated that lower quality-of-life scores were associated not only with the complexity of the
defect and the need for pharmacological therapy but also with a history of repeat surgical interventions.
The most pronounced impairments involved physical functioning and treatment-related aspects of
quality of life [8,9].

The findings reported by M.L. Notenboom, R. Rhellab, J.R.G. Etnel, et al. (2023) in a systematic
review and meta-analysis of outcomes after aortic valve repair in children, which included 41 studies
and 2,623 patients, demonstrated a high risk of reintervention during long-term follow-up. According
to the modeling results, the 20-year risk of reintervention after aortic valve repair reached 75.2% in
children with aortic stenosis and 78.8% in children with aortic regurgitation. The authors identified
reintervention as a major challenge in the long-term follow-up of this patient cohort [10].

Thus, the independent association between reintervention and an 8.4-point reduction in the
overall PedsQL score identified in our study complements the available evidence. Whereas the study
by Notenboom M.L. et al. [10] characterizes the high frequency and clinical significance of repeat
interventions after surgical treatment of aortic valve disease, our findings demonstrate their direct
association with patients’ quality of life. Notably, this association remained significant independently
of heart failure functional class, aortic valve status, recurrent hospitalizations, anticoagulant therapy,
and the duration of the postoperative period. The lower scores observed in patients who underwent
reinterventions not only for overall PedsQL but also for physical, psychoemotional, and social
functioning and school functioning are consistent with the findings of Ladak L.A. et al. regarding the
multidimensional nature of quality-of-life impairments following surgical treatment of aortic valve
disease [9]. The largest difference identified in our study 17 points in the physical functioning domain
further highlights the particular vulnerability of the physical component of quality of life in this patient
population. An important finding of our study was the identification of an independent association
between long-term anticoagulant therapy and quality of life. In the correlation analysis, this factor
demonstrated the strongest negative association with the “treatment burden” domain (r = —0.63; p <
0.001), while in the multivariable model, the need for long-term anticoagulant therapy remained
independently associated with a 7.6-point reduction in the overall PedsQL score (f=—0.26; p <0.001).

These findings are consistent with those reported by Bruce A.A.K. et al., who demonstrated that
long-term anticoagulant therapy in children imposes a specific treatment burden and may affect the
quality of life of both patients and their families [4]. In a study by Beacher D. et al. assessing quality
of life in adolescents and young adults after surgical aortic valve replacement, patients with mechanical
prostheses requiring long-term anticoagulation reported significantly greater concern regarding the
need for regular blood tests [5]. Similar findings were reported by Ahmed M.A.M. et al. in their
assessment of PedsQL following heart valve replacement. The authors emphasized that the need for
lifelong warfarin therapy and regular laboratory monitoring represents a potentially important factor
affecting quality of life [2].

Thus, the strong negative association between long-term anticoagulant therapy and the
“treatment burden” domain identified in our study supports the presence of a specific impact of long-
term therapy on patients’ daily lives. Importantly, the persistence of this association in the multivariable
model suggests that long-term anticoagulant therapy may be considered an independent factor
associated with a lower overall quality-of-life score, regardless of the severity of heart failure, aortic
valve status, and the presence of reinterventions.

The hemodynamic characteristics of the AV are also of particular importance. Severe aortic valve
regurgitation was associated with lower physical and psychoemotional functioning and retained
independent significance in the regression model. An increase in the mean transvalvular gradient was
also an independent factor associated with a lower PedsQL score. A study by Zhang W. et al. (2026)
likewise demonstrated that even an initially satisfactory outcome after aortic valve repair does not
preclude subsequent progression of valvular dysfunction. In patients with isolated aortic stenosis, a
higher baseline peak gradient was an independent predictor of an unfavorable long-term outcome [17].
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Thus, our findings complement previous studies in which residual or progressive aortic valve
dysfunction was considered primarily in terms of the risk of reintervention and valve-related adverse
events. The independent association between severe aortic valve regurgitation and a 5.9-point reduction
in the overall PedsQL score, together with a 1.1-point reduction in PedsQL for every 10-mmHg
increase in the mean transvalvular gradient, indicates that hemodynamic aortic valve dysfunction is
relevant not only to clinical prognosis but is also directly associated with patients’ quality of life.

Time since surgical treatment was the only factor demonstrating a positive association with
quality of life. The positive correlation with psychoemotional functioning was accompanied by an
independent increase of 0.45 points in the overall PedsQL score for each additional year after surgery.
This finding may reflect gradual physical and psychosocial adaptation to the surgical intervention and
the associated changes in lifestyle. However, the available literature regarding the effect of the duration
of the postoperative period on quality of life is inconsistent. The findings of the study by Tahirovi¢ E.
(2011) demonstrated that persistent impairments in individual quality-of-life components during long-
term follow-up were associated with impaired physical, psychosocial, and school functioning [14]. In
a study by Ladak L.A. et al., which included 129 patients, quality-of-life scores remained lower than
those of healthy peers despite a substantial duration of postoperative follow-up. Quality of life was
associated with the clinical severity of the disease, repeat surgical interventions, and the need for
pharmacological therapy [8,9]. Thus, the independent positive association between the duration of the
postoperative period and PedsQL identified in our study is of particular interest. Each additional year
after surgical treatment was associated with a 0.45-point increase in the overall PedsQL score (B =
+0.12; p = 0.042). These findings may suggest gradual patient adaptation to the consequences of
surgical treatment; however, given the observational nature of the study, this association should be
interpreted as an association rather than evidence of a causal effect of time since surgery on quality-
of-life recovery.

Taken together, the results indicate that quality of life represents an independent and clinically
meaningful criterion for assessing the long-term outcomes of surgical treatment of aortic valve disease.
Quality of life is shaped by several interrelated components, including the patient’s functional status,
residual aortic valve dysfunction, the need for repeat interventions and hospitalizations, and long-term
pharmacological therapy.

Conclusion

1. The analysis revealed statistically significant associations between quality-of-life measures
and the major clinical and functional characteristics of the long-term postoperative period. A strong
correlation between long-term anticoagulant therapy and treatment burden (r = —0.63; p < 0.001),
higher functional class of heart failure, severe aortic valve regurgitation, reinterventions, recurrent
hospitalizations, and bleeding events were associated with deterioration in various components of
quality of life.

2. According to the multivariable analysis, the presence of reinterventions was the most
significant independent factor associated with a lower overall PedsQL score (B =—8.4; p =—0.34;p <
0.001). Patients who underwent reinterventions had an overall PedsQL score 14 points lower than
patients without repeat interventions: 73 [66; 81] versus 87 [81; 92] points (p < 0.001). This impairment
affected physical, psychoemotional, and social functioning, as well as school functioning.

3. According to the study findings, a longer time since surgical treatment was the only
independent factor positively associated with PedsQL, which may reflect gradual patient adaptation
during long-term postoperative follow-up.
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AHHOTauusi. BoccraHoBieHHE  KOCTHBIX  J1e()EKTOB  HW)KHEH  YENIOCTH  SIBISETCS
(yHIAMEHTaJIbHBIM JTAallOM HpPHU KOMIUICKCHOM peaduiIMTaluy MalUeHTOB OpPTONEAUYECKHUMHU
KOHCTPYKIIUSIMH C OIOPOM Ha JCHTaIbHBIE WMMIUIAHTAThl. HemocTaToyHblii 00BEM KOCTH,
BO3HUKAIOIIUK BCIEACTBUE MOTEpH 3yOOB, TpPaBMATUYECKUX BO3JEHCTBUH, OHKOJOTMYECKUX
3a00JIeBaHUN WM JUTUTENBHBIX BOCIIAIUTEIBHBIX MPOIIECCOB B YEIIOCTHO-TMIIEBON 00JIACTH, CO3/1aeT
3HAYUTENbHbIE TPYIHOCTU [UId CTaOWJIBbHOW (UKCAlMM HMIUIAHTAaTOB 0e€3 Ipe/BapUTEeIbHOrO
BOCCTAHOBJICHHSI yTpauy€HHOro o0beMa KOCTU. TpaauliiOHHbIE METO/Ibl BOCCTAHOBJIEHUS! KOCTHOM TKaH!
C HCIIOJIb30BAaHUEM AayTOTPAHCIUIAHTATOB, KCEHOTCHHBIX M aJUIOTEHHBIX MaTEpUaJIOB OIPaHUYEHbI
00BEMOM JIOCTYITHOM TKaHH U PUCKOM OCIIOHEHHH. C y4eTOM COBPEMEHHBIX JOCTH)KEHHUI B 00J1aCTH
OMOTEXHOJIOTUH Bce Oojiee MEPCIEKTUBHBIM HAIIPABJICHUEM CTAaHOBUTCS Pa3paboTKa TPEXMEpHBIX
TKaHEUHKEHEPHBIX OCTEOIIACTUYECKUX MATEPHAIOB. TpexMepHble KOHCTPYKIIMH CO3/IAF0TCS IIyTEM
HanpaBiIeHHONW MU HEPEeHIIMPOBKI ME3CHXUMAIbHBIX CTBOJIOBBIX KJIETOK B JIJAOOPATOPHBIX YCIOBUSX
(in vitro), mo3Bosis GopMHPOBATH MOJHOUCHHYIO, (DYHKIMOHAIBHO AKTHBHYH) KOCTHYIO TKaHb C
BBICOKUM DPEreHEepaTOpHbIM IOTEHLUAIOM, YTO CHOCOOCTBYET YCKOPEHHOMY U KayeCTBEHHOMY
BOCCTAQHOBJICHUIO YTPAYECHHBIX KOCTHBIX CTPYKTYpP YEIIOCTH. B 3KCIIEpUMEHTaIbHOM MCCIIEIOBAHNUN
Ha 90 KppIcax, IPU BOCCTAHOBJIEHUU KOCTHBIX J€(PEKTOB HUKHEH YENIOCTH TKAaHEHHXEHEPHBIMU
TPaHCIUIAHTAaTaMU:  XOHJAPOTPAHCILUIAHTaTOM M OCTEOTPAHCIUIAHTATOM  YCTAaHOBJIEHO,  YTO
XOHJIPOTPAHCIUIAHTAT HE MHAYLUMPOBAI IPOLECCHl OCTEOreHe3a, TOrJa Kak IIPUMEHEHHE
OCTEOTpaHCIUIaHTaTa o0ecneurnBago (OPMUPOBAHHE HOBOW KOCTHOM TKaHHM C MOCIEIYIOIIMM €€
peMOETMPOBAHUEM U CTPYKTYpHOW opraHuzanueil. Takum o0Opa3om, HCClieOBaHUE MOATBEPKIAET
MEPCIIEKTUBHOCTh MCMOJIb30BAaHUSI OCTEOTPAHCIIAHTATOB JJIi BOCCTAHOBJIEHHUS! KOCTHBIX JE€(EKTOB
HIDKHEU YEJIOCTH B YEIIFOCTHO-JIULEBOU XUPYPIHUH.

KuroueBble cjioBa: perenepanust KOcTH, 1e(eKT KOCTH, TKaHeBasi MHKEHEPUSI
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Abstract. Reconstruction of mandibular bone defects is a fundamental stage in the
comprehensive rehabilitation of patients with prosthetic structures supported by dental implants.
Insufficient bone volume, resulting from tooth loss, traumatic injuries, oncological diseases, or
prolonged inflammatory processes in the maxillofacial region, creates significant challenges for the
stable fixation of implants without prior restoration of the lost bone volume. Traditional methods of
bone tissue regeneration using autografts, xenogenic, and allogenic materials are limited by the
availability of donor tissue and the risk of complications. Considering modern advances in
biotechnology, the development of three-dimensional tissue-engineered osteoplastic materials is
becoming an increasingly promising approach. These three-dimensional structures are created through
the directed differentiation of mesenchymal stem cells under laboratory conditions (in vitro). allowing
for the formation of complete, functionally active bone tissue with high regenerative potential, which
facilitating accelerated and high-quality restoration of lost bone structures. In an experimental study
on 90 rats, during the reconstruction of bone defects defects of the lower jaw with tissue-engineered
transplants: chondrotransplant and osteotransplant, it was found that the chondrotransplant did not
induce osteogenesis processes, whereas the use of osteotransplant ensured the formation of new bone
tissue with its subsequent remodeling and structural organization.

Thus, the study confirms the promising potential of using osteotransplants for the reconstruction
of mandibular bone defects in maxillofacial surgery.

Key words: bone regeneration, bone defect, tissue engineering
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Annotatsiya. Pastki jag® suyak nugsonlarini tiklash tish implantatlariga tayanuvchi ortopedik
konstruksiyalar yordamida bemorlarni kompleks reabilitatsiya gilishning muhim bosgichlaridan biri
hisoblanadi. Tishlarning yo‘qolishi, travmatik shikastlanishlar, onkologik kasalliklar yoki yuz-jag*
sohasida uzoq davom etuvchi yallig‘lanish jarayonlari natijasida yuzaga keladigan suyak hajmining
yetishmovchiligida avval suyak hajmini tiklamasdan turib implantatlarning barqgaror fiksatsiyasini
ta’minlash jiddiy qiyinchiliklar tug‘diradi. Suyak to‘qimasini tiklashning an’anaviy usullari, ya’ni
autotransplantatlar, ksenogen va allogen materiallardan foydalanish donor to‘qima hajmining
cheklanganligi hamda asoratlar xavfi bilan chegaralangan. Zamonaviy biotexnologiya yutuglarini
hisobga olgan holda, uch o‘lchamli (3D) to‘qima muhandisligi asosidagi osteoplastik materiallarni
yaratish istigbolli yo‘nalishlardan biri bo‘lib bormoqgda. Ushbu uch o‘lchamli konstruksiyalar
mezeximal ildiz (stem) hujayralarning laboratoriya sharoitida (in vitro) yo‘naltirilgan
differensiyalanishi orgali yaratiladi. Bu esa yuqori regenerativ salohiyatga ega, funksional jihatdan faol
suyak to‘qimasini shakllantirish imkonini beradi va yo‘qotilgan suyak tuzilmalarining tez hamda sifatli
tiklanishiga xizmat giladi. 90 ta kalamushda o‘tkazilgan eksperimental tadqiqotda pastki jag® suyak
nugsonlarini to‘qima muhandisligi asosidagi transplantatlar, ya’ni xondrotransplantat va
osteotransplantat yordamida tiklash jarayonida aniglanishicha, xondrotransplantat osteogenez
jarayonlarini induksiya qilmagan, aksincha osteotransplantatdan foydalanish yangi suyak
to‘qimasining hosil bo‘lishi, keyinchalik uning remodellanishi va strukturaviy tashkil topishini
ta’minlagan. Shunday qilib, tadqiqot natijalari pastki jag® suyak nugsonlarini tiklashda
osteotransplantatlardan foydalanish yuz-jag* jarrohligida istigbolli yo‘nalish ekanligini tasdiglaydi.

Kalit so‘zlar: suyak regeneratsiyasi, suyak nugsoni, to‘qima muhandisligi

AKTYa/1bHOCTH

B coBpeMeHHOH YeNtoCTHO-IMILEBOM XUPYPrUM OJHOM W3 Hanbojee aKTyalbHbIX BOIPOCOB
OCTaeTCsi BOCCTAaHOBJIEHUE KOCTHBIX Je(EeKTOB, BO3HUKAIOIIMX IIOCJIE TPaBM, BOCHAIUTEIbHBIX
IIPOLIECCOB, PaJUKaJIbHBIX XHPYPrUYE€CKMX BMEIIATENbCTB M BPOXKIAEHHBIX aHomaynmi [1, 2].
TpaguionHble MeToOAbl pereHepaluuu JePEeKTOB KOCTHOW TKaHH, Takue KakK MCIOJIb30BaHHUE
ayTOTPAHCIUIAHTAaTOB, KCEHOT€HHBIX U aJUIOI€HHBIX MaTepUalIOB, OTPaHUYEHBI 00bEMOM JJOHOPCKOM
TKaHU U COIPSIKEHBI ¢ PUCKOM MMMYHOJIOTHYECKUX Y BOCIIAJIMTENIbHBIX OCJIIOKHEHUN. B CBsA3M ¢ 3THM
MIOUCK HOBBIX, 3((HEKTUBHBIX M O0€30MACHBIX MOJXOJ0B K BOCCTAHOBJIEHHIO KOCTHBIX J1€()EKTOB
nprodperaeT 0coOyro 3HaYMMOCTh [3].

B mnocnennue roxel oco0oe BHUMAHUE YAETSAETCS Pa3BUTHIO KIIETOYHBIX TEXHOJIOTHH,
OCHOBaHHBIX Ha TPUMEHEHUH Me3eHXUMaJbHbIX CTBOJOBBIX KieTok (MCK), o6mnanaronmx
CrocoOHOCTBIO K muddepeHIrpoBke U camoooHoBIeHHIO [4]. Ocoboe BHHUMaHHE HAMpPaBICHHO HA
MCK, nonyuyeHHbIE W3 >KUPOBOW TKaHM, Onarojiapsi psily YHUKaJIbHBIX CBOWCTB. JKupoBas TKaHb
OTJIMYAETCS BBICOKOM JOCTYNHOCTBIO, OOraTol BacKyJIIpuU3allUeld M COJAEPKUT 3HAUUTEIIBHOE
koinuectBO MCK B 3KBUBaJEHTHOM OOBEME MO CPAaBHEHHIO C KOCTHBIM MO3IOM. DTO MO3BOJISET
MoJTyyaTh KJIETOYHBIA MaTephajl MEHee HMHBAa3MBHBIM CIIOCOOOM, YTO CHMKAeT TPaBMATUYHOCTh
nporeaypsl s narueHta. MCK w3 XupoBoMl TKaHM 00JaJal0T BBIPAXKEHHBIM OCTEOTCHHBIM
MOTEHIHAJIOM: CITIOCOOHBI T hepeHInpPOBaTHCS B 0CTEO0IACTHI, CTUMYJINPOBATH 00pa30BaHIE HOBOM
KOCTHOM TKaHH, YJIy4llaTh €€ IUIOTHOCTh M Mopdoioruto. Kpome TOro, 3T KJI€TKH BBIAEISIOT
OMOJIOTUYECKH aKTHUBHBIE BEIIECTBA, CIOCOOCTBYIOIIME pEreHepaii U peMOICIMPOBAHNIO KOCTHOM
TKaHH, a TaKXke 001a7al0T IMMYHOMOTYIMPYIOIMMH CBOMCTBaMM, YTO CHIKAET PUCK BOCHAIUTEIBHBIX
peaxkiwii [5].

[Irpokue ropu30HTHI B JIEYEHHH KOCTHBIX JIE(PEKTOB OTKPHIBAIOT TKAHEUHKEHEPHBIE KOHCTPYKLIUH.
3a cyeT NpUCyTCTBUS KU3HECTIOCOOHBIX KJIETOK M OMOJIOTHYECKH aKTUBHBIX (DAKTOPOB TKaHEUHKEHEPHBIE
TPAHCIIAHTATHI CTUMYJIMPYIOT IPOLIECCHI OCTEOT€HE3a, AaHTMOTEHE3a U PEMOJCIIMPOBAHNs KOCTHOM TKAaHH,
YTO TI03BOJSIET 3HAUUTENIBHO COKpPAaTUTh BpEMsi BOCCTAaHOBJICHHA Je(eKTa IO CpPaBHEHHIO C
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TpaIUIIMOHHBIMU MeTOoamH [6].

Leap MccieoBaHust: OLEHUTh MOP(OreHe3 pereHepaluy HUKHEH 4YeIIOCTH Yy KpbIC IHOcie
3aMelIeHusl 1e()eKTOB TKAHEMH)KEHEPHBIMU XOHJIPOTPAHCIUIAHTATOM W OCTEOTPAHCIUIAHTATOM B
HKCHEPUMEHTAIBHOM UCCIIEJOBAHUY.

MaTtepuajibl 1 MeTOABI

HccnenoBanue BeIONMHEHO Ha BbIOOpKe U3 90 kpbic-camiioB Jmauu Wistar (Bo3pact 3 mecsina,
Bec 300+20 r1). MaHuUmynsimuM TPOBOAUINCH C COONOJIEHUEM OHOITUYECKUX MPHUHIIUIIOB,
3aKpeIUIEHHBIX B XEIbCUHKCKOM JeKJIapallud U HOPMAaTUBHBIX AOKyMeHTax P®, perynupyrommx
oOparnieHue ¢ 1abopaTOPHBIMHU JKMBOTHBIMU. JKMBOTHBIE OBLTH pacrlpesieieHbl Ha TpU Tpymnibl. B
ONIEPALlMOHHOM 30HE yIJla HW)KHEH 4YeIIOCTH II0C]Ie PACCeUeHUs] MATKMX TKaHe M OTCIOWKU
KEBATEIbHOM MBI CO3aBaJICsl HWIMHAPUYECKHd aedekt auamerpom 2,5 MM. B mepBoii rpynme
MI0JIOCTh 3AMOJHSIIACh TPEXMEPHBIM XOHIPOTPAHCIUIAHTATOM, BO BTOPOl — OCTEOTPaHCIUIAHTATOM,
M3TOTOBJICHHBIM [0 3alaTeHTOBAHHOW METOJWKE, a B TPEThEH TpyIIe 3aKUBJICHUE MPOTEKAIIO
€CTECTBEHHBIM ITyTE€M [0/l OPraHU30BAHHBIM KPOBAHBIM crycTkoM. [locne omepauuu exeaHEBHO
MOHUTOPWIIN COCTOSTHUE KUBOTHBIX, 9BTaHa3upoBayik Ha cpokax 14, 30, 90 u 180 cyTku, mociue 4ero
U3bIMaIM  o0pa3lbl KOCTHOM TKaHM, MpPOBOAWIM Mopdonornyeckue, MophoMeTpUyecKHe
uccnenoBanus. llomydeHHbIe [aHHBIE pPE3YJIbTaTOB WCCIENOBAaHHUS 00padaThlBAIM METONAMHU
OINMCATEIbHOM CTATHUCTUKHU C HCHOJIB30BAHHMEM KpuTepuss MaHHa—YUTHM JIi MEXIPYIIOBBIX
CpaBHEHU, aHaM3 npoBoaAwIK B mporpamme IBM SPSS Statistics.

XoHJpaTpacIulaHTaT, NOJIY4YeH METOJOM KYyJIbTUBUPOBaHMS XOHAPOOIACTOB, U3BJICUECHHBIX U3
MO03BOHOYHHKA HOBOPOXJICHHOTO MHUHH TIOPOCEHKA 10 3alaTeHTOBaHHOM MeToauke [7]. OCHOBHBIMU
KOMIIOHEHTaMHU TpaHCIUIAHTaTa SIBJIAIOTCS XOHAPOOJIACTBI, HAXOJAIIMEcs Ha pa3HOM CTaauu
i epeHIIMPOBKH U BHEKJIETOYHBIN MaTPHKC.

OcteoTpaHCIIaHTAaT MOJMyYeH IyTeM HHIYLUPOBAHHUS OCTEOTeHHOM U depeHIMPOBKU
MPEIBAPUTEIIFHO  KYJIBTHUBUPOBAHHOTO  XOHJIPOTPAHCIUIAaHTaTa B  TEYCHHWE TPEX  HEJelb.
KynpruBupoBanue ocymiectBisuin B cpene DMEM/F12, nononuennoit 15% »smOpuoHanmbHON
TeIsYbe CHIBOPOTKOW, aHTHMOMOTHKAMH (NMEHULWIJIMH M CTPENTOMUIMH), amdorepunuHoMm B, a
TaKXXe OCTEOreHHbIMU Jo0aBkamu: B-rauuepodocdarom (10 mmonb/m), nexcamerazoHoMm (100
HMOJIB/T) U ackopOuHOBoM kuciotoi (0,2 mmonb/im). IlodydyeHHBIH OCTEOTpaHCIUIAHTAT
XapaKTepU30BaJICS HAJIMYMEM OCTEOT'€HHBIX KIIETOK Ha PAa3HbIX CTaluAX TU(PGEPEeHIIMPOBKH, a TaKXKe
COOCTBEHHBIM BHEKJIETOUYHBIM MATPHUKCOM. B cocraBe MaTpukca ONpPENeNsuiuch BE3UKYIIBI,
coJiepKallie TIpaHyjbl IIET0YHOM ¢ocdaTaspl, KotareH | THMa W COCYIUCTBIE 3JEMEHThI, 4TO
CBUJETEIBCTBYET O POPMUPOBAHUU (PYHKIIMOHAIBHO aKTUBHOM KOCTHOM TKaHH [9].

PesyibTarhl

Yepes 14 cyTok mocie TpaHCIUIAaHTALMM XOHAPOTPAHCIUIaHTaTa B 00JacTh JedeKTa HUKHEH
YETIOCTH MOP(HOIIOTHIECKH OIPENENSIOTCS KPYITHBIE KIETKA ¢ OOMIBHON IUTOIUIA3MON U MEITKUMHU
AJIpaMH, COOTBETCTBYIOIIME IO CTPOEHHUIO XOHApouuTaM. B obnmactu nedexra BU3yalM3UPYIOTCS
€IMHUYHBIC MHOTOSICPHBIC THTAHTCKUE KJIETKH, YYAaCTKH HEKPO3a M O0Yard IpaHy LIIIMOHHON TKaHH.
[Ipu3Haku ocTeoreHesa He ONPEACIAIOTCS Ha JaHHOM Cpoke HaOmojeHus (pucyHok la). Ha
MOCJIENYIONUX cpokax HaOmroneHus skcnepumenta: 30, 90 u 180 cyrok 30Ha medexTa 3amosHEeHa
IpaHyJSIMOHHON TKaHBIO pa3jIMYHON CTENEHM 3pesocTH. B psne ciydaeB HaOmojaercs oyaronas
muMQounaHas THOWIBTPALUS C EANHUIHBIMHA HEUTPOPHIEHBIMY JIeHKoMTaMu. Ha mpoTskeHuH BCero
nepuosia HaOMIONEHUS OCTEOTeHHAs peaklus He OINpeleNseTcs, 4YTO MOATBEepPXKIAeTCs
MoponoruueckuMu JaHHBIMU (pUCYHOK 1 O, B, T).
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Pucynok 1. 3oHa nedekra KOCTH, 3aIOJTHEHHOTO XOHIPOTPAHCIUIAHTATOM: a - Yepe3 14 aHe, O -
yepes 30 auel, B - uepes3 90 aHeid, T - yepe3 180 qHei, okpacka reMaTOKCHIIMH — S03MHOM, X200

UYepes 14 cyTok mocie TpaHCIUIAaHTAIlMK OCTEOTPAHCIUIaHTaTa Ae(eKT HUKHEH YeIOCTH 3aroHeH
TpaHcIutanTatoM. Bokpyr nedekra copmupoBaHa Karcysiia U3 pbIXJIOH BOJOKHHUCTON COEAMHUTEITHHOMN
TKaHu. B oOmacty TpaHcmiaHTata HaOMOAAIMCh HEOOMNBIIME YYaCTKM paspylIeHHs KOCTHBIX OallokK,
HE3HAYMTENILHOE KOJIMYECTBO HEUTpOoPuiIoB. B okpyxaroiielt KOCTH HIKHEW YeltOCTH BIABIsUIAch cIabo
BBIp&)KEHHAs! IepUOCTaIbHAsA peakiys (pucyHok 2a). [1pu ananu3ze gaHHBIX MOpGOMETPUM KOCTH yepes3 14
CYTOK KOJIMYECTBO OCTEOT€HHBIX KJIETOK COCTaBIsUI0 — 4,2, KOJIMYECTBO COCYJOB Ha JTAHHOM CpOKE
HaOymoeHust coctaBisio - 4,57 (tabmuma 1). Ha 30-if neHb skcrnepuMeHTa B 30HE TpPaHCIUIAHTALMU
chopMHpoBaHa TPUMHUTHBHAs KOCTHas TKaHb OajoyHoro crpoeHus. Ilomocte nedekra 3armosHeHa
HE3HAUUTENIbHBIM  KOJIMYECTBOM KJIETOK BOCHAIUTEIBHOTO HHGUIBTpaTa, BKIOYas JUM(OLMTHL,
Makpodaru, 303MHOGWIBI M IUIa3MaTHUECKHE KIETKU. Bronb BHyTpeHHEW NOBEpXHOCTH JedeKTa
o0pa3oBaiach BacKyJISIpH30BaHHAs COEAWHUTENbHAs TKaHb, B KOTOPYIO aKTUBHO BHENPSIIMCH KOCTHBIE
Oanku ¢ cocyaucThIMU KaHajmaMu. KocTHble Oanku OKpY»EHbI MPOIU(pEPUPYIONIMMHU OCTE00JIaCTaMy,
PACMONIOAKEHHBIMU B IUIOTHBIX PAAX, a MEXy OalKkaMU HaXOIUJIOCh MHOXKECTBO COCYJIOB C 3JIEMEHTaMU
kpoBu. [Iporecc pereneparyiv KOCTHOM TKaHM HaOJIOAJICS 110 BceMy NepUMeTpy JedekTa (pucyHok 20).
ITo pesynbratam MopdomeTpudeckoro aHaimsza Ha 30 CyTkM 3a(UKCHPOBAHO CTATHCTUYECKH
3HAYMMOE YBEJIMYECHUE KOJIMYECTBA OCTEOT€HHBIX KJIETOK B 1,4 paza u konnmdecTBo cocyaoB B 1,14 pa3za
[0 CPAaBHEHMIO C MOKAa3aTeIsIMM, MOJyYeHHBIMH Ha 14-e CyTKM. YKa3aHHBIE 3HAU€HHs SBISUTUCDH
MaKCUMaJbHBIMU 32 BECh IMepuoja HaOJIOJEHHs, YTO CBUIETENILCTBYET O MHKE pernapaTUBHBIX
IpoLeccoB B uccieayeMoi Tkanu. K 90-My 1Hr0 30Ha TpaHCIUIaHTalMK ObLla 3al0JIHEHa KOCTHOM TKaHbIO,
XapaKkTepHOU JJIsl TaHHOW oOyacTé (pUCYHOK 2B). MopdomeTprueckuil aHamu3 MoKa3al CHU)KEHUE
KOJINYEeCTBAa OCTEOTEHHBIX KJIETOK B 1,2 pa3a W yMeHbIIEHHE IUIOTHOCTH cocynoB B 1,8 pasa mo
CpaBHEHHIO C MokazarensiMu Ha 30-e¢ CyTKH. OTH HM3MEHEHHs CBUAETEIbCTBYIOT O 3aBEpIICHHU
aKTUBHOM (a3bl pemapaTMBHON pereHepanuu ¥ (HOpPMUPOBAHMM (YHKIMOHAIBHO IOJHOLIEHHON
koctHOM TKaHu. Ha 180-i nenp B oOnactu nedexra chopmupoBaiack 3penasi ryduyarasi KOCTHasI TKaHb C
MHEJIOUIHBIM KOCTHBIM MO3TOM B MEKOAIOYHBIX NPOCTPAHCTBAX (PUCYHOK 2r), MOKa3aTellb KOJINYeCTBA
OCTEOTEHHBIX KJIETOK yMEHbIIWICS B 1,3 pa3a, mokaszaTesb KOJMYECTBA COCYJ0B YMEHbIIUICA B 1,96
pa3a OTHOCHTEIBHO cpoka 90 mHel HaOIroAeHUs U JOCTUT MUHUMAJIBHOTO 3HAYEHUS! OTHOCUTEIBHO
BCET0 CpOKa IKCTepUMeHTa. (Tabmuma 1).
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Pucynok 2. 3ona nedexra KOCTH, 3a1I0JTHEHHOTO OCTEOTPAHCIUIAHTATOM: a - yepe3 14 nuHeid, 0 - uepes

30 nHeit, B - uepe3 90 qHel, r - uepe3 180 aHel, okpacka reMaTOKCHMIIMH — 303UHOM, X200
Tabnuua 1. Mopgpomempuueckue nokazamenu KOCmMHOU MKAHU 8 ZDYRNE C 3aMeujeHUeM
dehekma ocmeompancniIaHmamom u 6 KOHmMpOJIbHOI 2pynne npedcmasnensvl Kak cpeonee
3nauenuetcmanoapmuoe omkaonenue (M£SD).

Cpoknu OcrteoTpanciuiaHTaT KonTpoJsbHas rpynna
Ha0J/II0/1eH U OcTeoreHHnle Cocynbl OcTeoreHHrle Cocyabl
KJICTKHN KJICTKHN

14 cyTku 42+1,22 4,57+1,34 2,18+1,01 1,9+1,1

30 cyTku 5,76+1,44* 5,24 3,09+1,02 3,1 +£0,91
+1,67*

90 cyTku 4,71+1,71 2,87 5,22+1,29 4,1+1,84
+0,89

180 cyTkmn 3,56+1,42 1,46+1,05 4,16+1,33 1,86+0,84

* 171 CTaTUCTUYECKOT0 aHAIM3a Pa3Inyuid MeX1y TpyniaMu IPUMEHIN HermapaMeTpHUeCKuil
KpuTepuii MaHHa — YHTHU, TIPU ATOM CTAaTUCTHYECKH 3HAYUMBIMU CYATAIH pe3ybTathl ipu P < 0,05.

Uepe3 14 cyTok B KOHTPOJBHOM cepuu 00JIaCTh SKCIEPUMEHTAIBHOTO JedeKkTa HIDKHEH
YeIIOCTH ObUIa 3alojHEeHAa TPaHyJIALMOHHOW TKaHBIO, XapaKTepU3YIOMIEHCS BBIPAXKEHHOM
BOCHAJINTENbHON MHPUIBTpALIMEN U MPUCYTCTBUEM (DPAarMEHTOB HEKPOTHU3UPOBAHHOM KOCTHON TKaHH
(pucyHok 3a). Ilo nanHbIM MOphOMETpUM KOCTH Ha 14-€ CYTKHM KOJIMYECTBO OCTEOTCHHBIX KIIETOK
cocTaBisuio 2,18, a MI0THOCTh COCYAUCTHIX CTPYKTYyp — 1,9 (Tabnuua 1). Ha 30-it nens sxcnepumMenTa
B 30HE Je(eKTa COXPAHIIUCh OYard HEKpPO3a KOCTHBIX OAJIOK, OKPY)KEHHbIE KJIETKAMU BOCTIAJIUTEIILHOTO
MHGWIBTpaTa, BKIFOYAs TUMQOIUTHI, TUTA3MaTHUECKHE KIIETKH, Makpodaru, 203MHOMUITBEI U HEUTPOPUIIBL.
ITo xpato nedexra opMupoBasach PHIXIO-BOJOKHHUCTAS COCAMHUTEbHAS TKaHb C XOPOILIO Pa3BUTON
COCYJIUCTOM CEThIO, @ B LEHTPAIBHBIX YYaCTKaX OTMEYAINMCh HAYajibHbIE MPU3HAKK pPENapaTUBHOIO
OCTEOT€HE3a, OJJHAKO BBIPAKEHHBIE IPOIECCHl OO0pa30BaHUSI HOBOM KOCTHOW TKAaHH OTCYTCTBOBAJIM
(pucynok 30). OTMedaeTcst yBeTMUEHHE KOJIMIECTBA OCTEOT€HHBIX KJIETOK B 1,4 pa3a OTHOCHUTENILHO CpOKa
14 nueii, 1 yBeIMYEHHE KOJMYECTBA COCYIOB OTHOCHTENHHO B 1,6 pa3, uTo CBUAETENLCTBYET O (hakTe
Ha4usi ocTeoreHe3a B 30He jgedekra. Ha 90-e cyTkum skcrepuMeHTa B OOJIACTH TTOBPEKICHUS
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BU3YAJIM3UPOBAIACh TKaHb, MPCACTABJICHHAA PBIXJIBIMU BOJIOKHAMW W IMPOHH3aHHAA CCTBHO MOJIOABIX
KamwusipoB. B marpukce HIeHTU(HUIMPOBAHBI O4ard HOBOOOPA30BAHHOM, HE3PENOM KOCTHOM TKaHH,
XapaKTepU3yIOLIecs HATMYHEM OCTE00JIaCTOB IO KpasiM KOCTHBIX Tpabeky: (pucyHok 3B). 1o maHHBIM
MOp(OMETPUH TIOKA3ATENN KOJIMUYECTBA OCTEOT€HHBIX KJIETOK U COCY/IOB JJOCTUTIIA MaKCUMAIILHOTO YPOBHS
yBenuuuBIIMCh B 1,7 1 B 1,3 pa3a COOTBETCTBEHHO OTHOCHUTENHFHO MPEBIIYIIEro CpoKa HAOIIOICHUS.
[lomydeHHble naHHbIE MOATBEPXKAAIOT (AKT HAIMYMS aKTHUBHOIO OCTeoreHesa u (opmupoBaHue
npuMUTUBHON Koct. Ha 180-i neHs SKCriepuMeHTa B KOHTPOJIBHOM TpyIiie HaOII0IaI0Ch YaCTUIHOE
BOCCTAHOBJICHHE KOCTHOM TKaHM: B INepudepuueckux 30Hax chopMUpoBajach HOBasg KOCTb, OHAKO B
HEeHTpe AeeKTa COXPAHSUTICh MPU3HAKK HE3aBEPIICHHOTO OCTEOTeHE3a, YTO MPOSBIISIIOCH 3HAYUTEIIHHBIM
KOJIMYECTBOM OCTEOT€HHBIX KJIETOK M cOocyloB (pUCYyHOK 3r). TakuM 00pa3zoM, Mpolecc pereHepaiy B
KOHTPOJILHOM CeprU MPOTEKA 3aMEIJIEHHO U HE 3aBEPILIAJICS TOJIHBIM BOCCTAHOBJIEHUEM CTPYKTYPbI KOCTU
B T€UEHHE BCETO Mepro/Ia HAOMIOACHHSL.
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Pucynok 3. 3oHa nedexra KocTi, KOHTPOJIBHOM TPYIIIBL: a - yepe3 14 auei, 6 - uepes 30 qHel, B -
yepe3 90 auei, r - uepe3 180 nHei, okpacka reMaTOKCHUIIMH — 303UHOM, X200

Ob6cyxxnenue

B xone uccnenoBanus ObIJIO yCTAHOBJICHO, YTO MPHU 3aMEIICHUH JeeKTa KOCTH B 00JIacTH yria
HIDKHEH YeIMIOCTH  XOHAPOTPAHCIUTAHTATOM HA BCEX CpPOKax HAONIOJCHHS  ONpeessach
rpaHyJIAIUOHHAs TKaHb ¢ MU y3HOI moauMopdoKIeTOUHON HHPMIbTpauei u GoKycaMu HeKpo3a,
IIPH STOM MIPU3HAKK OCTEOTeHe3a OTCYTCTBOBAIH. [10TydeHHBIE pe3yIbTaThl CBSI3aHBI CO CIEIU(UKON
OCTeOreHe3a HMWKHEH YeNt0CTH, KOTOPHIN MPOTEeKaeT 0 MEXaHU3My MPSIMOTO ocTeoreHe3a. J{aHHBbIiH
MPOIIECC HE BKIIFOYACT XPAMICBOW dTall M HAYMHACTCS C arperandd Me3eHXMMAaJbHBIX KJIETOK B
ocTeoreHHble OCTpoBKHU. [locnenyromias BacKynspu3alus STUX CTPYKTYp CO3MaeT YCIOBHS JUIsS
JETEPMUHAIIMN KIIETOK ME3ECHXHMBI, KOTOPBIC HANpPsIMYI0 TpeoOpa3yroTcss B OCTeOOacThl. Takum
o0pa3oM, MpUMEHEHUE XOHAPOTPAHCIUTAHTATa Jii BOCCTAHOBIICHUS YTPAau€HHOW KOCTU HIDKHEH
YeTOCTH HeAPPEKTHBHO.

B To ke BpeMmsl, IpH HCITOJIb30BAHUH OCTEOTPAHCIUIAHTATA B KAa4eCTBE OCTEOILIACTUYICCKOTO
Matepuana Kk 30-M cyTkam HaOJIOAeHUs oTMevanach AUQPEpeHIINPOBKa TPAaHCINIAHTaTa B KOCTHYIO
TKaHb MPUMHTUBHOTO CTPOECHMsS. Mexay HOBOOOpPa3OBaHHBIMH KOCTHBIMH CTPYKTypaMu
OTIpe/ieTIsiach OCTEOTEHHAs! COCTUHUTENbHAS TKAaHb U COCYBI, UTO CBUACTEILCTBYET 00 MHTETpAINH
COCYMCTBIX 3JIEMEHTOB TPAHCIUIAHTATa B CUCTEMY KPOBOOOpAILIEHUS pELIUIHEHTa. DTO CIIOCOOCTBYET
MOCTYIUICHUIO MHIYIHPYIOMHX (HaKTOPOB C KPOBBIO U BHEIAPEHUIO OCTCOTCHHBIX KOMIIOHEHTOB B
nedext. K 90-m cytkam popmupoBanack opranocnenuduieckas KOCTHas TKaHb, a MOP()OIOTHYECKUE
MEePECTPOUKN TPOUCXOAMIN PABHOMEPHO MO BceMmy gaedekty. Takum oOpa3oMm, NpuUMEHEHHE
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ocTeoTpaHCIUTaHTaTa 3(PPEKTUBHO TSI BOCCTAHOBJICHHS KOCTHBIX J1e(DEKTOB HWKHEH YENIOCTH H
oOecrieunBaer INOJIHOLICHHYIO PETrC¢HEPALUIO KOCTHOH TKaHH B Ooliee KOPOTKHUE CPOKH I10 CpaBHCHHUIO
C KOHTPOJIEM.

ABTOpBI IMOATBEPKIAAIOT OTCYTCTBUEC KOH(bHHKTOB HHTCPCCOB, CBA3AHHBIX C Hy6J'II/IKaHI/IeI\/'I
JTAaHHOM CTaThU.
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AHHOTAUMsl. OCCEHLUUAIbHAs  apTepualibHas  TUMNEPTEH3Ms  OCTaeTcss  OJHOW U3
pacrpoCTpaHEHHBIX HEWH(PEKIMOHHBIX TATOJIOTUH M BEAYIIUX TPUYMAH CEPICUYHO-COCYAUCTOU
3200J1€Ba€MOCTH U CMEPTHOCTU. B mocnenHue rospl NpeacTaBieHUsI O €€ HaclIeICTBEHHOH OCHOBE
3aMETHO PacIIMPWINCh aKIEHT CMECTHJICS C POJIM OTAENbHBIX T'€HOB-KaHIUAATOB HA MOJUTCHHYIO
CTPYKTYpy 3aboneBanus. Llenpro HacTosme paboThl CTal aHaIM3 COBPEMEHHBIX HAYUHBIX JaHHBIX O
TFeHETUYECKOM MpeapacnoioKeHHOCTH K 3CCEHIIMAIbHON apTepHalIbHOM T'MIIEPTEH3UH C aKIIEHTOM Ha
UCCIIeIOBaHMsl MocaeqHuX 5—6 ser. Matepuan uccienoBaHus: MyOJuKaluy, oToOpaHHble B 0a3ax
PubMed/MEDLINE, Scopus u Web of Science Core Collection 3a nepuoa ¢ saBaps 2020 roma mo
Mmapt 2026 rona. Ha mepBoM srtame ans aHanuza otoOpaHbl 286 myOnukanuil, mocie yaaaeHHs
nyOnuKaToB ocTanoch 214 crareld, B UTOrOBbIN KaueCTBEHHBIH 0030p BKIHOYEHO 17 McciaeaoBaHUM.
Ananu3 nokasan, uyro BapuanTel reHoB ACE, AGT, AGTRI1, CYP11B2, REN, NOS3 u ADDI
COXPAHSIOT MaTOPHU3NOJOTNIECKOE 3HAYEHHE, OJJTHAKO OOJIBIIYI0 HH(OPMATUBHOCTh HUMEET HE OLIEHKA
€IMHUYHBIX TOJUMOP(U3MOB, a aHAJIU3 COUYETAHHOTO BKJIa/1a JOKycoB. OTAeIbHOE 3HaUEHNUE UMEIOT
SNUTeHEeTUYeCKUue MexaHu3Mbl, BKkiItouyas wMertwiupoBanue [IHK, mukpoPHK wu Moauduxanmu
TMCTOHOB, @ TAK)KE Pa3INUMsI MEX/y MOMYJIALUAMHI, OTPaHUYHUBAIOIINE MPSIMOI IEPEHOC MOJIUTEHHBIX
MOJICJIE PHUCKA MEXKIy ancestry-rpynmamMy, a Hchojib3oBaHue polygenic risk score  MOXHO
paccMaTpuBaTh KaK MHCTPYMEHT paHHEHW CTpaTH(HKAIMU PUCKA, OCOOCHHO IMPH €ro COYETaHWH C
JAaHHBIMU O CEMEITHOM aHaMHe3e, 00pa3e KU3HU U APYTUX KIMHUYECKU 3HAaUUMBIX (DakTopax.

KiroueBble  cioBa:  dCCeHIMalnbHAs ~ apTepUalbHas — TUIEPTEH3Ms,  TEeHEeTUYecKas
MPEeAPACIIONOKEeHHOCTh, polygenic risk score, GWAS, snureHeTnka, MOMyJISIUOHHBIE Pa3THYUS,
PAAC.
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Annotatsiya. Essensial arterial gipertenziya noinfeksion kasalliklar orasida keng targalgan
patologiyalardan biri bo‘lib, yurak-qon tomir kasallanishi va o‘limining yetakchi sabablaridan
hisoblanadi. So‘nggi yillarda uning irsiy asoslari haqidagi tasavvurlar sezilarli darajada kengaydi:
¢’tibor alohida gen-nomzodlar rolidan kasallikning poligen arxitekturasiga garatila boshlandi. Mazkur
ishning magsadi essensial arterial gipertenziyaga genetik moyillik hagidagi zamonaviy ilmiy
ma’lumotlarni, aynigsa oxirgi 5-6 yil davomida chop etilgan tadgiqotlar asosida tahlil gilishdan iborat
bo‘ldi. Tadqiqot materiali sifatida 2020-yil yanvardan 2026-yil martgacha PubMed/MEDLINE,
Scopus va Web of Science Core Collection bazalaridan tanlab olingan ilmiy maqolalar va boshga
nashrlar foydalanildi. Dastlab tahlil uchun 286 ta publikatsiya ajratib olindi, dublikatlar olib
tashlangach 214 ta maqola goldi va yakuniy sifat tahliliga 17 ta tadgiqot Kiritildi. Tahlil shuni
ko‘rsatdiki, ACE, AGT, AGTR1, CYP11B2, REN, NOS3 va ADD1 genlari variantlari patofiziologik
ahamiyatini saqlab qoladi, biroq eng muhim ma’lumot alohida polimorfizmlarni baholashdan emas,
balki bir nechta lokuslarning birgalikdagi hissasini tahlil gilishdan olinadi. DNK metillanishi,
mikroRNK va giston modifikatsiyalari kabi epigenetik mexanizmlar alohida ahamiyatga ega,
shuningdek populyatsiyalar o‘rtasidagi farqlar poligen xavf modellarini ancestry-guruhlar o‘rtasida
to‘g‘ridan-to‘g‘ri qo‘llashni cheklaydi. Polygenic risk score (PRS) oilaviy anamnez, turmush tarzi va
boshqa klinik jihatdan muhim omillar bilan birgalikda baholanganda, xavfni erta stratifikatsiya gilish
vositasi sifatida garalishi mumkin.

Kalit so'zlar: essensial arterial gipertenziya, genetik moyillik, polygenic risk score, GWAS,
epigenetika, populyatsion farglar, RAAS.

MOLECULAR GENETIC BASIS OF ESSENTIAL ARTERIAL
HYPERTENSION: THE POLYGENIC MODEL, GENOME-WIDE
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of the Faculty of Medicine, EMU University (Tashkent, Uzbekistan)
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Abstract. Essential arterial hypertension remains one of the most common non-communicable
disorders and a leading cause of cardiovascular morbidity and mortality. In recent years, understanding
of its hereditary basis has expanded considerably, with the focus shifting from the role of individual
candidate genes to the polygenic architecture of the disease. The aim of this study was to analyze
current scientific data on genetic predisposition to essential arterial hypertension, with particular
emphasis on studies published over the last 5-6 years. The material for the study included publications
retrieved from PubMed/MEDLINE, Scopus, and Web of Science Core Collection covering the period
from January 2020 to March 2026. At the initial stage, 286 publications were selected for analysis;
after duplicate removal, 214 articles remained, and 17 studies were ultimately included in the
qualitative review. The analysis showed that variants of the ACE, AGT, AGTR1, CYP11B2, REN,
NOS3, and ADD1 genes retain pathophysiological relevance; however, the analysis of the combined
contribution of multiple loci appears to be more informative than the assessment of isolated
polymorphisms. Epigenetic mechanisms, including DNA methylation, microRNAs, and histone
modifications, are also of particular importance, as are population differences that limit the direct
transferability of polygenic risk models across ancestry groups. The use of polygenic risk score (PRS)
may be regarded as a tool for early risk stratification, especially when interpreted together with family
history, lifestyle characteristics, and other clinically significant factors.

Keywords: essential arterial hypertension, genetic predisposition, polygenic risk score,

GWAS, epigenetics, population differences, RAAS.
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BBeagenue

DcceHlMalibHas apTepuanbHas runepreH3us (Al) OTHOCHUTCS K YHCIy pacnpoCTpaHEHHBIX
XPOHUYECKUX HEMH(EKIIMOHHBIX 3a00JIeBaHUN U OCTAETCA OJHOW U3 OCHOBHBIX MPHUUYUH CEPIEYHO-
COCYIUCTBIX  KaracTpod  (MHGapKTa MHOKapAa, HMHCYJIbTA, XPOHHUYECKOW  CepledHOU
HEJIOCTAaTOYHOCTH) M TopaxkeHus mouek [1,2]. PazButue Al' Henmb3si OOBACHUTH TOJBKO BO3PACTOM,
M30BITKOM COJIM B PallMOHE, O’)KUPEHUEM WM HU3KOH (hPU3M4YecKoi aKTUBHOCTHIO. B popmupoBanum
YCTOMYMBOTO TOBBIIICHUS] apPTEPUAIBHOTO JIABJICHMSI YYaCTBYIOT HACJIE/ICTBEHHBIE MEXaHU3MBI,
BIMSIOIIME HAa COCYAMCTBIA TOHYC, (DYHKIHMIO OSHIOTENHWS, AKTUBHOCTh pPEHHUH-aHTMOTECH3WH-
anpaocteponoBoii cuctembl (PAAC) u moueunyio peabcopobiuio Na [1,2]. /o HemaBHEr0 BpeMEHH B
narorere3e A’ OCHOBHOE BHUMaHUE YJEIsuIM reHaM-kanaunaram (renax PAAC, suaorenuaibHOM
PETYISILIMKM U HOHHOTO TpaHCIOpTa). Takol MoaXo/ 3a705KUI BaKHYIO MOJIEKYJISPHO-OHOJIOTHYECKY IO
OCHOBY, HO HE€ IO3BOJIWJI J0 KOHIA OOBSCHUTH pa3sHOOOpaszue KIMHUYECKHX (eHoTunos. B xoxe
aHaJlM3a MPOBOJUMBIX HCCIEI0BaHUN B 001acTU MOIMMO(U3HA T€HOB-KaHIUAATOB CTANIO SICHO, YTO
BKJIaJ] OTJIEJIBHOIO ITOJIMMOp(dH3Ma HEBEJIMK, a BOCIPOU3BOJUMOCTb aCCOLIMALIUN 3aBUCUT OT COCTaBa
BBIOOPKH, ATHHYECKON CTPyKTypbl u ycnoBuil cpensl [1-3]. Ilepexon K MOIHOT€HOMHBIM
HCCJIEIOBAHUSM IO3BOJIMJIM U3MEHUTh U CYIIECTBEHHO PACIIUPUTH NATOI€HETUYECKUE MEXaHU3MBI
AT'. B kpynHeiiiieM 0JHOTaTHOM aHAIHM3€ MPU3HAKOB apTEPUAILHOTO 1aBIICHUS, BHIITOJIHEHHOTO Y 1
028 980 uenoBek eBporeiickoro npoucxoxacHus (2024), Obun onucanbl 113 HOBBIX JIOKYCOB U B
obmieit crmoxkHoct 2103 He3aBUCHMBIX Te€HETHUECKUX CHUTHanoB [3]. Pe3ynbraTel JIaHHOTO
UCCJIEIOBaHMsI TO3BOJIMJIM YTOUHUTH IPEJICTaBICHME O TOM, YTO HacjieICTBEHHass ocHoBa Al
CKJIQ/IBIBAETCSI U3 CYMMApHOTO JICHCTBUS MHOXECTBA BAPUAHTOB, & HE HECKOJIBKUX «TJIABHBIX)» T€HOB.
OAHOBPEMEHHO BBIPOC MHTEpPEC K BMUIEHETHMYECKUM MeXaHu3maMm pa3BuTus Al U HacKoibko
IIOJINTEHHBIE MOJENIA PUCKA BOCIIPOU3BOAUMBI B Pa3HBIX MOMYJIAUAX [2,6,7].

Heab uccaenopanus: CrucreMaTU3upOBATh COBPEMEHHBIE JAHHBIE O TEHETUUYECKON CTPYKTYpe
3CCEHIMAILHONW apTepualIbHOM TMIlepTeH3uH, BKItodas pesynbraTtel GWAS, Monennu noiaureHHoro
pHUCKa, SMUTCHETUYECKHE MEXaHU3Mbl PETYJALMU U MOMYJISIUOHHBIE DPA3JIMYUs, C OLEHKOM HX
MOTEHIMAaJa Ul PAHHEro MPOrHO3UPOBAHUS U CTpaTU(UKALIUU pUCKa 3a00JIeBaHMSL.

Marepunanbl M1 MeTOAbI HCCJIEJOBAHUS

Hacrosimmass paGota BbIoNHEHa B (opMaTe aHATIUTHUECKOro o03opa jaureparypsl. [lomck
Hay4YHbIX IMyOJIMKaIUil BBIIIOJIHEH B MEXIyHapoaHbIX 0a3ax naHHbIXx PubMed/MEDLINE, Scopus u
Web of Science Core Collection. B monckoByo cTpaTeruto ObUIH BKJIFOUEHBI CIIEAYIOIINE KITIOUEBbIe
ciosa: essential hypertension, genetics of hypertension, GWAS hypertension, polygenic risk score
hypertension, epigenetics of hypertension, blood pressure genetics. OcHOBHOI TMepHOJ TOUCKA
oxBaTbBa)l myOnukaiuu ¢ suBaps 2020 roma mo mapt 2026 roma. Ha mepBom 3tame coriacHo
KpUTEpUSIM BKJItOUEHUs! ObLI0 0TOOpaHo 286 HayuHbIX pabot. [locne ynanenus ayOiukaTtoB Ajs
MoCJIe Iy oIero aHajau3a B aHainu3 Obutn BKIItoYeHb! 214 crareid. [Tocie yero 6bu1 BBIOIHEH CKPUHUHT
3arojIOBKOB M AaHHOTAllMd M TIOJHOTEKCTOBAash OIEHKAa MyOJuKalui, COOTBETCTBYIOUIMX TeMe
HacTosIero o63opa. B uToroBslii kauecTBeHHBIN 0030p ObLIO BKIIOUEHO 17 uccnenoBanuit (puc.l).
Kpurepun BK/IIOYEHHMsI: COOTBETCTBHUE TeME€ JCCEHUMaIbHOM Al', Hanuuue NaHHBIX O TeHax-
kaHauaarax, pesynbratax GWAS, PRS, osnurenernueckux  MexaHu3Mmax, NyOnWKanus B
peleH3upyeMOM HAyYyHOM H3JaHUH, JOCTaTOYHAsl MOJHOTA OIWCAaHUS Ju3aiiHa HCCiel0BaHus,
BBIOOPKH, METOJOB M OCHOBHBIX pPE3YyJbTaTOB, MPHOPUTET MyOIMKAIMAM MOCIETHUX 5—6 Jer.
Wckmoyanuck paboThl, MOCBSIIEHHbIE TPEUMYIIIECTBEHHO BTOPUYHBIM U MOHOTE€HHBIM opmam AT,
paboThl Ge3 YeTKOro ONMMCaHMs JH3aifHa McciaeloBaHMs M MyOJIMKallMud C OTPaHUYEHHOW Hay4YHOM
3HAYUMOCTBHIO.
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CxeMa oTOOpa MyOIMKAIMK 1711 CHCTEMATH3UPOBAHHOTO 0030pa JTUTEPATYPHI
UIEHTUDPUKALUS

3amcu, HaliieHHbIe B 0a3ax JaHHBIX: n = 286
PubMed/MEDLINE; Scopus;
Web of Science Core Collection

!

3anucH, yaajJeHHbBIC 10 3Tala CKPUHHUHTA: JyOJIMKaThl — N = 72

|
CKPUHUHI

3anucu rmociie yajieHus 1yOoaukaTos: N = 214

L

HckiroueHsl ocie aHajinu3a 3arojloBKOB M aHHOoTauuii: N = 156

!
OIIEHKA IMOJIHOTEKCTOBBIX CTATEM

I10JIHOTEKCTOBBIE CTaTbU, OLIECHEHHBIE
Ha COOTBETCTBUE KPUTEPHUIM BKIIOYEHHUS: N = 58

!

HckmaroueHsl mocie MoJIHOTEKCTOBOM OLeHKH: N = 41
OcCHOBHBIE IPUYUHBI UCKITFOUEHHUSL:
* HECOOTBETCTBHE TeMe 0030pa
* BTOPUYHBIC WJIK MOHOTEHHBIC (DOPMBI THIIEPTEH3UU
* HEJIOCTAaTOYHO OMMCAHHBIN JU3aliH UCCIIEIOBAHUS
* 0030PHBII WK PEIAKIIMOHHBIN XapaKkTep CTaTbU
0e3 HOBBIX aHAIMTHYCCKUX JIAHHBIX

!
BKJIIOYEHUE

HccnenoBanusi, BKIIOYEHHBIE B KAUSCTBEHHBINM CHHTE3: N = 17

Puc. 1. Cxema otbopa myonukanuii B cootBercTBuu ¢ PRISMA 2020.

Pe3yabTaTsl U 00Cy:KICHUE

Occenuuanbayto Al ceronHs menecoo0pa3HoO paccMaTpuBaTh Kak 3a00JE€BaHUE CO CIOXKHOM
MOJINTEHHON CTPYKTypoil. Puck Qopmupyercs He 3a c4eT OAHOrO BEyIIero BapHaHTa, a 3a CUeT
CYMMapHOTO JeHCTBHUsA OOJBIIOTO YHMCIA JIOKYCOB, KaXJblii M3 KOTOPBIX BHOCHUT OTHOCHUTEIBHO
HEOOJIBIIION BKJIAJ] B PETYIISIIAIO CUCTOIMYECKOTO U quacToimueckoro nasieHus [ 1-3]. Takas moaensb
Jy4ie 0OBbACHSIET Pa3Inyus MEX/Y NallMeHTaMU ¢ OIM3KUMH KIMHUYECKUMU XapaKTepUCTUKAMU, HO
pa3HOW CEMEHHON OTATOIIEHHOCThIO, CKOPOCTBIO Ae0roTa 3a00JeBaHMsI W CTENEHBIO OTBETa Ha
u3MeHeHuss oOpa3a ku3HM. Cpeau TEeHOB-KaHIUAATOB HAMOOJbIIEe 3HAYCHHE COXPAHSIOT
koMroHeHThl PAAC, a TakXKe TeHbl, CBSI3aHHbIE C OHHAOTENHATbHOW (QYHKIHEH U HOHHBIM
tpancnoproMm. Bapuantelt ACE, AGT, AGTR1, REN, CYP11B2 u NOS3 cBs3anbl ¢ perynsuueit
COCYIMCTOTO TOHYCa, OObeMa IMPKYJIHpPYIOMEH KpOBH U BOAHO-coyieBoro Oamanca [1,2,8].
[Momumopdusmsl ADD1 obcyxaatoTcst B JUTepaType B CBSI3M C  YCHWJICGHHEM KaHAIbLIEBOM
peabcopoiun Na u conedyBcTBUTENbHBIMUA BapuantamMu Al [8]. DTm accorumanuu CoXpaHsSIOT
OMOJIOTUYECKYIO MPaBAONOJO00OHOCTh, OJHAKO CaMH IO cebe He MO3BOJIAIOT HAASKHO IMpelCKa3aTh
pHCK 3a0oseBaHusl 6e3 ydeTa COBOKYIHOIO reHeTuuyeckoro (ona. [ljis HariasiAHOro CONOCTaBJICHUS
OCHOBHBIX T'€HOB-KaHIUAATOB, OOCYXIaeMbIX B JIMTEpaType IMpH dScceHuuanbHoil Al, wux
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Ounonorndecknx (YHKIMHA W TpearnojiaraeMod pojM B TATOreHe3e 3a00JieBaHMS MPEACTaBIICHA

CpaBHUTEIbHAs Tabymma 1.
Taonuya 1. Ocnosnbie 2eHbl-KAHOUOAMbBL NPU ICCEHUUATbHOU APMEPUATbHOU 2UNEPMEH3UL, U
0ZpaHuyenus UHMmepRpemayun

Bo3moxkHas poib

KommenTapwuii /

Konupyemprii OcHoBHast
Ien B Pa3BUTHH OorpaHnYeHHe
Oesiok / cucrema (pynkuus
THIEPTEH3UHN HHTEPIPETAINH
Buonoruuecku 3HaunM,
yCHUIIEHUE HO acCOIHAaINU
AHTHOTCH3UH- npeBpalleHne
N Ba30KOHCTPUKLIUH OTJICITBHBIX
ACE MIpEBpAIIAOMNA | aHTHOTeH3WHA | B
Y aKTUBAIUS noIMMop(hrU3MOB
(dbepmeHT anruotensu Il
PAAC BOCITPOHU3BOJIATCS HE BO
BCEX MOMYJISIIHSIX
BKJIaJl peaJieH, HO caM
MTOBBIIICHHE
MPEIIICCTBEHHUK AKTUBHOCTHU o cede ne
AGT AHTHOTCH3NHOTCH p obecrieunBaeT
aHruoTeH3uHa [ IIPECCOPHOTO
HaJ/IKHOTO MPOTHO3a
Kackana
pucka
KJIIMHUYECKOE 3HAYCHUE
Ba30KOHCTPHUKIIHS,
penentop peanmzanus MIPOSIBIISIETCS B
CeKperus
AGTR1 | anrumotensuna Il 1 3¢ pexToB COUYETaHUH C APYTUMU
abJI0CTEPOHA,
TUIIA anruoreHsuHa Il TeHETUYECKUMU U
3anepkka Na
CPEeIOBBIMH (haKTOpaMu
MMaTOTEHETHYECKU
y4acTue B paHHHUX Ba)K€H, HO
JTamnax W30JIMPOBaHHBIC
3aIycK Kackazaa .
REN pEHUH PAAC TyMOpaJIbHON acconuanuu
perysyn OTpaHHYEHBI IO
IaBJIEHUSA MIPOTHOCTUYECKOH
IIEHHOCTH
3anepkka Na u
WHTEpPEeCeH MpHu
aJbJIOCTEPOH CUHTE3 H:0O, obrem- (eHoTHMaX C
CYP11B2 p 3aBHCHMOE
CHHTa3a aNbJJOCTEPOHA HapyIIEHHEM BOJHO-
MTOBBIIIICHHE
COJIEBOTO OOMEHa
JIABJICHUS
ociabieHue
CBA3b yOenuTeNbHa, HO
SH/IOTENNANbHAS cunte3 NO B Ba30IMIIATAIIIH U
NOS3 a¢dext BapuabeseH
NO-cunraza SHIOTEINU SHIOTENNATbHAS
MEX]Ty TTOMYJISIHSIMH
nchyHKIHS
00cy)IaeTCs B
perynsnus KOHTEKCTE
yCHJICHUE
[UTOCKEJNIETa U o COJICUyBCTBUTEIILHOCTH,
ADD1 o-aJoyLuH MOYEYHON
HMOHHOT'O a He Kak
peabcopbruu Na N
TpaHCIIopTa YHUBEPCATbHBII

MapKep pHcKa

OTtnenpHO clieyeT BBIACTUTH COBPEMEHHBIE TEHOMHBIE MPOEKTHI, KOTOPBIE 3aMETHO H3MEHHIIN MacIITad
uccnenosanuii. UK Biobank nmpencrasiser  coboit  momynsiumonHyro — koropty  Ha - 500 000
y4acTHHKOB, FINNGeN oTHOCKTCS K YKMCITy KPYIMHEHIMX eBPONEHCKUX TeHETHYECKUX PECYPCOB M CO3/1aBaJICs
s ananm3a qanaeix 500 000 genosek, a Million Veteran Program cran omHo#M M3 caMbIX KPYIHBIX IIaT(HOpM
JUISL U3yYeHHsI B3aUMO/ICHCTBHUS TeHOMA, KITMHUYECKUX EHOTUIIOB U (pakTopoB cpensl [5,14,15]. ImenHo Takue
O0M00aHKM caenamy BO3MOXKHBIMH HMCCIICOBAaHMS HOBOTO TOKOJIGHHs, TJE€ TE€HETHYECKHE JIaHHbIC
COTOCTABJISIIOTCS C JTUTEIBHBIM HAOMIO/ICHHEM, PETHCTpaMu 3a00JICBaHUH U CBEICHUSIMU 00 00pa3e KHU3HH.

Haunbonee nmokazaTenbHBIM puMepoM siBisercs padota Keaton J. M. B kpymnHeiiniem Ha ceroHsIIIHAN
neHb omHodTamHOM GWAS aprepuaidbHOrO JaBJICHHS OBLTH BBISBICHBI 113 HOBBIX JIOKYCOB M B OOIICH
cinoxHOCTH 2103 HE3aBUCHUMBIX TeHeTHYeCKHX curHama [3]. OTu pe3ynsTaTsl 00bsIcHAIOT Oonee 60% SNP-
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HacJIelyeMOCTH IPU3HAKOB apTEPUAIBHOTO JABJICHUS U XOPOILIO TOKA3bIBAIOT, YTO HACTIEACTBEHHAs! OcHOBA Al
pacmpezienieHa MO MHOXKECTBY Y4YacTKOB TeHoma. BakeH u apyroit MmomeHT: polygenic risk score (PRS),
[IOCTPOCHHBIE HAa TAKOM MAacCHBE AAHHBIX, IIO3BOJISIOT Pa3iuyarh IPYIIbI C CYIIECTBEHHO Pa3HBIM YPOBHEM
pucka. /laHHyI0 KapTHHY JIOMOJHSIOT HcciaenoBanus Whole-genome sequencing, tak B padote T. N. Kelly u
COABT., ObUI IPOBEICH KPYMHOMACIITAOHBIH aHAINU3 OJTHOT€HOMHOI'O CEKBEHUPOBAHUS [Tl CUCTOJIMYECKOTO U
TAACTONIMYECKOTO nMaBiieHus u Al [4]. ABTOpHI omucany MOTCHIIMAN PEAKAX U arpeTHPOBAaHHBIX BAPUAHTOB H
OJHOBPEMEHHO MOKAa3ajH, YTO AJISl YBEPEHHOW WHTEPIIPETALMH PEIKUX TeHETHUECKUX CUTHAIOB HEOOXOAUMBI
enie Ooyiee KpynHbIE M STHUYECKH DPa3HOOOpa3HbIE KOTOPTHI. DJTO Ba)KHO, Tak kKak Toinbko GWAS mo
pacnpocTpaHEeHHBIM BapHaHTaM HE HUCUYEPIIBIBAIOT BCKO T€HETHUECKYIO CTPYKTYpY 3a00JIeBaHuUs.

IToMrMo CcOOCTBEHHO T'€HETHYECKHX BapHWamuii, B maToreHe3e Al ydacTBYIOT SIMTEHETHICCKUE
MEXaHHU3MBI. Haunbonee  w3ydyeHHBIMHM  Ha  CETOAHSALIHMHA  JCHb  SIBJSIFOTCS METWJIMPOBAaHHE
JHK, mukpoPHK u Mmomudukamwu ructoroB [2,7]. DT poiecchl MEHSIOT IKCITPECCHIO TCHOB 0¢3 M3MECHECHHUS
HYKJICOTUIHOW TTOCTIEIOBATEIILHOCTH M HE CBS3BIBAIOT HACIECACTBEHHYIO MPEIPACIION0KEHHOCTh C BHELTHUMH
Bo3neiicTBusiMu. s Al BHMMaHHME NPHBIEKAIOT 3NHMreHeTHdeckue wu3MmeHenuss B reHax ACE, AGT,
ACE2 u CYP11B2, Tak Kak OHM MOTYT BIHITH Ha 3Kcipeccuto komroHneHToB PAAC u, ciegoBaTenbHO, Ha
YPOBEHB apTepHaAIbHOTO HaBieHus [2,7]. Takoit B3rsia aenaer marorene3 Al° 00beMHBIM: TEHETHUIESCKHH PHUCK
peanusyeTcsl He HalpsAMYI0, a Yepe3 CIOKHYIO PETyJISTOPHYIO CE€Th, UyBCTBUTEIbHYIO K MUTAHUIO, 0KUPEHHIO,
BOCMAJICHUIO M MeTaboNn4YeckuM caBuraM. He MeHee BaKHBI MOMYJSIIMOHHBIC pa3inuus. | eHeTHueckue
acconmanuu npu A’ HEOAMHAKOBO BOCHPOM3BOAATCS B PA3HBIX ancestry-rpymmnax, a IMOJUTeHHbIE MOJEIH,
MOCTPOCHHBIE MTPEUMYIIECTBCHHO Ha €BPOINEHCKUX JaHHBIX, YacTO paboTaroT ciabee B APYTrUX STHUYECKHUX
nonymsanuax [1,6,9]. Kimaccuueckum mnpumMepoM pa3HOM BOCHIPOU3BOAMMOCTUA PE3YJNBTATOB  OCTACTCS
nommmmophusm ACE 1/D, xoTopsrit B psie paboT JeMOHCTPUPOBAN BEIPAKEHHYIO CBs3b ¢ A’ B eBpomneiickux
BbIOOPKAX MO CPAaBHEHHUIO C A3UATCKUMU MOMYJIALUOHHBIMH UCCIICIOBAHUSIMH.

B coBpemenHoi1 nuTepaType akLEHT BCE Yallle CMeIaeTcs OT OTIENbHBIX MapKepoB K OrpaHHMYEHHON
nepeHocumoctr PRS mexxay nomynsiimsmu [ 1,8]. B uccnenoBannu AWI-Gen i cybcaxapckux apuKaHCKHX
MOMYJISIUHA [TOKa3aHO, YTO MOJIENIM, CO3JaHHBIE Ha JAPYIHX ancestry-rpynmax, o0JajgaroT OrpaHHYeHHON
MEPEHOCUMOCTBIO U TpeOyI0T COOCTBEHHOI Banuaanuu [6].

[IpakTuueckmii uHTEpec ceromus cocpenoToueH Ha PRS. B mHorostHmyeckom wuccienoBanuu N.
Kurniansyah u coaBt. mokazano, uro HTN-PRS cBs3ana kak ¢ pacrnpocTpaHeHHOCTbIO, TaK U C
nporpeccupoBanueM A" Bo B3pociom Bo3pacte [9]. B kopeiickoil mpocnektuBHOl koropte E. Bae u
COaBT. BBISIBHJIM CBsI3b BhICOKOro PRS c Gonee BhicoknM puckom Al, mpudeM HeOIAromnpusITHOE BIHSHUE
YCHITUBAJIOCH IIPU BBICOKOM noTpebnennn Na u Huskom notpednennn kanus [10]. B uccnenosannu M. Takase
U COaBT. OObequHEeHNE JaHHBIX 0 PRS, cemeiiHom aHamHe3e u 0o0pase >KM3HM YJIyqIIaJo CTPaTH()UKAILUIO
pHUCKa: BBICOKMI T'€HETHYECKHH PUCK W HEOJIArOTNPUSTHBIA 00pa3 >KU3HH COIMPOBOXKAAIHMCH OoJiee BBICOKOU
4acTOTON HOBBIX cirydaeB Al [11].

[lonmy4eHHble JaHHBIE BaXKHBI JUTSI IPOQUIAKTHKH, IOTOMY YTO HACJIEACTBEHHAS IIPEAPACIIONONKEHHOCTh
HE OTMEHSAET 3HaYCHHE KOPPEKUUMH MOAM(PUIMPYEMBbIX (DaKTOpPOB, a JeNaeT ee eme Oosee akTyaJlbHOH.
WnTepecHo u 1o, uro PRS HaumHaer o0cyxaaThCsl HE TOIBKO KaK MHCTPYMEHT NMPOTHO3MPOBAHMS, HO M Kak
BO3MOXHBIH OpHeHTHp IJisi BbiOopa Tepamuu. B pabore N. D. Armstrong u coaBT. Beicokuii PRS nms
CHCTOJIMYECKOTO JaBJICHUsI ObLI CBSI3aH C MEHBIIMM OTBETOM Ha XJIOPTAJIMIOH M OOJbIIEH BEPOSTHOCTHIO
apparent treatment-resistant hypertension [12].

[lomydeHnHsle pe3ynbTaThl HE O03HAYAIOT TOTOBHOCTh K PYTHHHOMY TnipumeHeHmio PRS B
(hapMaKoreHeTHKE, HO 3aJal0T HaIlpaBJIeHUE J1sl Oy yIIKX Uccaeq0BaHui. B Ooee mMpoOKOM KOHTEKCTE TaKkoH
Mepexo/1 K KITMHNYECKOM TPaHCISIIYA TeHETHUECKNX JAHHBIX YKe 00CyKIaeTcs B COBpEMEHHON JINTEPaType 1o
KapauomeTabonmaeckoi meaurnae[13].

Takum o0pa3zoM, reHeTHveckas MPeIpacHoiIOKEHHOCTh K 3cceHuuanbHoi Al mpencraisier coboit
MHOT'OYPOBHEBYIO CUCTEMY, B KOTOPOH COUETAOTCS IPUUMHHO-CIIEACTBEHHBIE CBSA3HU MHO>KECTBA TEHETUYECKUX
JIETEPMEHAHT, JMHUTCHETUYECKasi PEryJisiius W BiusHUE (aKTOpPOB cpenbl. s KIMHUYECKOW NPaKTHKH
HanOoJIbIlIee 3HAYEHUE, BEPOATHO UMEET HE MOMCK OJHOTO «TJIABHOIO» TeHa, a mHTerpauus PRS, cemeiinoro
aHaMHe3a, MOMYJISILUOHHOIO KOHTEKCTa W MOAU(PUUUpPYEeMBIX (aKTOPOB pUCKA B €IMHYIO MOJENb OLIEHKH
HalyeHTa.

3akiouenue

IIpoBencHHBIN aHAIN3 COBPEMEHHONW HAYYHOU JIMTEPATYpPhl IIOATBEPAKAACT, YTO ICCEHIIMAIBHAS
AT mpexacrasnseT coOoii 3a00JIeBaHUE CO CIOKHOW MOJUTECHHOW apXUTeKkTypoil. @opmupoBanue Al
ONPEACISIETCS COBOKYITHBIM JICICTBUEM MHOYKECTBA T'€HETHYECKUX BAapUAHTOB, AMUICHETHUYECKUX
MEXaHHU3MOB PeryJsiluu U (akTopoB BHEIIHEH cpeibl. [lepexon oT nccnenoBaHuil OTACIbHBIX T€HOB-
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KaHJIUJATOB K IIOJHOT€HOMHBIM AaCCOLIMATUBHBIM MCCIEAOBAHUSAM 3HAYUTENIBHO JONOJIHUI MU
pacuIMpuII IPEICTaBICHUS O HACIEACTBEHHOM OCHOBE Al M 1okasza, 4yTo BKJIAJl KaKJ0r0 OTAEIBHOTO
TCHETHYECKOro BapuaHTa B pa3BUTHE Al OTHOCHTENBHO HEBEIHK, HO HMX CyMMAapHbIH 3QdQekt
crocobeH  (opMHpoBaTH JIOCTOBEPHO 3HAUYUMYIO IMPEIPACIOIOKEHHOCTh K  IOBBIIICHUIO
aprepuanbHOro nasiieHus. COBpeMEHHBIC KPYNHBIE T€HOMHBIE MPOCKTHl M OMOOAHKH TO3BOJIMIH
UICHTUQUIUPOBATh THICSYM TEHETUYECKHX CUTHAJIOB, CBSI3aHHBIX C PEryisiueil apTepuasbHOro
JaBJICHUS, YTO TIOJATBEP)KIAaeT MHOTO(AKTOPHBIN XapaKTep HACIEICTBEHHOW MPEAPaCIIONOKEHHOCTH
Kk AI'. PesynbraThl uccienoBanuii whole-genome sequencing CBHUIACTEIBCTBYIOT O MOTCHITUATBHOM
pOJIM peAKUX F€HETUYECKUX BapUaHTOB, HO Ha CETOAHSIIHUN JIEHb UX MHTEpIIpeTanus TpeOyer elle
0osee MacIITaOHBIX U ATHUYECKU Pa3HOOOpa3HbIX BBIOOPOK. Pe3ynbTaThl H3yueHUs SITUT€HETHYECKUX
MexaHu3MoB, Bkitodas merunupoanue JJHK, mukpoPHK u mogudukanuum TUCTOHOB SBIISIOTCS
Ba)KHBIM JIOTIOJTHEHHEM K T'€HETUYECKUM HCCieoBaHusAM. JlaHHbIE TPOIEcChl 00eCIeYnBaIOT CBA3b
MEXJy TeHETHYECKOH IpeNpacloNioKEHHOCThI0 M BIMSHUEM BHEIIHHX (aKTOpOB, (HopMupys
JUHAMUYECKYI0 PETyISTOPHYIO CE€Th, y4acTBYHOUIYH0 B pa3BuTuu Al'. OTaenbHOro BHUMaHHUS
3aCIy’KUBAlOT  MOMYJSILMOHHBIE  pa3jMuusl  TEHEeTHYecKuX  accouuanuil.  OrpaHuyeHHas
nepeHocuMocTh pe3yiabTatoB GWAS u mozeneit PRS mexnay pa3nuuHbIMH ancestry-rpyrmamMu
MOTYEPKUBACT HEOOXOAUMOCTh TIPOBENICHHS UCCIIEIOBAaHUI B 00jee pa3sHOOOPa3HBIX MOMYJISAIMIX U
pa3paboTKu 3THUYECKH CHEU(PUUECKHX MOJeNel OIEHKH MeHETHUYECKOTO PUCKA. A MpPaKTHUYECKUN
MHTEpEC K TOJMTEHHBIM MOJIEJISIM PUCKA BBICOK, TaK KAaK OHHM MO3BOJISIIOT CTPAaTH(QHIHMPOBATH
MONYJIALMIO [0 YPOBHIO T€HETHUYECKOW NpPenpacroyiokeHHOCTH K Al' U MOryT MCHOJIb30BaThCs B
MPAKTUYECKON MEIUIIMHE ISl paHHEH MASHTH(HUKAINY JIUII C TIOBBIIICHHBIM pUCKOM. HakoruieHHbIe
Hay4Hble JIaHHbIE IIOKa3bIBAIOT, YTO T'€HETUYECKas MPEapacloOKEHHOCTb HE  SBISAETCSA
JIETePMUHUPYIONMM (AaKTOPOM, ee BIHMsSHHE B maroreHeze Al 3HaunMo mMomupumupyercs oopazom
KU3HU TallMeHTa, BKIOYas TMUIIEBble TMPUBBIUKH, YPOBEHb (U3MUECKON aKTUBHOCTH U
MeTtaboimueckuii cratyc. B mepcnextuBe uHTerpanus maHHeix GWAS, PRS, snurenernueckux
WCCIEAOBAaHUHN U MOMYJISIIMOHHONW TEeHETHKU MPU MU3YYEHHH STOJIOTHMHU U NMAaTOreHe3a 3CCEHIUaIbHOU
AT" MoxeT no3BoJauTh CHOPMYJIUPOBATh CTATUCTUYECKH OOJIee TOUHbIE MOJENU NMPOTHO3UPOBAHUS
pucka 3cceHmanbHo Al'. Pe3ynbTaThl JaHHBIX MCCIEIOBAHMI HAIllpaBJIEHHbIE HA CTAaHAAPTU3ALUIO
METOJIOJIOTUH, BaJIMJALMI0 TEHETUYECKUX MOJENeH B pa3IUYyHBIX MOMYJIALUSIX M OLEHKY WX
KIMHUYEeCKOW  d(PEeKTUBHOCTH, TMO3BOJIAT pa3paboTaTh MEPCOHATM3UPOBAHHBIE  CTpaTETUU
npoduIakTuky u Tepanuu Al
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AnHoranusi. Hapymenuss mencrpyanpHoro tukia (HMII) seastorcs omHol w3 Hambosee
YacThIX MPHUYMH OOpaIleHUs] J>KEHIIMH PENpOIyKTHBHOTO BO3pacTa K aKyllepy-THHEKOJOry B
aMOyJIATOPHBIX YCJIOBHUSX. OTH PacCTPOMCTBA MOTYT OBITh OOYCIOBICHBI (DYHKITMOHAIBHBIMU,
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SHJIOKPUHHBIMH, BOCHAIUTEILHBIMU, META00INYECKIMU U OPTaHUYECKUMU MPUYUHAMH, YTO TpeOyeT
KOMIUIEKCHOTO JUAarHOCTHYECKOro moaxoza. Llenbro wccnenoBaHus SIBUJIOCH M3YYEHHE CTPYKTYPbI
sTHONOTHYeckuX (hakropoB HML y KeHIIMH penpoayKTHBHOTO BO3pacTa B YCIOBHUSIX aMOyJIaTOPHOTO
npuema. [IpoBenen perpocnekTuBHBIA aHanu3 30 amMOynaTOpHBIX MALMEHTOK C jkajmo0aMu Ha
HapymeHus nukia. Hanbonee yacteivm BapuantoM HMIL siBisiics HeperyssipHbI MEHCTpYaIbHbIH
uuki (60%). Cpenu BeposSTHBIX HNpUYUH TIpeobiaganu crpeccoBbie dakTopbl (50%), runorupeos
(30%), amemus (30%), oxupenue (30%), runepnponaktuHemust (20%). I[lomydeHHBIE naHHBIC
MOATBepkAaloT MysbTU(dakTOopHbIH Xapakrep HMI[ u HeoOXoaumMocTh MeXAUCHUILTMHAPHOTO
MOJIX0Aa K OOCIIEOBAaHUIO MAIMEHTOK. B Xoxe uccleoBaHUS TakKe YCTaHOBIEHO, YTO Yy
OOJIBIIMHCTBA NAIIMEHTOK OTMEYaJOCh COYETaHHE HECKOJIbKUX IMpeapacrnojararmimux (GpakTopos.
Ocoboe 3HaueHHWEe B pa3BUTHUH HAPYLICHUH LUKIA HMEIH IICUXOSMOLMOHAIbHbIE HArpy3Kd H
COIYTCTBYIOIIME SHAOKPUHHBIE H3MeHeHHs. [lodydeHHbIe pe3ynbTaThl MOAYEPKUBAIOT BAKHOCTD
paHHEH JMAarHOCTUKM W WHAMBHIYaJbHOTO TMOJAXO/Ja K BEACHUIO JKEHIIWH C HapyIICHUSMH
MEHCTpYyalbHON (QYHKIIMH B aMOyJIaTOPHOU MPaKTUKE.

KiroueBble cjoBa: HapymieHHsT MEHCTPYaIbHOTO LWKJIA, PENpOAYKTHUBHBIA BO3pacT,
TUIOTUPEO3, THUIIEPIPOTAKTHHEMHUS, OKUPEHHE, aMOYIaTOPHBIN TIPUEM.

ETIOLOGY OF MENSTRUAL CYCLE DISORDERS IN WOMEN OF

REPRODUCTIVE AGE IN OUTPATIENT PRACTICE
Ibadullaeva Nurangizkhon Doniyor qizi
4th-year student of the Faculty of General Medicine
Eurasian Multidisciplinary University in Tashkent
ORCID: 0009-0004-8477-822X
Tashkent, Uzbekistan

Annotation. Menstrual cycle disorders (MCD) are among the most common reasons why women
of reproductive age seek outpatient obstetrician-gynecological care. These disorders may be caused by
functional, endocrine, inflammatory, metabolic, and organic factors, which requires a comprehensive
diagnostic approach. The aim of the study was to investigate the structure of etiological factors of MCD
in women of reproductive age in an outpatient setting. A retrospective analysis was conducted on 30
outpatient female patients presenting with complaints of menstrual cycle disorders. The most common
type of MCD was an irregular menstrual cycle (60%). Among the probable causes, stress factors (50%),
hypothyroidism (30%), anemia (30%), obesity (30%), and hyperprolactinemia (20%) predominated.
The obtained data confirm the multifactorial nature of menstrual cycle disorders and the need for a
multidisciplinary approach to the examination of patients. During the study, it was also found that most
patients had a combination of several predisposing factors. Psychoemotional stress and concomitant
endocrine changes played a significant role in the development of menstrual cycle disorders. The
obtained results emphasize the importance of early diagnosis and an individualized approach to the
management of women with menstrual dysfunctions in outpatient practice.

Keywords: menstrual cycle disorders, reproductive age, hypothyroidism, hyperprolactinemia,
obesity, outpatient care
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Annotatsiya. Hayz sikli buzilishlari (HSB) reproduktiv yoshdagi ayollarning ambulator
sharoitda akusher-ginekologga murojaat qgilishining eng ko‘p uchraydigan sabablaridan biridir. Ushbu
buzilishlar funksional, endokrin, yallig‘lanishli, metabolik va organik sabablarga bog‘liq bo‘lishi
mumkin, bu esa kompleks diagnostik yondashuvni talab etadi. Tadgiqotning magsadi ambulator gabul
sharoitida reproduktiv yoshdagi ayollarda HSB etiologik omillarining tuzilishini o‘rganishdan iborat
bo‘ldi. Hayz sikli buzilishlari bo‘yicha shikoyat bilan murojaat qilgan 30 nafar ambulator bemor
retrospektiv tahlil qilindi. HSBning eng ko‘p uchraydigan turi hayz siklining notekisligi bo‘lib, u 60%
holatda kuzatildi. Ehtimoliy sabablar orasida stress omillari (50%), gipotireoz (30%), anemiya (30%),
semizlik (30%), giperprolaktinemiya (20%) ustunlik qildi. Olingan ma’lumotlar hayz sikli
buzilishlarining multifaktorial xususiyatga ega ekanligini va bemorlarni tekshirishda multidisiplinar
yondashuv zarurligini tasdiglaydi. Tadgigot davomida bemorlarning aksariyatida bir nechta
predispozitsion omillarning birgalikda uchrashi aniglandi. Menstrual sikl buzilishlari rivojlanishida
psixoemotsional zo‘rigishlar va hamroh endokrin o‘zgarishlar muhim ahamiyat kasb etdi. Olingan
natijalar ambulator amaliyotda menstrual funksiyasi buzilgan ayollarni erta tashxislash va individual
yondashuv asosida olib borish muhimligini ta’kidlaydi.

Kalit so‘zlar: hayz sikli buzilishlari, reproduktiv yosh, gipotireoz, giperprolaktinemiya,
semizlik, ambulator gabul.

BBenenue.

MeHCTpyallbHbII LUKI SIBISIETCS BaXXHBIM IIOKAa3aTeleM pPENpOIyKTUBHOTO M OOIIEero
COMAaTHUYECKOT0 3/J0pOBbS KEHIIMHBI. HapyIieHus ero peryyisipHOCTH, MPOJIOJIKUTENIHOCTH, 00beMa
KpOBONOTEPU WM OOJE3HEHHOCTH MOTYT OTpaxaThb AMCHYHKIHUIO TUIOTaIaMo-runodusapHo-
SIMYHUKOBOM OCH, 3HJIOKPUHHBIE 3a00JI€BaHUS, XPOHUUYECKUIN CTpecCc, METabOINYEeCKHe HapyIlIEeHus,
BOCHAJINTENBHBIE TPOLECCHl M CTPYKTYPHYIO IATOJIOTHIO OpraHoB mayoro Tasa [l1]. CormacHo
pexomenaauusam FIGO u ACOG, npu o6cnenoBanuu nanueHtok ¢ HMII Heo6XoaumMo yunThIBaTh
BO3pacT, HMHAEKC MacChl Tela, PENpOJyKTUBHBIM aHaMHE3, HaJIU4YMe AaHEMHM, THPEOHIHON
TUCYHKIUH, TUIIEPIPOIAKTUHEMUHN U CUHJIpOMa MOJUKUCTO3HBIX sudHUKOB (CIIKA). Hapymenus
MEHCTPYaJIbHOTO LIMKJIAa CHUXKAIOT KAauyecCTBO >KU3HH JKEHIIMH W MOTYT IPHUBOJIUTH K OECIUIONUIO,
aHEeMUH, TICUXO03MOIMOHAIBHBIM PAcCTPOMCTBAaM M TpeOYIOT CBOEBPEMEHHOM TMarHOCTHKHU.

B amOynatopHoif TpakTUKE BaXKHBIM SIBIISIETCS paHHEE BbIsiBIIeHHE 00paTuMbIX npuundH HMII,
MOCKOJIbKY UIMEHHO Ha MEPBUYHOM 3Tare GOopMHUpYETCs anbHeiIas TaKTUKa BeJIeHNs TallUeHTKU.

Heab. M3yuuTh CTPYKTYpY M ATHOJOTHIO HApyLIEHUH MEHCTPYaJbHOIO IMKJIA Yy >KEHIIUH
PENpOIyKTUBHOTO BO3pacTa B YCIOBHUSIX aMOyJIaTOPHOTO IpUeMa.

MarepuaJjbl 1 METOBbI.

[IpoBeieHO pETPOCIIEKTUBHOE HCCIIEOBAaHME HAa OCHOBE aHaiu3a JAaHHbIX 30 >KEeHIIMH
PENpPOAYKTUBHOTO BO3pacTa, OOpaTHUBIIMXCS B aMOYyJaTOPHOE 3BEHO C Kajo0aMu Ha HapylleHUs
MEHCTpYaIbHOTO LKKIa. Kpurepusmu BKIIOUEHUS SBISUIHCH. Bo3pacT 17—46 net, Hain4ue kainod Ha
HMLI, nanuynie KINMHUKO-Ia00paTOPHBIX JTaHHBIX.

OneHuBanuch mnapaMerTpsl: BO3pacT, aHTPONOMETPUYECKHE IIOKA3aTeNH, PENpPOTyKTUBHBIN
aHaMHe3, THI HapyllIeHUs LMKIIA, HaJu4ue cTpeccoBbIX (haktopos, anemus, CIIKS, muoma maTkwy,
SH/IOMETPHO3, TUIOTUPEO3, TUIEPHPOJIAKTUHEMHUS, OXKHUPEHHE, BOCHAIMUTENbHbIE 3a00JeBaHuUs,
nanubie Y3U opranoB Masoro taza u 1abopaTopHbIE MTOKa3aTeH.

PesyabTarsl.

Bo3spact manuentok BapbupoBai ot 17 no 46 ner, cpenHuil Bozpact cocraBuin 31,4+7,8 rona.
Cpenu KIMHHYECKUX BapUaHTOB HapyIIEHUH MEHCTPYaJIbHOTO IUKJIA Hanbojee YacTo BCTpeyasics
HEpEeTyJIIpHbIA MEHCTpyalbHBIH LUKJ, BbISBICHHbIH y 16 mnauumentok (53,3%). ducmenopes
nuarHoctupoBana y 5 xeHiuH (16,7%), onuromenopest - y 4 (13,3%), nonumenopes - y 3 (10,0%),
MeHopparus - y 2 nmauueHTok (6,7%). JnurensHocTh kanob cocTapisiia OT 2 MecsIeB A0 3 JeT, Mpu
stoM y 18 sxenmuH (60,0%) cUMITOMBI COXpaHsIUCh Oojiee 6 MecAlEeB, YTO CBUACTEIBCTBYET O
M03/IHEM OOpaIlleHUH 3a CICIHATM3HPOBAHHOM moMoInbio. [2,3,10]
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AHanmu3 mpezrnonaraéMbeiX 3THOJOTHYECKUX (DaKTOPOB MOKa3asl MyJIbTU(AKTOPHBIA XapakTep
Hapyuienuii. Haunbosnee 4acTo BBISBISUIMCH ICHXOAMOILMOHANbHBIE CTpeccoBbie (akTopbl - y 15
narueHToK (50,0%). U30bITouHast Macca Tena U O)KupeHue 3aperucTpupoBansl y 11 sxenmmuH (36,7%),
IIPH 3TOM Y YaCTH U3 HUX OTMEUYaIHCh JJaOOpaTOpHbIEe MPU3HAKU HHCYJTUHOPE3UCTEHTHOCTH. AHEMHUS
pa3IMYHON CTENEHM BbIpAKEHHOCTU JuarHoctupoBaHa y 10 manwmenTtok (33,3%). I'mnotupeos
BBISIBJICH Yy 8 skeHUIMH (26,7%), runepnponaktuaemus - y 6 (20,0%). CuHIApPOM MOJMKHCTO3HBIX
anyHukoB (CIIKS) nmarnHoctupoBan y 5 nanueHTok (16,7%). XpoHMuecKne BOCHAIUTENbHbIE
3a00JieBaHUs OPraHOB MAJIOro Ta3a OTMEYEHbI y 5 xeHuuH (16,7%). DHOOMETpHO3 U aJeHOMHO3
BbIsiBIIeH y 4 nauueHnTtok (13,3%), muoma matku -y 3 (10,0%).

[To mannbivM Y3 natosnoruueckue u3MeHeHus BblsBieHbl y 19 manuenTok (63,3%). Haubonee
94acTO PErUCTPUPOBAINCH (YHKIHMOHAJIBHBIC KUCTHI SIMYHUKOB - y 6 skeHuH (20,0%), npusHaku
aneHomuosa - y 4 (13,3%), MmynbTuouuKyIsipHble SMYHUKY - Y 5 (16,7%), MUOMaTO3HBIE Y31IBI - y 3
(10,0%), momun sumomerpusi - y 1 manmentku (3,3%). CpenHuii ypoBeHb (QeppUTHHA COCTaBUII
29,6+14,2 Hr/mi, mpu3HAKU JATEHTHOTO Ae(UIMTA XKelle3a BBIBICHBI Y 3HAYUTENBHON YacTH
oOcnenoBaHHbIX. [1OBBINIIEHNE YPOBHS THPEOTPOITHOTO TOPMOHA 3apPETHCTPHPOBAHO Y § MAIMEHTOK
(26,7%). YpoBeHb MpoOJIAKTHHA BbIIIE pedEepeHCHBIX 3HAYeHU oTMmeuancs y 6 sxkeHuuH (20,0%).
Hapymenust yriaeBogHoro oOMeHa 1/ TunepuHCyInHeMus oOHapyxeHbl y 9 manueHTok (30,0%).

CrnenyeT OTMETUTH, YTO Y OOJBIIIMHCTBA 0OCIIEIOBAaHHBIX )KCHIIUH HAPYIICHUSI MEHCTPYaJbHOTO
[UKJIa OBUIH CBSI3aHBI HE C OJTHOW MPUYHMHOM, @ C COYETaHUEM HECKOJIBKUX (DaKTOpPOB.

Taxum o6pazom, B aMOyJIaTOPHOI MPAKTUKE y KEHIIUH PETPOTYKTUBHOTO BO3paCcTa BeIyIIUMU
NPUYMHAMH HApyIIEHUH MEHCTPYallbHOTO LHUKJIA SBISIOTCA TCHXO3MOIIMOHAIBHBIA  CTPEcC,
SHAOKPUHHBIE PACCTPOWCTBA, METAaOONMYECKHWE HapyUICHHS M >Kene30/e(ULUTHBIE COCTOSHUS.
Haunbonee wactoii xnmmuHmveckoit gopmoit HML] okasancst HeperyJsipHbIi MEHCTPYaIbHBIA LUK
(53,3%). IlomydeHHble AaHHBIE MOATBEPXKIAIOT HEOOXOAMMOCTb KOMIUIEKCHOTO OO0CIEe10BaHHs
MAIMEHTOK C 00513aTeTFHOM OIIEHKOH TOPMOHAIBHOTO CTAaTyCa, METa0OIMUECKUX ITOKa3aTelNei, ypoBHS
’KeJie3a U COCTOSIHUSI OPraHoB Majioro tasa. [1,4,5]

Obcyxaenne.

[TomyyeHHble  pe3yJbTaThl  COIJIACYIOTCS C  COBPEMEHHBIMM  IPEICTABICHUSAMU O
nosnmaTHoNorndeckoi nmpupone HMII. 3HauntenpHas A0S CTpecC-aCCOUMUPOBAHHBIX HapyIICHUN
MOJITBEPXK/IAaeT BIMSIHNUE XPOHUYECKOTO MICUX03MOIIMOHAIBHOTO HAPSXKEHUS Ha TUIOTAIAMUYECKYTO
PETYJSIIIUI0 MEHCTPYaJbHOTO IHKJIA. BBICOKas dYacToTa THIIOTHPEO3a W THIEPIPOIAKTHHEMUN
CBHJIETENILCTBYIOT O TOM, UTO TUPEOHUIHAS AUCHYHKIMS U THUIEPIPOTAKTHHEMUS SBIISIOTCS YaCTHIMU
SHIOKPUHHBIMU TIPUYMHAMHU AHOBYJISIIUM M HEPETYJSPHOTO NHKIA. MeTabonnyeckre HapyIIeHUs
3aHUMAIOT BakHOe MecTo B natoreneze HMI 3a cuer MHCYTMHOPE3UCTEHTHOCTH, THUIIEPaHIPOT€HUI
u Hapyumienust oBynsumu [4,7,8]. Ilpu amOynatopHom Beaenun >xeHmpH ¢ HMI[ HeoOxoammo
MPOBOJIUTh KOMIUIEKCHYIO OIEHKY TOPMOHAJIBHOTO, META0OIMYECKOTO M TICHXOAMOIMOHAIBHOTO
craryca [6,9].

3akJ/iroueHue.

1. HaubGonee uvactoif (GopMOil HapylIeHUS MEHCTPYaJbHOrO ILMKJA SBISUICS HEpETryJspHBIi
MEHCTPYaJIbHBI LHKJ, BBIABIEHHBIA y 53,3% manmueHTOK, 4TO YKa3blBaeT Ha mpeodiiajaHue
TUC()YHKIIMOHAIBHBIX U YHIOKPUHHO-META0O0IMUYECKUX MEXaHU3MOB B cTpykType HMII,

2. HapymieHnust MEHCTPYaIbHOTO IUKJIA HMEIOT TIOJIMATHOIOTHYECKUH XapaKTep.

3. Opranuyeckas MaToJIOTUsI OPraHOB MAJIOTO Ta3a MO JaHHBIM YJIbTPa3ByKOBOT'O UCCIIETOBAHMS
BbIsIBIIeHa Y 63,3% 00CIe0BaHHBIX, YTO MOATBEPKIACT 3HAUNMOCTh WHCTPYMEHTAIBHBIX METOJIOB
JMAarHOCTHKHU B aMOyJIaTOPHON MpaKTHKE.

4. Merabonnueckue HapylIeHUs U IPU3HAKU UHCYJINHOPE3UCTEHTHOCTH BBIABISINCH Y 30,0%
NAIMEeHTOK, 4TO TpeOyeT BKJIIOYEHHS OLIEHKU YIJIEBOJHOIO OOMEHa B CTaHJAPTHBIA aJrOpUTM
obcnenoBanus xeHmuH ¢ HMII.

5. XKeHIMHBI ¢ HApPYIICHUSIMH MEHCTPYaJIbHOTO LUKJIA HYXAAIOTCS B MEKIUCUUIUIMHAPHOM
BEJICHUH C Y4acTHEM aKyllepa-THHEKOJIOTa, SHJOKPUHOJIOTa U TEPAINeBTa, YTO MO3BOJISET YIYUIIUTh
PEenpONyKTUBHBIN IIPOTHO3.
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TURLI SINF PESTITSIDLARI (GERBITSIDLAR VA INSEKTITSIDLAR)
TA'SIRIDA YUZAGA KELADIGAN METABOLIK BUZILISHLARNING
PATOGENETIK MEXANIZMLARI VA ULARNI FARMAKOLOGIK

KORREKSIYALASH: KLINIK-EKSPERIMENTAL TADQIQOT
Ilyasova Munisa Mirvaliyevna
PhD, Toshkent davlat tibbiyot universiteti 1-son Jamoat salomatligi va sog ligni saglash
menejmenti kafedrasi dotsenti, Toshkent, Uzbekistan,
munisamirvaliyevnal3@gmail.com , https://orcid.org/0000-0003-1742-7740

Annotatsiya. Donchilikda pestitsidlardan keng foydalanish gishloq xo'jaligi ishchilari
organizmida metabolik buzilishlar rivojlanish xavfini oshiradi. Turli sinf pestitsidlar — gerbitsidlar va
insektitsidlar — ta'sir mexanizmlaridagi farglar ular keltirib chigaradigan patologik o'zgarishlar
spektriga o'ziga xoslik Kiritadi.

Magsad. Turli sinf pestitsidlar (gerbitsid va insektitsidlar) ta'sirida organizmda yuzaga
keladigan metabolik buzilishlarning o'ziga xos xususiyatlarini aniglash va ularni korreksiyalashning
patogenetik asoslangan usullarini ishlab chigish.

Metodlar. Eksperimental gismda 120 ta Vistar lineali oq kalamushlar "Bagira™ (insektitsid),
"Tayfun" (gerbitsid), "Dalate plus" (kombinatsiyalangan) va ularning aralashmasi bilan 30 va 60 kun
davomida intragastrik yuborish orgali ta'sirlantirildi. Klinik gismda pestitsidlar bilan kasbiy kontaktda
bo'lgan 45 nafar mexanizator tekshirildi. Qon zardobida ALT, AST, GGT, glyukoza, triglitseridlar,
xolesterin, laktat, piruvat, MDA, GSH, SOD va katalaza faolligi aniglandi. Jigar to'gimasida glikogen
va mitoxondriyal suktsinatdegidrogenaza (SDG) faolligi o'rganildi.
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Natijalar. Pestitsidlar ta'sirida uglevod almashinuvining ikki fazali o'zgarishi aniglandi: o'tkir
bosqgichda giperglikemiya (7.5 mmol/l gacha), surunkali ta'sirda gipoglikemiya (3.9 mmol/l gacha) va
glikogen depolari 35-68% ga kamayishi. Dislipidemiya (TG 1.86+0.15 mmol/l, HDL 0.71+0.04
mmol/l) va jigar fermentlari faolligining oshishi kuzatildi. MDA darajasi 3.5 baravar oshdi, GSH va
SOD faolligi pasaydi. Aralashma guruhida barcha ko'rsatkichlar bo'yicha sinergistik ta'sir gayd etildi.
Korreksiya kompleksi (pangamat kalsiy + C vitamini + melissa ekstrakti) metabolik ko'rsatkichlarni
normallashtirdi va SDG faolligini 50% ga tikladi.

Xulosa. Pestitsidlar aralashmalari sinergistik toksik ta'sir ko'rsatadi. Metabolik buzilishlarning
erta markerlari sifatida laktat/piruvat nisbati, GGT, MDA va GSH dan foydalanish mumkin. Taklif
etilgan korreksiya kompleksi mitoxondriyal disfunktsiyani kamaytirish va metabolik gomeostazni
tiklashda samarali hisoblanadi.

Kalit so'zlar: pestitsidlar, gerbitsidlar, insektitsidlar, metabolik buzilishlar, oksidlovchi stress,
mitoxondrial disfunktsiya, farmakologik korreksiya, sinergizm.

MATOTEHETUYECKWE MEXAHWU3MbI METABOJIMUYECKHUX
HAPYIIEHWI ITPA BO3IENCTBUM MMECTULNIOB PA3JIMYHBIX
KJACCOB (TEPBULIAI0OB 1 THCEKTUIIMAOB) U X
®APMAKOJOTHYECKASI KOPPEKIUS: KJIMHUKO-
SKCIEPUMEHTAJILHOE UCCJIEJTOBAHUE

HNiabsicoBa Mynuca MupBajineBHa
PhD, mouent kadempbt Nel 00IIeCTBEHHOTO 370POBbS M MEHEDKMEHTA 37PaBOOXPAHCHUS
TamkeHTCKOro rocy1apCTBEHHOTO0 MEAUIIMHCKOTO YHUBEpCUTETA, TalKeHT, ¥Y30eKucTaH.
munisamirvaliyevnal3@gmail.com, https://orcid.org/0000-0003-1742-7740

AunHoTanus. [1lupokoe nmpuMeHeHUE MECTULHIOB B 3€PHOBOM XO3SMCTBE MOBBIIIAET PUCK
pa3BUTHSA METa0OTUYECKIX HAPYIIIEHUH Y paOOTHUKOB CENTbCKOT0 X03sicTBa. Pa3nnuuns B MexaHn3Max
JENCTBUSI IECTUITUIOB Pa3HBIX KJIACCOB — MepOUIINIOB U HMHCEKTUIIMIOB — O0YCIIOBIMBAIOT CIIEIU(DUKY
CIEKTpa BbI3bIBAEMbBIX UMHU MATOJOTMUECKUX U3MEHEHUH.

[enb. OnpenenuTb 0COOEHHOCTH META00INYECKUX HApYIICHUH, BOSHUKAIOIIUX B OpraHu3Me
MIPU BO3JICHCTBUU MECTHUIIMIOB PA3MYHBIX KJIACCOB (T€pOUIIUAOB U MHCEKTUIIUAOB), U pa3paboTarh
MaTOT€HETHYECKH 00OCHOBAaHHBIE METOIbI UX KOPPEKITUH.

Metoasl. B skcniepumentanpHoi wactu 120 OenbIx Kpbic JUHMKM Buctap mojBepramuch
BozaeicTBuo "barupa" (nncextunun), "Talipyn" (repounun), "Janare mioc" (KOMOMHHPOBAHHBIN)
U UX CMECU IyTeM BHYTPUIKETyI04YHOrO BBeAeHUs: B TeueHue 30 u 60 aHeil. B kiamHu4eckoil yactu
oOcnenoBaHbl 45 MEXaHWU3AaTOPOB, MMEIOMIUX MPO(ECCHOHATBHBIN KOHTAaKT ¢ MecThunuaaMu. B
ceiBopoTKe KpoBu omnpenensuiin AJIT, ACT, I'TT, rioko3y, TpUIIIMLIEpUIbl, XOJECTEPUH, JAKTaT,
mupyBar, MJIA, GSH, aktuBHocTe COJl m karana3el. B TkaHM TIeUeHW HM3y4alld COJCpKAHHE
[JIMKOTE€HA U aKTUBHOCTh MUTOXOHAPUANIbHOM cykuuHataeruaporenassl (CUI).

Pesynbrarel. BeisiBneno nByxgazHoe M3MEHEHHE YTIEBOAHOTO OOMEHA: TUIEPTIIMKEMUs (10
7.5 MMOJIB/IT) B OCTPOM TEPHOJIE, CMEHSIOIIASCS TUIIOTTIMKEeMUEH (710 3.9 MMOJIB/IT) MPU XPOHUYECKOM
BO3JICHICTBUM, UCTOLICHHE 3amacoB IiukoreHa Ha 35-68%. 3apeructpupoBanbl gucnunugaemus (TT
1.86+0.15 mmonw/n, XC JIIBIT 0.71+0.04 MMOnB/1T) ¥ TOBBIIIEHWE AKTUBHOCTH TMEYCHOYHBIX
dbepmenToB. Yposenb MJIA noBsimaiics B 3.5 pasa, aktuBHOCTh GSH u COJ/I camxkanace. B rpymme
CO CMEChI0 TMECTUIUAOB OTMEYEeH CHHeprudeckuii »¢¢dekr mo Bcem Mokazareism. Komruiekc
KOppeKIMH (MmaHramar Kajnblus + BUTaMUH C + SKCTPAKT MEJIMCChl) HOpMaIn30Bajl MeTab0InYeCKue
IIOKAa3aTelM U BoccTaHaBauBal akTuBHOCTh CJII" Ha 50%.

3akmouenre. CMecH TECTUIIUIOB O0Iaal0T CHHEPTHYECKUM TOKcHueckuM shdexkrom. B
KaueCTBE PaHHUX MapKepOB METAOOIMYECKUX HAPYIIEHUH MOTYT OBITh HCIIOJIb30BAHBI COOTHOIIICHHE
naktar/mupysar, ['TT, MJIA u GSH. [IpennosxeHHBII KOMITTIEKC KOPPEKIHH A (PEKTHBEH B CHIIKCHUH
MUTOXOHIPHAILHOUN TUC(HYHKIIMU U BOCCTAHOBIEHUU METa00IMYECKOTO TOMEOCTasa.
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KiroueBble cj10Ba: MECTULIUBI, TEPOUIMIBI, HHCEKTHIIU/IbI, META0OIUYECKHE HAPYIICHUS,
OKCHJIATUBHBII CTpecc, MHUTOXOHApUaibHas AUCPYHKIMS, (apMaKoJoruyeckass KOPPEeKIHs,
CUHEPTU3M.

PATHOGENETIC MECHANISMS OF METABOLIC DISORDERS INDUCED
BY PESTICIDES OF DIFFERENT CLASSES (HERBICIDES AND
INSECTICIDES) AND THEIR PHARMACOLOGICAL CORRECTION: A

CLINICAL AND EXPERIMENTAL STUDY
Munisa Mirvaliyevna llyasova
PhD, Associate Professor of the Department of Public Health and Healthcare Management No. 1,
Tashkent State Medical University, Tashkent, Uzbekistan.
E-mail: munisamirvaliyevnal3@gmail.com
ORCID: https://orcid.org/0000-0003-1742-7740

Abstract. The widespread use of pesticides in grain farming increases the risk of developing
metabolic disorders in agricultural workers. Differences in the mechanisms of action of various
pesticide classes — herbicides and insecticides — determine the specific spectrum of pathological
changes they induce.

Obijective. To identify the specific features of metabolic disorders occurring in the body under
the influence of different classes of pesticides (herbicides and insecticides) and to develop
pathogenetically substantiated methods for their correction.

Methods. In the experimental part, 120 Wistar rats were exposed to "Bagira" (insecticide),
"Tayfun" (herbicide), "Dalate plus" (combined), and their mixture via intragastric administration for
30 and 60 days. The clinical part involved 45 agricultural machine operators with occupational
pesticide contact. Serum levels of ALT, AST, GGT, glucose, triglycerides, cholesterol, lactate,
pyruvate, MDA, GSH, SOD, and catalase activity were determined. Liver tissue was analyzed for
glycogen content and mitochondrial succinate dehydrogenase (SDH) activity.

Results. A biphasic change in carbohydrate metabolism was revealed: hyperglycemia (up to 7.5
mmol/L) in the acute phase, followed by hypoglycemia (down to 3.9 mmol/L) under chronic exposure,
and depletion of glycogen stores by 35-68%. Dyslipidemia (TG 1.86+0.15 mmol/L, HDL-C 0.71+0.04
mmol/L) and increased liver enzyme activity were recorded. MDA levels increased 3.5-fold, while
GSH and SOD activity decreased. A synergistic toxic effect was observed in the pesticide mixture
group across all parameters. The correction complex (calcium pangamate + vitamin C + Melissa
extract) normalized metabolic parameters and restored SDH activity by 50%.

Conclusion. Pesticide mixtures exhibit a synergistic toxic effect. The lactate/pyruvate ratio,
GGT, MDA, and GSH can serve as early markers of metabolic disorders. The proposed correction
complex is effective in reducing mitochondrial dysfunction and restoring metabolic homeostasis.

Keywords: pesticides, herbicides, insecticides, metabolic disorders, oxidative stress,
mitochondrial dysfunction, pharmacological correction, synergism.

Kirish

Donchilik — gishlog xo'jaligining strategik tarmog'i bo'lib, yuqori va bargaror hosil olish
magsadida pestitsidlardan keng foydalaniladi. Gerbitsidlar (begona o'tlarga garshi) va insektitsidlar
(zararkunandalarga garshi) ekinlarni himoya gilishda asosiy vositalar hisoblanadi. Birog, ularning keng
go'llanilishi, aynigsa, kombinatsiyalangan va ketma-ket ta'sir sharoitida, gishloq xo'jaligi ishchilari va
aholi salomatligi uchun jiddiy xavf tug'diradi [1, 2].

Pestitsidlarning toksik ta'siri asosan hujayra darajasida namoyon bo'lib, mitoxondrial
disfunktsiya, oksidlovchi stressning kuchayishi va asosiy metabolik yo'llarning (uglevod, lipid, ogsil)
izdan chiqishi bilan kechadi [3, 4]. O'tkir zaharlanishdan fargli o'laroqg, surunkali past dozali ta'sir
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ko'pincha subklinik metabolik siljishlar bilan namoyon bo'lib, ular erta tashxis qo'yish va profilaktika
choralarini 0'z vaqtida boshlash imkonini beradi [5, 6].

Turli sinf pestitsidlar — gerbitsidlar va insektitsidlar — organizmga har xil mexanizmlar orgali
ta'sir ko'rsatadi. Masalan, "Bagira" (neonikotinoid) asab tizimiga ta'sir etsa, "Tayfun" (2,4-D)
mitoxondriyal funktsiyani bevosita buzadi. Ushbu ta'sir mexanizmlaridagi farglar ular keltirib
chigaradigan metabolik buzilishlar spektriga ham o'ziga xoslik kiritadi [7, 8]. Aynigsa, aralashmalar
ta'sirida kuzatiladigan sinergizm hodisasi toksik xavfni bir necha bor oshirishi mumkin [9].

Shu bois, ushbu tadgigotning magsadi — donchilikda keng qo'llaniladigan turli sinf pestitsidlar
(gerbitsid va insektitsidlar) ta'sirida organizmda yuzaga keladigan metabolik buzilishlarning o'ziga xos
xususiyatlarini aniglash va ularni korreksiyalashning patogenetik asoslangan usullarini ishlab
chigishdan iborat.

Metodlar

Tadgiqgot obyektlari:

1. Eksperimental tadgiqotlar: Vistar lineali oq kalamushlar (n=120, vazni 180-220 g).
Hayvonlar 12 soatlik yorug'lik/qorong'ulik rejimida, standart ozig-ovgat va suv bilan ta'minlangan
vivarium sharoitida saglandi.

2. Klinik kuzatuvlar: Donchilikda pestitsidlar bilan kasbiy kontaktda bo'lgan 45 nafar
mexanizator va yordamchi ishchi (asosiy guruh) va 30 nafar pestitsidlar bilan alogasi bo'Imagan
nazorat guruhi.

Toksikantlar va ularni go'llash sxemasi:

« "Bagira" insektitsidi (faol modda: imidakloprid, 200 g/I)

« "Tayfun" gerbitsidi (faol modda: 2,4-D (2,4-dixlorfenoksiasetik kislota), 564 g/I)

« "Dalate plus" kombinatsiyalangan pestitsidi

Eksperimental hayvonlar quyidagi guruhlarga bo'lindi (har bir guruhda n=10):

Nazorat guruhi (fiziologik eritma)

"Bagira" (1/20 LDso, 30 va 60 kun)

"Tayfun" (1/20 LDso, 30 va 60 kun)

"Dalate plus" (1/20 LDso, 30 va 60 kun)

Aralashma guruhi (yuqoridagi uchala preparatning 1/20 LDsodan aralashmasi, 30 kun)

. Korreksiya guruhi (pestitsidlar + pangamat kalsiy 50 mg/kg + C vitamini 100 mg/kg +
melissa ekstrakti)

Preparatlar kuniga bir marta, intragastrik zond orqali yuborildi.

Biokimyoviy tekshiruv usullari:

e Qon zardobida: ALT, AST, GGT, umumiy bilirubin, kreatinin, glyukoza, triglitseridlar,
umumiy xolesterin (spektrofotometrik usulda, standart reagentlar to'plami).

« Laktat va piruvat miqdori (enzimatik usul).

« Oksidlovchi stress markerlari: MDA (malondialdegid) — tioyodo kislota bilan reaksiya
asosida; gaytarilgan glutation (GSH) — Ellman usuli; SOD (superoksiddismutaza) va katalaza faolligi.

« Jigar to'qimasida: glikogen miqgdori, mitoxondriyal suktsinatdegidrogenaza (SDG) faolligi.

Statistik tahlil: StatSoft Statistica 10.0 dasturi yordamida amalga oshirildi. Ma'lumotlar
o'rtachatstandart xatolik (M+m) sifatida ifodalandi. Guruhlararo farqlar Styudent t-mezoni yordamida
baholandi. Farglar p<0,05 darajasida ishonchli deb hisoblandi.

Natijalar

1. Turli pestitsidlarning o'tkir va surunkali ta'sirida uglevod almashinuvi ko'rsatkichlarining
o'zgarishi

Tadgiqgotlar shuni ko'rsatdiki, barcha pestitsidlar guruhlarida qon glyukoza darajasining ikKi
fazali o'zgarishi kuzatildi. O'tkir bosqgichda (3-7 kun) reaktiv giperglikemiya (6.8-7.5 mmol/l, nazoratda
5.24+0.3 mmol/l) qayd etilgan bo'lsa, surunkali ta'sir (30-60 kun) oxirida gipoglikemiya tendensiyasi
(3.9-4.5 mmol/l) kuzatildi (1-rasm). Eng sezilarli o'zgarishlar "Dalate plus” va aralashma guruhlarida
aniglandi.

Jigar glikogeni miqdori barcha tajriba guruhlarida sezilarli darajada kamaydi. 60 kunlik
ta'sirdan so'ng "Bagira" guruhida glikogen 35% ga, "Tayfun" guruhida 48% ga, "Dalate plus™ guruhida
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52% ga, aralashma guruhida esa 68% ga (p<0.01) kamaydi. Bu jigarning glikogen-depo funksiyasining
izdan chigganligini ko'rsatadi.

Laktat/piruvat nisbati — mitoxondriyal disfunktsiyaning muhim ko'rsatkichi — barcha
guruhlarda oshdi. Eng yuqori ko'rsatkich aralashma guruhida gayd etildi (12.8+1.2, nazoratda 6.4+0.5,
p<0.001), bu hujayralarning anaerob metabolizmga o'tishini va energetik tanqislikni
chuqurlashganidan dalolat beradi.

2. Lipid almashinuvi va jigar fermentlari faolligidagi o'zgarishlar

Pestitsidlar ta'sirida qon zardobida dislipidemiya rivojlanishi kuzatildi: triglitseridlar va
umumiy xolesterin darajasi oshdi, HDL xolesterin esa pasaydi (1-jadval). Bu o'zgarishlar jigarda yog'li
infiltratsiya (steatoz) rivojlanish xavfini ko'rsatadi.

1-jadval. Pestitsidlarning 60 kunlik ta'sirida lipid profili
ko'rsatkichlarining o'zgarishi (M+m)

Guruh Triglitseridlar Umumiy HDL
(mmol/l) xolesterin (mmol/l) (mmol/l)
Nazorat 0.85+0.06 3.424+0.15 1.28+0.07
"Bagira" 1.2440.09* 4.18+0.21* 1.024+0.06*
"Tayfun" 1.42+0.11* 4.65+0.24* 0.91+0.05*
"Dalate plus" 1.58+0.13* 4.92+0.27* 0.82+0.05*
Aralashma 1.86+0.15*# 5.43+0.31*%# 0.71+£0.04*#
*|zoh: * - nazoratga nisbatan p<0.05; # - alohida pestitsidlarga nisbatan p<0.05
(sinergistik effekt)*

Jigar fermentlari (ALT, AST, GGT) faolligining oshishi gepatotsitlar membranasining
shikastlanganligidan dalolat beradi. Eng yuqori ALT va AST ko'rsatkichlari "Dalate plus" va aralashma
guruhlarida aniglandi. GGT faolligining oshishi xolestatik jarayonlarning qo'shilishidan dalolat beradi.

3. Oksidlovchi stress va antioksidant himoya tizimi holati

Barcha pestitsid guruhlarida oksidlovchi stress rivojlanganligi aniglandi. Qon plazmasida
MDA darajasi 2.5-3.5 baravar oshdi, bu lipid peroksidatsiyasining kuchayganligini ko'rsatadi. Shu
bilan birga, gaytarilgan glutation (GSH) miqdori va antioksidant fermentlar (SOD, katalaza) faolligi
sezilarli darajada pasaydi. Aralashma guruhida bu ko'rsatkichlar alohida pestitsidlar guruhiga nisbatan
statistik ishonchli darajada (p<0.05) yomonroq edi, bu sinergistik ta'sirni tasdiglaydi.

4. Pestitsidlar aralashmasining sinergistik ta'siri

Tadgiqot natijalari pestitsidlar aralashmasi guruhida barcha o'rganilgan ko'rsatkichlar bo'yicha
eng jiddiy o'zgarishlar kuzatilganligini ko'rsatdi (1-jadval, MDA, GSH, SDG ko'rsatkichlari). Masalan,
mitoxondriyal SDG faolligi nazoratga nisbatan alohida pestitsidlar guruhlarida 25-40% ga pasaygan
bo'lsa, aralashma guruhida bu pasayish 58% ni tashkil etdi. Bu shuni ko'rsatadiki, pestitsidlar
aralashmasining toksik ta'siri alohida komponentlar ta'sirining oddiy yig'indisidan yugori bo'lib,
sinergistik xarakterga ega.

5. Metabolik buzilishlarni farmakologik korreksiyalash samaradorligi

Taklif etilgan korreksiya kompleksining (pangamat kalsiy + C vitamini + melissa ekstrakti) 30
kun davomida qgo'llanilishi pestitsidlar ta'sirida yuzaga kelgan metabolik buzilishlarning aksariyatini
sezilarli darajada kamaytirdi (2-jadval).
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2-jadval. Korreksiya kompleksining pestitsidlar aralashmasi ta'siridagi
metabolik ko'rsatkichlarga ta'siri (M+m)

Ko'rsatkich Aralashma (60 kun) Aégﬁiigj;

Glyukoza (mmol/l) 3.92+0.21 4.85+0.24*

ALT (U/) 78.5+4.2 52.3+3.1%

MDA (mkmol/l) 6.82+0.35 3.45+0.22%

GSH (mmol/l) 1.82+0.11 2.56+0.14%*

SDG (nmol/mg protein/min) 12.4+0.9 18.6+1.1*
*]zoh: * - korreksiyasiz guruhga nisbatan p<0.05*

Korreksiya kursidan so'ng qon glyukoza darajasi normallashdi, jigar fermentlari faolligi
pasaydi, oksidlovchi stress ko'rsatkichlari (MDA) kamaydi va antioksidant himoya (GSH, SOD)
tiklandi. Aynigsa, mitoxondriyal SDG faolligining sezilarli darajada (50% ga) tiklanishi energiya
metabolizmining yaxshilanganligidan dalolat beradi.

Muhokama

Olingan natijalar pestitsidlarning — gerbitsid va insektitsidlarning — organizm metabolizmiga
kompleks va ko'p girrali ta'sirini tasdiglaydi. Uglevod almashinuvidagi ikki fazali o'zgarishlar
(dastlabki kompensator giperglikemiya va keyingi gipoglikemiya) organizmning toksik stressga
moslashish mexanizmlarining izdan chigganligini ko'rsatadi. Glikogen depolari tugashi va
laktat/piruvat nisbatining oshishi mitoxondriyal disfunktsiya va hujayralarning energiya tanqisligi
sharoitida anaerob metabolizmga o'tishining natijasidir [3, 10].

Lipid almashinuvidagi o'zgarishlar — triglitseridlar va LDL xolesterinning oshishi, HDL ning
pasayishi — dislipidemiya va aterogen xavfning ortishidan dalolat beradi. Bu, asosan, jigarda yog'
kislotalarining -oksidlanishining ingibitsiyasi va lipogenezning kompensator faollashuvi bilan bog'liq
[4, 7]. Jigar fermentlari (ALT, AST, GGT) faolligining oshishi gepatotsitlar membranasining
shikastlanganligini va xolestatik jarayonlarning go'shilganligini ko'rsatadi, bu boshga tadgiqotchilar
ma'lumotlariga mos keladi [2, 11].

Oksidlovchi stressning rivojlanishi pestitsidlar toksikligining universal mexanizmi ekanligi
yana bir bor tasdiglandi. MDA darajasining oshishi va antioksidant fermentlar (SOD, katalaza) hamda
GSH miqdorining pasayishi pro- va antioksidant tizimlar o'rtasidagi muvozanatning buzilganligini
ko'rsatadi [5, 12]. Bu holat hujayra membranalarining lipid peroksidatsiyasiga, ogsillar va DNK ning
oksidlovchi shikastlanishiga olib keladi, bu esa hujayra o'limi va organ disfunktsiyasining asosidir [6].

Sinergizm muammosi alohida e'tiborga loyig. Tadgigotimizda pestitsidlar aralashmasi
guruhida barcha ko'rsatkichlar bo'yicha eng jiddiy o'zgarishlar kuzatildi, bu alohida preparatlar
ta'sirining oddiy yig'indisidan yugori bo'ldi. Bu "kokteyl effekti" deb ataladigan hodisa bo'lib, uning
mexanizmlari turli: bir modda ikkinchisining detoksifikatsiyasini ingibitsiya qgilishi, bir xil fiziologik
tizimga turli nugtalardan ta'sir ko'rsatishi yoki membrana o'tkazuvchanligini oshirishi mumkin [9, 13].
Bu holat amaliyotda, aynigsa, bir vagtning o'zida yoki gisga oraligda bir necha pestitsid go'llanilganda,
xavfni baholash va boshgarishni murakkablashtiradi.

Taklif etilgan korreksiya kompleksining samaradorligi uning patogenetik asoslanganligi bilan
izohlanadi. Pangamat kalsiy (B15) energiya almashinuvini yaxshilaydi va gipoksiyaga chidamlilikni
oshiradi. C vitamini kuchli antioksidant bo'lib, suvli fazada erkin radikallarni neytrallaydi va boshqa
antioksidantlarni (E vitamini, GSH) gayta tiklaydi. Melissa ekstrakti tarkibidagi flavonoidlar va
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rozmarin Kislota nafagat antioksidant, balki yallig'lanishga garshi va yumshoq sedativ ta'sirga ham ega
[14]. Kompleksning mitoxondriyal SDG faolligini sezilarli darajada tiklashi energiya metabolizmini
yaxshilashda uning muhim rolini ko'rsatadi.

Xulosa

1. Turli sinf pestitsidlar — "Bagira" (insektitsid), "Tayfun" (gerbitsid) va "Dalate plus"
(kombinatsiyalangan) — organizmda uglevod, lipid va ogsil almashinuvining izdan chigishiga, jigar
fermentlari faolligining oshishiga va oksidlovchi stressning kuchayishiga olib keladi.

2. Pestitsidlar ta'sirining davomiyligi va dozasiga garab metabolik o'zgarishlar spektri
farglanadi: o'tkir bosqgichda reaktiv giperglikemiya, surunkali bosgichda esa gipoglikemiya,
dislipidemiya va antioksidant himoyaning susayishi kuzatiladi.

3. Pestitsidlar aralashmasining ta'siri alohida komponentlar ta'sirining oddiy yig'indisidan
yugori bo'lib, sinergistik xarakterga ega. Bu "kokteyl effekti" xavfni baholash va profilaktika
choralarini ishlab chigishda hisobga olinishi lozim.

4. Metabolik buzilishlarning eng informativ erta markerlari sifatida qon glyukoza va
laktat/piruvat nisbati, lipid profili (TG, HDL), jigar fermentlari (GGT) va oksidlovchi stress
ko'rsatkichlari (MDA, GSH, SOD) tavsiya etiladi.

5. Pangamat kalsiy, C vitamini va melissa ekstraktidan iborat korreksiya kompleksi pestitsidlar
ta'sirida yuzaga kelgan metabolik buzilishlarni sezilarli darajada kamaytiradi, jigar funktsiyasini
yaxshilaydi va mitoxondriyal energiya metabolizmini tiklaydi.

6. Ushbu tadgiqot natijalari donchilikda pestitsidlar bilan ishlovchi shaxslarning sog'lig'ini
muhofaza qilish, kasbiy zaharlanishlarni erta aniglash va samarali profilaktika choralarini ishlab
chigishda ilmiy asos bo'lib xizmat giladi.
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TALABALAR ORASIDA KARPAL TUNNEL SINDROMI: ERTA
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Annotatsiya. Kirish. Ushbu tadgiqot O‘zbekiston tibbiyot universiteti talabalari orasida karpal
tunnel sindromi (KTS) ning erta simptomlari targalishini baholash, ularning gadjet foydalanish bilan
bog‘ligligini aniqlash va profilaktika choralarini tavsiya etishga garatilgan.

Magsad. Ushbu tadgigotning maqgsadi talabalar orasida KTS simptomlarini aniglash, ularning
targalishini baholash va asoratlarning oldini olish choralarini tavsiya etishdan iborat.

Metodlar. Kesma tadgiqot usulida Google Forms orgali 120 nafar talaba (65% ayollar, 40%
erkaklar; yoshi 17-25 yosh) so‘rovdan o‘tkazildi. So‘rovnomada Boston Carpal Tunnel Questionnaire
(BCTQ) ga asoslangan savollar qo‘llanilib, ma’lumotlar SPSS dasturida tahlil qilindi (foizlar, chi-
kvadrat testi, Pearson korrelyatsiyasi, p<0,05).

Natijalar. Tadgigotda 120 nafar talaba ishtirok etdi. Respondentlarning 65% i ayollar, 40% i
erkaklar; Natijalar shuni ko‘rsatdiki, respondentlarning 35% ida bilak og‘rig‘i yoki uvishishi, 25% ida
qo‘l uyushishi, 15% ida kechasi og‘riq va 20% ida qo‘l kuchsizligi kuzatilgan. Simptomlar asosan
dominant (o‘ng) qo‘lda va kuniga 5-8 soatdan ortiq gadjet foydalanish bilan bog‘liq (r=0,45; p

Xulosa. Tibbiyot talabalari orasida KTS xavfi yuqori. Erta simptomlarni e’tiborsiz qoldirish
surunkali asoratlarga olib kelishi mumkin. Shu sababli ergonomik choralar (to‘g‘ri pozitsiya,
muntazam tanaffuslar, bilak tayanchi), talabalar uchun doimiy ta’lim va universitetlarda sog‘lom ish
joyini tashkil etish zarur. Tadqiqot talabalar populyatsiyasida KTS profilaktikasiga e’tibor garatish
lozimligini ta’kidlaydi.

Kalit so‘zlar: karpal tunnel sindromi, talabalar, erta simptomlar, gadjet foydalanish,
ergonomika, median nerv siqilishi, bilak og‘rig‘i, uyushish, tibbiyot talabalari
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CUHAPOM KAPITAJTIBHOI'O KAHAJIA CPEIU CTYJAEHTOB: OT
PAHHUX CUMIITOMOB 10 NPOPNJIIAKTUKHU OCJIO’KHEHUN

Kyanomesn loxpyx laBkat yriam
Crynent 3 kypca nedeOHOro daxynbrera Nel,
TamkeHTCcKui Tocy1apcTBeHHBIN MeauinHCckuil yauBepcutet (TI'MY), TamkenT, Y30ekucTaH,
U CCJIEIOBATEIIb.
shoxruxhac@gmail.com, https://orcid.org/0009-0001-8930-550X
Mupxamugoa Ceapa Mupmaxmya0BHa

AccucteHT Kadeapsl 001IECTBEHHOTO 3/[paBOOXPaHEHUS U YIIpaBlieHus 3apaBooxpaHenneM Nel,
TamkenTckuil rocygapctBeHHbI MeauMHckuil yausepcuret (TIMY), Tamkent, Y36ekucras,

Hay4HBIN pykoBoauTens. https://orcid.org/0000-0002-8755-5353

AnHoTanus. Beenenue. Hacrosiuee uccieoBanye MOCBSIIEHO OLIEHKE pacpOCTPaHEHHOCTH
paHHUX CHMIITOMOB cHHJpoMa 3amsicTHoro kaHana (C3K) cpeau CTyZeHTOB MEIUIMHCKUX BY30B
V30ekucrana, yCTaHOBJICHHMIO CBSI3U 3TUX CHMIITOMOB C IPOJODKUTENBHOCTBIO HMCIIOJIb30BAHMS
TaJDKETOB U Pa3pabOTKe pEKOMEH AN 10 MPO(HIIAKTUKE OCIIOKHCHUH.

Henb. Llenp wuccnenoBanuss — BbBieHue cumnTomMoB C3K y CTyAeHTOB, OLiEHKa MX
pacnpoCTpaHEHHOCTHU U pa3pabOoTKa Mep M0 MPEJOTBPAIIECHUIO OCI0KHEHUH.

Mertoast. IIpoBeneHo momepeuHoe (kpocc-cekunonHoe) uccienoBanue. C nmomornpio Google
Forms onpomeno 120 cryaenroB (65% xenmun, 40 % MyxuuH; Bo3pacT 17-25 ner). AHKera
ocHoBaHa Ha Bompocax u3 Boston Carpal Tunnel Questionnaire (BCTQ), kacaromuxcst BBIPaKECHHOCTH
CUMITOMOB M ()YHKUMOHAIBHOrO cocTosiHus. CratucTthyeckass oOpaboTKa JaHHBIX BBIIIOJHEHA B
nporpamMme SPSS: pacueT MNpOLEHTHBIX IOKa3aTened, KpUTEpUH XH-KBajpaT, KOd(PUIMEHT
koppensinuu [Tupcona (ypoBeHb cTatuctuiecko 3Haunmoctu p < 0,05).

Pesynbratsl. B nuccnenosanuu npussiim yuactue 120 ctyneHTos: 65 % xeHimuH, 40 % MyK4uuH.
BrisiBieno, uto y 35 % pecnoHneHTOB HabIt01aack 00JIb WM TTOKaJbIBaHUE B 3aIICThE, Y 25 % —
OoHeMeHHe KHUCTH, ¥ 15 % — Hounble O6omu u y 20 % — cnaboctb B KHUCTH. CHMIITOMBI
MPEUMYIIECTBEHHO OTMEUYAINCh B IOMUHAHTHOM (IIPaBoil) pyKe U OBLIH CBSI3aHBI C UCIIOIB30BaHUEM
rajpkeToB 6osee 5—8 yacos B cytku (r = 0,45; p < 0,05).

3axnmtoueHue. Cpeam CTYyAEHTOB MEAMIIMHCKUX BY30B Y30€KHCTaHa OTMEYaeTCsl BBICOKas
pacrpoCTpaHEHHOCTh PAHHUX CHUMITOMOB CHHJpOMa 3allsICTHOTO KaHala, MPeUMYIIECTBEHHO
aCCOLIMMPOBAHHBIX C JJIUTENbHBIM HUCIIOJIb30BAHUEM TaJkeToB. HU3Kuil ypoBeHb 0CBEIOMIIEHHOCTH
(b 5 % mpoxonuiy oOclieloBaHNE paHee) MOBBIIMIAET PUCK Mepexojia B XpOHUUECKYI0 (opmy u
pa3BUTHS OCIOKHEHUH. PexkoMeHayeTcs BHEIpEHHE SproHOMHYECKHMX Mep (TMpaBuibHAs 11034,
peryJsipHble MepepbIBbl, NCIOIB30BAHNE OIOP JIS 3aISICTUI), IPOBEJCHNUE TOCTOSHHOTO O0y4eHUs
CTYJEHTOB U OpraHu3alus 3I0pOBbIX padounX MECT B YHUBepcUTeTax. VccnenoBanne nmoauepkuBaeT
HE00XO0/IMMOCTh TOBBIIIEHHOTO BHUMaHUs K npodunaktrke C3K B cTyieHUeCKON TOMYISAIIH.

KitoueBble cjiOBa: CHHIPOM 3alsiCTHOTO KaHalla, CTYAEHTbI, paHHHE CHUMIITOMBI,
UCIOJIb30BaHUE T'a/HKETOB, 3PrOHOMHUKA, KOMIIPECCHS CPEIMHHOTO HEPBa, 00JIb B 3aI5ICThe, OHEMEHUE,
CTYICHTBI-MEIIUKN

CARPAL TUNNEL SYNDROME AMONG STUDENTS: FROM EARLY
SYMPTOMS TO PREVENTION OF COMPLICATIONS
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Abstract. Introduction. The present study aims to assess the prevalence of early symptoms of
carpal tunnel syndrome (CTS) among students of medical universities in Uzbekistan, to determine the
association of these symptoms with the duration of gadget use, and to develop recommendations for
the prevention of complications.

Objective.The objective of the study is to identify CTS symptoms in students, evaluate their
prevalence, and propose measures to prevent complications.

Methods. A cross-sectional study was conducted. A total of 120 students (65% female, 40%
male; age 17-25 years) were surveyed using Google Forms. The questionnaire was based on selected
items from the Boston Carpal Tunnel Questionnaire (BCTQ) addressing symptom severity and
functional status. Data were analyzed using SPSS software: percentage calculations, chi-square test,
and Pearson correlation coefficient (statistical significance level p < 0.05).

Results. The study involved 120 students: 65% female and 40% male. It was found that 35% of
respondents reported wrist pain or tingling, 25% experienced hand numbness, 15% had nocturnal pain,
and 20% noted hand weakness. Symptoms predominantly affected the dominant (right) hand and were
significantly associated with gadget use exceeding 5-8 hours per day (r = 0.45; p < 0.05).

Conclusion. A high prevalence of early carpal tunnel syndrome symptoms was observed among
medical university students in Uzbekistan, primarily linked to prolonged gadget use. The very low
level of awareness (only 5% had previously undergone examination) increases the risk of progression
to chronic forms and development of complications. It is recommended to implement ergonomic
measures (correct posture, regular breaks, wrist supports), provide ongoing student education, and
organize healthy workstations in universities. The study emphasizes the need for greater attention to
CTS prevention in the student population.

Keywords: carpal tunnel syndrome, students, early symptoms, gadget use, ergonomics, median
nerve compression, wrist pain, numbness, medical students

Kirish

Karpal tunnel sindromi (KTS) — bilak sohasidagi karpal kanal ichidan o‘tuvchi median nervning
kompressiyasi natijasida rivojlanadigan eng ko‘p uchraydigan periferik kompression-nevropatiya
hisoblanadi. Klinik jihatdan u paresteziya (uvishish), og‘riq, tungi simptomlarning kuchayishi, qo‘l
panjasi mushaklarida kuchsizlik hamda og‘ir holatlarda tenar mushaklar atrofiyasi bilan namoyon
bo‘ladi. Patofiziologik mexanizm karpal kanalda bosimning ortishi (>20-30 mmHg) bilan bog‘liq
bo‘lib, bu median nervning intranevral mikrosirkulyatsiyasini buzadi, endonevral shish, segmentar
demiyelinizatsiya va davomli kompressiyada aksonal degeneratsiyaga olib keladi [1,2].

KTS ishchi yoshdagi aholida eng keng tarqalgan tunnel sindrom bo‘lib, umumiy populyatsiyada
uning prevalensi o‘rtacha 3—-6% atrofida baholanadi [3,4]. Ayrim tadgiqotlarda simptomatik holatlar
ko‘rsatkichi yuqoriroq qayd etilgan bo‘lib, bu diagnostik mezonlar va skrining usullaridagi farqlar
bilan izohlanadi [5]. Elektroneyromiografiya bilan tasdiglangan klinik shakllar nisbatan kamroq
uchrasa-da, subklinik va erta bosgichdagi simptomlar keng targalganligi gayd etilgan [2,6].

So‘nggi o‘n yillikda ragamli qurilmalardan (smartfon, noutbuk, planshet) uzoq muddat va
noto‘g‘ri ergonomik sharoitda foydalanish KTS rivojlanishida muhim xavf omili sifatida ko‘rilmoqda.
Repetitiv fleksion-ekstension harakatlar, statik yuklama va bilakning uzoq muddatli nofiziologik
holatda bo‘lishi karpal kanal ichidagi bosimni oshiradi [7,8]. Talabalar va yoshlar orasida o‘tkazilgan
tadqiqotlar gadjetlardan intensiv foydalanish bilan KTSga xos simptomlar o‘rtasida statistik ahamiyatli
bog‘liglik mavjudligini ko‘rsatgan [9,10].

Talabalar populyatsiyasida KTS simptomlari tarqalishi 3,8% dan 60,7% gacha o‘zgarishi qayd
etilgan bo‘lib, bu farq diagnostik yondashuvlar, so‘rovnoma vositalari va ekspozitsiya davomiyligiga
bogliq [5,9,11]. Aynigsa, kompyuter bilan kuniga 4-6 soatdan ortiq ishlash, smartfondan uzoq
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foydalanish, ayol jins, tana massasi indeksining yuqoriligi hamda birga kechuvchi kasalliklar (gandli
diabet, gipotiroidizm) mustagqil risk omillari sifatida ta’riflangan [3,4,12].

IImiy muammo shundan iboratki, talabalar orasida KTSning erta bosqgichlarini aniglash va xavf
omillarini tizimli baholash yetarli darajada yo‘lga qo‘yilmagan. Subklinik yoki yengil simptomlar
ko‘pincha e’tibordan chetda qoladi, bu esa keyinchalik surunkali og‘riq sindromi, sezgi buzilishlari va
funksional cheklanishlarga olib kelishi mumkin [2,6]. O‘zbekiston sharoitida talabalar
populyatsiyasida KTSning epidemiologik xususiyatlari bo‘yicha ma’lumotlar cheklanganligi ushbu
muammoning dolzarbligini yanada oshiradi.

Tadgigotning magqgsadi - talabalar orasida KTSga xos simptomlarni aniglash, ularning
tarqalishini baholash, asosiy risk omillarini tahlil qilish hamda profilaktika va erta aralashuv bo‘yicha
amaliy tavsiyalar ishlab chigishdan iborat.

Material va usullar

Tadgiqot dizayni: Kesma tadgiqot (cross-sectional study) bo‘lib, O‘zbekiston tibbiyot
universiteti talabalari orasida o‘tkazildi. Obyekt — talabalar, predmet — KTS simptomlari va gadjet
foydalanish.

Tanlov (sample size): 120 nafar talaba (ayollar 65%, erkaklar 40%), yoshi 17-25 yosh, ko‘pincha
tibbiyot yo‘nalishi (90%).

Asbob-uskunalar: Telegram ijtimoiy tarmog’idagi 2ta talabalar kanalida so’rovnoma e’lon
berildi va Google Forms orgali online so’rovnoma o‘tkazildi, Boston Carpal Tunnel Questionnaire
(BCTQ) ga asoslangan savollar (simptom og‘irligi va funksional holat).

Statistik tahlil usullari: SPSS dasturi ishlatildi. Foizlar, chi-kvadrat testi (p<0.05), korrelyatsiya
(Pearson). Ma’lumotlar qayta takrorlash mumkin bo‘lishi uchun batafsil tasvirlangan.

Natijalar

Tadgiqotda 120 nafar talaba ishtirok etdi. Respondentlarning 65% i ayollar, 40% i erkaklar; yosh
guruhlari: 17-19 yosh (45%), 20-22 yosh (35%), 23-25 yosh (15%), 25 dan katta (5%). Gadjet
foydalanish: 5-6 soat (40%), 3-4 soat (30%), 7-8 soat (20%), 9+ soat (10%).

KTS simptomlari: Bilak og‘rig‘i yoki uvishishi — 35% da ba’zan/teztez; uyushish — 25% da;
kechasi og‘riq — 15% da; kuchsizlik — 20% da. Dominant qo‘l (o‘ng — 85%) ko‘proq ta’sirlangan.

Jadval 1: KTS simptomlarining targalishi

Simptom Hech gachon Juda Ba'za Tez-tez
(%) kam (%) n (%) (%)

Bilak og‘rig‘i 50 15 25 10

Uyushish 55 20 20 5

Kechasi og‘riq 70 15 10 5

Kuchsizlik 60 20 15 5

Simptomlar gadjet vaqti bilan korrelyatsiya (r=0.45, p<0.05).

Muhokama

Natijalar tahlili shuni ko‘rsatadiki, talabalar orasida karpal tunnel sindromi (KTS) simptomlari
gadjetlardan uzoq muddat foydalanish bilan chambarchas bog‘liq bo‘lib, respondentlarning 35% ida
bilak og‘rig‘i va uvishishi, 25% ida uyushish hissi, 15% ida kechasi og‘riq va 20% ida qo‘l kuchsizligi
kuzatilgan. Bu ko‘rsatkichlar, aynigsa, kuniga 5-8 soat gadjet ishlatuvchilarda yuqori bo‘lib,
korrelyatsiya koeffitsienti r=0.45 (p<0.05) ni ko‘rsatmoqda.
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Kuniga telefon, kompyuter yoki planshetdan o'rtacha necha soat foydalanasiz?
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Ushbu natijalar boshga tadgiqotlar bilan mos keladi, masalan, Isfahan University of Medical
Sciences da o‘tkazilgan tadqiqotda kompyuter foydalanuvchilari orasida KTS simptomlari 60.7% da
aniglangan bo‘lib, dominant qo‘lda og‘riq eng keng tarqalgan simptom sifatida qayd etilgan [4]. Ushbu
tadgigqotda simptomlar BMI, jins va kunlik ish soatlari bilan bog‘liq bo‘lib, ayollar va yuqori BMI li
shaxslar xavf guruhida ekanligi ta’kidlangan. Bizning natijalarda ham ayollar (65%) erkaklarga
nisbatan ko‘proq simptomlar ko‘rsatgan, bu global tendentsiyaga mos keladi, chunki ayollar orasida
KTS targalishi 2-3 baravar yugori [5].

Jinslar bo'yicha

tagsimot
M Erkaklar
A;g!;ar M Ayollar
° Erkaklar
65%
| |

Boshqa mintaqalarda o‘tkazilgan tadqiqotlar bilan taqqoslaganda, bizning ko‘rsatkichlar o‘rtacha
darajada. Masalan, UNIMAS (Malaysia) FCSIT talabalari orasida KTS ning oldindan diagnostika
gilingan holatlari 3.8% ni tashkil etgan, simptomlarning ko‘pchiligi minimal bo‘lgan (42% minimal
simptomlar, 60.7% funksional buzilish yo‘q) [6]. Bu tadqiqotda kompyuter foydalanish vaqti bilan
KTS o‘rtasida minimal korrelyatsiya aniglangan, bu bizning natijalarda gadjet vaqti bilan bog‘liglik
(r=0.45) dan farq qiladi. Ehtimol, bizning respondentlarning 90% 1 tibbiyot talabalari bo‘lgani uchun,
ularning gadjet foydalanishi (darslar, yozma ishlar) yuqoriroq bo‘lishi mumkin. Shunga o‘xshash
natijani An-Najah National University (Palestina) kompyuter injenering talabalari orasida o‘tkazilgan
tadqiqotda ko‘rish mumkin, u yerda uzoq muddatli kompyuter foydalanish KTS ga olib kelishi
ta’kidlangan, simptomlar 30-40% da ijobiy testlar bilan aniqlangan [7]. Bizning 35% og‘riq
ko‘rsatkichi bu bilan yaqin, ammo bizda diagnostika gilingan holatlar kam (5%), chunki
respondentlarning aksariyati tekshiruvdan o‘tmagan.

Global va regional meta-tahlillar shuni ko‘rsatadiki, KTS tarqalishi 0.003 dan 0.743 gacha
o‘zgarib turadi, o‘rtacha 0.144 [8]. Bu ko‘rsatkich talabalar orasida yuqoriroq bo‘lib, masalan, Saudi
Arabia maktab o‘qituvchilari orasida simptomlarning kunlik va tunda namoyon bo‘lishi 67.3% da
kuzatilmagan, ammo kechasi uyg‘onish 1.8% da [9]. O‘qituvchilar va talabalar populyatsiyasi o‘xshash
(uzoq muddatli ekran vaqti), shuning uchun bizning 15% kechasi og‘riq ko‘rsatkichi bu bilan
solishtirganda yuqoriroq, ehtimol yosh faktor tufayli (bizning respondentlar 17-25 yosh). Boshga
tadqiqotda, Saudi Arabia o‘qituvchilari orasida KTS 25.3% [10], bu bizning 35% dan past, lekin
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ularning o‘rtacha yoshi 40.8, biznikidan katta.

Kompyuter va gadjet foydalanishi bilan bog‘liq tadqgiqotlar ko‘p. Masalan, South Gondar zone
(Ethiopia) bank xodimlari orasida KTS ning alogador xavf omillari aniglangan, ammo ular ishchilar
[11]. Shunga o‘xshab, laptopdan uzoq foydalanish va KTS o‘rtasidagi bog‘lanish Indoneziyada
o‘rganilgan, u yerda talabalar orasida korrelyatsiya aniqlangan [12]. Bizning natijalarda ham 7-8 soat
foydalanish guruhida simptomlar 20% yuqori. Ta’lim darajasi va KTS o‘rtasidagi bog‘lanish
tadqiqotida, yuqori ta’limli shaxslar simptomlarni kamroq ko‘rsatgan, grip kuchi pasayishi 68.8% da
[13]. Bizning tibbiyot talabalari (yuqori ta’lim) da simptomlar 35% da, bu o‘rtacha, ehtimol tibbiy
bilimlari tufayli erta e’tibor berishadi.

Malayziyada bakalavriat (undergraduate) talabalari orasida smartfonlardan foydalanish va karpal
tunnel sindromi (KTS) xavfi o‘rtasidagi bog‘liglikni o‘rganish magsadida tadqiqot o‘tkazilgan bo‘lib,
unda 1600 nafar talaba ishtirok etgan [14]. Natijalar smartfondan foydalanish davomiyligi bilan KTS
simptomlari o‘rtasida sezilarli bog‘liqlik mavjudligini ko‘rsatgan, bu bizning gadjetdan foydalanish
bo‘yicha olingan natijalarimizga o‘xshashdir.

Umumiy ko‘lamdagi tadqiqotida KTSning umumiy populyatsiyadagi targalishi 3,8% ni tashkil
etishi qayd etilgan [15], biroq talabalar orasida bu ko‘rsatkich yuqoriroq bo‘lishi mumkin. AQShning
mehnatga layogatli aholisi orasida KTS insidensi yiliga 100 000 aholiga 276 holatni tashkil etadi [16],
talabalar orasida esa uzoq muddatli ragamli qurilmalardan foydalanish va takroriy bilak harakatlari
tufayli bu ko‘rsatkich yanada yuqori bo‘lishi ehtimoli mavjud.

Efiopiyada bemorlar orasida o‘tkazilgan tadqiqotlarda KTS bilan bog‘liq omillar aniglangan
[17], shuningdek, o‘qituvchilar orasida kasallik tarqalishi 9,1% ni tashkil etgani qayd etilgan [18].
Peshavarda ko‘p marta homilador bo‘lgan ayollar orasida ham KTS holatlari o‘rganilgan [19], biroq
talabalar populyatsiyasida emas. Umumiy aholi orasida kasallanish ko‘rsatkichi har 100 000 aholiga
329 ta yangi holatni tashkil etadi [20]. Bir yillik kuzatuv tadgiqotida kompyuter foydalanuvchilari
orasida KTS tarqalishi 1,4-4,8% oralig‘ida bo‘lganligi anigqlangan. Kompyuter bilan ishlovchi
xodimlar orasida bu ko‘rsatkich 96,81% gacha yetgani qayd etilgan, ammo mazkur tadqiqot xodimlar
populyatsiyasida o‘tkazilgan. Bizning natijalar talabalar orasida yuqori simptomlar ko‘rsatkichini
(35%) ta’kidlaydi, bu rivojlanayotgan mamlakatlarda gadjet foydalanishning oshishi bilan bog‘liq.
Ayollar va uzoq muddat foydalanuvchilar xavf guruhida ekanligi alohida gayd etilgan.

IImiy izoh: Erta simptomlar (og‘riq, uvishish, kechasi kuchayishi) surunkali nevropatiyaga olib
kelishi mumkin. Amaliy ahamiyat: Ergonomik choralar (bilak tayanchi, muntazam tanaffuslar, to‘g‘ri
qo‘l pozitsiyasi) va doimiy ta’lim zarur. O°‘zbekiston kontekstida, ayniqsa tibbiyot talabalari uchun
maxsus profilaktika dasturlari ishlab chigish lozim.

Ushbu natijalar boshga tadgiqotlar bilan tagqoslanganda, talabalar orasida karpal tunnel sindromi
(KTS) global migyosdagi dolzarb muammo ekanligini tasdiglaydi. Masalan, Saudiya Arabistonidagi
King Saud University shifoxonalarida tibbiy laboratoriya xodimlari orasida o‘tkazilgan tadqiqotda
KTSning yuqori targalishi aniglangan. Shuningdek, biomekanik xavf omillari (takroriy harakatlar,
bilak fleksiyasi, statik yuklama) KTS rivojlanishida muhim rol o‘ynashi qayd etilgan.

Sanoat ishchilari orasida o‘tkazilgan uzoq muddatli kuzatuv tadqiqotlari uzoq muddatli takroriy
go‘l harakatlari va kasallik rivojlanishi o‘rtasida ijobiy bog‘liglik mavjudligini ko‘rsatgan.
Hindistondagi Uka Tarsadia University talabalari orasida o‘tkazilgan elektro-fiziologik baholash
tadqiqoti klinik simptomlar bilan bir qatorda nerv o‘tkazuvchanligi buzilishlarini ham tasdiglagan.
Sharqiy Efiopiyadagi bemorlar orasida o‘tkazilgan tadqiqotda ham KTS simptomlari va kundalik qo‘l
yuklamasi o‘rtasida sezilarli bog‘liglik aniglangan.

Natijalar shuni ko‘rsatadiki, talabalar populyatsiyasida, aynigsa tibbiyot yo‘nalishidagi talabalar
orasida KTSning erta belgilari keng tarqalgan bo‘lib, bu holatni oldini olish uchun universitet
darajasida ergonomik ta’lim va profilaktika dasturlari joriy etish zarur.

Xulosa qilib aytganda, bizning tadgigot talabalar orasida KTS simptomlarining yuqori
tarqalishini ko‘rsatdi, bu boshqa mintaqalardagi tadqiqotlar (3.8-96.81%) oralig‘ida. Profilaktika
choralarini kuchaytirish zarur, aynigsa yosh populyatsiyada.

Xulosa

Oc‘tkazilgan tadqiqot natijalari talabalar orasida karpal tunnel sindromi (KTS)ga xos simptomlar
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35% hollarda aniqlanganini ko‘rsatdi. Statistik tahlil gadjetlardan foydalanish davomiyligi bilan
simptomlar uchrash chastotasi o‘rtasida sezilarli bog‘liqlik mavjudligini tasdiqladi. Xususan, kuniga
4-6 soatdan ortig smartfon yoki kompyuterdan foydalanadigan talabalar orasida paresteziya, tungi
uvishish va qo‘l og‘rig‘i ko‘proq kuzatildi. Ayol jins vakillarida simptomlar nisbatan yuqori uchrashi
qayd etildi, bu adabiyotlarda keltirilgan ma’lumotlar bilan mos keladi. Olingan natijalar turli
populyatsiyalarda KTS simptomlari tarqalishi 3,8% dan 60,7% gacha o‘zgarishini ko‘rsatgan
epidemiologik tadqiqotlar bilan uyg‘unlikda bo‘ldi.

Shu bilan birga, respondentlarning katta gismi KTS hagida yetarli bilimga ega emasligi
aniglanib, erta diagnostika va profilaktika choralarining ahamiyati yetarlicha tushunilmaganligi
ma’lum bo‘ldi. Bu esa subklinik va erta bosqichdagi holatlarning o‘z vaqtida aniqlanmasligiga hamda
surunkali og‘riq sindromi, sezgi buzilishlari va funksional cheklanishlar rivojlanishiga zamin yaratishi
mumkin.

Tadgiqot natijalaridan kelib chigib, bir gator ilmiy asoslangan amaliy tavsiyalar ishlab chiqildi.
Avvalo, talabalar orasida erta skrining tizimini joriy etish maqsadga muvofiq bo‘lib, bunda
validatsiyalangan so‘rovnomalar va zarur hollarda elektroneyromiografik tekshiruvlardan foydalanish
tavsiya etiladi. Yuqori xavf guruhiga kiruvchi shaxslar (ayollar, kuniga 4-6 soatdan ortiq gadjet
ishlatuvchilar, ortigcha tana vazniga ega talabalar va endokrin kasalliklari bor shaxslar) muntazam
dispanser kuzatuviga olinishi lozim.

Ergonomik omillarni optimallashtirish muhim profilaktik chora hisoblanadi. Kompyuter bilan
ishlashda bilakning neytral holatini saglash, klaviatura va sichqoncha balandligini anatomik jihatdan
moslashtirish, har 30—40 dagigada gisqa tanaffuslar qgilish hamda statik yuklamani kamaytirish tavsiya
etiladi. Smartfondan foydalanishda bilakni haddan tashqari fleksiyadan saqlash va ikki qo‘l bilan
yozish odatini shakllantirish magsadga muvofiqdir.

Shuningdek, median nerv uchun “nerve gliding” mashqlari, bilak fleksor va ekstensori
mushaklarini muntazam cho‘zish mashqlari profilaktik jihatdan samarali hisoblanadi. Erta
bosqgichlarda tungi immobilizatsion shinalardan foydalanish simptomlar og‘irligini kamaytirishga
yordam beradi. Talabalar orasida KTS simptomlarining sezilarli darajada uchrashi ragamli
qurilmalardan foydalanish madaniyatini qayta ko‘rib chiqish zarurligini ko‘rsatadi. Profilaktik
choralarning tizimli joriy etilishi, erta diagnostika va ergonomik ta’lim dasturlari kasallikning
surunkalashuvi va funksional asoratlarini kamaytirishga xizmat giladi.

Manfaatlar to‘qnashuvi. Manfaatlar to‘qnashuvi mavjud emas. Ushbu tadgigot uchun
moliyaviy yordam jalb gilinmagan. Ushbu ishda keltirilgan materiallar ilgari hech gayerda chop
etilmagan va boshqa nashrlarda ko‘rib chiqilmayapti. Maqola tayyorlashda foydalanilgan barcha
manbalar adabiyotlar ro‘yxatida ko‘rsatilgan.

Axloqiy ekspertiza. Mazkur tadqiqot uchun axloqiy qo‘mita roziligi talab qgilinmadi, chunki ish
faqat chop etilgan ma’lumotlar tahlili asosida bajarilgan bo‘lib, odamlar yoki hayvonlar ishtirokidagi
aralashuvlarni oz ichiga olmaydi.

Minnatdorchilik. Muallif maqolani digqat bilan o‘rganib chiqgan va qimmatli takliflar bergan
tagrizchilarga samimiy minnatdorlik bildiradi.
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AnHoTamusi. B »TOM wHccnenoBaHuu ObUT pa3paboTaH JUArHOCTHYECKHH TOAXOM  JUIsS
muddepeHnmranuy TucGyHKIIUI TOIOCOBBIX CBA30K OT APYTHX IPHUUH OCTPBIX PACCTPONUCTB JbIXaHUS.
beio obcnenoBano 87 mereir ot 5 mo 18 jeT ¢ oCTpBIM PacCTPONCTBOM JbIXaHUS, MPOSBIISIEMBIM
CTPUJIOPOM U AUCIHOJ. J1Jis BepruUKaIlMu TUarHo3a MPOBOIMIIACE IPSIMAast BU3YaTH3aIlus TOJIOCOBBIX
CBSI30K JIAPMHTOCKOIIOM BO BPEMSI OCTPOTO MPUCTYIIA MTOCIIE MPOOBI ¢ METaXOJIWHOM WJIU ITPOBOKAITUU
C IOMOILBIO yIPaXXHEHUMU. |75l OLIEHKHU TSKECTH AbIXaTEIbHBIX PACCTPOMUCTB BCEM ACTSIM MPOBOIUIU
NUKGIOYMETPUI0O W TyJbcOKcHMeTpuio. OICHMBAIUCh PsAl  KIMHUYECKUX TIOKaszareneid. B
OOJIBIIMHCTBE CIy4YaeB JIAPHHTOCIIA3M MPHUBOIUT K TSHKEIOW THIIOKCUU U HEBO3MOXKHO TPOBECTH
MUK(QIOYMETPHIO TPH TMPUCTYNE JAPUHrOCMna3Ma. AHATU3UPyeMble KIUHUYECKHE MPOSBICHUS
MIPOJIEMOHCTPHPOBAIH XOPOIIIYIO THATHOCTHICCKYI0 3PPEKTUBHOCTh M MOTYT OBITh PEKOMEHIOBAHBI
JUTSI OLICHKH JICTEH C IMOJ03PEHUEM Ha JIAPUHTOCIIa3M.

KiroueBblIe €J10Ba: OCTpBIE PaCCTPOMCTBA JBIXAHUS Y JIeTEH, TUCYHKIHS TOJTOCOBBIX CBS30K,
JAPUHTOCTIa3M, JJAPUHTOCKOMUS, TPoda ¢ METaXOJIMHOM, TPOBOKALUA (DU3HUUECKUMHU yITPAKHEHUSIMU
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Abstract. In this study, a diagnostic approach was developed to differentiate vocal cord
dysfunction from other causes of acute respiratory distress in children. A total of 87 children aged 5—
18 years with acute respiratory distress manifested by stridor and dyspnea were examined. To verify
the diagnosis, direct visualization of the vocal cords using laryngoscopy was performed during an acute
episode after methacholine challenge testing or exercise provocation.

To assess the severity of respiratory disorders, all children underwent peak flowmetry and pulse
oximetry. A number of clinical indicators were also evaluated. In most cases, laryngospasm leads to
severe hypoxia. In addition, performing peak flowmetry during an episode of laryngospasm is often
impossible.

The analyzed clinical manifestations demonstrated good diagnostic efficiency and can be
recommended for the assessment of children with suspected laryngospasm.

Keywords: acute respiratory disorders in children, vocal cord dysfunction, laryngospasm,
laryngoscopy, methacholine challenge test, exercise provocation.
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Annotatsiya. Ushbu tadqiqotda bolalarda uchraydigan o‘tkir nafas olish buzilishlarining boshqa
sabablaridan tovush paychalari disfunktsiyasini differensial diagnostika qilish uchun diagnostik
yondashuv ishlab chiqildi. Stridor va dispnoe bilan namoyon bo‘lgan o‘tkir nafas olish buzilishiga ega
bo‘lgan 5-18 yoshdagi 87 nafar bola tekshirildi. Tashxisni tasdiglash magsadida o‘tkir xuruj vaqtida
metaxolin sinamasi yoki jismoniy yuklama provokatsiyasidan so‘ng laringoskopiya yordamida tovush
paychalarining bevosita vizualizatsiyasi o‘tkazildi.

Nafas olish buzilishlarining og‘irligini baholash uchun barcha bolalarda pikfloumetriya va
pulsoksimetriya amalga oshirildi. Shuningdek, bir qator klinik ko‘rsatkichlar baholandi. Ko‘pchilik
hollarda laringospazm og‘ir gipoksiyaga olib kelishi aniqlangan. Shu bilan birga, laringospazm xuruji
vaqtida pikfloumetriya o‘tkazish ko‘pincha imkonsiz bo‘ladi.

Tahlil gilingan klinik belgilar yuqori diagnostik samaradorlikni ko‘rsatdi va laringospazmga
shubha qilingan bolalarni baholashda qo‘llash tavsiya etiladi.

Kalit so‘zlar: bolalarda o‘tkir nafas olish buzilishlari, tovush paychalari disfunktsiyasi,
laringospazm, laringoskopiya, metaxolin sinamasi, jismoniy yuklama provokatsiyasi

BBenenne

JHuchynkims ronocoBbix cBsa3ok ([I'C), B coBpeMeHHOU nuTeparype dame o0o3HayaemMasi Kak
napajoKkcanbHOe JABM)KEHHE ToJ0coBBIX ckianok (PVFM), mpeacraBnser co0oil smu3oauydeckoe,
HETIPOU3BOJIFHOE CMBIKAHHE TOJIOCOBBIX CKJIAJIOK BO BpeMs BAoxa (peke Ha BBIJOXE). ITO COCTOSIHUE
4acTO0 MHUMHUKPUPYET TOJi OpOHXMANbHYIO acTMy WIM aHaQUIAKCHIO, YTO TPUBOAHMT K
HEOINPaBJaHHOMY Ha3HAYEHUIO KOPTUKOCTEPOUIOB U CUCTEMHOMN TEPAIINH.

XOTsl TepBble YIIOMUHAHUS O «TOPTAaHHOM HCTepum» oTHOCATCS K XIX BeKy, COBpeMEHHOE
nonnManue JII'C mupe ncuxocomaTuku. CeroiHs 3T0 MyJbTH(PAKTOPHOE COCTOSHUE, CBS3aHHOE C
TUIEPPEaKTUBHOCTHIO BEPXHUX JbIXaTeNbHbIX IyTel, ' DOPb u nocTBocnanuTensHbIMU U3MEHEHUSIMU
TOpPTaHHU.

Huchyukmus ronocoBbix cBs30k (AI'C) - ¢pyHKIIMOHATBEHOE PACCTPOUCTBO, KOTOPOE CIYKHUT
BAKHOM MPUYMHOM OCTPBIX PACCTPOMCTB AbixaHus. OHa TPYAHO MOJMAETCS JICUEHUIO, MOCKOJIBbKY
COCTOSIHME YacTO HEJIOOLIEHHWBAETCS M B KIMHUYECKON MPAKTUKE OIIMOOYHO AMATHOCTUPYETCS U
MOXET TMPOSBISATHCS HEKOHTPOJIHMPYEMBIMH  pecniupaTopHbiMu  cumnromamu. JI'C  umeer
orpeziesieHHbIE OTIIMYNTENbHbIE KIMHUYECKUE PU3HAKH U TpeOyeT TUarHOCTUUECKUX UCCIIeI0BaHU.

JI'C BnepBble onrcana KIMHUYECKU B 1842 rony kak aucyHKIMs TOPTAaHHBIX MBIIII, HHOTAA
BCTPEYAIONTUXCS Y JKCHIIUH ¢ ucTepuei [1]. ITo cocTossHue OBLIO BIEPBHIE BU3YATHU3UPOBAHO BO
BpeMs JlapuHrockonuu B 1869 rony MakkeH3u, KOTOpbIM MOCTaBUJI IMArHO3 MallMeHTaM C UCTepUuen
[2]. B 1902 roay cap Ymibsam Ocnep onucan JII'C kak paccTpoiCTBO, BIUSIIONTNI KaK Ha BJOX, TaK U
Ha DKCIUPATOPHBIE (a3bl IBIXAaTEIBHOTO IIUKIIA B PYKOBOACTBE «lIpUHIIUIIBI U IPAKTUKA METUITTHBD)
[3]. AI'C Obu1 onucan nanee B MeaUIMHCKOM auTeparype 70 aet cnycts, B 1974 rony, Ilarrepconom
U €T0 KoJuleraMu y 33-J1eTHel *KEeHIIMHBI ¢ 15 rocnuTann3anysaMy o OBOAY TOTO, YTO OHU HAa3bIBATIU
«ctpunop MroouxrayseHay» [4].

C tex nop 6osiee 70 TEpPMUHOB HCIIOJIB30BAINCH JUISL OMIMCAHMS ClIa3Ma MCTUHHBIX T'OJOCOBBIX
cBs30K. Ha ceromHsmHmii 1eHb B METUIIMHCKOM TUTEpaType HanbosIee 4acTo BCTpeYaroTes 2 TepMUHa
- MapajiokcaibHOe ABMKEHHE To0coBoi ckinanaku (PVFM) u aucdyHKIHS TOI0COBBIX CBS30K.

Uctunnas wyactora JAI'C Hew3sBecTHa W HEAOOLIEHUBAECTCS B KIMHUYECKON MpPAKTHUKE.
[lepBoHauansHO npeanonaranock, 4yro AI'C cymecTByeT B KOHTEKCTE ICUXOJIOTHYECKOM 00JIe3HN UK
ucrepun. OHAKO 32 MOCIEIHNE HECKOJIBKO NECATHIIETUI OBLIO MPU3HAHO, YUTO OHO IIPOUCXOAUT BHE
MICUXOJIOTUYECKOM O0JIE3HH M BCTPEUaeTCsl y TOpa3io OOIbIIEro KonnyecTsa naueHTos [5]. Brugman
u ero koiuteru ucciuenosanu 1530 nmamuentoB ¢ JAI'C u obHapyxunu, uto 65% ObUIH B3pOCIBIMU
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crapue 19 ner, ¢ mupokooit Bapuanueit Bozpacta ot 0,02 no 82 ner. CpenHuil Bo3pacT COCTaBIISLI
36,5 net y B3pocibIx U 14 neT y neauarpudeckux 00abHbBIX [6]. Kpome Toro, cpenu nanuentos ¢ JJI'C
npeo0iagaeT KeHCKui moa. Brugman u ero xoiern oOHapy Wi JOMUHUPOBaHUE >keHIUH (3: 1)
Cpelu CBOMX IMAllMEeHTOB, B TO BpeMs Kak Moppuc u ero koyuieru u3yuyuiu 1161 mauuenrta B ipyrom
0030pe nTuTepaTyphl U OOHAPYKWIIH MTPeodIaaHue KEHIIUH B cooTHOIIeHUH 2: 1 [7].

VY nanuentoB ¢ JII'C yacto ommb0OYHO AUarHocTupyercs pedpakTepHas acTMa, YTO MOXKET
IIPUBECTH K YBEJIMYEHMIO PAcXxol0B Ha 3apaBooxpaHeHue. NEwMman u ero kosuieru U3ydyuwiu 95
nanueHtoB ¢ JII'C B cpemnem 3a 4,8 roga W OOHAPYXWIM, YTO y HUX OBLJIO HEMPAaBHIBHO
JMAarHOCTUPOBaHa acTMa [§8]. IT0 TOBOPUT O TOM, YTO OCHOBHAsA 3a00JieBaeMOCTb, cBsizaHHas ¢ [II'C,
MOJKET 3aKJIF0UaThCS B €€ CIIOCOOHOCTH UMUTHPOBATh acTMy [9].

Heab. U3yunTh COBpeMEHHBIE METOIbI B AMATHOCTHKE TUC(HYHKIIUU TOJIOCOBBIX CBS30K y JIETEH
Y TIPOBECTH MX CPABHUTEIBHYIO XapaKTEPUCTHUKY .

Martepuanbl U MeTOABbI HcCJel0BaHUs. B wmccienoBanue ObLIM BKIIIOYEHBI 87 JeTeld |
oApocTKoB (5—18 jeT) ¢ sanmu30AaMu OCTPOTO HAPYIICHUS AbIXAHHUSL.

1. Kpurepuun BKIIIOUEHHUS: KAIOOBl HA WHCIHPATOPHBIA CTPUIOP, UYBCTBO «CIAABIMBAHUS B
ropie», HeahPEKTUBHOCTh OPOHXOJIUTHUKOB.

2. JIMarHOCTHYECKUI aJITOPUTM:

Buneonapunrockonus: ocHoBHOM MeToA. [IpoBoaniack B mokoe u npu npoBokaruu [7, 10, 11].

[IpoBoKalOHHBIE TECTHI: OET HA TPEAMMIIE WJIM UHT SIS METAXO0JIMHA /711 BOCIIPOU3BEACHMUS
cUMNOTOMOB. Hannuue CTUMYJSIUU BOXa SBISETCS KIIOYOM INPHU MOCTaHOBKE nuarHosa [12]. Ipu
3TOM HaOJIF0/1a€TCS MOJTHOE CMBIKAHHE TOJIOCOBBIX CBSI30K HA BJIOXE HA JIAPUHTOCKOMHH [6].

Mounutopusr: nyascokcumeTpust (SPO2) v MOMBITKYA BHITOTHEHUS MUK(PIOYMETPUH.

Onenka no mkanam: ananus cosHanus (LK), xapakrepa kanuist u ayCcKylIbTaTUBHON KapTHUHBI.

BrinonHeHue JapuHTOCKOMTUU MOXKET TOMOYb OTPEeNuTh, UMeeT JU nmanueHT actmy, VCD unu
o0a cocrosiHusa [5]. JlapuHrockomnusi BBINOJHSETCS Cpa3y K€ Iociae MpoObl C METaXOJIMHOM.
OtpunarenbHas JapuHrockonusi He uckimouaer VCD [13]. IIpoGa ¢ MeTaXxOIMHOM UMEET BBICOKYIO
OTPHULATENbHYIO POTHOCTUYECKYIO [IEHHOCTh U MOKET IIOMOYb B UCKIFOYEHUH AHAarHo3a acTMsl [ 14].
VY nanueHToB ¢ MOJIOKUTENbHBIM aHAMHE30M, KOTOPBIE HE IEPEHOCIT METAXOJIMH, MOKHO ITPOBECTH
MIPOBOKAIIMIO C IOMOIIBIO yrpaxkHenuid [10, 15, 16, 17].

JI'C 6b11 Bepuduimposat y 23 nanueHTos. [IpeumyiiiecTBeHHbINH Bo3pacT cocTaBmi 15-18 net
(15 nmauuentoB), 2 neteit 66U B Bo3pacte 6 1 7 jerT, 6 AeTell HaxOIWINCh B BO3PAaCTHOM JHarna3oHe
11-13 net. AeBouku coctaBunu 17 ciydaes JAI'C.

BolIsiBIEHHBIMU TPOBOLUPYIOUIMMH (aKTOpaMu ObUIN: CIIOPTUBHAs Harpyska — 9 nereil, npyras
¢dbusnueckas Harpy3ka — 6 jaerei, peueBas Harpy3ka (IPOJOKUTENbHBIA KPUK) — 4 eTeld, BIbIXaHHe
IBLITK, TA30B, AbIMa — 2 JIeTe, He OBUIO BHISIBICHO MPOBOIMPYIOIIETO areHTa y 2 1eTei.

Onpenensyiuck OTHOCUTEIbHBIE PHUCKH psla KIMHUYECKUX (DaKTOPOB, MpeanojiaraeéMbiX
MIPEIMKTOPOB HCCIeAyeMoro 3aboyeBanus (YpoBEeHb CO3HAHUS MO Ikane [1a3ro, XapakTepuCTUKH
rojioca, peakinusi Ha CTHUMYJAIMIO POAWTENeH, COH-0OJpCTBOBaHME, OOIIas peakius peOeHKa,
XapakTep Kaluisi, ayCKyJIbTaIlUs JbIXaTeIbHBIX IIYMOB NPHU BIOXE, OKpAacKa KOXHBIX MOKPOBOB C
OLICHKOW ITMaHO30B), TaKXe OBLIM MPOBEAEHbI IyJIbCOKCUMETPUS M y JeTed crapiie 7 JeT -
NUK(IOyMETpHs.

Pe3yabTaThl.

Huarno3 JIT'C 6s11 moaTBepxaeH y 23 nanueHTtos (26,4% oT o01ieli rpymmbl).

Pacrnipenenenuie 1 mpoOBOKaTOPHI:

- TeHIepHbId acnekT: [Ipeobnaganue maul »xeHcKoro nosa (17 geBouek MpoTHB 6 MAaTBYHKOB),
YTO COTJIACYETCSl C MUPOBBIMU JTAHHBIMHU.

- Bo3pact: Iluk 3a0oneBaeMOCTH TpHIIENCS Ha MOAPOCTKOBBIM mepuox (15-18 mer) — 15
CIIy4aeB.

- Tpurrepsl: @u3nuecKas Harpy3ka craja OCHOBHBIM (paktopom (15 mereit), 3a Hell cneayroT
MICUX0AMOILIMOHAIBHOE HAMPSKEHUE U UPPUTAHTHI (JIbIM, MbLIb).
Knunudeckast kapTuHa U OObEKTHUBHBIC JaHHBIE!
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1. IMynscokcumetpus: Y 16 manueHTOB B MOMEHT MPHUCTYIA 3adUKCUpOBaHO cHIkeHne SPO2
10 65-70%. D10 BakKHBII MOMEHT: BOIPEKH CTapOMYy MHEHHIO O «rcuxoreHHocTu», JI'C moxer
BBI3bIBaTh PEAIbHYIO, XOTS U KPATKOBPEMEHHYI0, TUIIOKCEMMUIO.

2. Cnupometpus u nukduoymerpus: [IpoBeseHre noaHOLEHHOr0 MaHeBpa B10Xa/BbI0OXa IIPU
JI'C kpaiine 3atpyaneHo. 13 23 neteil ToJIbKO 3 CMOTJIM BBIIIOJIHUTB TECT. XapaKTEPHbIM IPU3HAKOM
Obli1a «IUIOCKas» KpHUBas BAOXA Ha METJIe MOTOK-00beM.

3. JlmarHocTu4eckue MpeuKTOpbl (OTHOCUTENbHBIH puck, RR):

- Uacnuparopusiil cBucT (ctpugop): RR =4,2.

- OTcyTCTBHE OTBETA HAa CTUMYJISIUIO («3amupanue»): RR = 3,5.

- OcnabneHue IbIXaTeNbHBIX IIYMOB IIPH ayCKYJIbTALUW HAJ JETKUMH IPU COXPAHEHHOM IITyMe
Haj ropranbio: RR = 2,9,

Oobcyxaenne.

B xoze uccnenoBanus OblI0 BBISIBIEHO HECKOIBKO Kputndeckux orianuuil JI'C oT uctunHOro
JAPUHTOCTIa3Ma U ACTMBI:

1.Jloxanu3zamus 3Byka: [lpu AI'C nrym MakcUManbHO CIBIIICH B 00JIaCTH 1ieH (TOpTaHb), TOT/Ia
KaK MpU acTMe - HaJl TPYAHON KIETKOM.

2.9¢ ekt «utanedo» v OTBICUSHHS: B OTIIMYMH OT OpraHMYECKOro JIJAPUHTOCTIa3Ma, CHMIITOMBI
JII'C 4acTo yMEHBIIAIOTCS MPU MOMBITKE MAl[eHTa TOBOPUTH WIIM MPHU BHIMOTHEHUH CIEIHATBHBIX
JbIXaTeJIbHBIX MAHEBPOB (JIbIXaHUE «TPYOOUKON», IIUIISIINE 3BYKH).

3.CopHblii BONPOC O METaxoJMHE: XOTsA Mpobda C METaxXOJWHOM HCIOIb30BANIACH IS
WCKJIIOYEHUS aCTMBbI, CJIETyEeT IIOMHUTh, YTO y MAllMEHTOB C TUIEPPEAKTUBHON rOPTAHbIO METAXOJINH
cam 1o cebe MoeT crpoBoHpoBaTh 3nu30/ JI'C, uto TpeOyeT OCTOPOKHOM UHTEPIIPETALIIH.

3akiarovenue. JlaHHble NYJBCOKCUMETPUU IOKA3bIBAIOT, YTO JIAPUHIOCIA3M MPUBOAUT K
TSOKETON Tunokcuu. OINBIT NMPUMEHEHUs MUKQIOYMETpUH MOKa3all, 4To B OOJBIIMHCTBE CIy4aeB
HEBO3MOXXHO IPHUMEHSTh JIaHHBI METOJ BO BpeMs IMPUCTYINa JApUHrocra3Mma. AHaIUu3UpyeMble
KJIMHUYECKUE TPOSIBICHHUS MPOJEMOHCTPUPOBAIN XOPOUIYI0 TUArHOCTUYECKYIO I(PPEKTUBHOCTh U
MOTYT OBbITh PEKOMEHI0BaHBI JUIsl OLIEHKH JE€Tel C MOJ03PEHNEM Ha JJAPUHTOCIIa3M.

KoH(pumKT HHTEepecoB. ABTOPHI 3asBISAIOT 00 OTCYTCTBUU KOH(IUKTA UHTEPECOB.
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SIGNIFICANCE OF ATRIAL NATRIURETIC PEPTIDE IN THE
PATHOGENESIS AND DIAGNOSIS OF HEART FAILURE
Myasnikova Yuliya Yurevna
Eurasian Multidisciplinary University (Tashkent, Uzbekistan), Student.
https://orcid.org/0009-0002-7538-6836, yuliyamyasnikova7@mail.ru

Annotation. Heart failure (HF) remains one of the most pressing problems of modern cardiology,
characterized by high morbidity, frequent hospitalization and a high mortality rate. This review
analyzes the role of atrial natriuretic peptide (ANP) in the pathophysiological mechanisms of HF, as
well as its diagnostic and prognostic value. Molecular structure, biosynthesis, mechanisms of secretion
and receptor interaction of ANP, its systemic physiological effects, including natriuresis, diuresis,
vasodilation and suppression of renin-angiotensin-aldosterone and simpato-adrenal systems, are
considered. Changes in the dynamics of ANP during decompensation of cardiac activity, the
phenomenon of resistance to endogenous peptides and the clinical significance of determining the
concentration of ANP and its precursors in blood plasma are described in detail. The therapeutic
concept of using neutral endopeptidase inhibitors (neprilysin) to potentiate the protective effects of
natriuretic peptides has been analyzed.

Keywords: atrial natriuretic peptide, ANP, heart failure, pathogenesis, biomarkers, diagnosis,
renin-angiotensin-aldosterone system, neprilysin.
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YURAK YETISHMASLIGI PATOGENEZIDA VA TASHXISIDA YURAK
OLDI NATRIYURETIK PEPTIDNING AHAMIYATI
Myasnikova Yuliya Yurevna

Eurasian Multidisciplinary University (Toshkent, O’zbekistan), talaba.
https://orcid.org/0009-0002-7538-6836, yuliyamyasnikova7@mail.ru

Annotatsiya. Yurak yetishmovchiligi (YY) zamonaviy Kkardiologiyaning eng dolzarb
muammolaridan biri bo‘lib qolmoqda, u yuqori kasallanish, tez-tez shifoxonaga yotqizilish va yugori
o‘lim darajasi bilan tavsiflanadi. Ushbu sharh Y'Y rivojlanishining patofiziologik mexanizmlarida
bo‘lmacha natriyuretik peptidining (BNP, ANP) rolini, shuningdek uning diagnostik va prognostik
ahamiyatini tahlil qilishga bag‘ishlangan. BNPning molekulyar tuzilishi, biosintezi, sekretsiya
mexanizmlari va retseptorlar bilan o‘zaro ta’siri, uning tizimli fiziologik ta’sirlari, jumladan natriyurez,
diurez, vazodilatatsiya hamda renin-angiotenzin-aldosteron va simpatik-adrenal tizimlarni bostirish
jarayonlari ko‘rib chiqilgan. Yurak faoliyati dekompensatsiyasida BNP dinamikasidagi o‘zgarishlar,
endogen peptidlarga rezistentlik fenomeni hamda qon plazmasidagi BNP va uning prekursorlari
konsentratsiyasini aniglashning klinik ahamiyati batafsil yoritilgan. Natriyuretik peptidlarning himoya
ta’sirini kuchaytirish maqsadida neytral endopeptidaza (neprilizin) ingibitorlaridan foydalanishning
terapevtik konsepsiyasi tahlil gilingan.

Kalit so‘zlar: bo‘lmacha natriyuretik peptidi, ANP, yurak yetishmovchiligi, patogenez,
biomarkerlar, diagnostika, renin-angiotenzin-aldosteron tizimi, neprilizin.

SHAYEHMUE ITPEJACEPJHOT' O HATPI/IﬁYPETPI‘IECKOFO HEIITUIA
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https://orcid.org/0009-0002-7538-6836, yuliyamyasnikova7@mail.ru

Annorauusi. Cepaeunas HenocrarouHocth (CH) ocraercs ogHol u3 Hambojee aKTyalbHBIX
mpo0JjieM COBPEMEHHON KapJUOJIOTHH, XapaKTePU3YIOIICHCS BBICOKON 3a00JIeBa€MOCThIO, YacTOU
TOCMUTANM3AIMEe ¥ BBHICOKMM YPOBHEM CMEPTHOCTH. J[aHHBIM 0030p MOCBSINEH aHaIN3y pPOJH
npeacepanoro Hatpuityperudeckoro nentuaa (ITHIT, ANP) B marodusnonoruvueckux MexaHuzmax
pazButuss CH, a Takxke ero AMarHOCTUYECKONM M MPOTHOCTUYECKOM ILIEHHOCTH. PaccMOTpeHbl
MOJICKYJISIpHAsI CTPYKTypa, OMOCHHTE3, MEXaHU3Mbl CEKPEIMH M PEIENTOPHOTO B3aWMOCHCTBHUS
[THIT, ero cucremusie ¢pusznonorunueckue 3QpGeKTol, BKItOUask HAaTpUilypes, Anype3, Ba3oIuIaTaluo 1
MOJaBJICHUE PEHUH-AaHTHOTEH3UH-AIBJIOCTEPOHOBOM M CHUMIIATO-aJipeHanoBoil cucteM. [loapoOHO
ormucanbl u3MeHenus auHamuku [THIT mpu nexommneHcamuu cepaedHON NesATENbHOCTH, (HEeHOMEH
PE3UCTEHTHOCTH K DHJIOTCHHBIM TENTHaM M KIMHUYECKOE 3HAYeHUE OMpEeeeHUs KOHIEHTPAIIN
[THII u ero npeniecTBEHHUKOB B 11azMe KpoBu. [Ipoananu3upoBaHa TepaneBTUUECKass KOHIETIUS
WCIIOIB30BaHUSI UHTUOUTOPOB HEHUTPATbHOW IHIOMENTHA3bl (HEPUIIU3WHA) ISl TIOTEHIIUPOBAHUS
3aIUTHBIX YQPEKTOB HATPUINYPETHUECKUX TETITUIOB.

KuaroueBble ciioBa: nmpeacepaHblii  Hartpuitypetnudeckuil mentua, ANP, cepreunas
HEJ0CTAaTOYHOCTh, MATOTEHEe3, OMOMapKepbl, AMATHOCTUKA, PEHUH-aHTHMOTCH3WH-aJIbJJOCTEPOHOBAS
CUCTEMa, HEMPHJIN3HUH.

Introduction

Chronic and acute heart failure are complex clinical syndromes resulting from structural or
functional disorders of the filling and emptying of the ventricles of the heart. The progression of HF is
accompanied by severe hyperactivation of the neurohomoral systems, primarily the renin-angiotensin-
aldosterone system (RAAS) and the sympato-adrenal system (SAS), which leads to vasoconstriction,
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sodium and fluid retention, congestion and unfavorable myocardial remodeling [1]. The family of
natriuretic peptides, the most important representative of which is atrial natriuretic peptide (ANP), acts
as a counterweight regulatory system that prevents overactivation of vasoconstrictor and anti-atriuretic
mechanisms [2]. The discovery by A. De Bold and co-authors in 1981 of a powerful natriuretic and
diuretic effect of atrial tissue extract fundamentally changed the idea of the heart as an exclusively
mechanical pump, establishing its status as an endocrine organ [3]. During the development of heart
failure, synthesis and secretion of ANP by cardiomyocytes increase sharply in response to stretching
of the atrial walls and increased intracavitary pressure [4]. However, despite the high level of
circulating peptide in the plasma of patients with HF, the compensatory potential of the system is
depleted or blocked by concomitant pathophysiological shifts over time [5]. In this regard, a deep
understanding of the role of ANP in the pathogenesis of HF and an assessment of its clinical and
diagnostic significance remain the most important tasks of cardiology.

Objective: To conduct a systematic analysis and synthesis of scientific data on the importance of
atrial natriuretic peptide in the pathogenetic mechanisms of the formation and progression of heart
failure, as well as to assess its potential as a diagnostic, prognostic biomarker and target for
pathogenetic therapy.

Materials and methods

Publications from the PubMed, eLIBRARY databases, as well as specialized scientific
publications were used as material for this review. The search for literature was carried out by
keywords: "atrial natriuretic peptide,” "ANP," "heart failure,” "pathogenesis,” "diagnosis,” "atrial
natriuretic peptide,” "heart failure." The inclusion criteria were original studies, meta-analyses and
systematic reviews on the physiology, pathophysiology and clinical use of ANP in various forms of
HF. From the found body of literature, 10 valid sources meeting the principles of evidence-based
medicine were selected for final analysis and citation.

Results

Atrial natriuretic peptide is a 28-amino acid peptide with a closed cyclic structure formed by a
disulfide bridge between cysteine residues [2]. This ring construct is essential for binding to specific
receptors. ANP synthesis occurs predominantly in atrial myocytes, where it is encoded by the NPPA
gene [2]. The biosynthesis process begins with the formation of a precursor - pre-pro-ANP (151 amino
acid residues), from which a signal fragment is cleaved during translation with the formation of pro-
ANP (126 amino acids) [1]. Unlike brain natriuretic peptide (BNP), pro-ANP is deposited in specific
secretory granules of atrial cardiomyocytes [2]. Secretion by transmembrane serine protease (corin)
cleaves pro-ANP into biologically active C-terminal peptide ANP (28 amino acids) and inactive N-
terminal fragment NT-proANP (98 amino acids) [2].

Metabolism and elimination of ANP from the vascular bed are carried out in two main ways [2,
6]. 1- binding to the clearance receptor NPR-C followed by endocytosis and intracellular lysosomal
decay. 2-enzymatic destruction by extracellular proteases, among which neutral endopeptidase
(NEP/neprilysin) plays a key role, as well as an insulin-degrading enzyme and dipeptidyl peptidase-
IV. The elimination half-life of active ANP in plasma is extremely short and is 2-3 minutes, while the
N-terminal fragment of NT-proANP is more stable and circulates much longer [1, 6].

The biological effect of ANP is mediated through NPR-A (GC-A) receptors associated with
membrane guanylate cyclase [2, 6]. Activation of NPR-A leads to the accumulation of intracellular
cyclic guanosine monophosphate (cGMP) and subsequent stimulation of cGMP-dependent protein
kinases [2].

The main physiological effects of ANP are [2, 5, 6]: renal effects - ANP causes selective
vasodilation of the bringing (afferent) arterioles and constriction of the excretory (efferent) glomeruli
arterioles, which leads to an increase in intra-glomerular pressure and an increase in glomerular
filtration rate (GFR). In the collecting tubules of the kidneys, PNP inhibits sodium and water
reabsorption by closing epithelial sodium channels (ENaC) and blocking the action of vasopressin.
Vascular effects: ANP reduces the tone of vascular smooth muscle cells, reducing systemic and
pulmonary vascular resistance, preload and afterload on the myocardium. In addition, ANP increases
the permeability of microvascular endothelium, promoting the transition of fluid from the vascular bed
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to the interstitial space, which reduces the volume of circulating plasma. Neurohomoral regulation:
ANP directly and indirectly inhibits renin secretion by the juxtaglomerular apparatus of the kidneys,
reduces angiotensin Il and aldosterone production by the adrenal cortex, and inhibits central and
peripheral sympathetic activity. Anti-remodeling effects: In myocardial tissue, PNP inhibits
cardiomyocyte hypertrophy, fibroblast proliferation, and extracellular matrix synthesis, preventing
progression of cardiac fibrosis.

With the development of heart failure, hemodynamic overload of volume or pressure leads to an
increase in intratrial pressure and stretching of the atrial walls, which is a powerful stimulus for
emergency degranulation and secretion of ANP [1, 4].

As HF progresses and ventricular hypertrophy develops, NPPA gene expression is also activated
in ventricular myocytes, which leads to additional peptide ejection [1, 7]. In patients with chronic heart
failure (CHF), plasma concentrations of PNP and NT-proANP increase in proportion to the NYHA
functional class [1, 5]. Under basal conditions, in healthy individuals, the plasma level of ANP ranges
from 1 to 25 pmol/L, while in patients with severe HF (111-1V FC) its concentration may exceed the
norm by 3-10 times or more [1, 5].

However, despite the high level of circulating ANP, patients with severe HF often have a
weakening of its natriuretic and diuretic effects - the phenomenon of "natriuretic resistance” [3, 5]. The
pathogenesis of this condition involves: a sharp decrease in renal perfusion due to a drop in cardiac
output [5]. Overactivation of RAAS and SAS, which has a powerful opposite effect on tubular sodium
reabsorption [5]. Down-regulation (reduction in density) of NPR-A receptors in target organs under
the influence of prolonged hyperantigenemia [2]. Enhancement of peptide degradation due to increased
activity of neprilysin [2, 8].

Measurement of the level of ANP and its N-terminal previous form (NT-proANP) showed high
clinical informativity in the diagnosis of left ventricular dysfunction and differential diagnosis of
dyspnea [1, 9]. The level of circulating ANP clearly correlates with the pressure of jamming of the
pulmonary capillaries, end-diastolic pressure in the left ventricle and the final diastolic volume [1, 5].
An increase in peptide levels makes it possible to identify patients with both systolic and diastolic
dysfunction with high sensitivity [1]. A high level of ANP in the plasma of patients with CHF is an
independent predictor of adverse cardiovascular events, frequent hospitalizations, and sudden mortality
[1, 10].

Discussion

The natriuretic peptide system, in which atrial natriuretic peptide plays a key role, is a
fundamental protective mechanism aimed at maintaining water-electrolyte homeostasis and preventing
hemodynamic cardiac overload [2, 6].

The formation of ideas about the role of ANP in the pathogenesis of HF has gone from the
discovery of the primary natriuretic effect to the understanding of its complex paracrine and endocrine
regulation [2, 3]. In the initial stages of myocardial dysfunction, enhanced production of ANP provides
compensation for hemodynamic shifts, while maintaining the asymptomatic course of the disease [4,
5]. However, with the progression of HF, overactivation of vasoconstrictor systems exceeds the
compensatory potential of ANP, leading to natriuretic resistance [5].

Understanding the mechanisms of ANP metabolism has opened up new horizons in the
pharmacotherapy of heart failure [2, 8]. One of the main achievements of modern cardiopharmacology
was the development of a class of ARNI drugs (angiotensin receptors and neprilysin inhibitors), a
prominent representative of which is sacubitril/valsartan [8]. Inhibition of neprilysin by sacubitril
blocks the breakdown of ANP, BNP and other protective vasoactive peptides, which leads to a
persistent increase in their concentration in plasma and the restoration of cGMP-mediated effects [2,
8]. The PARADIGM-HF study strongly demonstrated that such a strategy is superior to standard ACE
inhibitor therapy in reducing mortality and hospitalization rates in patients with HF with reduced
ejection fraction [8].

In the diagnostic aspect, the determination of the levels of markers of the ANP system (in
particular, NT-proANP) remains highly relevant [1, 10]. Despite the fact that BNP and NT-proBNP
are more often used in routine rapid tests of rapid diagnosis of acute HF [1, 9], ANP primarily reflects
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volumetric overload and atrial tension, which makes it a sensitive marker of early stages of HF,
diastolic dysfunction and the risk of atrial fibrillation [1, 10].

Conclusions

Atrial natriuretic peptide (ANP) is the most important endogenous hormone with natriuretic,
diuretic, vasodilating and antihypertrophic effects, providing physiological antagonism towards RAAS
and SAS. In the pathogenesis of heart failure, an increase in the level of ANP reflects the degree of
atrial stress and volume overload; however, in severe forms of HF, the phenomenon of resistance to
ANP develops due to hyperactivation of neurohormones, accelerated peptide decay and receptor
desensitization.

Determination of plasma concentrations of ANP and NT-proANP has a high diagnostic and
prognostic value, which makes it possible to effectively exclude HF in acute dyspnea, assess the
severity of hemodynamic disorders and predict the risk of adverse outcomes.

Potentiating the effects of endogenous ANP by inhibiting the neprilysin enzyme is a proven and
highly effective strategy for pathogenetic therapy of heart failure.
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Abstract. Gastric adenocarcinoma is the most common malignant tumor of the stomach, arising
from the gastric mucosa. According to the most recent GLOBOCAN 2024 estimates, gastric cancer is
the fifth most commonly diagnosed malignancy worldwide and the fifth leading cause of cancer-related
mortality. Globally, gastric cancer was responsible for approximately 641,554 deaths in 2024. Early
recognition of gastric adenocarcinoma, together with a thorough understanding of its clinical
manifestations and timely diagnosis, significantly improves treatment outcomes and patient prognosis.
Healthcare professionals should therefore be well acquainted with the disease's symptoms and
diagnostic approaches. In addition, the implementation of preventive strategies and the promotion of a
healthy lifestyle may help reduce the incidence of gastric adenocarcinoma.

Keywords: gastric adenocarcinoma, etiology, risk factors, symptoms, diagnosis, types of gastric
adenocarcinoma.
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Annotatsiya. Oshgozon adenokarsinomasi oshqozon shilliq gavatidan rivojlanadigan eng ko'p
uchraydigan xavfli o'smalardan biridir. Eng so'nggi GLOBOCAN 2024 ma'lumotlariga ko'ra,
oshgozon saratoni dunyo bo'yicha eng ko'p tashxis qo'yiladigan saraton kasalliklari orasida beshinchi,
saraton bilan bog'liq o'lim sabablari orasida ham beshinchi o'rinni egallaydi. 2024-yilda dunyo bo'ylab
oshqozon saratoni taxminan 641 554 nafar bemorning o'limiga sabab bo'lgan. Oshqgozon
adenokarsinomasini erta aniglash, uning xavf omillari, klinik belgilari va diagnostika usullarini chuqur
bilish davolash natijalari hamda bemor prognozini sezilarli darajada yaxshilaydi. Shu sababli, tibbiyot
xodimlari kasallikning belgilari va zamonaviy diagnostik yondashuvlarini yaxshi o'zlashtirishlari
zarur. Bundan tashgari, profilaktik choralarni amalga oshirish, muntazam tibbiy ko'riklardan o'tish,
sog'lom turmush tarziga rioya qilish hamda chekishdan voz kechish oshgozon adenokarsinomasi
rivojlanish xavfini kamaytirishga va aholi salomatligini yaxshilashga xizmat giladi.

Kalit so'zlar: oshgozon adenokarsinomasi, etiologiya, xavf omillari, simptomlar, diagnostika,
oshgozon adenokarsinomasining turlari.
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AHHOTanusl. AJEHOKapUMHOMA JKeIyJKa sBIseTCS  Hauboiee  pacupoCTpaHEHHOMH
3JI0KAY€CTBEHHOU OIMYXOJIBIO )KEITyIKa, pPa3BUBAIOIICHCS U3 CIIM3UCTON 000109KH ey aka. CorimacHo
cambiM niocsieiauM 1anHbIM GLOBOCAN 2024, pak sxenyaKa 3aHUMaeT MATOe MECTO Cpeau HanboJiee
9acTO JUATHOCTHPYEMBIX OHKOJIOTUYECKUX 3a00JIEBAaHUN M TAKXKE ISTOC MECTO Cpeld MPUYHH
CMEPTHOCTH OT 3JIOKa4eCTBEHHBIX HOBOOOpa3oBaHMii BO BceM Mupe. 1o rinobanbHbiM orieHkam, B 2024
roJly pak >KelyakKa cTaj npuyuHor mnpumepHo 641 554 ciyuaeB cmeptu. PanHee BbIsiBIEHUE
aJICHOKapIIMHOMBI Kelly/Ka, a Takke TIIyOoKoe MOHMMaHue ee (HaKTOPOB PHUCKA, KIMHHUYECKUX
MIPOSIBIICHUH ¥ COBPEMEHHBIX METOJIOB JIMATHOCTUKH 3HAUYUTEIIBHO YIYUIIAIOT PE3YJIbTATHI JICUCHUS U
MPOrHO3 AJs manueHtoB. [losToMy MeauIMHCKUE paOOTHUKH JIOJDKHBI XOPOIIO 3HATh CHMITOMBI
3a00JIeBaHUs U BIIAJCTh COBPEMECHHBIMHU TOIXOJaMH K €ro AuarHoctuke. Kpome Toro, mpoBeneHue
MpoGUTAKTUIECKUX MEPOIIPUITUHN, PETYIISIPHOE IPOXO0KICHNE METUITUHCKUX OCMOTPOB, COOIIO/ICHUE
310pOBOT0 00pa3a >KU3HU U OTKAa3 OT KYpPEHHUs MOTYT CIIOCOOCTBOBATh CHHUKEHHUIO 3a00JIEBAEMOCTH
aICHOKapIIMHOMOM KeTyJIKa U YIYUYIICHUIO COCTOSHUS OOLIECTBEHHOTO 3/I0POBBSI.

KuiroueBble ciioBa: ageHOKapIMHOMA JKEIIYAKa, ATHOJIOTHS, (AKTOPhl PUCKA, CHMIITOMBI,
JMarHOCTHUKA, TUIIbI aIEHOKAPIIMHOMBI eIy IKa.

Introduction

Gastric adenocarcinoma is the predominant histological subtype of gastric malignancy. It arises
from the glandular epithelium of the stomach lining and accounts for approximately 95% of all
malignant gastric neoplasms. The disease is typically diagnosed in older adults, with a median age at
diagnosis of around 68 years, and shows a higher incidence in men than in women.

Gastric adenocarcinoma is mainly divided into two histological types: intestinal and diffuse.

1. The intestinal type is a gland-forming carcinoma that typically arises in the setting of chronic
inflammation of the gastric mucosa, most commonly associated with Helicobacter pylori infection.

2. The diffuse type develops when a loss-of-function mutation occurs in the CDH1 gene, which
encodes E-cadherin, a cell-adhesion protein that normally holds gastric epithelial cells together and
maintains normal glandular architecture. When CDHL1 is mutated, E-cadherin function is lost, and
epithelial cells lose their ability to adhere to one another. As a result, the cells become discohesive and
infiltrate diffusely through the stomach wall rather than forming a single visible mass. During this
process, some cells accumulate mucin that pushes the nucleus to the periphery, producing the signet-
ring cells characteristic of this cancer type. Over time, diffuse infiltration leads to thickening and
rigidity of the stomach wall, a condition known as linitis plastica. This growth pattern is more
aggressive and harder to detect early than the intestinal type, because it does not form a well-defined
mass.

The major risk factors for gastric adenocarcinoma include chronic Helicobacter pylori infection,
cigarette smoking, and long-term consumption of processed foods. These factors, together with their
underlying mechanisms and clinical significance, are discussed in detail in the Results and Discussion
section below.

Materials and Methods

This article is a narrative literature review. Relevant publications were identified through
searches of the PubMed, Scopus, Web of Science, and Google Scholar databases, covering the period
from 1991 to 2026, with priority given to sources published within the last five years. Search terms
included combinations of “gastric adenocarcinoma,” “gastric cancer,” ‘“Helicobacter pylori,” “risk
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factors,” “smoking,” “processed food,” “nitrosamines,” “acanthosis nigricans,” and “Leser—Trélat

sign.”

Inclusion criteria comprised peer-reviewed original studies, systematic reviews, and meta-
analyses published in English that addressed the epidemiology, pathogenesis, risk factors, or clinical
manifestations of gastric adenocarcinoma. Case reports without mechanistic discussion, non-peer-
reviewed sources, and articles not available in full text were excluded. A total of 14 sources met these
criteria and were reviewed. Together with global cancer statistics from GLOBOCAN and standard
reference texts (First Aid for the USMLE Step 1), these sources were synthesized to summarize the
risk factors, pathogenic mechanisms, and clinical presentation of gastric adenocarcinoma discussed
below.

Results and Discussion

Helicobacter pylori

Helicobacter pylori is a Gram-negative, spiral-shaped bacterium that colonizes the gastric
mucosa and is urease-, catalase-, and oxidase-positive. Infection most commonly occurs through
contaminated food or water, as well as through person-to-person oral—oral or fecal—oral transmission.

H. pylori contributes to the development of gastric adenocarcinoma through several virulence
mechanisms. Normally, the stomach is protected by foveolar cells that secrete mucus, forming a barrier
against acid and microbial damage. H. pylori nonetheless survives in this environment owing to its
enzymatic activity. Its most important enzyme is urease, which breaks down urea into ammonia (NHs)
and carbon dioxide (CO:); the resulting ammonia neutralizes gastric acid around the bacterium,
creating a more hospitable microenvironment. In addition, H. pylori produces catalase, which converts
hydrogen peroxide (H20:) generated by host immune cells into water and oxygen, helping the
bacterium evade immune-mediated Killing. Its oxidase activity, mediated by cytochrome c oxidase,
supports aerobic energy production.

Through these mechanisms, H. pylori persists within the gastric mucosa, causing chronic
inflammation and progressive mucosal damage that, over years, can lead to chronic gastritis and
eventually gastric adenocarcinoma. A major clinical challenge is that H. pylori infection is often
asymptomatic or produces only mild, non-specific symptoms, so many patients remain undiagnosed
for long periods — a critical issue, since early detection and eradication significantly reduce the risk
of long-term complications. Unlike many acute bacterial infections, which produce the classical signs
of inflammation (redness, swelling, pain, heat, and loss of function), H. pylori infection typically causes
a slow, chronic, and often silent inflammatory process.

The most effective approach is early diagnosis and eradication therapy. First-line treatment
usually consists of triple therapy with a proton pump inhibitor (PPI), amoxicillin, and clarithromycin.
In cases of treatment failure or antibiotic resistance, bismuth-based quadruple therapy may be used,
combining a PPI, bismuth, and two antibiotics (commonly amoxicillin with metronidazole or
tetracycline).

Smoking

Smoking is the second most important risk factor for gastric adenocarcinoma. A single cigarette
contains approximately 7,000 chemicals, many of which are toxic and carcinogenic; these substances
damage not only the stomach but also multiple other organ systems, including the lungs, oral cavity,
and esophagus. Among the most harmful components are nitrosamines and benzene, well-established
carcinogens that can directly damage cellular DNA and cause genetic mutations. Although normal cells
possess DNA repair mechanisms, continuous exposure to these carcinogens can overwhelm repair
capacity, allowing DNA errors to accumulate and mutated cells to survive and proliferate within the
gastric mucosa. Tobacco smoking also induces chronic inflammation of the gastric lining and increases
the production of reactive oxygen species (free radicals), which cause oxidative stress and further
damage cellular DNA, proteins, and lipids. This persistent inflammatory and oxidative environment
promotes mucosal injury and increases the risk of malignant transformation over time.

Processed Food

Daily consumption of processed foods, such as sausages and other processed meats, may increase
carcinogenic risk. Processed meat products often contain added nitrates and nitrites, used to enhance
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flavor, inhibit bacterial growth, and extend shelf life. When these compounds enter the acidic
environment of the stomach, they can react with amines derived from dietary proteins, forming
nitrosamines — well-established carcinogenic compounds capable of inducing DNA damage and
genetic mutations in gastric epithelial cells. Long-term, frequent consumption of processed meats may
therefore increase the risk of gastric adenocarcinoma, particularly when combined with other risk
factors such as chronic H. pylori infection and smoking.

Clinical Manifestations

The clinical symptoms of gastric adenocarcinoma are often non-specific in the early stages,
which makes early diagnosis difficult. As the disease progresses, symptoms become more apparent,
reflecting both local tumor effects and systemic involvement. Common presenting features include
unintentional weight loss, early satiety, persistent epigastric pain, gastric outlet obstruction, malignant
acanthosis nigricans, and the Leser—Trélat sign.

Weight Loss

Weight loss develops as a consequence of reduced oral intake due to early satiety, anorexia, and
a general decrease in appetite. At the same time, malignancy is associated with increased metabolic
demand and altered energy metabolism, often described as cancer-associated catabolism. The
imbalance between decreased nutritional intake and increased energy expenditure leads to progressive,
unintentional weight loss over time.

Early Satiety

Early satiety in gastric adenocarcinoma occurs primarily because of reduced gastric distensibility
and impaired accommodation. Tumor infiltration can thicken and stiffen the gastric wall, decreasing
its ability to expand in response to food intake, so that even small amounts of food produce rapid gastric
filling and a sensation of fullness. Tumor-related inflammation and delayed gastric emptying further
contribute to this symptom.

Persistent Epigastric Pain

Persistent epigastric pain most commonly results from mucosal ulceration and tumor invasion
into deeper layers of the gastric wall, which exposes and irritates visceral nociceptors; surrounding
chronic inflammation further sensitizes these pain pathways. Because early gastric adenocarcinoma is
often asymptomatic, epigastric pain frequently signals more advanced local disease and should prompt
further endoscopic evaluation, particularly when it is persistent, poorly responsive to standard antacid
therapy, or accompanied by alarm features such as weight loss or dysphagia.

Gastric Outlet Obstruction

Obstruction occurs when the tumor narrows or blocks the passage of food through the stomach.
If the tumor is located in the distal stomach, particularly the antrum or pylorus, it can cause gastric
outlet obstruction, preventing food from passing into the duodenum. This leads to retention of food
and gastric secretions, producing nausea, repeated vomiting of undigested food, abdominal bloating,
and early satiety. Because food is not properly digested and absorbed, this also contributes to weight
loss and dehydration. Obstruction may result either from a discrete tumor mass narrowing the gastric
lumen or from diffuse wall infiltration that renders the stomach thickened, rigid, and functionally
unable to empty.

Malignant Acanthosis Nigricans

Malignant acanthosis nigricans associated with gastric adenocarcinoma is a paraneoplastic
condition in which the tumor secretes increased amounts of growth factors, particularly transforming
growth factor-alpha (TGF-a)), which functions similarly to epidermal growth factor. These factors
circulate in the bloodstream and activate epidermal growth factor receptors in the skin, stimulating
proliferation of basal keratinocytes. This results in epidermal hyperplasia, hyperkeratosis, and
papillomatosis, producing the characteristic thickened, velvety skin. Increased epidermal proliferation
may also indirectly stimulate melanocytes, causing hyperpigmentation. Clinically, these changes
typically appear in intertriginous areas such as the neck, axillae, and groin. In malignant cases, onset
is often sudden, progression rapid, and skin involvement more extensive than in benign acanthosis
nigricans associated with insulin resistance.

Leser—Trélat Sign

61



UZMED RESEARCH -
XALQARO ILHY JURNAL | MEXCYHAPOTHbIA HAYYHbIt XYPHAT | NTERNATIONAL JOURNAL

The Leser—Trélat sign is a paraneoplastic dermatological finding associated with internal
malignancies, including gastric adenocarcinoma, characterized by the sudden onset and rapid increase
in the number and size of seborrheic keratoses. The proposed mechanism involves tumor secretion of
growth factors — most importantly TGF-a and epidermal growth factor (EGF)-like peptides — that
act on epidermal growth factor receptors in the skin, stimulating keratinocyte proliferation. This
produces a rapid eruption of multiple seborrheic keratoses over weeks to months, distinguishing it from
the gradual appearance of benign, age-related seborrheic keratoses. Patients typically present with
sudden eruption of numerous seborrheic keratoses, sometimes with pruritus, often accompanied by
systemic symptoms such as weight loss and fatigue related to the underlying malignancy. The Leser—
Trélat sign is most commonly associated with adenocarcinomas, particularly gastric adenocarcinoma,
but has also been reported with malignancies of the colon, pancreas, breast, and lung.

Discussion

The three risk factors reviewed above converge on a common pathogenic pathway: chronic
mucosal inflammation. Whether triggered by Helicobacter pylori colonization, cigarette-derived
oxidants, or nitrosamines formed from dietary nitrates, sustained inflammatory injury to the gastric
mucosa is the shared mechanistic link between these otherwise distinct exposures. This is consistent
with the widely cited Correa cascade of intestinal-type gastric carcinogenesis, in which normal mucosa
progresses through chronic gastritis, atrophic gastritis, and intestinal metaplasia before dysplasia and
carcinoma develop. Because these exposures act on the same inflammatory pathway, they are unlikely
to be simply additive: patients who both smoke and carry a chronic H. pylori infection, for example,
are exposed to two convergent sources of mucosal injury, and the epidemiological literature has
generally found their combined risk to exceed the risk attributable to either exposure alone.

This shared mechanism also explains a recurring theme in the clinical presentation: gastric
adenocarcinoma is frequently silent while confined to the mucosa, and the symptoms discussed above:
weight loss, early satiety, epigastric pain, obstruction, and the paraneoplastic skin findings: typically
emerge only once the tumor is locally advanced. This gap between the onset of mucosal injury and the
onset of recognizable symptoms is the central clinical argument for identifying and eradicating
modifiable risk factors, particularly H. pylori infection, before symptomatic disease develops, rather
than relying on symptom-triggered diagnosis alone.

This review has limitations inherent to a narrative, rather than systematic, literature review:
formal quality-assessment tools (such as GRADE or the Newcastle—Ottawa scale) were not applied to
the included studies, the search was restricted to English-language publications, and the selection of
sources, while guided by explicit inclusion and exclusion criteria, was not conducted by independent,
duplicate reviewers. These limitations should be considered when interpreting the strength of the
associations discussed.

Conclusion

Gastric adenocarcinoma remains one of the most serious cancers worldwide, but early
recognition can significantly improve patient outcomes. Understanding its risk factors, clinical
presentation, and warning signs is essential for timely diagnosis and appropriate treatment. This review
provides medical students and clinicians with the fundamental knowledge needed to recognize gastric
adenocarcinoma at an early stage and contribute to better patient care.

At the same time, prevention is as important as diagnosis. Regular medical check-ups, a healthy
lifestyle, a balanced diet, physical activity, and avoidance of smoking can help reduce the risk of gastric
cancer and other diseases. By increasing awareness and promoting early detection, healthcare
professionals can play a vital role in improving outcomes and saving lives.

References:

1. Sung H, Filho AM, Laversanne M, Ferlay J, Siegel RL, Soerjomataram I, Jemal A, Bray F.
Global cancer statistics 2024: GLOBOCAN estimates of incidence and mortality worldwide for 34
cancers in 186 countries. CA Cancer J Clin. 2026;76(4):e70090. doi:10.3322/caac.70090

2. Le T, Bhushan V, Qiu C, Chalise A, Kaparaliotis P. First Aid for the USMLE Step 1 2025.
35th ed. New York: McGraw Hill; 2025:221-222, 385-386, 4009.

3. Wroblewski LE, Peek RM Jr, Wilson KT. Helicobacter pylori and gastric cancer: factors that

62



UZMED RESEARCH -
XALOARO ILMIY JURNAL  MEXTIYHAPOHoIH HAYUHBIA XYPHAT | NTERNATIONAL JOURNAL Ne3 | 2026

modulate disease risk. Clin Microbiol Rev. 2010;23(4):713-739. doi:10.1128/CMR.00011-10

4. Wroblewski LE, Peek RM Jr. Helicobacter pylori in gastric carcinogenesis: mechanisms.
Gastroenterol Clin North Am. 2013;42(2):285-298. doi:10.1016/j.9tc.2013.01.006

5. Sepulveda AR, Graham DY. Role of Helicobacter pylori in gastric carcinogenesis.
Gastroenterol Clin North Am. 2002;31(2):517-535. doi:10.1016/S0889-8553(02)00012-2

6. Nardone G, Morgner A. Helicobacter pylori and gastric malignancies. Helicobacter.
2003;8(Suppl 1):44-52. doi:10.1046/j.1523-5378.2003.00160.x

7. Jakszyn P, Gonzéalez CA. Nitrosamine and related food intake and gastric and oesophageal
cancer risk: a systematic review of the epidemiological evidence. World J Gastroenterol.
2006;12(27):4296-4303. d0i:10.3748/wjg.v12.i27.4296

8. Song P, Wu L, Guan W. Dietary nitrates, nitrites, and nitrosamines intake and the risk of
gastric cancer: a meta-analysis. Nutrients. 2015;7(12):9872-9895. doi:10.3390/nu7125505

9. Hill MJ. Bacterial N-nitrosation and gastric carcinogenesis in humans. Ital J Gastroenterol.
1991;23(1):17-23.

10. Salvatori S, Marafini I, Laudisi F, Monteleone G, Stolfi C. Helicobacter pylori and gastric
cancer: pathogenetic mechanisms. Int J Mol Sci. 2023;24(3):2895. doi:10.3390/ijms24032895

11. Burz C, Pop V, Silaghi C, Lupan I, Samasca G. Helicobacter pylori infection in patients with
gastric cancer: a 2024 update. Cancers (Basel). 2024;16(11):1958. doi:10.3390/cancers16111958

12. He Z, Zhou Y, Liu J, Li N, Fan H. The intersection of Helicobacter pylori and gastric cancer:
signaling pathways and molecular mechanisms. Front Cell Infect Microbiol. 2025;15:1601501.
d0i:10.3389/fcimb.2025.1601501

13. Ko KP. Risk factors of gastric cancer and lifestyle modification for prevention. J Gastric
Cancer. 2024;24(1):99-107. doi:10.5230/jgc.2024.24.e10

14. Rota M, Possenti |, Valsassina V, et al. Dose-response association between cigarette smoking
and gastric cancer risk: a systematic review and meta-analysis. Gastric Cancer. 2024;27(2):197-209.
d0i:10.1007/s10120-023-01449-6

UZMED RESEARCH XALQARO ILMIY JURNALI
MEXIYHAPO[HbIW HAYYHbIW XXYPHAN UZMED RESEARCH

INTERNATIONAL JOURNAL UZMED RESEARCH

The journal publishes original research articles, reviews, clinical case reports, and short communications, all undergoing peer review.

UDK: 616.127-005.8:519.24

O‘TKIR MIOKARD INFARKTIDAN KEYINGI NOXUSH YURAK-QON TOMIR
OQIBATLARINING KLINIK PREDIKTORLARI: AMBULATOR AMALIYOTDA
PROGNOSTIK MODELNI ISHLAB CHIQISH

Miraxmedova Nilufar Saiddinxoja gizi
Respublika ixtisoslashtirilgan Kardiologiya ilmiy amaliy tibbiyot markazi doktoranti
mirakhmedovanilufar66@gmail.com
https://orcid.org/0009-0002-4760-9393
Trigulova Raisa Xusainovna
Tibbiyot fanlari doktori, professor
Respublika ixtisoslashtirilgan kardiologiya ilmiy-amaliy tibbiyot markazi
raisa_trigulova@mail.ru

https://orcid.org/0000-0003-4339-0670

Annotatsiya
63


https://orcid.org/0009-0002-4760-9393

UZMED RESEARCH -
XALQARO ILHY JURNAL | MEXCYHAPOTHbIA HAYYHbIt XYPHAT | NTERNATIONAL JOURNAL

Tadgigot magsadi. O‘tkir miokard infarktini (O‘MI) o‘tkazgan bemorlarda ambulator-poliklinik
kuzatuvi sharoitida klinik, instrumental va laborator ko‘rsatkichlar asosida noxush yurak-gon tomir
ogibatlarini prognozlashning matematik modelini ishlab chigish va baholash.

Material va usullar. Tadgigotga 2022-yil fevralidan 2023-yil dekabrigacha bo‘lgan davrda
statsionar davodan keyin olti oydan kechiktirmay Toshkent shahridagi shahar poliklinikasiga murojaat
gilgan, O‘MIni o°‘tkazgan 160 nafar bemor Kiritildi. Erkaklarning o‘rtacha yoshi 54,5+6,1 yoshni,
ayollarniki esa 51,844,9 yoshni tashkil etdi. Kuzatuv davomiyligi 16—18 oy bo‘ldi. Tekshiruv klinik
ko‘rik, elektrokardiografiya, EKGning Xolter monitoringi, C-reaktiv oqgsil va lipid profili
ko‘rsatkichlarini aniqlashni o0°‘z ichiga oldi. Miokard infarktining klinik shakli, yurak
yetishmovchiligining funksional sinfi, statsionarga yotqizish va perkurant koronar aralashuvni
o‘tkazish muddatlari, gemodinamik ko‘rsatkichlar, chap qorinchaning chiqarish fraksiyasi, chekish va
gandli diabet mavjudligi tahlil gilindi. Statistik ishlov berish Stata 14 dasturida amalga oshirildi.
Hodisa rivojlanishigacha bo‘lgan vaqtni tahlil gilishda Kaplan—Meyer usuli va Koks regressiya modeli,
noxush oqibat ehtimolini individual baholashda esa ko‘p omilli logistik regressiya qo‘llanildi.
Modelning diskriminatsion qobiliyati ROC-tahlil yordamida baholandi.

Natijalar. Ambulator registr ma’lumotlari asosida bemorlarning klinik va laborator-instrumental
xususiyatlarini birlashtiruvchi prognostik model shakllantirildi. Dastlabki tahlilga yosh, O‘MI klinik
shakli, yurak yetishmovchiligining funksional sinfi, tibbiy yordam ko‘rsatish muddatlari, arterial qon
bosimi, yurak gisgarishlari soni, chap gorinchaning chigarish fraksiyasi, chekish va gandli diabet
kiritildi. Noxush oqibatlar chastotasi ni tashkil etdi. ROC egri chizig‘i ostidagi maydon (95% ishonch
oralig‘i) bo‘ldi; ehtimollikning 0,5 chegaraviy giymatida sezgirlik 0,71ni, spetsifiklik esa 0,56ni tashkil
etdi. Prognostik samaradorlikni yakuniy baholash modelning kalibrlanishi va ichki validatsiyasini 0‘z
ichiga oladi.

Xulosa. Ambulator registr ma’lumotlaridan foydalanish O‘MIdan keyingi noxush yurak-gon
tomir hodisalarining individual xavfini baholash imkonini beradi. Ishlab chigilgan model xavfni
stratifikatsiya qilish, dispanser kuzatuvini differensial tashkil etish va ikkilamchi profilaktika
choralarini rejalashtirishda qo‘shimcha vosita bo‘lib xizmat qilishi mumkin. Uning klinik qo‘llanilishi
prognostik samaradorlik ko‘rsatkichlarini tasdiglash va mustaqil tanlamada validatsiya o‘tkazishni
talab etadi.

Kalit so‘zlar: o‘tkir miokard infarkti; o‘tkir koronar sindrom; noxush yurak-qon tomir
ogibatlari; ambulator registr; klinik-laborator prediktorlar; logistik regressiya; prognostik model;
xavfni stratifikatsiya qilish.
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Abstract

Obijective. To develop and evaluate a mathematical model for predicting adverse cardiovascular
outcomes in patients following acute myocardial infarction (AMI), based on clinical, instrumental,
and laboratory parameters obtained during outpatient follow-up.

64


https://orcid.org/0009-0002-4760-9393

UZMED RESEARCH -
XALQARO ILHY JURNAL | MEXCYHAPOTHbIA HAYYHbIt XYPHAT | NTERNATIONAL JOURNAL

Materials and Methods. The study included 160 patients with a history of AMI who attended a
municipal outpatient clinic in Tashkent within six months after hospital discharge between February
2022 and December 2023. The mean age was 54.5+6.1 years in men and 51.84+4.9 years in women.
Follow-up lasted 16-18 months. Assessment included clinical examination, electrocardiography,
Holter ECG monitoring, C-reactive protein measurement, and lipid profiling. The analysis considered
AMI presentation, heart failure functional class, time to hospital admission and percutaneous coronary
intervention, hemodynamic parameters, left ventricular ejection fraction, smoking, and diabetes
mellitus. Statistical analysis was performed using Stata 14. Kaplan—Meier analysis and Cox
proportional hazards regression were used to assess time-to-event outcomes, while multivariable
logistic regression was applied to estimate the individual probability of an adverse outcome. Model
discrimination was evaluated using receiver operating characteristic (ROC) analysis.

Results. A prognostic model integrating clinical, laboratory, and instrumental characteristics was
developed using outpatient registry data. Candidate predictors included age, AMI presentation, heart
failure functional class, timing of medical care, blood pressure, heart rate, left ventricular ejection
fraction, smoking, and diabetes mellitus. Final assessment of predictive performance includes
calibration analysis and internal validation.

Conclusion. Outpatient registry data provide a basis for individualized estimation of adverse
cardiovascular risk after AMI. The developed model may serve as an additional tool for risk
stratification, differentiated follow-up, and planning of secondary prevention measures. Its clinical
applicability requires confirmation of predictive performance and validation in an independent cohort.

Keywords: acute myocardial infarction; acute coronary syndrome; adverse cardiovascular
outcomes; outpatient registry; clinical and laboratory predictors; logistic regression; prognostic model;
risk stratification.
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AHHOTANUA

Ienp umccnenoBanus. Pa3paboraTe W OIEHUTh MAaTEMaTHYECKYI) MOJENb MPOTHO3UPOBAHUS
HEOIarompusITHBIX CEPACYHO-COCYIUCTHIX HCXOJOB y TAIMEHTOB IIOCIIE MEPEHECEHHOTO OCTPOTo
uHpapkra muokapaa (OMMM) Ha OCHOBaHWHM KIMHUYECKUX, MHCTPYMEHTAIBHBIX M J1a00paTOPHBIX
MoKazaresei B yCIOBUAX aMOyJIaTOPHO-TIOUKIMHUYECKOTO HaOII0ACHHUS.

Marepuanst u Meroasl. B uccnenoBanue BrimodyeHo 160 manuentoB mocie OWM,
00paTHUBILIKXCS B TOPOJICKYIO OJUKIMHUKY T. TalllkeHTa He MO3/IHEee MECTH MECALIEB NOCIIe BBIMUCKH
u3 craionapa B nepuon ¢ gpespais 2022 no nexadpp 2023 rona. CpeHuil BO3pacT My>KUHUH COCTABUI
54,5+6,1 rona, xenmuH — 51,8+4,9 roma. IIpogomxuTtenbHOCTh HAOMIOMEHUS cocTaBisiia 16—18
MecseB. ObcnenoBanre BKIIOYAIO KIMHUYECKUNH OCMOTP, JEKTPOKapArOorpaduio, X0ITepoBCKOe
mouutopupoBanne DKI', onpenenenne C-peakTUBHOTO Oe€lKa M MOKa3aTeNIeH JUMHUIHOTO TTPOQHIIA.
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AHanu3upoBaiuch KIMHUYECKas ¢popma MH(apKTa MHOKapaa, GyHKIIMOHAIBHBINA KJacc CepledHOM
HEJOCTATOYHOCTH, CPOKM TOCHUTAIM3AUMU M  IPOBEACHHS  UYPECKOKHOTO  KOPOHAPHOTO
BMEIIIATENIbCTBA, MOKAa3aTeNd TeMOAMHAMUKHU, (pakius BHIOpOCa JIEBOTO KeNlyJI04yka, KypeHHe H
caxapHbiii guaber. Cratucrtuueckas oOpaboTKa MPOBOIWJIACh C HCModb3oBaHuem Stata 14. s
aHaJIM3a BPEMEHU J0 Pa3BUTHUSA cOOBITUs mpuMeHsunch MeTtof Karana—Meiiepa u perpeccuoHHast
mozenb Kokca; s MHIMBUIYaNbHOM OLIGHKM BEPOSITHOCTH HEOIArompusATHOTO HCX0Ja
MCIOJIb30BaJaCh MHOTO(AKTOPHAsI JIOTHCTUYECKas perpeccusi. JMCKpUMHUHAIMOHHAs CIIOCOOHOCTD
MoOjIeNH oleHrnBaiach rnocpencrsom ROC-ananusa.

Pesynbratel. Ha  ocHOBaHMM ~ naHHBIX — amMOyJaTOpPHOTO  perucrpa  cGpopMHpoBaHa
MPOrHOCTUYECKas MoOJeb, OOBEAUHAMOIIAS KIWHUYECKHE U JabOopaTOpHO-MHCTPYMEHTAaJIbHbIC
XapaKTepUCTUKH MAallMEHTOB. B mpeaBapuTenbHbII aHATN3 BKIIOYEHBI BO3PACT, KIMHUYECKas popma
OUM, byHKIMOHATBHBIA KJIacC CEepPACYHOM HEIOCTATOYHOCTH, CPOKHM OKa3aHUS MEIUIIUHCKOM
MOMOIIIM, apTepHaJIbHOE IaBJIEHHE, YacTOTa CEepJCYHBIX COKpaIleHUH, (pakmus BbIOpOCa JIEBOTO
KENy04Ka, KypeHHe U Hajiuuue caxapHoro auadera. OkoHYaTenbHash OIEHKa MPOTHOCTUYECKOM
3G GEKTUBHOCTH MPETyCMaTPUBACT aHAIN3 KaTHOPOBKY U BHYTPEHHIOIO BAIUAALINIO MOJICIIH.

3axmrouenue. Vcnonbp3oBaHue MaHHBIX aMOyJIaTOPHOTO PErucTpa MO3BOJISIET CHOPMUPOBATH
MHIUBUAYAIbHYIO OLEHKY PUCKa HEOJIaronpHUsATHBIX CEpAECYHO-COCYAMCThIX coObITUM mociie OUM.
Pa3paborannas MOJENbs MOXKET CIY>KUTh JOMOJTHUTEIHLHBIM UHCTPYMEHTOM CTpaTHU(UKALUN PUCKA,
Qg epeHIIMPOBAHHOTO TUCIIAHCEPHOTO HAOIIONEHHS M IUIAHUPOBAHUS MEPONPHUSATHIA BTOPUYHOM
npodunaktuku. Ee kiIMHMUYecKas NPUMEHHUMOCTh TpeOyeT MOATBEpKIeHUs (HaKTHUECKUX
MOKa3aTesei MPOrHoCTUIECKOM A(h(HEKTHBHOCTH M BATMIAIIMH HAa HE3aBHCUMOM BBIOOPKE.

KitoueBble cioBa: ocTpelii  MH(QAPKT MHOKap[a; OCTPBI  KOPOHAPHBI  CHUHAPOM;
HEeOJIaronpusTHBIE CEPACYHO-COCYIUCTHIE HCXO/Ibl; aMOYJIaTOPHBINA PETUCTD; KIMHUKO-Ta00paTOpPHbIE
MPEIUKTOPBI; JIOTUCTUYECKAs PETPecCcHsi; MPOTHOCTHYECKAs MO/IENb; CTPATU(UKAIUS pUCKa.

Yurak-gon tomir kasalliklari (YQTK) bilan og‘rigan bemorlar o‘limining eng asosiy sababi
sifatida o‘tkir koronar sindrom (OKS) keng e’tirof etilgan. Birlamchi tibbiy-sanitariya yordami
amaliyotida 1-2 yillik kuzatuv davrida ST segmenti ko‘tarilishi bilan kechuvchi OKS eng ko‘p
uchraydigan noxush holat sifatida namoyon bo‘ladi. Kuzatuv muddati medianasi 5—7 yilni tashkil etgan
ko‘p markazli tadqiqotlar natijalari esa ST segmenti ko‘tarilmasdan kechuvchi OKS to‘satdan yurak
o‘limining asosiy sababi ekanligini ko‘rsatgan [1].

Hozirgi kunda kardiologik amaliyotda salbiy ogibatlar xavfini baholash uchun xavf shkalalariga
asoslangan algoritmlardan foydalaniladi. Yevropa klinikalarida eng ko‘p TIMI va GRACE xavf
shkalalari qo‘llaniladi [2].

O‘zbekiston Respublikasi birlamchi tibbiy-sanitariya yordami sharoitida kundalik ambulator-
poliklinika amaliyotida olinishi mumkin bo‘lgan ko‘rsatkichlarga asoslangan, qulay va ishonchli
prognozlash vositalarini ishlab chigish alohida ahamiyat kasb etadi. Miokard infarktini (MI) boshdan
kechirgan bemorlarning hududiy registrini shakllantirish ushbu populyatsion guruhning klinik
xususiyatlarini o‘rganish, salbiy oqibatlar uchrash chastotasini baholash hamda keyingi kuzatuv uchun
muhim bo‘lgan prediktorlarni aniqlash imkonini beradi [11].

Yurak-gon tomir kasalliklarining erta va uzoq muddatli davrlaridagi salbiy ogibatlar xavfini
baholash uchun to‘satdan yurak o‘limining mustaqil omillari hamda kasallik kechishiga ta’sir qiluvchi
qo‘shimcha modifikatsiyalanuvchi xavf omillarini kompleks hisobga olish zarur. Eng avvalo,
modifikatsiya qilib bo‘lmaydigan xavf omillariga koronar arteriyalar havzasining ko‘p tomirli
shikastlanishi, yurakning nasos funksiyasi pasayishi, anamnezda OKS epizodlarining mavjudligi
hamda kardiomiotsitlar harakat potensialining turg‘un qisqarishi natijasida ST segmentining
izoliniyadan yuqoriga ko‘tarilishi kiradi. Amerika Yurak Assotsiatsiyasi ma’lumotlariga ko‘ra,
qo‘shimcha xavf omillariga metabolik kasalliklar (insulinga bog‘liq bo‘lmagan qandli diabet, semizlik)
va ichki a’zolarning surunkali kasalliklari, xususan surunkali buyrak yetishmovchiligi kiradi. Shu
sababli, to‘satdan yurak o‘limi xavfini aniq baholash uchun nafaqat alohida xavf omillarini, balki
ularning o‘zaro uyg‘unlashgan ta’sirini ham kompleks tahlil gilish zarur [4,9].
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GRACE shkalasining asosiy kamchiliklaridan biri shundaki, u asosiy xavf omillarini (yosh,
yurak to‘xtashi epizodlari, ST segmenti holati, yurak yetishmovchiligining funksional sinfi, yurak
qisqarishlari soni, arterial qon bosimi ko‘rsatkichlari, miokard infarktining laborator markerlari va
glomerulyar filtratsiya tezligi) asosan 6 oylik prognoz doirasida hisobga oladi. Bundan tashqari, salbiy
ogibatlarning kelib chigish prognozini baholashda OKS sababli takroriy gospitalizatsiyalar, periferik
gon tomirlar revaskulyarizatsiyasi hamda o‘tkir miya qon aylanishi buzilishlari kabi holatlar inobatga
olinmaydi. Mazkur ko‘rsatkichlarning barchasi faqat bir marta, ya’ni bemor shifoxonaga qabul
gilingan paytda aniglanadi [5].

Shunday qilib, o‘tkir miokard infarktini boshdan kechirgan bemorlarda salbiy yurak-gon tomir
asoratlari xavfini individual baholash uchun klinik, instrumental va laborator ko‘rsatkichlarni
birlashtiruvchi matematik modelni ishlab chigish dolzarb ilmiy-amaliy vazifa hisoblanadi.

Tadgiqotning magsadi ambulator-poliklinika sharoitida 16—18 oy davomida kuzatilgan o‘tkir
miokard infarktini (OMI) boshdan kechirgan bemorlarda klinik, instrumental va laborator tekshiruv
ma’lumotlari asosida salbiy yurak-qon tomir asoratlarini prognozlash modelini ishlab chigish hamda
uning samaradorligini baholashdan iborat.

Materiallar va usullar

Tadgiqotga 2022-yil fevral oyidan 2023-yil dekabr oyigacha bo‘lgan davrda Toshkent shahar
Sog‘ligni saqlash boshqarmasiga qarashli shahar poliklinikasiga statsionardan chigarilgandan keyin 6
oydan kechiktirmay murojaat gilgan va o‘tkir miokard infarktini boshdan kechirgan 160 nafar bemor
kiritildi. Erkaklarning o‘rtacha yoshi 54,5+6,1 yoshni, ayollarning o‘rtacha yoshi esa 51,8+4,9 yoshni
tashkil etdi.

O‘tkir koronar sindrom tashxisini qo‘yishda Yevropa Kardiologlar Jamiyati tomonidan tavsiya
etilgan diagnostik mezonlardan foydalanildi [4, 6]. Barcha bemorlarga ambulator-poliklinika kuzatuvi
davrida xalqaro klinik tavsiyalarga muvofiq o‘tkir miokard infarkti uchun standart medikamentoz
davolash o‘tkazildi [7].

Tekshiruv dasturi quyidagilarni o‘z ichiga oldi: klinik ko‘rik, elektrokardiografiya (EKG),
elektrokardiogrammaning Xolter monitoringi (XM-EKG), C-reaktiv ogsil (CRO) konsentratsiyasini
aniglash hamda lipid profilini baholash (umumiy xolesterin, yuqori zichlikdagi lipoproteinlar
xolesterini (YZLP-XS), past zichlikdagi lipoproteinlar xolesterini (PZLP-XS), triglitseridlar).

Kuzatuv muddati 16-18 oyni tashkil etdi. Dastlabki 12 oy davomida bemorlar har 2 oyda bir
marta, keyinchalik esa har 6 oyda bir marta ko‘rikdan o‘tkazildi. Kuzatuv davri mobaynida barcha
bemorlar bilan aloqa vositalari va muntazam tibbiy ko‘riklar orqali doimiy muloqot saqlab turildi.

Ko‘riklar dasturiga klinik tekshiruv, EKG, XM-EKG hamda standart kardiologik laborator
ko‘rsatkichlarni aniqlash uchun qon namunalarini olish kiritildi.

Natijalarning statistik tahlili

Olingan ma’lumotlarga statistik ishlov berish IBM Stata 14 dasturiy paketi yordamida amalga
oshirildi. Miqdoriy ko‘rsatkichlar tagsimot normal tagsimotga yaqin bo‘lgan hollarda o‘rtacha qiymat
va standart og‘ish ko‘rinishida, normal tagsimot kuzatilmagan hollarda esa mediana va kvartillar
oralig‘i ko‘rinishida taqdim etildi. Kategorik ko‘rsatkichlar mutlaq va nisbiy chastotalar bilan
ifodalandi.

Guruhlararo taqqoslashlarda ma’lumotlarning turi va tagsimotiga mos keluvchi statistik
usullardan foydalanildi. Yashovchanlik funksiyasi Kaplan—Meyer usuli yordamida baholandi. Miokard
infarktidan keyingi bevosita natijalarga alohida omillarning prognostik ahamiyatini aniglash
magqsadida Koksning proporsional xavflar regressiya modeli qo‘llanildi. Bunda xavf nisbati (HR) va
95% ishonch oralig‘i (95% IO) hisoblanib, natijalar bemorlarning jinsi va yoshiga moslashtirildi.

Statistik jihatdan ahamiyatli farglar p<0,05 bo‘lganda gabul qilindi.

Dastlab potensial prediktorlarning salbiy oqibatlar rivojlanishi bilan bog‘ligligi tahlil gilindi.
Biroq prognostik modelga o‘zgaruvchilarni kiritish faqat juft korrelyatsiya koeffitsiyenti qiymatiga
asoslanmadi. Prediktorlarni tanlashda ularning klinik ahamiyati, bir omilli tahlil natijalari,
o‘zgaruvchilar o‘rtasidagi o‘zaro bog‘liglik hamda qayd etilgan hodisalar soni inobatga olindi.
Multikollinearlik xavfini kamaytirish magsadida nomzod prediktorlar o‘rtasidagi o‘zaro bog‘liglik
go‘shimcha ravishda baholandi.
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Natijalar

Salbiy oqibatlar rivojlanishi xavfini baholash shkalasi bo‘yicha o‘tkazilgan korrelyatsion va
faktor tahlil natijalari entimollikni prognoz giluvchi matematik modelni ishlab chigish imkonini berdi.
Ushbu modelga ambulator-poliklinika registridan olingan quyidagi ko‘rsatkichlar (o‘zgaruvchilar)
kiritildi: yosh, tashxis, yurak yetishmovchiligi sinfi, perkutan koronar aralashuv (PKA) o‘tkazilish
muddati, EKG ko‘rsatkichlari, OKS boshlanganidan keyin statsionarga yotgizilish muddati, arterial
gon bosimi, yurak gisqarishlari soni, chap qorincha chiqgarish fraksiyasi (ChQChF), tamaki chekish
holati hamda gandli diabet mavjudligi.

Mazkur o‘zgaruvchilar salbiy oqibatlar bilan yuqori darajadagi juft korrelyatsiya koeffitsiyentini
namoyon etdi (r=0,16-0,19). Ma’lumki, bog‘liq o‘zgaruvchi (Y) salbiy ogqibat yuz berganda 1
giymatini, qulay natija kuzatilganda esa 0 giymatini gabul giladi. Shu sababli salbiy ogibat yuz berish
ehtimolini hisoblash uchun logistik regressiya modeli qo‘llanildi.

Umumiy ko ‘rinishda logistik regressiya modeli quyidagi funksiya bilan ifodalanadi:

() ==

bu yerda:
M
j=1

p(X) — prediktorlarning berilgan giymatlarida salbiy ogibat yuz berish ehtimoli; f—
modelning erkin hadi (konstantasi); ; — regressiya modelining noma’lum koeffitsiyentlari; X; —
mustaqil o ‘zgaruvchilar (prediktorlar); M — prediktorlar soni.

Logistik funksiya prediktorlarning chizigli kombinatsiyasini 0 dan 1 gacha bo‘lgan oraliqdagi
giymatga o‘zgartiradi. z(X) k —oo bo‘lganda p(X) ehtimolligi Oga yaginlashadi,
z(X) x +o0 bo‘lganda esa P ehtimolligi 1 ga yaqinlashadi. Shunday qilib, hisoblangan qiymat salbiy
ogibatning individual rivojlanish ehtimolini migdoriy baholash imkonini beradi.

Kuzatuvni ikki sinfdan biriga kiritish uchun klassifikatsiyaning chegara qoidasi qo‘llaniladi:

v (0 PG
_{1, p(X) > G,

Y — prognoz gilinayotgan binar o zgaruvchi bo ‘lib, salbiy ogibat Kuzatilmaganda 0 giymatini,
salbiy ogibat mavjud bo‘lganda esa 1 giymatini gabul qiladi; C, — ehtimollikning tanlangan
chegaraviy giymati 0 < C, < 1.

Klassifikatsiya chegarasini tanlash tadqiqot magsadlariga bog‘liq bo‘lib, modelning sezgirligi,
spetsifikligi va boshqa diagnostik samaradorlik ko‘rsatkichlarini hisobga olgan holda amalga
oshirilishi mumkin.

Ehtimollikning chegaraviy giymati p = 0,5 deb gabul gilinganda modelning sezgirligi 0,71 ni,
spetsifikligi esa 0,56 ni tashkil etdi. ROC-egri chizig‘i ostidagi maydon 0,76 ga teng bo‘lib, uning 95%
ishonch oralig‘i 0,69—0,82 ni tashkil etdi. Ushbu natija modelning qulay va salbiy ogibatlarga ega
bemorlarni farqlash qobiliyati o‘rtacha darajada ekanligini ko‘rsatadi.

Olingan ko‘rsatkichlar mazkur modelni bemorlarda xavfni stratifikatsiya qilishning qo‘shimcha
vositasi sifatida ko‘rib chiqish imkonini beradi. Modelning potensial afzalligi uning 16-18 oylik
kuzatuv ma’lumotlariga asoslanganligi hamda klinik va laborator prediktorlarning birgalikda
qo‘llanilishidadir.

Kelgusidagi tadqiqotlar modelning amaliyotda qo‘llash imkoniyatlarini tasdiqlash maqsadida
uning qat’iy kalibrovkasi va tashqi validatsiyasini amalga oshirishga imkon beradi.

Xulosa: Avval o‘tkir miokard infarktini boshdan kechirgan bemorlarda o‘tkir koronar
sindromning salbiy ogibatlarini prognozlash uchun ishlab chigilgan matematik model bemorlarni xavf
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darajasiga ko‘ra stratifikatsiya qilish imkonini beradi. Bundan tashqgari, ushbu matematik yondashuv
mustaqil xavf omillarining (klinik va laborator ko‘rsatkichlarning) individual hissasini miqdoriy
jihatdan baholashga xizmat giladi.

Olingan natijalar modeldan davolash va profilaktika taktikasini individuallashtirish, dispanser
kuzatuvi intensivligini belgilash hamda ikkilamchi profilaktika tadbirlarini takomillashtirishda
foydalanish mumkinligini ko‘rsatadi.

Aniglangan prediktorlarning prognostik ahamiyatini talgin gilishda ularning salbiy oqibatlar
rivojlanish ehtimoli bilan bog‘ligligi ambulator-poliklinika kuzatuvi davomida o‘zgarishi
mumkinligini hisobga olish zarur. Dastlab aniglangan xavf omillarining yurak-gon tomir hodisalari
rivojlanishi bilan eng kuchli bog‘ligligi o‘tkir miokard infarktidan keyingi dastlabki 12 oy davomida
kuzatiladi. Kuzatuv muddati uzaygani sari boshlang‘ich ko‘rsatkichlarning prognostik hissasi asta-
sekin kamayib boradi.

Mazkur holat dastlab aniqlangan xavf omillarining klinik ahamiyati yo‘qolishi bilan emas, balki
kuzatuv davrida bemorning umumiy klinik profili o‘zgarishi bilan izohlanadi. Keyingi yillarda
bemorlarda yangi metabolik, gemodinamik va/yoki komorbid buzilishlar rivojlanishi, medikamentoz
davolash tarkibi yoki turmush tarzining o‘zgarishi mumkin. Ushbu omillar uzoq muddatli prognoz
shakllanishida alohida xavf prediktorlarining nisbiy hissasi gayta tagsimlanishiga olib keladi [8].

Shunday qilib, ishlab chigilgan matematik model xavfni erta stratifikatsiya qilish va
modifikatsiyalanuvchi xavf omillarini qat’iy nazorat qilishga muhtoj bo‘lgan bemorlarni aniglash
vositasi sifatida qaralishi mumkin. Uning amaliy qo‘llanilishi kuzatuv taktikasini asoslash, ikkilamchi
profilaktika choralarini o‘z vaqtida tuzatish hamda bemorlarni boshqarish samaradorligini oshirish
imkonini beradi.

Mazkur yondashuvni qo‘llash natijasida takroriy yurak-qon tomir hodisalari va to‘satdan yurak
o‘limi uchrashish chastotasining kamayishi amaliy gipoteza sifatida baholanadi va uni tasdiglash uchun
kelgusida yirik prospektiv tadqiqotlar o‘tkazilishi zarur.

Manfaatlar to‘qnashuvi: Barcha mualliflar ushbu maqola doirasida oshkor etilishi lozim
bo‘lgan potensial manfaatlar to‘qnashuvi mavjud emasligini ma’lum qiladilar.
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AHHOTANUA

AxTtyanpHOCTh. PeHTreHorpadus opraHoB TpYIHOW KJIETKH OCTaeTcss Hauboliee MacCOBBIM
METOJIOM JYy4YeBOM JMArHOCTHKH, a CHUCTeMbl HcKyccTBeHHoro uHTeiiekta (M) Bce akTuBHee
BHEJIPSIOTCS] KAK MHCTPYMEHT MOJIEPKKU MPUHSITHS pEelIeHUH Bpada-peHTrenosora. Llens - cpaBHUTD
JUarHOCTHYECKYI0 3(PQeKTUBHOCTh Bpaua-peHTreHojora u HMU-cucrembl mpu uHTEpIpeTanuu
PEHTT€HOTpaMM OpPraHoB IpyAHON KieTku. Marepuansl U1 MeToAsl. [IpoBeneH peTpoCnEeKTUBHBIN
aHanu3 147 peHTreHorpaMM OpraHoOB T'PYAHOW KJIETKH MallMeHTOB, 00cienoBaHHbIX B 2024—-2025 .
CHUMKU HE3aBUCHMO OLICHUBAJIUCH BPAaYOM-PEHTTEHOJIOTOM M MPOrpaMMON Ha OCHOBE CBEPTOYHOM
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HEHPOHHOI ceTH; peepeHCHBIM CTaHJAPTOM CITY>KUJIO 3aKIF0UEHUE SKCIIEPTHOW KOMUCCHH C YIETOM
nanublx KT w xnmHuyeckoro HabOmoneHus. PaccuuTaHbl 4yBCTBUTENBHOCTh, CHEHU(MUYHOCTD,
TOYHOCTb, IPOrHOCTHYECKAsI IEHHOCTh IOJIOKUTEIBHOIO U OTPULIATENIBHOTO PE3YNIbTATOB, IO
nog ROC-kpuBoii. Pesynbrarel. YyBCTBUTENBHOCTh Bpaya-peHTreHosiora cocraswia 89,4%,
cneupuaHocTh - 92,1%, TouHocTh - 90,5%; mns WU-cucrembr - 85,7%, 88,3% u 86,8%
cootrBercTBeHHO  (p<0,05). Hawmnydmwme mokazatend TOJNYYeHBI TIPH  KOMOMHHPOBAHHOMN
uHTepnperaiuu «Bpau + HWW» (uyBcrBurenbHocTh 94,2%, AUC 0,95). 3axmtouenue. Bpau-
PEHTTEHOJIOT coXpaHsieT 0oJee BBICOKYIO TUArHOCTHYECKYIO0 TOUHOCTh IO CPAaBHEHUIO C aBTOHOMHOM
pabotoii MM-cuctembl, OIHAKO COBMECTHOE HCHoib30Banue MV B kadecTBe «BTOPOTO UHTATEIISD»
JIOCTOBEPHO MOBBIIIAET 3P(HEKTUBHOCTh TUArHOCTUKH.

KiroueBble cioBa: peHTreHorpadus opraHoB TPYIHON KIETKH, UCKYCCTBEHHbBIH MHTEIUICKT,
JMarHOCTHYECKas TOYHOCTb, PEHTTE€HOJIOT, YyBCTBUTEIbHOCTb, CIIEIU(UIHOCTh

COMPARATIVE ASSESSMENT OF THE DIAGNOSTIC EFFICACY OF
RADIOLOGISTS AND ARTIFICIAL INTELLIGENCE SYSTEMS IN THE
INTERPRETATION OF CHEST RADIOGRAPHS

Kodirova Ziyodakhon
tudent, General Medicine
EMU University Tashkent, Uzbekistan
ziyoshkadirova@gmail.com https://orcid.org/0009-0006-2363-039X

Abstract

Background. Chest radiography remains the most widely performed imaging modality, and
artificial intelligence (Al) systems are increasingly implemented as a decision-support tool for
radiologists. Aim — to compare the diagnostic efficacy of a radiologist and an Al system in the
interpretation of chest radiographs. Materials and methods. A retrospective analysis of 147 chest
radiographs obtained in 2024-2025 was performed. Images were independently assessed by a
radiologist and a convolutional-neural-network-based software; an expert panel decision incorporating
CT data and clinical follow-up served as the reference standard. Sensitivity, specificity, accuracy,
positive and negative predictive values, and the area under the ROC curve (AUC) were calculated.
Results. Radiologist sensitivity, specificity and accuracy were 89.4%, 92.1% and 90.5%, respectively;
the corresponding Al values were 85.7%, 88.3% and 86.8% (p<0.05). The best performance was
achieved with combined radiologist-plus-Al interpretation (sensitivity 94.2%, AUC 0.95). Conclusion.
The radiologist retained higher diagnostic accuracy than the stand-alone Al system, whereas using Al
as a 'second reader" significantly improved overall diagnostic performance.

Keywords: chest radiography, artificial intelligence, diagnostic accuracy, radiologist,
sensitivity, specificity

KO‘KRAK QAFASI A’ZOLARI RENTGENOGRAMMALARINI TALQIN QILISHDA
RENTGENOLOG SHIFOKOR VA SUN’TY INTELLEKT TIZIMLARINING DIAGNOSTIK
SAMARADORLIGINI QI'YOSIY BAHOLASH

Kodirova Ziyodaxon Avazbek gizi
Davolash ishi fakulteti talabasi
EMU University Toshkent, O’zbekiston
ziyoshkadirova@gmail.com https://orcid.org/0009-0006-2363-039X

Annotatsiya
Dolzarbligi. Ko‘krak qafasi a’zolari rentgenografiyasi eng ommaviy nurli diagnostika usuli
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bo‘lib qolmoqda, sun’iy intellekt (SI) tizimlari esa rentgenolog shifokorning qaror qabul qilishini
go‘llab-quvvatlovchi vosita sifatida tobora keng joriy etilmoqda. Maqsad ko‘krak qafasi a’zolari
rentgenogrammalarini talgin gilishda rentgenolog shifokor va Sl tizimining diagnostik samaradorligini
giyoslash. Material va usullar. 20242025 yillarda tekshirilgan 147 nafar bemorning ko‘krak qafasi
rentgenogrammalari retrospektiv tahlil gilindi. Rasmlar rentgenolog shifokor va konvolyutsion neyron
tarmoq asosidagi dastur tomonidan mustaqil baholandi; ekspert komissiyaning KT ma’lumotlari va
klinik kuzatuvni hisobga olgan xulosasi mos yozuv standarti sifatida gabul gilindi. Sezuvchanlik,
o‘ziga xoslik, aniqlik, ijobiy va salbiy bashoratli giymat hamda ROC-egri chizig‘i ostidagi maydon
(AUC) hisoblab chiqildi. Natijalar. Rentgenolog shifokorning sezuvchanligi 89,4%, o°ziga xosligi
92,1%, aniqligi 90,5% ni tashkil etdi; SI tizimida bu ko‘rsatkichlar mos ravishda 85,7%, 88,3% va
86,8% ni tashkil etdi (p<0,05). Eng yaxshi natijalar «shifokor + SI» birgalikdagi talqinida qayd etildi
(sezuvchanlik 94,2%, AUC 0,95). Xulosa. Rentgenolog shifokor mustagil ishlaydigan Sl tizimiga
nisbatan yugori diagnostik aniglikni saglab qoladi, biroq SI ni «ikkinchi o‘quvchi» sifatida qo‘shimcha
qo‘llash diagnostika samaradorligini ishonchli darajada oshiradi.

Kalit so‘zlar: ko‘krak qafasi rentgenografiyasi, sun’iy intellekt, diagnostik aniqlik, rentgenolog,
sezuvchanlik, o‘ziga xoslik

BBenenne

Pentrenorpagusi opraHoB rpyIHOW KJIETKH 3TO OJHMH M3 CaMBIX PAaCIpPOCTPAHEHHBIX METOJIOB
Jy4eBOI AMATHOCTUKH B MUPE, €KETOTHO MPUMEHSIEMBIH 1JIsl CKPUHUHTA U AMArHOCTUKH 3a00JIeBaHUN
JIETKUX, CPEIOCTEHUS U TUIeBphl. HeCMOTps Ha MUPOKOE BHEIPEHHUE KOMITBIOTEPHOH TOMOTrpadum,
0030pHast peHTreHorpadus coxpaHseT BeAyllre NO3UINH OIaroaaps J0CTyITHOCTH, HU3KON JTy4eBOM
Harpy3ke W HEBBICOKOH CTOMMOCTH HCCIIEZOBaHUS. B mociemHue ToAbl aKTUBHO Pa3BHUBAIOTCA
CHCTEMbl KOMIIBIOTEPHOT'O 3pEHHUs Ha OCHOBE TIIyOOKOro OOyYeHHs, CIIOCOOHbIE aBTOMAaTHYECKH
aHAJM3UPOBATh PEHTICHOTPAMMBI W BBISABISTH TPU3HAKK ITHEBMOHHH, TYyOEpKyJie3a, OOBEeMHBIX
00pa3oBaHMii, THEBMOTOpPAKCA U IPYTHX MMAaTOJOTHUECKUX COCTOAHUHN. OIHOM N3 OCHOBOMOIAraroIIuX
pabot B 3Toii obmactu crtano uccienoBanue P. Rajpurkar u coast. (CheXNet, 2017), Bnepsbie
MIPOJAEMOHCTPUPOBABIIIEE BO3MOXKHOCTb JIOCTH)KEHHUSI CBEPTOYHOM HEMPOHHOM CEThbIO YpPOBHA
JTMAarHOCTHKH ITHEBMOHUH, COTIOCTABIMOTO C IPAKTUKYIOIIMMHU PEHTTEHOIOTaMu [4].

B uccnenosanuu J.T. WU u coasr. (2020) Ha BeiOOpke u3 1998 peHTreHOrpamMm moka3aHo, uTo
IrarHoCTHYecKas: TO4HOCTh MH-anropuTma mpu BBISBICHWH HMIMPOKOTO CIIEKTpa IAaTOIOTHYECKUX
M3MEHEHHUH OpPTraHOB I'PYJTHOW KJIETKHU COMOCTAaBUMa C TOYHOCTBIO PEHTI€HOJOTOB-OpIUHATOPOB [1].
Cucremarnueckuit 0630p M. Harris u coast. (2019), BrimtounBIIMl 53 TEPBUYHBIX HCCIICIOBAHUS,
MoKa3aJl, 4YTO YYBCTBUTEIBHOCTh M CIEHU(PUUHOCTH TMPOTPaMM KOMIBIOTEPHOTO aHajIH3a
pPEHTIeHOTpaMM TIpH TyOepKyse3e JIETKMX CYIIECTBEHHO BaphbHPYIOT B 3aBHCHMOCTH OT JM3aifHa
UCCIIeIOBaHMs ¥ Bepcuu anroputMa [2]. B kpynHoMm mexayHapoaHoM uccienosanuu K. Arzamasov
u coaBT. (2023), BkiIO4aBIIEM OIeHKY M300pakeHuit 204 peHtreHosioramu u3 11 cTpan u BOCEMbIO
KomMmepueckuMu MHM-monensMu, TuarHocTudeckas TOYHOCTh Bpauyeil oOKa3anach CTaTHCTUYECKH
3HaYMMO BhIIE, YeM y MM-cucreM, pu MHTEPIPETANN PEHTTEHOTPAMM OPTaHOB TPYTHOW KIIETKH,
¢dmooporpamm u mammorpamm (AUC 0,96 mpotus 0,87) [3].

Bmecte ¢ Tem Ooilee MO37HME KPYMHBIE TPOCHEKTHBHBIE WCCIEIOBAHHUS JAlOT MEHee
oqHO3HauHyl0 KapTtuHy. Tak, L.L. Plesner u coast. (2023) Ha BeIOOpKE M3 2040 peHTreHOrpamm,
MIOJTyYSHHBIX B YETHIPEX NATCKUX CTallMOHApax, MOKA3aJH, YTO BPAYHM-PEHTICHOJIOTH B PEAbHBIX
KIMHUYECKUX  YCIOBHSX  NPEBOCXOAAT  KomMmepueckue  MUW-MHCTpyMEHTBI 1O YHCIY
JIO’)KHOTIOJIOKUTENIbHBIX 3aKJIIOYEHHH, OCOOEHHO NpU HAIUYMM HECKOJbKHX COMYTCTBYIOLIMX
MaToJIOrHYecKux HaxoMok [5]. CorjzacHO KOHCOJUIUMPOBAHHBIM pekoMeHAanusM BcemupHoit
OpraHu3aIyy 3JPABOOXPAHCHUS IO CKPUHUHTY TyOepkyiesa (2021), mporpaMMHOe 0OeCTICUeHHE NSt
aBTOMATHYECKOTO aHajlu3a PEHTTeHOIPaMM MOXKET HCIIOJIb30BaThCsl B KayecTBE HHCTPYMEHTA
MIpeIBAPUTENILHON COPTUPOBKU MAIMEHTOB, HO HE JIOJKHO 3aMEHATh OKOHYATEIbHOE 3aKJIIOUEHUE
Bpaua-crieruanucra [6]. Ocraercs OTKPBITHIM BOIPOC O TOM, KaKOH pexuM paboThl: aBTOHOMHBIN N,
Bpady 0€3 TMOIJACP)KKM WM WX COBMECTHas paboTa o0O0eCleuynBaeT HAWIy4IIHe TOKa3aTelu
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JIMAarHOCTHYECKOW A(PPEKTUBHOCTH. ITO ONpEAeseT aKTyalbHOCTh CpPAaBHUTEIBHOTO aHaIU3a
PE3yJIbTaTOB MHTEPIpETAlM PEHTTEHOTPAMM OPIraHOB IPYJHON KJIETKH BPadyOM-PEHTTEHOJIOTOM U
CHCTEMOU UCKYCCTBEHHOTO MHTEIJICKTa Ha COOCTBEHHOM KJIMHUYECKOM MaTepuae.

Heabp wucciaenoBanusi. OLEHUTP U CPAaBHUTh AMArHOCTUYECKYHO 3(P(PEKTUBHOCTH Bpaya-
PEHTTEHOJIOTa U CUCTEMBI UCKYCCTBEHHOI'O MHTEIIJIEKTA IIPU HHTEPIIPETALIMM PEHTI€HOIPaMM OpPTraHOB
IPYAHOMN KJIETKH, a TAKXKE OMPENICIUTh 11eJIecCO00Pa3HOCTh UX COBMECTHOTO MMPUMEHEHHUSI.

Marepuajibl 1 METOAbI

[IpoBeneHO peTpOCHEKTUBHOE OJHOIEHTPOBOE HCCIEIOBAaHUE, B KOTOpOEe BKIOUeHO 147
MaUeHTOB, KOTOpeIM B TiepuoA ¢ 2024 mo 2025 r. BeIoHEHA 0030pHast peHTreHorpadusi opraHos
rPYIHOM KJETKM B mIpsiMod mpoekuuu. CpeaHuid Bo3pacT manueHToB coctaBwil 46,3+15,8 roma
(mnanazon 18-82 roma); myxuus Obuto 81 (55,1%), *eHmuH - 66 (44,9%). Kpurepuu BKITIOUCHUS:
BO3pacT crapiie 18 ser, Hanmuyue UU(POBONH PEHTICHOTPAMMBI YJIOBIETBOPUTEIHLHOTO KauecTBa,
HaM4Yue pedepeHCcHbIX NMaHHbIX (pe3yibrarel KT opraHoB rpyaHOdl KIETKM W/HMIM KIMHUKO-
1abopaTopHOro M JAWHAMUYeckoro HabmoaeHus He MeHee | Mecsna). Kputepuu uCKItOUYeHUS:
BBIpO)XEHHBIE apTe(hakThl M300paKEHHS, MOBTOPHBIC HMCCIEIOBAHUS OJHOTO TTALMEHTAa, HETOJHbIC
KIIMHUYECKHE TaHHBIC.

Kaxxnas peHTreHorpaMma HE3aBUCHUMO U B «CJIETIOM» PEXHME OLIEHUBAIACh JIBYMS CIIOCOOaMU:
1) BpauoM-peHTIeHOIOTOM €O cTaxeM paboThl O6osee 10 sieT, He UMEBIIMM JOCTYMA K 3aKIIOYSHUIO
NW-cucremsl; 2) nporpaMMHBIM 00€CIIEYEHHEM Ha OCHOBE CBEPTOYHON HEHPOHHOMW CeTH, 00y4eHHON
Ha OTKPBITBIX M JIOKAJIbHBIX HAOOpax MaHHBIX MAJIsS BBIABICHUS HHQPUIBTPATHUBHBIX W3MEHEHUH,
OYaroBeIX M OOBEMHBIX 00pa30BaHWi, MHEBMOTOPAKCa, IUIEBPAJBHOIO BBHIOTA W IMPU3HAKOB
TyOepKyJe3a Jerkux.

JIOTIOJIHUTENBHO aHAIU3UPOBAJICS KOMOMHUPOBAHHBIN CLIEHApU, IPU KOTOPOM Bpad yUUTHIBAI
3axmoueHne MU kak «BTopoe MHEHUE» NEPE] BBIHECEHMEM OKOHYATENbHOIO AMarHo3a. B xauectse
pedepeHCcHOTo cTaHAapTa UCIOIb30BAIOCh 3aKII0UEHNE HE3aBUCUMOM SKCIIEPTHOM KOMUCCHU U3 JBYX
PEHTI€HOJIOTOB  BBICHIEH KaTeropuu, CGHOPMHUPOBAHHOE C YYETOM JAaHHBIX KOMIIBIOTEPHOM
ToMorpaduu W KIMHUYECKOTO wucxoda. JlmarHoctuueckas d>(PQPEKTUBHOCTh OIEHUBAJIACH TIO
MO0Ka3aTessIM 4yBCTBUTEIBHOCTH, CIIEHU(PUUHOCTH, AUArHOCTUYECKONH TOYHOCTH, MPOrHOCTUYECKOMN
[EHHOCTH TIOJIOKUTEIBHOTO W OTPUIATEIILHOTO PE3yibTaToB, a Takxke ruomaan nox ROC-kpuBoit
(AUC). Cratuctuyeckasi 00paboTka BbIoNHEeHa B porpamme SPSS Statistics 26.0 ¢ npuMeneHneM
KpUTEpUsl ¥* U TOYHOTO Kputepus duiepa; pazauuusi CUUTAIUCh CTATUCTUYECKU 3HAYUMBIMU MpPU
p<0,05.

Pe3yabTaTsl 1 00cy:KkI1eHUS

N3 147 BKIIOYEHHBIX B MCCIEIOBAHUE TMAIMEHTOB IMATOJOTMYECKHE HW3MEHEHUs ObLIH
MOATBEPKIEHBI pehepeHCHBIM MeToIoM Y 98 (66,7%), y 49 (33,3%) manreHToB JaHHbBIE 32 MTATOJIOTHIO
otcyTcTBOBaNIU. CTPYKTYypa BBISIBICHHOI MaTOJIOTUH Mpe/icTaBieHa B Tabnuue 1.

Tabauya 1. Cmpykmypa 6b14671€HHOI NAMONO2UU U COGRAOEHUE 3AKTI0YEeHUTl 8paya-
penmeenonoza u HH-cucmemul ¢ peghepencnovim cmanoapmom

IIaTosorus A0c. yncio Bepno BepHo Pacxoxnenus
ciIy4yaeB BBISIBJIEHO BBISIBJICHO
PEHTIEHOJI0TOM nn
[THeBMOHMS 41 37 35 6
Ty0Gepkyne3s nerkux 22 20 18 5
OObeMHBIE 00pa3oBaHUs 14 13 11 3
[THeBMOTOpaKc 9 9 8 1
[IneBpanbHBIA BHIIOT 12 11 10 2
be3 natonorun 49 46 44 5
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[Tokazarenn auarHocTHueckod 3(QekTuBHOCTH Bpava-peHtrenonora, HNHW-cuctembl u ux
KOMOMHAIMK TIpUBEAEHbI B Tabnuue 2. J[narnoctuyeckass TOYHOCTh Bpada-peHTICHOJIOra OKa3alach
JOCTOBEpHO BbIlIe, yeM y MH-cucremsl, padotatorieii aBToHoMHO (90,5% mpotus 86,8%; p=0,02).
HaubGonee 3Haunmble pacxoxaeHuss Mexay BpadoM U WM oTMeueHbl mpu MENKUX OYaroBBIX
00pa30BaHMAX M OrPAaHMYCHHBIX MH()HUIBTPATHBHBIX H3MEHEHHAX, KoTopble MU-cucrema B psize
CJly4aeB paclieHHBaja KaKk HOPMY (JI0’)KHOOTPULIATEIbHbBIE 3aKII0YEHHUS ), a TAK)KE IPU CYMMaIlMOHHBIX
apredakTax Ha (OHE KOCTHBIX CTPYKTyp, Kortopble MM ommbo4YHO HWHTEpHpeTHpoBaja Kak
MATOJIOTUYECKUE OYaru (JI0KHOMOJIOKUTEIbHBIE 3aKITI0YCHHUS).

Taoénuya 2. Ilokazamenu ouazHocmuyeckoi Ippekmusnocmu epaua-penmeenonoza, UH-

cucmemosl U ux Komﬁummuu

Iloka3zarean Bpau- NU-cucrema | KomOunanus p
PEHTIreHOJI0T Bpaut+tUH

UyBCTBUTEIHHOCTD, %0 89,4 85,7 94,2 0,04
CnenuduyHoctb, % 92,1 88,3 93,6 0,03
Tounocts, % 90,5 86,8 93,9 0,02
[IporHocTuyeckas 88,0 83,2 924 0,03
EHHOCTH (1), %
[IporHocTuyeckas 93,5 90,1 95,0 0,05
1eHHOCTh (—), %
ITnomans noxg ROC- 0,91 0,87 0,95 0,01
kpuBoii (AUC)
Cpennee Bpems aHanmm3a | 94+21 8+2 102+23 <0,001
CHHUMKA, CEK

Hawunyumive pe3ynbrarsl HOTy4YeHbl TPU KOMOMHUPOBAHHOM CIICHAPUHU WHTEPIIPETAINU, KOTAa
Bpa4Y-pEeHTIEHOJIOT UCIOJIb30Bal 3akimodeHne HWMU-cucreMbl B KauyecTBE «BTOPOTO YHUTATEINSD):
YyBCTBUTEIHHOCTh BO3pocia 10 94,2%, cnenudpudnocts - 10 93,6%, AUC - mo 0,95 (p<0,05 mo
CpPaBHEHHUIO C CAMOCTOSITEIBHON paboToit Bpaua). [Ipm sTOM cpegHee Bpemsi aHajau3a OJHOMN
peHTreHorpamMmsl BpauoM coctaBuiio 94+21 c, MM-cuctemoii - 8+2 ¢, 4T0 MOATBEPKIAET MOTEHIHAI
MU xak uHCTpYMEHTA Il YCKOPEHHOM MTPEABAPUTEIILHON COPTUPOBKY MccienoBanuil. [lomydennsie
pe3yJbTaThl COTJIACYIOTCS C JaHHBIMU HcciaenoBanus L.L. Plesner u coaBT. [5] u MexIyHApOIHOTO
oenumapkuara K. Arzamasov u coaBT. [3], moka3zaBmIuX, 4To coBpeMeHHble WU -anroputmsr
JEMOHCTPUPYIOT JTMarHOCTMYECKYI0 TOYHOCTh, COMOCTaBUMYIO, HO CTaTUCTHYECKH 3HAYUMO
YCTYMAIONIyl0 TOYHOCTH ONBITHOTO Bpada-peHTIeHOJIOTa, OCOOCHHO TMPHU BBISIBICHUH MAaJbIX IO
pa3Mepy ¥ HU3KOKOHTPACTHBIX U3MEHEHUH.

B 1O xe Bpemsi ckopocTh aHanu3a uzoOpaxeHuss WHM-cuctemoil Ha MOPSIOK TNPEBBIIIAET
CKOPOCTh pabOThI Bpada, YTO JeNaeT €€ MEePCHEKTUBHBIM HWHCTPYMEHTOM I MpeaBapUTEIbHOM
COPTHUPOBKH (TpUaXka) UCCIAEAOBAHUHN U CHIDKCHHS HAarpy3KH Ha CHEIUAINCTA B YCIOBHUSIX OOJBIIOTO
MOTOKA MAIMEHTOB, YTO TAK)KE OTMEUAIOCh B CUCTeMaTu4eckoM 003ope M. Harris u coasr. [2].

Hawnbonee kIMHMYECKH 3HAYUMBIM PE3yJIbTATOM HACTOSIIETO MCCIICIOBAHMS CIIETyEeT CUUTATh
CYIIIECTBEHHOE TOBBIIICHHE IUATHOCTHYECKON 3()D(PEKTUBHOCTH TPU COBMECTHOM HCIIOH30BAHUH
Bpaya u MHU-cucremsl, uto coriacyercs ¢ pesynbTatamu J.T. WU u coast. [1], 3aduxcupoBaBImx
aHanoruuHeld 3¢ ekt npu noguepxxkke MU paamonoros-opanHaTopoB. Takoi Mmoaxoja MO3BOJISET
KOMIIEHCUPOBATh OTPAHUYEHUS KaXIOT0 U3 METOIOB: Bpad KOPPEKTUPYET JIO)KHOIIOJIOKUTEIbHBIE U
9acTh JIOXKHOOTPHUIATENbHBIX 3akmtouennii 1N, Torma kak M -cucrema MoxeT oOpaiaTh BHUMaHUE
Bpaya Ha HM3MEHEHMS, KOTOPbIE MOIJIM OCTaTbCA HE3aMEUEHHBIMU IPU PYTUHHOM IPOCMOTpE
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OOJIBIIOTO YHMCIIa MCCIEOBaHM, OCOOCHHO B KOHIE pabodeld cMeHbl HAa ()OHE YTOMIICHHS. DTO
noaTBepkaaer nosunuo BO3 [6] o menecooOpaznoctu npumeHeHuss UM -cucteM MMEHHO B poJin
BCIIOMOTATENIbHOTO MHCTPYMEHTA, @ HE aBTOHOMHOM 3aMeHbI crieruanicta. OrpaHnYeHus MU paboThI
SIBJISIFOTCS.  OJTHOIIEHTPOBBIA PETPOCTICKTUBHBIA JHU3aliH, OTpaHUYEHHBIH 00beM BbIOOpKH (147
HAOMIOACHNI) W WCHOJB30BaHME OAHON KOHKpeTHoW WMM-cuctembl, 4YTO HE TO3BOJISIET
AKCTPANOINPOBATh IOJYYEHHbIE pe3yJbTaThl Ha BCE CYLIECTBYIOIIME alropUTMbL. JlanbHeiimme
MEPCIEKTUBHBIC  HANpPABJICHUS  BKJIIOYAIOT MPOBEJACHUE MPOCHEKTUBHBIX MHOTOLIEHTPOBBIX
UCCIEeIOBaHMM ¢ Ooblieit BBIOOPKOH, otleHKY g pextuBHOCTH MU MpH paznuyHbIX HO30JIOTHYECKUX
¢dopmax B OTIAEIBHOCTH, a TAaKXKe aHAJIN3 SKOHOMUYECKOH 11e1eco00pa3HOCTH BHEAPEHHS TIOJOOHBIX
CUCTEM B PYTUHHYIO KJIMHUUYECKYIO IPAKTHKY.

3akioueHune

Bpau-pentrenonor neMoHCTpUpyeT Oosiee BHICOKYIO IUAarHOCTUYECKYr0 TOYHOCTH (90,5%) mo
CpPaBHEHHIO C AaBTOHOMHOM pabOTOW CHCTEMBI HCKYyCCTBEHHOro uHTe/uekTa (86,8%) mpu
UMHTEpPIIpPETAllM PEHTIeHOrpaMM OpraHoB rpyaHoi kietku (P<0,05). Haubonbiime pacxokieHus
Mexay BpauoM u MH-cuctemoil oTMeuaroTCsi IpU BBISIBIICHUHM MEJIKUX OYaroBBIX U OTPAHUYEHHBIX
MHQUIBTPATUBHBIX W3MEHEHUH, a Takxke npu auddepeHIHranuyd MaToJIOTUYECKUX H3MEHEHHH H
CyMMaIHMOHHBIX apTedakToB. KoMOMHMpOBaHHOE TPUMEHEHHE Bpaya-peHTrenonora u MM-cucremsl B
PEXHUME «BTOPOTO YUTATENSD JOCTOBEPHO MOBBIIIAET YYBCTBUTENHHOCTD (110 94,2%) 1 mII0Ima s mos
ROC-kpuBoii (10 0,95), uro moaTBepkmaeT meaecooOpa3HoCTh uHTerpanuun MU-TexHonoruii B
KIIMHUYECKYIO MPAKTUKY KaK BCIIOMOTaTENIbHOTO, a HE 3aMEHSIOIIEro Bpadya HHCTpyMeHTa. Bricokas
CKopocTh aHanu3a peHtrenorpamm MU-cucremoit (8£2 ¢ Ha CHUMOK) OOOCHOBBIBAET €€ MPUMEHEHHE
JUIS TIPeIBApUTENILHON COPTUPOBKH UCCIIEIOBAaHUI U ONITUMU3ALIMY HArPY3KU HA Bpaua-peHTreHoIora
B YCJIOBHUSX OOJIBIIIOTO MOTOKA ITAIIMEHTOB.

KoH(pIuKT HHTEpPECcOB: OTCYTCTBYET.
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