DECTHAY @ LAZHMY

HAYYHO-NMPAKTUYECKUN XYPHAN ENEPHYE

Kas¥My
XABAPLLbICHI

fbinbIMU-NPaKTUKanNbIK XypHan

Vestnik KazNMU ~ © =3%\

Scientific-practical Journal of medicine 4 "’”4'. e
' A

IZEN 2524-DEE4

97T 2524M06816) ‘III‘




ISSN 2524 - 0684 (print)
ISSN 2524 - 0692 (online)

C.K. AchenauspoB areiagarsl Kazak ¥ITThIK MEIUITMHA YHUBEPCUTETI

Kazaxckuit Hartmonaneneiit Mmeguimackuii yausepeutet uM. C.J[. Achennuspona

Asfendiyarov Kazakh National Medical university

DECTHHH @ 4NN

KA3AXCKOT'O HAIIMOHAJILHOT'O MEJIUITMHCKOT'O VHUBEPCUTETA
KA3AK YJITTBIK MEJULIMHA YHUBEPCUTETIHIH

XABAPLWbICbI

FbiNbIMU-NPaKTUKANbIK XXYPHaI

VESTNIK KAZNMU

SCIENTIFIC-PRACTICAL JOURNAL OF MEDICINE

Ne 3-2025

PexomennoBan KomureroM o obecreyeHnio kayecTBa B cepe HayKu U BBICIIIETO
oOpazoBanus MuHucTEepCcTBa HayKHu U BhIiciiero oopa3oBanus PK / Kazakcran PecnyOnukacsl
Frutbiv xoHe skoFapbl O171iM MUHUCTPIITiHIH FBUTBIM jKoHE XKOFaphl O11IM caachIHIaFbI
caraHbl KAMTaMachl3 €Ty KOMUTET] YCHIHFaH

XypHan ocHosaH B 2007 roay

MWHMManbHas nepuoanyHOCTb
»KypHana 4 pasa B rog

CeBupaeTenbCcTBO 0 NocTaHoBKe Ha yyeT CMW Ne 8141-XK



['maBubIii penakTop / bac penakrop llopanos M.E.

3amecTHTeNb INIABHOTO penakTopa / bac pexakropasi opsinOacapsl @axpanues U.P.
Penaktop Copcedekos E.K.

Texuuueckuit penakrop / Texuukansik penakrop Jasneros 1.K.

Penaxuuonnas xomuterusi / Penmakumsieik anmka: AmumnOaes M.K., bepkunbaes C.D.,
No6paeBa A.Ill.,, UcmaeBa XK.b., Hepcecor A.B., Hyrmanoa X.C., CakumoBa 3.b.,
Canues T. M., CyrpanueB A.b., TezekbaeB K.M., Kynimber M.b.

MesxyHapOAHbIM pelaKIIMOHHBINA COBET / XalbIKapasblK PeIaKIUsIIbIK KeHEC:
lacmapsia A.YO. (BenmukoOpurtanus), Ferhat Karaca (Typuwms, Kazaxcran), Jack DeHovitz
(CIIA), Erkin Mirrakhimov (Ksipreizckas Pecry6nuka)., Kynmaran6eros M. (I'oHKOHT),

CobctBennnk: Hexommepueckoe akmuoHepHoe oOmecTBo «Kazaxckuii HaIMOHAIBHBINR
memunnHckuit yauBepcutet umeHu C.J[.Achennusposa» M3 PK / Menmik ueci: KP JICM
«C.K. AchennuspoB atbiHaarsl Kazak yiITTBIK MEOUIIMHA yHHMBEpPCHTET» KomMMmeprusuibik
eMeC aKIIMOHEPIIiK KOFaMbl

Anpec penakuuu: Anmatel, yi. Tone bu, 94. HayyHo-uccnenoBaTenbCKUl HHCTUTYT
¢yHIaMeHTaMEeHTaIbHOM U IPUKIaJHON MeAULIMHBI UMeHH b. ATyabapoBa. 2 stax, oduc 402/
PenakiusiubH MeKeH-Kaibl: AnMaTel K., Tene 0u kemeci, 94 yii. b.AtmabapoB aTbIHIAFbI
Ipreni >xoHe KoI1aHOATBI METUIIMHA FHUIBIMU-3€PTTEY HHCTUTYTHI. 2 Kabat, 402 kabuHer

CBuzerensctBo 0 mnocraHoBke Ha yder CMM Ne8141-)XK. Brimano MuHHcTEpCTBOM
nHpopmarnuu u obmecrBeHHoro pa3Butus PK 12.03.2007 / BAK Tipkey Typanbl Kyomik
Ne 8141-K. / KP Akmapar >xoHe aneyMeTTik aamy MuHucTpiiri 2007 xbutFsl 12 HaypbI3ga
IIBIFAPbUIBL.

Boimtyck 3 (74) — 2025 1. / 3 (74) mbirapbuisiv — 2025 k.

Brimymien 25 centsaops 2025 roga / 25 kpipkyiiek 2025 5KbUTbI IIBIFAPBUIIBL.
[TepuonnunocTs: 4 paza B roa / XKuimiri: )KbutbiHa 4 perT.

XKypnan my0aukyercst Tonbko B iiudpoBom Buze /JKypHai Tek IU(PIbIK TYpAE MIbIFApbLIaIbL.



BECTHUK KASHMY Ne3 (74) — 2025

ISSN 2524 - 0684 e-ISSN 2524 - 0692

COJAEPKAHUE

ZH.A. MEDETBEKOVA, A. GINIYAT, S. AMANGELDIKYZY,
A.S. KUDAIBERGENOV, D.A. YEREZHEPOV, AK. GABDULKAYUM
Ketogenic diet in the treatment and rehabilitation of children with epilepsy

Alll. UBPAEBA, WU.P. ®AXPAJAUEB, C.B. JIM, M.K. AJIYMHFAEB,
XK.b. NCITIAEBA, D.H. HTYMKOBA, A.C. MEHJIASIKOBA,
A.T. BAUBICBEKOBA, JI.T. AXXUBAEBA-KYIIEHOBA, A.O. OMAPOBA
Cospuimansl aypyiap OoiibIHIIA OTOACBUIBIK aHAMHE3IIH Tapadybl >KOHE OHBIH
aeMorpadusUIBIK JeTePMUHAHTTAPEI

A1l UBPAEBA, b.C. TYPJAJIMEBA, I'.E. AMUMBETOBA, I1.A. EJISICUH
Kazakcranaarel ToTeHIne xarnanapaad emm-xkitiM (2013-2023 xok.): ypaictep,
altMaKapajbIK TEHCI3IIK

N. BERDIGALIYEV, P.B. SINGH
Rejuvenating hallmarks of ageing by modulating proteostasis and mitochondrial
activity

ILM. UVALIYEVA, F.SSAMENOVA, A.S. MUKATAY, A.S. BUKUNOVA,
B. KARIMKYZY

Research of mathematical methods and medical algorithms for differential
diagnostics based on laboratory data

C.A. KAUPTEJIbBIUHA, K.C. ABCATTAPOBA, M.b. BAVYPXAH,
K.O. TEKEBAEB, K.b. AB3AJIMEB, C.A. AB3AJIMEBA, H.B. CJINMBKMHA,
H.C. CATAH/IBIKOBA, K.b. CYUIH/IIK

TypakTsl Ke3eHIeri CO3bUIMalIbl OOCTPYKTHBTI OKIE aypybl Oap HayKacTapbl
CaHATOPHUIIIIK-KYPOPTTHIK JKOHE KIMMATTBHIK PEAOMINTALMSIIBIK ic-IIapajapMeH
eMIey THIMJIUIITI: KYHeN Moy )KoHe MeTaaHAIH3

17

43

58

70

83



BECTHUK KASHMY Ne3 (74) — 2025

ISSN 2524 - 0684 e-ISSN 2524 — 0692
UDC 616.8:616.12 Received: 11.06.2025
IRSTI 76.29.41 Accepted for publication: 19.09.2025

DOI: 10.53065/kaznmu.2025.74.3.001

KETOGENIC DIET IN THE TREATMENT AND REHABILITATION
OF CHILDREN WITH EPILEPSY

ZH.A. MEDETBEKOVA !, A. GINIYAT !, S. AMANGELDIKYZY !,
A.S. KUDAIBERGENOV !, D.A. YEREZHEPOV 2, A.K. GABDULKAYUM 2

I'NJSC «National Center for Child Rehabilitation», Astana, Kazakhstan
2 Private Institution «National Laboratory Astana», Nazarbayev University, Astana,
Kazakhstan

Abstract

Introduction. Pharmacoresistant epilepsy and epileptic syndromes in children remain a
pressing clinical problem. The ketogenic diet (KD), a high-fat and low-carbohydrate metabolic
intervention, is considered an effective method to reduce seizure frequency and improve
neurocognitive status.

Aim. The aim of this study was to evaluate the efficacy and tolerability of KD in children
with pharmacoresistant epilepsy in a rehabilitation setting.

Materials and Methods. A prospective observational study was conducted at the
National Center for Child Rehabilitation (Astana, Kazakhstan) from January 2022 to March
2025. The study included 30 patients aged 1 to18 years (median age — 8 years) with confirmed
pharmacoresistant epilepsy or epileptic syndromes. KD was applied in the classic ratio of 2:1,
3:1, and 4:1 alongside antiepileptic therapy. Effectiveness was assessed by reduction in seizure
frequency at 4, 6, 12, and 12—18 months of therapy. Additionally, EEG dynamics, cognitive
status, and adverse effects were evaluated. Statistical analysis was performed in SPSS 25.

Results. After 4 months of therapy, a clinically significant response (=50% reduction in
seizure frequency or remission) was observed in 22 patients (73.3%). At 6 months, positive
dynamics persisted in 13 patients (56.5%), at 12 months — in 7 of 15 (46.7%), and at 12—18
months —in 7 of 17 (41.2%). The presence of pronounced cognitive impairment was associated
with lower KD effectiveness (p=0.04). Completion of the full course of the diet was
significantly more frequent among patients with a positive effect (p=0.006). Adverse effects
were more common in the non-responder group (p=0.03); no severe complications were
recorded.

Conclusion. The ketogenic diet is an effective and safe method of treating
pharmacoresistant epilepsy in children, including patients with severe neurodevelopmental
disorders. High adherence and multidisciplinary support contribute to clinical improvement.
Controlled studies with larger samples are needed to confirm long-term efficacy.

Keywords: ketogenic diet, epilepsy, resistance, children, rehabilitation, diet therapy.

Introduction. Epilepsy is one of the most common chronic neurological disorders in
children, with a global prevalence of the active form ranging from 6.8 to 18.6 per 1000 of the
pediatric population [1]. In children with focal cortical dysplasia, therapy resistance reaches
74% [2]. Pharmacoresistant epilepsy is closely associated with a high risk of severe cognitive
impairments, delays in speech and motor development, behavioral disorders, and social
maladaptation [3]. The risks of injury, social isolation, and sudden unexpected death in epilepsy
(SUDEP) also increase, especially in cases of frequent generalized seizures [4].
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Low pharmacotherapy efficacy is the key problem in the treatment of pediatric epilepsy.
The term «pharmacoresistance», according to the consensus of the International League Against
Epilepsy (ILAE), is defined as a failure to achieve seizure control when using two adequately
chosen antiseizure medications (ASMs), and is observed in approximately 20-30% of children
with epilepsy [5].

There is a high prevalence of resistance even among patients who have undergone
surgical treatment or vagus nerve stimulation. In children with focal cortical dysplasia, the rate
of drug-resistant epilepsy (DRE) reaches 74% [6].

Prolonged lack of response to ASMs leads to the progression of cognitive deficits, delays
in speech development, and deterioration of quality of life — all effects well described in studies
on childhood epilepsy [7]. The risk of sudden unexpected death in epilepsy (SUDEP) also
increases, particularly with frequent uncontrolled generalized seizures [4].

In addition to lack of efficacy, long-term ASM use is associated with risks of cognitive
side effects, adverse reactions, and financial burden. In adults, cognitive adverse effects are
reported with drugs such as phenytoin and valproate, requiring caution in pediatric practice [8].

At the same time, alternative treatments such as surgery and vagus nerve stimulation are
less accessible for children or have limited effectiveness in complex epilepsy forms. Surgical
interventions are not always feasible in generalized epilepsies and systemic encephalopathies,
highlighting the need for additional non-pharmacological approaches.

The ketogenic diet (KD), characterized by high fat and low carbohydrate content, has
been used in drug-resistant epilepsy since the early 20th century. Numerous randomized
controlled trials have shown that 35-56% of children receiving a classical or modified KD
achieved >50% seizure reduction (RR = 5.1, 95% CI 3.18-8.21; p<0.001) compared to the
control group without diet [9].

Meta-analyses and reviews confirm that approximately 16% of children achieve complete
remission, 32% experience >90% seizure reduction, and about 56% achieve >50% reduction
[10].

Among patients with severe epileptic syndromes, such as West syndrome and Lennox—
Gastaut syndrome, KD demonstrates improvement in 75-90% of cases, including full seizure
control [11].

The mechanism of KD is complex and multifactorial. It is hypothesized that ketone bodies
(acetoacetate, B-hydroxybutyrate), produced in the liver during ketosis, provide stable energy
supply to neurons, increase resistance to energy-dependent stress, and modulate GABAergic
and glutamatergic neurotransmission [12]. Experimental models have shown that KD increases
mitochondrial density and functionality and stabilizes ion channel activity [13]. In addition to
its antiepileptic effect, the diet may improve cognitive functions, behavioral responses, and
quality of life in children due to its influence on neuronal plasticity and metabolic regulation
[14].

KD is also effective in specific epilepsy forms, such as GLUT1 deficiency syndrome and
West syndrome, as confirmed by national and international guidelines [15]. Despite the proven
efficacy of KD in children with pharmacoresistant epilepsy, its implementation and sustainable
use in clinical rehabilitation settings remain an open question, especially in patients with severe
neurological and cognitive impairments. Most randomized and controlled trials have been
conducted in specialized epilepsy centers with high resource availability, whereas
implementing KD in routine practice, including rehabilitation facilities, faces multiple barriers
— from low parental awareness to limited access to nutritionists and outpatient follow-up [16].
Particularly challenging is the organization of KD in patients with comorbidities: cerebral palsy,
speech development delay, autism, or congenital malformations of the central nervous system.
These children require not only diet therapy but also comprehensive multidisciplinary support,
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including neurologists, rehabilitation specialists, dietitians, speech therapists, and social
adaptation experts.

Long-term tolerability of the diet, frequency and structure of side effects, adherence in
real-world clinical settings, and sustainability of positive outcomes after therapy
discontinuation remain insufficiently studied. To date, only a limited number of studies have
evaluated KD use in inpatient and outpatient rehabilitation, emphasizing the need to accumulate
clinical data from everyday practice.

Thus, conducting observational studies on the use of KD in pediatric rehabilitation,
especially in patients with a high degree of neuropsychological comorbidity, is a relevant and
highly demanded direction of modern neurology and nutritional science.

Materials and Methods.

Ethical Issuies

The study was approved by the local ethics committee of NJSC «National Center for
Children's Rehabilitation», Astana, Kazakhstan (protocol No. 1 dated February 22, 2022). All
parents or legal representatives of the patients gave written informed consent to participate in
the ketogenic therapy program and to the processing of medical information in a generalized
form. The therapy and follow-up protocol complied with national standards and the principles
of the Declaration of Helsinki.

Study type

This study is a prospective series of clinical observations conducted at the National Center
for Children's Rehabilitation (NCCR), Astana, Republic of Kazakhstan, from March 2022 to
March 2025. The aim of the work was to study the effectiveness and tolerability of the ketogenic
diet in patients with pharmacoresistant epilepsy and epileptic syndromes of various etiologies.

Participants

The study included patients aged 1 to 18 years (median age — 8 years) with an established
diagnosis of pharmacoresistant epilepsy or confirmed epileptic syndromes on the background
of various neurological diseases. The diagnosis was established on the basis of clinical
presentation, electroencephalography (EEG-video monitoring), neuroimaging (MRI, if
available), medical history, and previous therapy. A mandatory inclusion criterion was the
absence of sustained effect from at least two antiepileptic drugs (AEDs) administered in
adequate dosage. Exclusion criteria were: decompensated somatic conditions, severe metabolic
disorders, parental refusal to follow the ketogenic diet, or intolerance of the main dietary
components. All patients were hospitalized and monitored by a multidisciplinary team,
including a neurologist, dietitian, clinical pharmacologist, and epileptologist.

Intervention

The ketogenic diet was prescribed while maintaining previously selected antiepileptic
therapy. The ratio of fats to proteins and carbohydrates was selected individually, depending
on age, body weight, metabolic tolerance, and clinical presentation. Classical KD regimens with
ratios of 2:1, 3:1, and 4:1 were used. The diet was designed according to physiological caloric
intake and daily fluid requirements. The diet was based on high-fat foods (cream, oils, fatty
meats and fish), proteins (eggs, meat, cheese), and a limited amount of carbohydrates
(vegetables, fruits with a low glycemic index). All patients received vitamin and mineral
supplements (calcium, magnesium, carnitine, multivitamins) as indicated. Ketone levels in
urine and blood glucose were monitored 2—3 times per day. Patients and their families received
instructions on dietary adherence, maintaining a food diary, and monitoring side effects.
Patients were followed up throughout the KD period (from 4 to 18 months).

Outcome assessment methods

The primary criterion of therapy effectiveness was a reduction in seizure frequency
compared to baseline. Changes were evaluated according to the following categories: complete
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seizure remission, >50% reduction, <50% reduction, and no effect. Additional observed
parameters included EEG changes (if available), improvement in cognitive and behavioral
status (as assessed by physicians and parents), and presence and severity of side effects. Data
were recorded in medical documentation and observational protocols. Time points of
observation: 4 months, 6 months, 12 months, and 12—18 months after initiation of KD.

Methods of controlling confounding factors

All participants had equal access to dietary support in inpatient settings. However, after
discharge, diet adherence at home was carried out either under remote supervision (if contact
with NCCR was maintained) or without systematic monitoring. The volume and quality of
home support could vary. Parents were provided with guidelines and recommendations, but
comprehensive multidisciplinary monitoring at the place of residence was not available.

Statistical analysis

Statistical data analysis was carried out using IBM SPSS Statistics version 25. All
variables were preliminarily checked for completeness and distribution. For descriptive
statistics, quantitative variables were presented as mean and standard deviation (M + SD) or
median with range (min—max), depending on the type of distribution. Categorical variables
were described in absolute numbers and percentages.

To assess the association between clinical characteristics and the response to the
ketogenic diet, non-parametric tests were applied. Comparison of frequencies in independent
groups (e.g., by sex, epilepsy type, presence of side effects) was performed using Pearson's y?
test; in cases of expected counts <5, Fisher’s exact test was applied. To compare quantitative
variables between two independent samples (e.g., age, epilepsy duration before therapy
initiation), Student’s t-test was used for normally distributed variables, or the Mann—Whitney
U test in case of non-normal distribution (normality assessed by the Shapiro—Wilk test).

To evaluate the dynamics of clinical response to the ketogenic diet at different time points
(4, 6, 12, and 12—18 months), ¥* test was used with calculation of degrees of freedom and
corresponding p-value. The statistical significance level was set at p < 0.05. No correction for
multiple comparisons was applied, since the main purpose of the analysis was to evaluate the
general trend of associations in the context of a limited sample.

Results. Thirty patients were included in the study, with a median age of 8 years (range:
1-27) (Table 1). There were 16 males (53.3%) and 14 females (46.7%). The mean duration of
adherence to the ketogenic diet was 10 months. Concomitant neurological disorders were
identified in 22 patients (73.3%). The mean duration of epilepsy prior to initiation of the
ketogenic diet was 3.6 £ 2.0 years. The mean number of previously tried antiepileptic drugs
was 3.4 = 1.1. The mean body mass index was 17.2 + 2.5. Cognitive status: normal — in 6
patients (20%), developmental delay — in 12 (40%), intellectual disability —in 12 (40%).

Table 1. Clinical and demographic data

Variable Indicator
Total number of patients 30

Age, years (median, range) 8 (1-27)
Male, n (%) 16 (53.3%)
Female, n (%) 14 (46.7%)
Mean duration of KD, months 10 months
Comorbid neurological diagnoses 22 (73.3%)
Duration of epilepsy before KD initiation, years 3.6 2.0
Mean number of AEDs tried before KD 34+1.1
BMI (mean + SD) 172+2.5
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Variable | Indicator
Cognitive status
Normal 6 (20%)
Developmental delay 12 (40%)
Intellectual disability 12 (40%)

The largest proportion of patients receiving the ketogenic diet (Figure 1) belonged to the
group with focal drug-resistant epilepsy — 12 individuals (40.0%). Seven patients (23.3%) were
observed in the groups with epileptic encephalopathies and generalized epilepsy. Less common
were cases of congenital malformations of the central nervous system (2 patients, 6.7%), as
well as rare forms — FIRES syndrome and GLUT1 deficiency, each represented by a single case

(3.3%).

Of 30 patients observed during 4 months after the initiation of the ketogenic diet (Table
2), 22 (73.3%) demonstrated a clinically significant response in the form of complete cessation
of seizures or their reduction by >50%. After 6 months, 23 patients continued therapy, of whom
positive dynamics persisted in 13 (56.5%). At 12 months, efficacy >50% was noted in 7 out of

GLUT1-deficiency [

FIRES |

Perinatal CNS lesion |

Generalized epilepsy |

Focal FRE [

Epileptic encephalopathies

0

2 4

8 10 12

Number of patients

Figure 1. Distribution of patients by nosological categories

15 (46.7%), and at 12—18 months — in 7 out of 17 (41.2%).

The distribution of clinical response across time points was analyzed using the y? test.
The obtained x? value = 5.67 with 3 degrees of freedom did not reach statistical significance (p

=0.129).

Table 2. Effectiveness of CD at different time points

Observation Total number of Clinical response Response <50% or no
period patients (n) >50% n (%) dynamics n (%)
4 months 30 22 (73.3%) 8 (26.7%)
6 months 23 13 (56.5%) 10 (43.5%)
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Observation Total number of Clinical response Response <50% or no
period patients (n) >50% n (%) dynamics n (%)
12 months 15 7 (46.7%) 8 (53.3%)
12—18 months 17 7 (41.2%) 10 (58.8%)
y>-test df=3/p=0,129

Adverse effects of the ketogenic diet were recorded in 11 out of 30 patients (36.7%)
(Table 3). The most common were gastrointestinal disorders (nausea, pain, constipation),
identified in 3 patients (10.0%), in one case becoming the reason for discontinuation of therapy.
General weakness was observed in 2 patients (6.7%), in one case it was a factor leading to
withdrawal from KD. One patient (3.3%) experienced paresthesia and burning in the legs,
which was accompanied by discontinuation of the diet. Episodes of hypoglycemia were
registered in one patient (3.3%) and did not lead to discontinuation of KD.

Four patients (13.3%) discontinued the diet due to the difficulty of adherence, another
five (16.7%) —by family decision not related to adverse effects. In three patients (10.0%) the
reason for withdrawal was the absence of clinical improvement. In 19 patients (63.3%) no
adverse effects were observed, therapy continued. The predominant severity level of the
recorded effects corresponded to Grade 1-2 according to the CTCAE scale.

Table 3. Adverse events and reasons for withdrawal

Adverse event / Number of Share of Severity by CTCAE Relate.d to trial
reason patients (n) sa1:1p1e (predominant grade) completion (yes/no
(%) (m))
GI dysfunction
(nausea, pain, 3 10.0% Grade 2 (moderate) 1/2
constipation)
General weakness 2 6.7% Grade 1 (mild) 1/1
Paresmes;::gz’ummg mn 1 33% | Grade 2 (moderate) 1/0
Hypoglycemia .
(episodes by 1 3.3% Grade.l (.mﬂ.d’ no 0/1
alucometer) hospitalization)
leﬁc““%fe‘ihermg ol 4 13.3% Not applicable 410
W“hdrgzvc?;zi family\ 4 16.7% Not applicable 5/0
Lack of clinical effect 3 10.0% — 3/0
No adverse events 19 63.3% — 0/19

A more detailed description of the clinical cases, including patient characteristics,
methods for assessing effectiveness, and side effects, is provided in (Appendix 1).

Of the 30 patients, a positive response to the ketogenic diet (Table 4) (seizure reduction
>50%) was recorded in 18 individuals. Among them, the proportion of males was 55.6% (10 of
18), while in the group with <50% effect or no effect (n=12) it was also 50% (6 of 12); the
difference by sex was statistically insignificant (p=0.94). The mean age of patients in the
effective response group was 7.5 + 2.1 years, whereas in the ineffective response group it was
8.3 + 3.0 years (p=0.42). The focal form of epilepsy predominated in both groups but was more
pronounced among responders: 12 versus 6 patients, respectively; conversely, generalized
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forms were more frequent among non-responders (5 versus 3), but no statistically significant
association was found (p=0.21).

The mean duration of epilepsy before the initiation of KD was 3.2 + 1.8 years in the
responder group and 4.1 + 2.2 years in the non-responder group (p=0.19). The presence of
severe cognitive impairments (intellectual disability) was noted in 10 of 18 in the responder
group and in 2 of 12 in the non-responder group; patients with developmental delay
predominated in the latter, with the difference being statistically significant (p=0.04).
Adherence to the diet was higher in the group with a positive effect: 88.9% completed the full
course versus 41.7% in the ineffective response group (p=0.006).

Side effects were recorded in 4 of 18 patients with >50% response and in 7 of 12 with
<50% response (p=0.03), which suggests a possible link between the severity of adverse events
and the reduction of effectiveness or adherence to KD.

Table 4. Associations between characteristics and response to KD

. Response >50% n=18 Response <50% or no -
Variable b (%) effoct no12 (%) value
Sex
male 10 (55.6%) 6 (50.0%) 0.94
female 8 (44.4%) 6 (50.0%) ]
Age, years (mean + SD) 7.5+2.1 83+3.0 0.42
Type of epilepsy
focal 12 (66.7%) 6 (50.0%) 001
generalized 3 (16.7%) 5(41.7%) '
Duration of epilepsy
before KD, years 32+1.8 41+£22 0.19
Cognitive impairment
DD 8 (44.4%) 10 (83.3%) 0.04
1D 10 (55.6%) 2 (16.7%) )
Comlﬁtley‘}f&;ourse 16 (88.9%) 5 (41.7%) 0.006
Side effects
present 4 (22.2%) 7 (58.3%) 0.03
absent 14 (77.8%) 5 (41.7%) )

Discussion. The study included 30 patients, with a median age of 8 years (range 1-27
years), which is comparable to the characteristics of large cohorts, where the mean age of
children at the initiation of KD is between 5 and 8 years [9, 17]. The gender ratio (males —
53.3%, females — 46.7%) also corresponds to the proportions noted in similar studies, where a
slight male predominance is more commonly observed.

The mean duration of epilepsy prior to the initiation of KD was 3.6 + 2.0 years, and the
mean number of previously tried antiepileptic drugs (AEDs) was 3.4 £ 1.1. This reflects the
nature of the sample—patients with pronounced drug resistance: in the trajectories of large
studies, similar figures reach 6 or more AEDs by the time KD is initiated [17]. The presence of
concomitant neurological disorders in 73.3% of patients (cerebral palsy, developmental delay,
intellectual disability) is also typical for trained samples, highlighting the complexity of the
clinical picture and the need for a comprehensive approach.

The average body mass index (BMI) was 17.2 £ 2.5, indicating a normal nutritional status,
which is characteristic of children who began KD in a timely manner and received specialist
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monitoring [15]. The distribution of cognitive status (normal — 20%, developmental delay —
40%, intellectual disability — 40%) demonstrates a significant proportion of patients with
neuropsychological disorders, which is typical for a pharmacoresistant pediatric epilepsy
cohort.

After 4 months of therapy, 22 out of 30 patients (73.3%) demonstrated a clinically
significant response (=50% seizure reduction or complete seizure freedom), which is
comparable to the results of large meta-analyses: >50% reduction was observed in 56-65% of
children at 3—4 months of therapy [9, 10].

With continued follow-up, the proportion of responders decreased: 13 out of 23 (56.5%)
at 6 months, 7 out of 15 (46.7%) at 12 months, and 7 out of 17 (41.2%) at 12—18 months. A
decline in efficacy over time has been described in several cohorts: from 75% at 3—6 months to
40-50% by 1 year [16]. Reasons for the decline may include reduced adherence, physiological
adaptation, and increased metabolic mass.

Statistical analysis of dynamics using the x>-test did not reveal a significant difference
between time points of efficacy (y* = 5.67, df = 3, p = 0.129), which corresponds to the trend
of gradual reduction without sharp fluctuations. A similar pattern is described in cohorts where
the response rate stabilizes after 612 months at 40-50% [18].

Among the 18 patients with a clinical response (=50%), focal epilepsy was found in 12
individuals (66.7%), whereas among the 12 non-responders only 6 (50%) had focal epilepsy.
In the generalized epilepsy group — 3 (16.7%) versus 5 (41.7%). The observed difference did
not reach statistical significance (p = 0.21), which is consistent with reports that focal epilepsy
tends to show better response to KD, but without consistent evidence [19].

The success rate of KD in focal versus generalized epilepsy usually ranges around 60%
and 40%, respectively, according to a meta-analysis of neurocognitive and clinical outcomes
[20]. Our results, showing 66.7% versus 41.7%, fall within this range and do not contradict the
global trend.

Among rare forms — encephalopathies, KD also demonstrates efficacy in 45-75% of cases
[21], which corresponds to our sample and supports the interpretation of KD’s success in the
diversity of epilepsy types.

In the group with a clinical response to the diet (=50% seizure reduction), 10 out of 18
patients (55.6%) had intellectual disability, and 8 (44.4%) had speech and psychomotor
developmental delay; among the 12 non-responders, the figures were 2 (16.7%) and 10 (83.3%),
respectively. The difference reached statistical significance (p = 0.04), indicating a more
pronounced response in children with severe cognitive dysfunction.

The obtained data confirm the presence of some correlation between the severity of
neurodevelopmental impairment and KD outcomes—both negative and positive. The efficacy
of KD in severe forms of epilepsy, including Lennox—Gastaut syndrome, has been confirmed
in several clinical series and reviews. At the same time, the severity of cognitive impairment is
not a factor reducing the response to therapy: in patients with intellectual disability and epileptic
encephalopathies, the rate of clinical response reaches 45—70% [22].

In our study, the predominance of children with intellectual disability among responders
may reflect well-organized dispensary care and high motivation of families of such children.
This is confirmed by literature sources: with appropriate support, KD outcomes remain stable
regardless of the severity of initial cognitive impairment [23].

Adverse effects of KD were noted in 11 out of 30 patients (36.7%). The largest share
consisted of gastrointestinal disorders (3 patients, 10.0%), of whom one developed severe
symptoms leading to discontinuation of therapy. General weakness was observed in 2 patients
(6.7%), with one case resulting in withdrawal from the diet. Another patient (3.3%) developed
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paresthesias and burning sensations in the legs, also leading to discontinuation. Hypoglycemia
was recorded in one child (3.3%), but without requiring cessation of KD.

Discontinuation of KD due to reasons not related to adverse effects occurred in 4 patients
(13.3%) because of difficulties in maintaining the diet, and in 5 patients (16.7%) for family
reasons. In 3 patients (10.0%), the diet was discontinued due to lack of clinical effect, while no
adverse reactions were observed. Among all patients, 19 (63.3%) experienced no adverse
effects and continued therapy.

This structure of adverse events corresponds to literature data: the frequency of GI
syndromes with KD is 10-15%, and general weakness about 5-8% [24]. Discontinuation of the
diet is mainly associated with side effects and organizational issues, rather than dietary toxicity.

Comparison of «responders» and «non-responders» revealed a statistically significant
association between the presence of side effects and discontinuation of therapy (p = 0.03),
consistent with data indicating reduced adherence when discomfort arises [25].

Among 18 patients with a clinical response >50%, 16 (88.9%) completed the KD course
fully, compared to 5 out of 12 (41.7%) in the group without a significant response (p = 0.006).
This demonstrates a clear statistical relationship between higher adherence and therapy efficacy
in our cohort.

The literature confirms the importance of adherence to KD as a key factor for sustained
response: in a large cohort, more than 70% of children with good adherence had >50% seizure
reduction, whereas among those unable to maintain the diet, the figure was no more than 35%
[26].

Difficulties in implementing KD — strict restrictions, increased time for meal preparation,
and the need for frequent biochemical monitoring — often lead to decreased adherence. This is
reflected in a meta-analysis: up to 25% of families discontinue the diet due to inconvenience,
despite initial benefit [25].

Consistent family and medical support facilitates adherence: with the involvement of a
dietitian, frequent consultations, and regular feedback, adherence levels increase to 80—90%
[27].

In our study, groups receiving higher levels of support (in a rehabilitation center setting)
showed significantly better response. This underscores the importance of a specialized team
and family support as a key component of successful dietary therapy.

Conslusion. The use of the ketogenic diet in children with pharmacoresistant epilepsy in
a specialized center demonstrated moderate but clinically significant efficacy: after 4 months
from the start of the diet, 73.3% of patients had a response of > 50%, while after one year the
positive effect persisted in 46.7%. Long-term adherence to the diet proved challenging: only
half of the patients continued KD after 12 months.

The highest efficacy was observed in focal forms of epilepsy and in patients without
pronounced cognitive impairments. High adherence to the diet directly correlated with
therapeutic effect (p = 0.006), whereas the presence of side effects was associated with lower
adherence and worse outcomes (p = 0.03).

However, efficacy may decrease in cases of poor adherence or the presence of
concomitant neurological and cognitive impairments. These factors should be taken into
account when selecting patients and planning management.
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Appendix 1. Individual clinical cases of patients receiving the ketogenic diet

Patient | Age | Diagnosis Cognitive Comorbidities | Duration | Seizure | Assessment | Side Effects | Completed Notes
Status of KD | Dynamics | Method KD
m-1 3 West severe deficit — 6 months | no effect clinical gastrointestinal No Hormone
syndrome assessment dysfunction therapy
+ EEG ineffective
-2 6 CP+ moderate pituitary 12 complete diary + — Yes Reduction of
focal developmental adenoma months | remission EEG pituitary
FRES delay adenoma
m-3 11 GLUT1 moderate — 4 months | decrease EEG — No No clinical
deficiency | developmental in EEG effect
delay discharges
-4 14 | Rolandic normal — 6 months 50% diary paresthesia No Discontinued
epilepsy reduction KD due to
regimen
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Tyiingeme

Kipicnme. ®apmakope3WCTEHTTI OIWJENCUA KoHE Oanajmapiarbl  SITHICTICHSITBIK
CUHAPOMJIAp ©3€KTi KIIMHUKAIIBIK Macene 6ot Kana oepeni. Kerorennai nuera (K1) — »orapbl
MaMJIbI )KOHE TOMEH KOMIPCYJIIbl METaOOIMKAJIBIK apajiacy, o0J1 ycTaMasap IbIH KHULIIT1H a3alTy
KOHE HEMPOKOTHUTHUBTI JKaFJaiIbl dKaKcapTy YILIiH THIMII 9JIiC pETiH/IE KapacThIPbLUIA/IbI.

Makcarbl. by 3epTreyniH MakcaTbl — OHAITY MeKeMeciHae (papMakope3ucTeHTTI
smwIericuschl 0ap 6amanapaa KJI-HbIH THIMIITITIH )KOHE KOTEPIMALUTITiH Oaranay.

Marepuangap MeH Jaicrep. IIpocnekTwBTI 00CEpBAIUSIBIK 3€pTTEY YJITTHIK
Oamamapapl OHaNTy opTanbiFbiHna (AcraHa K., Kazakcran) 2022 xputFbl KaHTapaan 2025
JKBUTFBI HAYPBI3Fa JeHiH Kyprizuiai. 3eprreyre 1 skactan 27 xacka qeiinri (Mmeanana — 8 yxac)
30 mamMeHT eHri3iiAl, oMapablH (apMaKOpPE3UCTEHTT] AMUJICTICUSCHI HEMECE SIUIICTICUSIIBIK
cuHapoMuapel pactanFraH. KJ[ kmaccukanmelk apakateiHacta  (2:1, 3:1 xome 4:1)
AHTURMHIICNTUKAIBIK Tepanusl asChHAa KOMIaHbUIabl. Tuimainik 4, 6, 12 sxone 12—18 aiinbik
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Tepanus Ke3eHIHIe ycTamayiap KHUUTITIHIH ToMeH eyl OoibiHma Oaramanasl. Kockimmma 39T
JMHAMUKAChI, KOTHUTHBTI CTaTyC >KOHE jkKaHama acepiiep eckepingi. CTaTUCTHKANIBIK Tajaay
SPSS 25 6arnapiaMachiHa OpbIHIAIIB.

Hoatu:kesep. 4 aiiIblK Tepanusiad KeHiH KITMHUKAIIBIK MaHBI3]IBI XKayal (ycTamallapIblH
>50% temMeHneyi Hemece pemuccust) 22 nanuentrte (73,3%) Oaitkanasl. 6-aiija OH TUHAMHKA
13 marmuentre (56,5%), 12-atina — 15 nauuenttiy 7-iH1e (46,7%), 12—18 aiina — 17 manueHTTIH
7-iane (41,2%) cakranabl. AWKBIH KOTHUTHBTI Oy3buibicTap K[ THIMILTITIHIH TOMEHIITIMEH
acconranusianasl (p=0,04). /lnetanblH TOJBIK KypChIH asKTay OH HOTHIKEre KOJI XKETKi3reH
nanuentrepae xuipek Oaikanasl (p=0,006). XKXanama ocepnep keOiHece jkayarn OoaMaraH
torta Tipkenni (p=0,03), ayblp acKbIHyJIap aHBIKTAIFaH KOK.

KopobiThinapl. COVID-19 undexnusace y3ak Mep3iMi ©iM-XKITiM, HHCYJIbT HEMEcCe
MHUOKap/ MHGApKTiCl AeHreline alTapibIKTail acep eTHereHiMeH, apTepUsUIbIK THIIEPTEH3US,
TEMEKi MIETy JKOHE CO3BUIMAJBl CTPECC Hallap HOTHXKEIIEpMEH OalIaHBICTBI OOl by
HOTHDKETIEp SHAOBACKYJISPIBIK CTEHTTEY/IEH OTKeH HayKacTap/a >KYpPEeK-KaHTaMbBIPIIbIK Kayim
dakToprapbiH 6acKapy/IbIH MaHbI3ABLUIBIFEIH KOPCETE/I.

Tyiiinai ce3mep: KeToreHIi AWeETa, SMHICIICUS, PE3UCTEHTTUTIK, Oanamap, OHaITy,
JTUETOTEPAITHS.

KETOI'EHHAS THETA B IEYHEHUU U PEABUJINTALIUNA
JAETEU C DIIMJIEIICUEHN

K.A. MEJIETBEKOBA ', A. TUHUAT ', C. AMAHTEJIJIIKBI3bI ',
A.C. KYJIAMBEPTEHOB ', JI.A. EPEXXEIIOB 2, A.K. FAB/IYJIKAIOM 2

"HAO «HarnmonansHbIi HEHTp IEeTCKOM peabmnuranuny, Acrtana, Kazaxcran
24y «National Laboratory Astana», Hazap6aes Yuusepcuter, Actana, Kasaxcran

AHHOTANUA

BBenenune. ®apmMakope3uCTEHTHAS SMWICNICUS U SMWJICNTHYECKUE CUHAPOMBI Y JIETei
OCTalOTCS aKTyaabHOU KIMHUYECKOU mpobnemoii. Kerorennas nuera (KJI), mpencrapustomias
co00il  BBICOKO)KMPOBOE€ M  HHM3KOYIJIEBOJHOE  META0OJMYECKOE  BMEIIATENbCTBO,
paccmarpuBaeTcsi Kak 3(QGEKTUBHBI METOJ| CHMIKEHHUS YacCTOTBHI MPUCTYIIOB U YIyUIICHHUS
HEHPOKOrHUTHUBHOI'O CTaTyca.

Heas. ILlenpio HacTOSIIETO HUCCIEAOBaHUS Obula oOLEHKAa A(PQPEKTUBHOCTH H
nepeHocumoct  KJ[ y gereit ¢ (papMakope3sMCTEHTHOM AIWICTICHEH B  YCIOBHUSIX
PeabUITUTAITMOHHOTO YUPEKACHHUS.

Matepuanbl u MeToabl. [IpocriekTiBHOE 00CEpBAIIIOHHOE UCCIIEI0OBAaHUE ITPOBEICHO B
HamnmonansHoM 1ieHTpe neTckoi peabmnuranuu (r. Acrana, KasaxcraH) B mepuoa ¢ ssHBaps
2022 roma mo mapt 2025 rona. B uccinenoanue BkitodeHsl 30 MamMeHToOB B BO3pacte oT 1 110
27 ner (MeaMaHa — 8 JIeT) C MOATBEPKIEHHON (hapMaKOpe3MCTEHTHOH smuiencueil ambo
snwienTudeckumu cuaapomamu. KJI npuMensinace B KiaccuyeckoMm cooTHomenuu 2:1, 3:1 u
4:1 Ha ¢poHe MPOTUBOINMIECTITUIECKOHN Tepanuu. ((HEeKTUBHOCTH OIICHUBATIACH IO CHHKEHUIO
4acToThl cyaopor Ha 4, 6, 12 u 12-18 mecdane Tepanuu. J[ONMOTHUTEIBHO YYUTHIBAIUCH
nuHaMuka O0I, KOTHUTUBHBIA cTaTyc M 1moOouHble 3PQexTsl. CTaTHCTUYECKUN aHaIH3
BBINIOJIHEH B SPSS 25.

Pe3yabTaThl. Uepes 4 Mecsiia Tepanuy KITMHHYECKH 3HAYUMBIH 0TBeT (>50% cHIkeHue
4acTOThl MPUCTYNOB WM pemuccus) oTMeueH y 22 maunueHtoB (73,3%). Ha 6-m mecsue
MOJIOKUTEbHAS TUHAMUKA coxpaHsachk y 13 (56,5%), Ha 12-m —y 7 u3 15 (46,7%), va 12—18
mecsiie — y 7 u3 17 (41,2%). Hanuuue BbIpakeHHBIX KOTHUTUBHBIX HapyUIeHHH ObLIO
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accoruupoBaHo ¢ MeHblne sddexruBHoCcThIO K]l (p=0,04). 3aBepuienune moaHOro Kypca
JTUETHI TOCTOBEPHO Yaliie HabI0aloch y MAIMEeHTOB ¢ MOI0XKUTENbHBIM 3 dekToM (p=0,006).
[To6ounbIe 3(pdekThl yalie BcTpeyanuch B Tpynie 06e3 orBeTa Ha Tepanuio (p=0,03), TxEnbIx
OCIIO’)KHEHUH He 3aUKCUPOBAHO.

3akiouenue. Kerorennas auera mpencrtasisieT coOoi 3¢ GeKTUBHBIN M 0e30MacHbBIN
METO/ JIeUeHUs (hapMaKOPE3UCTEHTHOM MHUIICTICUH Y JIETEH, BKII0Yasl MalUEHTOB C THKETBIMU
HEHpOpa3BUBAIONIMMH HApYIICHUSAMHU. BBICOKas MPHUBEPKEHHOCTh M MEXKIUCIUTUTHHAPHAS
MOJJIEPIKKA CIIOCOOCTBYIOT KIMHIUYECKOMY YIYUIICHUIO. J{J1s TOTBEPKASHUS JOITOCPOTHON
3¢ PeKTUBHOCTH HEOOXOIMMBI KOHTPOJIMPYEMBIEC UCCIIEIOBaHUS Ha 00JIee MUPOKUX BRIOOPKAX.

KiroueBble ¢Jji0Ba: KETOICHHAs JHUETa, OIMHICNCHS, PE3UCTEHTHOCTh, JIETH,
peabdunTaIys, JUETOTEePAITHsI.
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CO3BLIMAJIBI AYPYJIAP BOMBIHIIA OTBACBLIBIK AHAMHE3/ITH
TAPAJIYBI ’KOHE OHBIH IEMOI'PA®UAJIBIK AETEPMUHAHTTAPBI

AIIl. UBPAEBA ', 1.P. PAXPAJIMEB !, C.B. JI1 !, M.K. ATYMMUHBAEB ',
XK.b. UCTIAEBA ', O.H. IIIYMKOBA ', J1.C. MEHJIASIKOBA ',
A.T'. BAUBICBEKOBA 2, 1.T. AAXUBAEBA-KVYIIEHOBA 3, A.O. OMAPOBA *

'C.OK. Achenmusapo  areiHgarsl Kasak YaTTeik Meaumuea YHHBEPCHTETi, AJMarhl,
Kazakcran

2 «<PERSONA» Xanbikapanslk Knunukaneik Penpoaykronorus Opranbifbl, AJIMAaThI,
Kazakcran

3 Omrycrik Kazakcran Memummna Axagemuscsl, Hsivkent, Kasakcran

4 Kaparanaer Mmenmunnaa yausepeureti, Kaparanael, Kazakcran

Tyiiingeme

Kipicne. Cospuimaniel  uHpekmmsielk  emec  aypymap (CHEA)  onmemuik
CHIPKATTaHYMIBUIBIK TEH OJIIM-)KITIMHIH HETi3r1 ce0e01 OOBIN Kb OTHIP, al OTOACHUIBIK
aHaMHe3 Toyelnci3 Kayin (hakTopbl pETiHAE TaHBUIFaH, OJ TEHETUKAIBIK Ta, COHJA-aK
KOpIlIaFaH OpTa BIKMAIIAPBIH Ja OcitHeneimi. Amaiina npodriakTUKaIbIK MEIUIIMHAAA Oy
dakTop Kui eckepyci3 Kanalbl, OHbIH KaparnalbIMIBUIBIFEI MEH TOMEH KYHBIHA KapaMacTaH,
Kayin-KaTepii 0araiay Kypasibl peTiH/Ie MaHBI3bI 30D.

Makcatbl. KazakcraH epecek XanKbpl apachlHAa YITTHIK pPENPEe3eHTATHBTI 3epTTey
Herizigae 6ipkatap CUEA OolibiHIa 0T0aCchUTBIK aHAMHE31H TapalyblH Oarayiay »KoHE OHBIH
JIeMorpadusUIBIK AeTePMUHAHTTAPBIH TAIIAY.

Marepuangap MeH daicrep. 2025 KbpUILABIH COYIp—IIUIAE alJapblHAA YITTHIK
penpe3eHTaTuBTI KeJJIeHeH 3epTTey Kyprizunmi. Tanmamara >KbIHBICHI MEH JKachlHa Kapail
cTpatuduKasIaHFaH KOICAaThUIbI KIIACTEPIIiK oAicTieH TaHaainFad 18—69 xac apaibIFbIHIaFbI
6720 epecek enrizinmi. Jepekrep WHO STEPS omicreMeciMeH KHHAIIBI IKOHE
JneMorpadusUTBIK CUTIaTTaMatap/Ibl, MiHE3-KYJIBIK akTopiapbid, comaii-ak CUEA GoiibiHia
0TOAaChUIBIK aHaMHE3 Typajibl ©31HIIK ecenTi KaMThiabl. CraTUCTHKaNbIK Tanaay SPSS
OarapyiamMachiH/Ia XKYPri3Uil, JOTUCTUKAIBIK PETPECCUs KO TAHBLIIBI.

Hotuxenep. OrOacbulblK aHaMHE3 KeOiHE JKYpeK-KaHTaMblp aypyJapblHa KaTbICTHI
Tipkenai: runeptonus (43,8%) sxone muokapa uHdapkri (14,2%). Katep:i )koHe MCUXUKATIBIK
aypyiap OOWBIHIIA KOPCETKIIITep TOMEH OOJFaHBIMEH, SMUIEMMOJIOTHS YIIIH MaHBI3/IBL:
ovienepain 8%-biHAa CyT 0e31 OOBIpbl OOWMBIHINIA OTOACHUIBIK aHAMHE3 AaHBIKTAJJIbI,
cayasiHamara KaTelcKanmapablH 7,4%-biHaa — TyOepkynes, 2,4%-biHaa — mmu3ogppenus. XKac
MaHBI3/IbI JETEPMUHAHT OOJBIN MIBIKTHI: THIEPTOHUS XKoHE MH(PAPKT OOWBIHIIA OTOACHUIBIK
aHAMHE3[iH Tapalybl €rje ’Kac TONTapblHAa apTThl. bumiM JeHredi MEH MIBUTBIM IIETy
0oTOAChUIBIK aHaMHE30€H oJici3 OaiimaHbicTa OONIBI, al jkKac, JKBIHBIC JKOHE OHIPIIK
EpeKIIeIiKTep aHaFypJIbIM MaHbI3AbIpaK Oonabl. MaceneH, OHTYCTIK eHipiepae TyOepKyJie3
KU1 TIpKEJCe, aJl METaroJUCTEP/IC JKOHE €JJIIH IIBIFBICHIHA KYPEK-KaHTAMBIP aypyJaphl Kui
TipKeIIi.

KopobiThinabl. CUEA OotibiHia oT0achUIbIK aHaMHe3 Ka3zaKCTaHHBIH €peceK XaKbl
apachlHIa KEH TapajfaH >KOHE aWKbhIH JAeMOrpadUsUIbIK epeKIIeNiKTepre ue. AJBIHFaH
HOTHXKeNnep Oy (hakTop el MpodUIaKTUKAIBIK KOHE CKPUHHMHTTIK OaraapiaMainapaa xyueri
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TYPJZI€ €CKePY/IiH KOKETTUIITH KopceTei. JKeke )koHe 0TOAChUIBIK CHIPKATTAHYIITBUTBIK TYPabl
aKmapaTThl SMUAEMHUOJIOTHSIIBIK 3epTTeyiepae OipikTipy Kaylnm-KaTtepai Adiipek Oaranayra
MYMKIHIIK Oepesi, acipece KYpeK-KaHTaMbIp JKOHE METaOOJWKAIIBIK aypyiap OOMBIHINA.
Bomamakra TyBICTBIK JopeXedepiH HaKThllay >KOHE OTOACBhUIBIK aHaMHE3 JIePEeKTepiH
TEHETUKAIIBIK JKOHE opTa (paKkTOpJIappIMEH OipiKTIpy ToyeKemnai OoJpKay IONIIriH apTTHIPY
YILIiH KaXeT.

Tyitinai ce3nep: co3pUIManbl MHPEKIUSIIBIK €MeC aypyJiap, OTOAChUIBIK aHaMHE3,
AMHJIEMHOJIOT U, TPOPUIAKTHKA.

Kipicne. Co3pumansl nHQekusiiblk emec aypynap (CMEA) celpkaTTaHyIIBUIBIK TEH
OJIIM-XKITIM KYPBUIBIMBIHIA JKETEKII OpPBIHJA TYP, COHJBIKTaH OYJI >KaFaaiyiapAblH Kayimn
(axTOpIApbIH aHBIKTAY XKOFaphl ©3€KTUTIKKe ne. OTOACHIIBIK aHAMHE3 KONTETeH KEeH TapaliFaH
aypyJiapblH MaHBI3/bl TOYENCi3 Kayil (aKTOpbl PETiHAE TaHBUIFaH, OJ1 TYKbIMKYalayIIbUTbIK
XKoHE opra ocepiiepin OeitHeneiini. JlereumeH, Oy GakTop npoduIakTUKAIBIK METUIMHAIA
kui eckepinmeiini. D. Rasooly »xone aBropimap aram eTkeHJeH, OTOACBUIBIK aHAMHE3l
KUHAYJIBI «TEHOMHKA JQYIpIHIEri €H KapamaibiM >KOHE DKOHOMUKAIBIK TYPFBIIAH THIMII
Kypay» peTiHJe CO3bUIMAIIBI aypyJiapra OeHiMIUTIKTI Oarayiay yIIiH KapacTeIpyFa 6osasl [1].
[IeHBIHAA 18, COHFBI OHXKBUIABIKTApAa KOINTereH ipli KeyleMJIi 3epTreynep Oipkarap
CO3BLIMAJIBI aypyJlapAblH JaMybIH/IaFbl OTOACHIIBIK AHAMHE3/11H MaHbI3/bl POJIIH PACTalbl.

2000-xkpmapaeiH - OacbiHma-ak  CHUEA  kayin  (akToOpiapblHBIH — OTOACBUIBIK
arperanusChIHBIH ~ aJFalIKbl  Joyenaepi  anbiHAbl.  Mpelcansl, [amOusiga o KyprizuireH
NOMyJISIHUSUTBIK 3epTTeyae M. van der Sande sxone aBTopnap [2] orOachlHIa THIEPTOHUS,
UabeT, MHCYJIBT HEMECE CeMi3IiK OO0Tyhl OTOACKHI MYIIIETIEPIHAC aPTEPUSIIBIK KbICBIMHBIH, ICHE
caliMarbl MHJEKCIHIH JKOHE OHOXMMHUSJIBIK MapKepiepAiH CeHIMAI Typle KOFaphl
KOPCETKIMTEepiMEH OaiIaHbICThl eKeHIH KopceTTi. OTOAChUTBIK aHAMHE3 JKacC YJIFaliFaH CailblH
KYIIEHEeTIH CeMI3JIiIK TEH THUIepIUIUACMUSHBIH MaHbI3Ibl Kayill (aKkTopbl peTiHzae
KapacTbIpbULIbl. ¥KcCac YpAiCTep SKOHOMUKAJBIK IaMbIFaH eiep/e A€ aHbIKTalAbl. Mbicasbl,
AKII-TeiH yATTBIK 3epTTey OaranayiapblHa colikec, epecekrepiiH 44%-maH acTaMblHIA
Kypek-KanTtambIp aypynapbl (OKKA) xone/HeMece quadet OoibIHIIIA OTOACHIIBIK aHAMHE3 0ap,
KOHE MYH/1ail aHaMHe3/11H 00ybl OyJT aypyap/IbIH JKeKe JaMy KayIiH Heri3ri MeTaboIHKalIbIK
Kayin (akTopiapbIMEH CABLICTBIPYFa OOJIaThIHAAM AeHrel e apTThipaasl [1].

Kazipri xanblkapanblK 3epTTeysiep XKyHeli TypAe oOTOAachbUIBIK aHaMHE3[iH THICTI
aypyJapIblH AaMy BIKTUMAJJIBIFBIH €19ylp apTThIpaThIHBIH KepceTyne. YHIICTaHaa KapT
ajlaMzap apachlHa XYPri3uireH ipi KOropTTelk 3eprreyae M. Bramhankar sxone aBTopnap eH
JKaKbIH TYBICBIHBIH aypy OOJIybl PECIOHIEHTTIH 631 TUIEePTOHMS, AUA0eT, >XYPEKTIH
UIIEMUSUIBIK aypybl, HHCYJIBT HEMECE KaTepJIl i1CIKKe MAIbIFy BIKTUMAJIBIFBIH CEHIM/I TYPAE
apTTHIPATBIHBIH AHBIKTABI (CalbICTRIpMaNBl Kayim 1,6-2,9 ece xorapei) [3]. BAO ixac
epecektepi apacbiHna F. Mezhal sxone aBTopmap »Kypri3reH 3epTTeyAe KaTbICYIIbUIApIbIH
58%-b1 )KKA Hemece onapasiH Kayin (axTtopiapbl OoiibiHIIA OTOACKUIBIK aHaMHE3 TYypalbl
xabapiiaraH; OChl TONTA APTEPUSITBIK TUTIEPTCH3US, TUTICPTIIUKEMUS, TUCTUITHIEMUS, CEMI3ITIK
CHSKTBI HET13T1 KapAUOMETa0O0UKAIBIK OY3bUTIBICTAP IBIH Tapalybl OTOACKUIBIK aHAMHE31 KOK
ajgaMJiapra KaparaHja aiTapibIKTail sxorapsl 0oisl [4]. Bynan Gernek, Kayin GpakTopiaapbIHBIH
00JTyBI aypy TYBICTAp CaHBIHBIH apTyBIMEH OCTi, OYJI TYKBIMKYyaJayIIbUIBIK OCEPIiHIH T03aFa
TOYeJJli CHIIaThIH KepceTe .

OpTYpAl TONyJIAnusUIapAa >KOHE OpTYPJl HO30JIOTHsUIap OOMBIHIIA OTOACHIIBIK
aHaAMHE3/IiH JCEepiH TaJIIalThIH 3epPTTEYJIep epeKiine Ha3ap aynaptanbsl. H. Lee xoHe aBTOpmap
eH xui ke3neceTiH CUEA — runepronus, 1uadeT, THIepIUIuIeMus HEMECe HHCYIIbT OOMBIHIIA
0TOaChUIBIK aHaMHE3IiH 00Iybl Oyl aypyJjapAblH TapalybIMEH FaHa €MecC, COHBIMEH Karap
KYPEK-KaHTaMbIP-0yHPEeK-MeTa0OJUKAIBIK CHHIPOMHBIH JKbUIJIaM Yey KayIiHiH apTybIMEH
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ne 6aitnanbicThl ekeHiH kopceTTi [5]. D. Rasooly sxone aBropiap [6] «All of Usy 6armapiamacht
Herizige (156 MbIHHAH acTaM KaTbICYIIbI) XKYpPTri3reH 3epTTeyae KeM jereHae Oip KakblH
TYBICBIHBIH PEBMATHUKAIBIK aypyMeH (apTpHT, OCTEONOpPO3, TYHHEIbAl CHHAPOM XKoHE T.0.)
aybIpybl aJaMHBIH €31 COJ aypyAbl HeleHy KayIiH OTOAchUIBIK aHaMHe3l KOK ajaMiapra
KaparaHaa O0ec ece apTTBIPaThIHBI aHBIKTAIABL. Typil enaepae XKyprizuireH Oy jKaH-KaKThl
KYMBICTap aypyJiap/AblH 0TOACBUIBIK aHaMHE31H €CelKe aly — JACHCAYJBIKThI OOJKayFa KoHe
IIBIH ATy IHapajiapblH d3ipiieyre MYMKIHIIK OepeTiH Kayin-Karepai OarajaynblH aca
MaHBI3/IbI KypaMac 0eJiri JereH KOPhIThIHIbIFA KENTIPE/Ii.

Kazakcran PecnyOnmkaceiama ma, anemHiH kemrtereH ennepinaerineid, CUEA xambik
eJ1iMi MEH MYTeJIeKTIT1HIH KYPhUIBIMBIH/IA KETEKIII OpbIH anaabl [7]. ¥ATTHIK npoduIakTuka
JKOHE JICHCAYJIBIKTHI HBIFAUTY OaFaapiiaMaapsl JOCTYPIIl Typie MOaUu(PpUKAIMUTAHATHIH MiHE3-
KYIBIKTHIK JKOHE METa0ONMKANBIK Kayin (akTopiapblHa OaFbITTanFaH, anaiifa OTOACHUIBIK
aHaMHe3 Kayilm-KaTep/i KemeHAl OarajayablH a3 3epTTeIreH opi OaranmaHOail KypreH
KOMIIOHEHTI OOJIBIN OTHIP. ¥JITTHIK ayKbIMJIa OTOACHUIBIK aHAMHE3[IH POIIH KYHeli 3epTTey
Kazakcran nomymasiusicblHa TOH Kayill (paKTopapblH HAKThLIAYFa JKOHE aHAFYPJIbIM HbICAHAIIBI
npoHIaKTUKAIBIK IIapajapAbl d3ipiaeyre Heri3 0oia anajpl.

Ochiran opail, 3epTTeyniH MakcaThl — KaszakcTaH epecek XalKbl apachlHIa YJITTHIK
penpe3eHTaTuBTI 3epTTey HEri3iHAe OipKarap CO3bUIMANbl aypyiap OoibIHIIA OTOACHUIBIK
aHaMHEe3/I1H TapalyblH Oaranay koHE OHBIH AeMOTrpadUsIIbIK IeTEPMUHAHTTAPBIH Taay.

Marepunannap MeH daicrep.

Omukanvix acnekminep

3eprrey «buodTHKa KOHE MEIUIIMHAIBIK KYKBIK KAaybIMJIACTHIFBIHBIHY) OJTUKAJBIK
komuTeTiMeH MakygaHabl (Nel xarrama, 2024 xburrel 11 kapama). CoHpai-ak, o
ClinicalTrials.gov caiiteinga NCT06953180 memipimer Tipkenai. bapibik poaciMaep 3TUKAIBIK
HYCKayJIbIKTapFa colikec KYPri3uII. Bapabix KaThICyIIbIIApIaH aybI3IIa
aKMapaTTaHIBIPBUIFAH KENICIM allbIHABI, all KenmiciM Oepe anMaraHmap YIIiH OJI 3aHJbl
KaMKOPIIBICBIHAH aJIbIHABL. 3epTTey XeIbCUHKU JeKIapalusChiHa COKeC KYPTi3iii.

3epmmey ouzaiinsl Hcone ipikmemeci

bi3nin 3epTTey KeyIeHeH AW3alHIbl KOaaHbl skoHe 2025 kpuiablH coyipiHeH 2025
KBUIABIH MIieciHe aeiin Ka3akcTaHHBIH epeceK XaluKblHa OaFbITTalibl. Byl YITTHIK
pernpe3eHTaTuBTI cayasiHama Oomapl. EnmiH OapiblK eHIpJIEpiHEH, COHBIH IIIiHAE AJIMAaThI,
Actana xoHe LlIpiMkeHT KananapeiHan 18 6en 69 xac apanbirbiHIarsl 6720 anam epikTi Typae
TapThUIJIBI.

Ipixmey

by 3eprreyne KbIHBICH jk0HE TOpT kac ToOwl (18-29, 3044, 45-59, 60—69 xac)
OOMBIHIIA CTpaTU(UKAIMIIAHFAH KOICAThIIbl KJIACTEPIIiK 1piKTey KOJIAHBLIIbI, OapibiFbl 8
cTpara KaIbIIITaCThl. Op jKac KaTETOPHSCHI IMIIHAE epiiep MEH OWeNAepIiH OKUIIITi
KaMTaMachI3 eTuli. YIri kenemi JlyHHEKY3UTIK JeHCAYIBIK caKTay YHBIMBIHBIH Excel-Heri3i
STEPS ynri keneMiH ecenrtey Kypasibl apKbUTbl aHBIKTANIbI. KoJllaHbuTFaH mapameTpiiep:

95% cenimainik uHTEpBaANBI, Z-MOHi 1.96;

Kayin dakropnapsiabiH 60mxkanabl Tapanysl — 0.5;

Cranpaprtsl kate — 0.05;

HuzaitH-3gdext koapdurmenti — 1.5;

XKayan 6epy nenreiii — 70%.

EcenTeynepain HOTHXKECIHIEC KaXETTI YT KeseMi n = 6585 60blI.

IpikTey yun ke3eHe KYPri3uial sKoHe 9p Ke3CHJE KiacTepliey KOMIAHBUIIbL. AJIBIMEH
OacTankpl ipikTey OipJiKTepl — ayJaHaap MeH Kaanap aikeiaaanasl. by 6ipiikrep Kazakcran
PecriyOnukachiHbIH Y ATTHIK CTaTUCTUKA OOpPOCH koHEe CTpaTerusuiblK >Kocmapiay KoHE
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pedbopmanap areHTTITIHIH JepeKTepi HeTi3iHAe OapiblK JIKOHOMHKAIBIK OHIpIEpACH
MPOTMIOPLIMOHAIIIBI TYPE TaHIAIIIbI.

ExiHmn ke3eHje >KepPrulKTi XallbIKKa KbI3MET KOPCETETIH 0acTanKbl MeIUIIMHAIBIK-
canutapiblk kemek (BMCK) yiibiMmapbl ekiHIm JeHreini ipikrey OipiikTepi peTiHzae
aHpIKTanapl. Tapmay ymriH gepektep Kasakcran PecmyOnukacer [leHcaynblk — cakTay
MUHUCTPIITIHIH KYPBUIBIMABIK Oeimineci O0bIn Ta0bUIaThiH JIeHCcayblK CaKTayabl JaMBITY
pecnyOMKanbIK opTainbiFbiHaH anbiHABL. BMCK Ti3iaiMiHe KO KETKI31I11 KOHE 9p MEKEMEHIH
NAIUEHTTEep CaHbl alKbIHAANAbl. EKiHINT JgeHredni  OipiikTep MalUeHTTep CaHbIHA
IPOMOPLUMOHAIIIBI TYPAE KE3ACHCOK IpIKTEy apKbUIbI TAHJANIbI.

YuriHmi Ke3eHne ipikrey Oipiikrepi peTiHAe Yil IIapyallbUIBIKTapbl MEH JKeKe
pecnionaeHTTep KapacTteipbuiabl. Op BMCK-ra apHanFaHn yil mapyanibulbIKTapbIHBIH KBOTACHI
MbIHA (OPMYJIa apPKBUIbI €CeNTEeNIi:

Yit mapyambsuibikrapsl / BMCK = 6585 /240 =~ 28.

Hotmwxecinne keifinri ecenteynep OapbIChIHAa MYMKiH O0JIaThIH XKayan OepMeyiep MeH
KBOTAJIAp/JaH aybITKyJIapFa apHaJIFaH PE3E€PBTI €CKEPE OTBIPHII, ECEMNTIK ipikTeMe caHbl 6720
aJaM OOJIBIN aHBIKTAIBL. Y # MIapyallbUTBIKTAPBIHBIH YITICIH KT TACTBIPY YIIIH TaHIATFaH
BMCK yifbIMIapbIHbIH KaMTy alMarbIHAAFbl Y IIapyalibUIBIKTAPBIHBIH Ti31M1 JKacasibl.
3epTTeyre eHrizy YIIiH opOip MekemeieH Yii mapyambuibikTapbl Randhold.xls Kypainsr apKeiibt
ke3neiicok  TaHmanael. COHFBI  PECHOHACHTTEPAl  IpIKTEy, SFHU  TaHAANFaH  YH
HIapyambUIbIKTapbiHaH 18—69 jkac apanbIFbIHAAFEl agaMmaapabl Tanaay, Kish omici apKbuIbI
JKy3ere achlppUIAbl. by oic yii mapyambUIbIFBIHAAFEL 9JI€YETTl KaThICYIIbUIAPAbl KBIHBICHI
MEH JKachlHa Kapail cTpaTu(UKanusUIaHFaH Ke3eHCOK IpiKTey i KAMTHIIBI.

Kosapuammap

YCHIHBUTFAH KeCcTelepre Colkec, 3epTTeyleri KoBapuaTTapra >Kac, JKbIHBIC,
reorpadUsIIbIK OpHAJIACYBI (OHIP) XKOHE dTHUKAIBIK THICTIIIK KipIi.

Hepexmepoi sxcunay

3eprrey OacTanap ajibIHAA AEPEKTEP/Il )KUHAY TONTAPBI CYX0aT KYPri3y TEXHUKACHI MEH
(U3UKaTBIK/OMOXUMUSIIBIK eeMaep OoibiHIIa oKynaH ertTi. CyxOar amymbsuiap opOip yi
apyanibUIbIFbIHA 3ePTTEYAIH MaKCaThIH TYCIHIIPIM, aybi3ina KeiciM anael. Cosr KyHi OeTne-
0et cyx0aT Kypri3utin, GU3NKaIBIK )KOHEe OMOXUMHUSIIBIK OJIIIeM IS KaCaJIbI.

Jlepexmep atinvimanviiapol

3eprrey JAJACY¥-ubiH crangaprranrad STEPwise Ttocinmi [8] OoifpIHIIA >Kypri3iifi.
BipiHmi ke3eHe aJIeyMeTTIK-IeMOrpausIbIK cUnaTTaManiap OOUBIHINA IEPEKTEp KIUHAJJIbI:
Kac, KBIHBIC, ITHUKAIBIK THICTUTIK, TYPFBUIBIKTBI Kepi, O17TiM JIeHreili, 0TOAChUTBIK KaFJaiibl
JKoHe kociOl. COHBIMEH KaTap MIHE3-KYJIBIKTHIK Kayin (hakTopiapbl Typaibl aKImapaT ajabIH]IbL:
TEMEKI IIeTy XoHE aIKOTroJIb TYThIHY. EKiHIII jkoHe YIIiHII Ke3eHaepre (pu3nKabIK eImemMaep
MEH KaH YATUIePIH )KUHAY KIpi.

Cmamucmuxanvlk manoay

Kunanran Oapnwlk nepextep Oacramkbima Microsoft Excel-ne perremim, Tekcepinmui,
conan keitin Windows xyiiecine apHanran SPSS 6arnapnamaceiana (Hycka 24.0), HaKTbIpak
alTKaHAa 3epTTEYIIH KOemcaThUIbl KJACTepiiK au3aiHbiH eckeperiH Complex Samples
MOJYJiH/AE TalJaHAbl. YJTiHIH caaMakK Kod(QQHUIHUEHTTEepl TEH eMec ipIKTey BIKTHUMAJJIbIFbI
MEH jKayarl Oepy JACHTeHiH TY3€Ty YIIiH KOJIaHBUIIbI; CTPaTU(UKAIHS OHIP MEH JKac TOMTaphl
OOMBIHINA XYPri3iai, al 0acTanKel ipikTey OipmikTepi 6acTamKbl MEAUIIMHATBIK-CAHUTAPIIBIK
KOMEK YHBIMAApHl JeHTreiinae aHbIKTanael. CTaHaapTThl Kareiep koHe 95% CeHIMAUTIK
UHTEepBasIaphl Telop KaTapbIHbIH JIMHEApU3aIus 9/1iCi apKbIIbI €CETITEN/I.

Y3aikci3 adHBIMaNbLIap OpTalla MOH + CTaHAAPTTHl AybITKY peTiHae Oepuii, ai
KaTerOpusUIBIK aifHbIMambUIap 95% CeHIMILTIK MHTEpBaIbl 0ap Maibi3nap TYpiHAe KOpCeTiai.
Exi Tom apacbiHaFel opTaiia MOHAEP CalbICThIPY YITiH CThIOICHTTIH t-T€CT1 KOJIIaHBLUIIHI,
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an OipHele TONTHI calbICTRIpy yuIiH Oipdakropiasl ANOVA konmanbuinbl. KaTeropusibik
yJiectipyneperi aiblpMamblibiKTap [IMpCOHHBIH ¥* (XH-KBaapaT) KpUTEpHiliMEH OaranaHbl.
p<0,05 MOHI CTaTUCTUKAJIBIK TYPFBIAH MOH/I JCT €CETTEI/I].

Hoatu:kenep. Cyt 6e3i oObIpbl OoOibIHIIIA 0TOACKUIBIK aHamMHe3 8,0% KaThIcylIbUIapaa
anbIKTanAb! (95% Cl: 7,1-9,0). XKuinik xac yiaratobiMeH apTThl: 18—24 sxactarsl Tonta 4,4%
(95% CI: 2,8-6,6) 6oiica, 55 xacran ackanmap apaceiaaa 10,0% (95% CI: 8,0-12,3) xerTi.
byn eciMm cratucTUKaNbIK TYPFBIIAH MoHI1 00masl (}*=13,4; p<0,001).

l'unepronust OoiibIHIIA OTOACKUIBIK aHAMHE3 OAPJIBIK 3ePTTEIreH HO30JI0THsAIap iIIiHIe
eH KeH TapajraHbl 0ojbin MWBIKTE — 43,8% (95% CI: 42,6-45,0). AlikbIH kac rpaIueHTi
Oaiikanmapl: 18—24 >xacTarbl Kac epeceKTep apachlHIa TUIEPTOHMSAFa OTOACHUIBIK aHAMHE3
32,3% (95% CI: 29,3-35,3) Gouca, 55 xactan ackangapaa o6y kepcerkim 50,8%-fa xeTTi
(95% CI: 48,2-53,5). Ocpburaiiiia, 5kacThlH YJIFAIOBIMEH THIIEPTOHUS OOWBIHIIA OTOACHUIBIK
aHaMHe3l 0ap amaMJapnblH YJiecl TYpakThl TYpAe apTanbl. ['eHAepiik Tayumay ouenmepiae
0TOaChUIBIK aHAMHE3/IIH JKHUUIIT1 epiepre KaparaHjaa orapbl eKeHiH kepcerTi (45,3% xoHe
42,2% cotikecinmie, p<0,01).

HIuzodpenus GolibiHIIa 0TOACKUIBIK aHaMHe3 2,4% pecroHAeHTTepAe aHBIKTAIIbI (95%
CI: 2,0-2,8). ComatukanblK aypyiapJaH albIpMaIlbUIBIFBI, €H JKOFapbl KOPCETKIIITEP Kac
tonta Tipkenai: 18-24 kacta mm3oppeHusFra TYKbIMKyalaylIIbUIbIK OeHimMaiiiri GapiaapabH
yneci 3,3% (95% CI: 2,1-4,4), an 55+ Tonta — HeOopi 1,8% (95% CI: 1,1-2,5). Ocrpinaiimia,
Kac YIIFaifraH callblH MmH30(peHus OOMBIHIIA OTOACBUIBIK aHAMHE3[IH Tapalybl a3jaarl
TeOMEeH eIl Oenaepae oT0achUIBIK aHAMHE3IIH JKHUUTIrT ¢om xoFapsl (2,8%; 95% CI: 2,2—
3,3), epaepae — 2,1% (95% CI: 1,6-2,5), anaiina OyJ1 ailbIpMaImIbUIbIK CTATUCTUKAIBIK MOHTE
KETKEH HKOK.

Baysip 1uppo3sl OoifbIHIIA OTOACKUIBIK aHAMHE3 3epTTeyre KaThICylIbUIapabH 6,6%-
piHJ1a Tipkenai (95% CI: 6,0-7,2). 18-24 xacta 6y kepcetkim 4,9% (95% CI: 3,6-6,3) Gouca,
55 »xactan ackaHmap apaceiHaa 8,1%-ra xerti (95% CI: 6,7-9,4). XKanmbel anranga xac
YIFalifaH CallblH TapallyblHBIH ©Cy Ypaici OalWKammbl, OipaKk KypT e3repictep OOJIFaH KOK.
KBI3BIKTHI €peKIIeNik — OpTa dKaCTaFbl TONTA AWKBIH TeHIEPIIK ailbIpMAIIbUTBIK OalKamabl: 45—
54 sxactarbl difienaep apachiHa O6ayblp HUPPO3bI OOMBIHINIA 0TOACKUIBIK aHaMHE3 9,2% (95%
CI: 7,0~11,3) Gomnca, coxn xxactarbl epiepae HeOapi 3,6% (95% CI: 2,2-5,0), srau oitenaepae
mamameH 2,5 ece xorapsl 0011bl. backa jkac TonTapbiHia alKbIH KBIHBICTHIK aBIPMAIITBLIBIK
AHBIKTAIMA]IBI.

Muoxkapa wHbpapKTi OOWBIHIIA OTOACBUIBIK aHAMHE3 pecrnoHACHTTepAiH 14,2%-bIHIa
anbIKTane! (95% CI: 13,3—15,1). Ex Tomenri kepcertkim 18—24 xacrta Tipkenai — 10,0% (95%
CI: 8,0-12,0), an eH »xoFaprbIchl 55+ kacrarbuiap apacbiHaa — 16,3% (95% CI: 14,3-18,3).
Mpuokapa uHpapkTi 60iibIHIIIa 0TOACKUTBIK aHAMHE3/11H Tapajlybl )KaCThIH YJIFalObIMEH TYPAKTHI
O6CIM KOpCeTTi, THIEPTOHUsSFa YKcac, Oipak ociM KapKbIHBI 0OoceHipeK. JKBIHBICTBIK
allBIpMaIIbUIBIKTap apajiblK cunaTTa OoJbl: diernnepae kuiiik con xorapsl (15,0%; 95% CI:
13,7-16,3), epnepae — 13,5% (95% CI: 12,3—14,7). by alipipMalibUIbIK CTATUCTUKATIBIK MOH/I1
JeHrelre TeK KakpHIanbl (x*=5,6; p=0,06), ssFHU CeHIMAI TYpAE pacTaaMaibl, JereHMeH
ovienepae Muokapa WHGApKTI OOWBIHIIA OTOACBUIBIK aHAMHE3MIH >KOFapbl OOJybIHA
OeliMIUIIK OalKaJIIbL.

ATONUSIIBIK IepMaTUTKE 0TOAChUTBIK aHaMHe3 7,3% pecnionenTTe aubIKTan bl (95% Cl:
6,6—-8,0). EH xoraprbl MoHIEp OpTa kacTa Oaiikanabl: 35—44 sxac ToObIHIa yieci 8,7% Kypasl
(95% CI: 7,2-10,2), 6y peTTe OCHI >KacTarbl difenep apacbiHaa kepcerkim 11,1%-ra xeTTi
(95% CI: 8,9—-13,4). XKanms! anrana, siiennep/ie aTONUsIIBIK JepMaTUTKE OTOACHIIBIK aHAMHE3
YKOFapbl 00JIIbL: OapibIK CypaiFaH sienaepAis iminae kepcerkim 8,2% kypaast (95% ClI: 7,3—
9,1), an epnep apacbiHna — 6,4% (95% CI: 5,6-7,2). Byn ailblpMallIbUIbIK CTaTUCTUKAJIBIK
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TYpFbIIaH MoHAI Oonael (¥*=19,1; p<0,001). Oceunaiimna, aTOMHSUIBIK JAEPMATUT YIIiH
oltennepe, acipece epecek xKacta, 0TOACHUTBIK AHAMHE3/I1H KOFaphI JICHI i1 TOH.

TyGepkyne3 OoifbiHIIa 0TOACKUIBIK aHaMHE3 7,4% KaTbicymblna aHbIKTanas! (95% CI:
6,7-8,1). EH *oFaphI yJiec eH xxac pecrioHieHTTep — 1 8—24 xac apanbirbiaaa 6ankanasl — 7,2%
(95% CI: 5,5-8,9). backa »xac TonTapbeiHIa Kepcerkimrep 6—8,6% apanblFbiHIa OOJAbI,
XKAacThIH ©Cyl HeMece KeMyiHe aWKbIH MOHOTOHIBI Yypaicci3. backa aypynapnan
albIPMAIIBUTBIFBI, TYOEpKysie3 OOWBIHIIA KBIHBICTHIK AaWBIPMAIIBUIBIKTAD 1C  KY31HIE
Oaifkanmasel: 0TOACKUTBIK aHaMmHe3 epraepae (7,3%) sxone ovienaepae (7,5%) Oipueit xKuimikTe
tipkenmi. JKannel anranga, TyOepKyJie3 OOWbIHIIIA 0TOACKUIBIK aHAMHE3IIH Tapadybl OapiIbIK
’Kac KaTeropusIapbIHIa CATBbICTBIPMAIIBI TYP/IE TYPAKTHI IEHT eI KaJIbl.

AJBIHFaH JiepeKTep KapacThIPhUIFaH HO30JOTUSIApAbIH 1IIIHJE €H JKOFaphl 0TOACBLIBIK
aHaMHE3 AapTepUsUIBIK TUIEPTEH3US XOHE MMOKapl HHGapKTi OOWBIHINA, SFHU KYpEK-
KaHTaMBIp KYHMECIHIH aypyjapblHa TOH €KEHIH KepceTeli. ©OpOip eKiHmi—O0eciHIi
PECTIOH/IEHTTIH OCHI MaToJorHsuIapFa OTOAchUIBIK Oeiimainiri 6ap, 6yn CCA-HBIH (Kypek-
KaHTaMBbIp aypyiapbl) oTOACBUIBIK TOyeKeNn (aKTOpJIapbl KYPBHUIBIMBIHIAFBI JKETEKI POiH
kepceteni. Kepicinme, cyT 6e31 00bIpbl, OaybIp MUPPO3bI, ATOMUAIIBIK AEPMATUT, TYOCpKyJIie3
JKOHE U300 PEHUS CUSAKTHI aypyJiap 0TOACHIIBIK aHAMHE3IE dJIJIeKaia cupek ke3aecTi (0ipii-
KapbpIM HEMece OHJaraH TMaibi3). JlereHMeH onap YIIIH J€ aWKblH Kac-KBIHBICTHIK
albIPMAIIBUTBIKTAD AHBIKTAJbI: MBICAJTIBI, ATOMUSJIBIK JEPMATHUTKE OCHIMIIIIK >KBIHBICKA
Kapail e3repce, ain mu3oppeHust O0MbIHIIA 0TOACBUTBIK aHAMHE3 KHIpEK xKacTapa OalKaibl.
byn Hotwkenep mnpodriiakTUKaNBIK OarmapiaManapibl  d3ipiieyAe KoHE aHBIKTaJFaH
STIUIEMUOJIOTHSITBIK 3aHIBUTBIKTAP/IBIH HET131H 1€ KATKaH MEXaHU3MIEP/i opi Kapail 3epTTey/ie
0TOACBUTBIK aHaMHE3MIH JeMorpadusuiblK OCHiHIH eCKepyAiH KaKETTUIITH aWKbIHIaiIbl
(Kecre 1).

Kecrte 1. Ka3akcTanmarbl epecek XallblK apachlHAa OpTYPii HO30JOrUsuiap OOWBIHIIA
0TOACBUIBIK JKYKTEMENUTIKTIH Tapanysl (n = 6720), % (95% CI)

Epaep 9iiesnep BapJabirsl
IMapaverpaep Kac (n=3365) (n=3355) (n=6700)
TOOBI Oprama Oprama Oprama
(95% CI) (95% CI) (95% CI)
Ciz wxone Ciznin 18-24 4.4 (2.8-6.6)
KaHjaac 25-34 6.0 (4.5-7.9)
TYbICTAPBIHBI3 cyT 35-44 7.9 (6.1-10.0)
0e3i KartepJi icirimen 45-54 10.7 (8.5-13.2)
ChIPRATTaHABIHBI3AAP 55+ 10.0 (8.0-12.3)
ma? Bapiibirs! 8.0 (7.1-9.0)
v’(2)=13,4,p <0,001
Ciz wxone Ciznin 1824 31.8 32.8 323
KaH/Jac (27.6-36.1) (28.5-37.1) (29.3-35.3)
TYBICTAPBIHbI3 2534 40.4 38.8 39.7
apTepUAIBbIK (37.2-43.6) (35.3-42.3) (37.3-42.0)
runepTeH3usiMeH 42.4 47.0 44.7
coipkartamgbmbnmap | O | (300.459) | (434.506) | (422-47.2)
ma? 45-54 46.7 50.6 48.7
(42.7-50.7) (46.8-54.4) (46.0-51.5)
554 48.0 532 50.8
(44.1-51.9) (49.6-56.8) (48.2-53.5)
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Bapbes: 42.2 453 43.8
(40.643.9) (43.747.0) (42.645.0)
¥(2)=4,67,p <0,01.
Cis xome Cisnin 18-24 2.8(1.343) 3.7 (2.0-5.5) 33(2.144)
KaHgac 25-34 241434 3.7(24-5.1) 3.0 (2.2-3.8)
TYbICTAPBIHbI3 35-44 1.9 (1.0-2.9) 2.4 (1.33.5) 2.2(1.4-2.9)
mu3oppeHussMen 45-54 1.7 (0.6-2.7) 24 (1.2-3.6) 2.1(1.3-2.8)
ChIPKATTaHAbIHbI3AP 55+ 1.6 (0.6-2.6) 1.9 (0.9-2.9) 1.8 (1.1-2.5)
ma? Bbapabirbt 2.1 (1.6-2.5) 2.8(2.2-3.3) 2.4 (2.0-2.8)
Cis xome Cismin 18-24 43 (2.5-6.1) 5.53.6-74) 4.9 (3.6-6.3)
KaHaac 25-34 5.6 (4.1-7.1) 7.3 (5.4-9.2) 6.4 (5.2-7.5)
TYBICTAPBIHBI3 GaybIP 35-44 5.4 (3.8-7.0) 7.5 (5.79.3) 6.4 (5.2-7.6)
LHHPPO3BIMEH 45-54 3.6 (2.2-5.0) 9.2 (7.0-11.3) 6.5 (5.1-7.9)
ChIPKATTAHbIHBI31AP 55+ 8.3(6.2-10.4) | 8.0(6.1-10.0) 8.1 (6.7-9.4)
ma? bapaerer | 5.5 (4.7-6.2) 7.6 (6.8-8.5) 6.6 (6.0-7.2)
¥(2)=18,6, p <0,001.
Ciz xome Cismin 18-24 8.8(6.2-11.4) | 11.2(8.3-14.2) | 10.0 (8.0-12.0)
KaHJac 13.2 12.0
TYBICTAPBIHbBI3 25-34 11.0(8.9-13.1) (10.7-15.7) (10.4-13.6)
MHOKAap/ 35.44 14.9 15.7 15.3
HH(pAPKTHIMEH 12.4-17.3) (13.1-18.3) (13.4-17.2)
ChIPKATTAaHABIHBI3AAPD 45-54 15.6 17.8 16.7
ma? (12.6-18.6) (14.9-20.6) (14.5-18.8)
554 16.7 15.9 16.3
(13.8-19.6) (13.3-18.6) (14.3-18.3)
Bapbies: 13.5 15.0 14.2
(12.3-14.7) (13.7-16.3) (13.3-15.1)
¥(2) =5,6, p <0,06.
Cis xome Cisnin 18-24 6.7 (4.4-9.0) 6.6 (4.3-8.9) 6.6 (5.0-8.3)
KaHgac 25-34 6.0 (4.4-7.6) 8.6 (6.6-10.6) 7.2 (5.9-8.5)
TYBICTAPBIHBI3 35-44 0.4 (4.6-8.2) | 11.1(8.9-13.4) | 8.7(7.2-10.2)
aTONMHUSIBIK 45-54 6.1 (4.2-8.0) 8.0 (6.0-10.0) 7.1 (5.7-8.6)
AepMATHTIEH 55+ 7.0 (4.9-9.1) 5.8 (4.0-7.6) 6.4 (5.0-7.8)
CoPTTAIEIEDA | Baprern | 6.4(5.6-72) | 82(7.3-9.1) | 7.3(6.6-8.0)
¥(2)=19,1, p <0,001
Cis xome Cisnin 18-24 7.3 (5.0-9.6) 7.0 (4.7-9.2) 7.2 (5.5-8.9)
KaHgac 25-34 6.3 (4.7-7.9) 6.3 (4.5-8.1) 6.3 (5.0-7.5)
TYBICTAPbIHBI3 35-44 7.3 (5.59.1) 8.1(6.2-9.9) 7.7 (6.3-9.0)
TyOepKy ie3den 45-54 9.1 (6.7-11.5) 5.7 (4.0-7.4) 7.3 (5.9-8.7)
ChIPKATTaHABIHbI3AP 55+ 6.7 (4.7-8.8) | 10.1(7.9-12.2) | 8.6 (7.2-10.0)
ma? Bbapabirbt 7.3 (6.4-8.2) 7.5 (6.6-8.4) 7.4 (6.7-8.1)
¥’(2)=4,5,p<0,1
Kendaxkropnbl Tangay KepceTkeHaei, cyr ©0e3i oObIppl OOHBIHIIA OTOACHUIBIK
aHaMHEe31iH O0ITyBI BIKTUMAJIIBIFBI xKac yIFaiFaH CalbIH apTThIL.

18—24 >xactarbl olieniepMeH calblcThIprania, 45—54 xacrarel Tonta (OR=2.3; 95% CI: 1.3—
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3.9; p=0.003) xone 55+ xac toobiHAa (OR=1.9; 95% CI: 1.1-3.2; p=0.018) pIKTUMAaIIBIK
alTapIBIKTaM JKOFAPHI OOJIIBI.

DTHHUKAJIBIK TONTAp apachlHIa TEK Ka3aKTapja «0acka» TOOBIHA KaparaHjaa CyT Oe3i
OOBIpbI OOWBIHINA OTOACHUIBIK aHAMHE3 BIKTUMAJIBIFBI CTATUCTHKAIBIK TYPFBIIaH TOMEH
60161 (OR=0.5; 95% CI: 0.3-0.9; p=0.020).

Binim neHrelii, oTOACHIIBIK JKaFIaid KOHE IIBUIBIM IIIETy alTapibIKTail accolruaiusiap
KOPCETKCH JKOK.

OHipiep OOWBIHIIA aWBIPMAIIBUIBIKTAP OaiKanasl: ATbIpay OOJBICHIHAH IIBIKKAH
otenaepne (OR=0.3; 95% CI: 0.1-1.0; p=0.045) xone Typkictan obnbiceinga (OR=0.3; 95%
CIL: 0.1-0.7; p=0.007) cyT 6e31 0ObIpbI OoibIHIIA OTOACHUIBIK aHAMHE3[l Xabapiay CHpeK
Oonael, am Oacka 6HIpJiep YIIH CTAaTUCTUKAIBIK TYPFBIAH MOHJI aWBIPMaIIbUIBIKTAP
aHbIKTaFaH )oK (Kecre 2).

Kecre 2. CyT 6€3i Karepii iciriHiH 0T0achUIBIK TapUXBbIMEH OaliIaHbICThI (haKTOPIApAbIH
KoI(aKkTOpJIbI TAIIAYbI

ITapametpJep | Tyzeriaren OR | 95% CI | p-value
Kac To6b1
18-24 1.0 — —
25-34 1.3 0.7-2.3 0.391
35-44 1.7 1.0-2.9 0.066
45-54 2.3 1.3-3.9 0.003
55+ 1.9 1.1-3.2 0.018
ITHOCHI
Kaszak 0.5 0.3-0.9 0.020
Opbic 1.1 0.6-1.9 0.805
O30¢ek 1.1 0.4-2.8 0.816
Ykpaun 1.0 0.3-2.8 0.926
YUiFeIp 1.2 0.2-6.0 0.842
Tarap 1.1 0.4-2.8 0.816
backa 1.0 — —
bixim nenreiii
MekTen 6171iMi JKOK 2.6 0.3-19.9 0.364
Bbacrayspimi (4 cbIHbI) — — —
Oprta (9 chIHBI) 1.8 0.4-8.3 0.466
Opra (11 cprabIm) 2.4 0.6-10.4 0.232
Korapsr 2.1 0.5-9.1 0.299
Marwuctparypa/actiupantypa/ 10 o o
JIOKTOPaHTypa )
OT0aCBLIBIK Karnaibl
YiineHren/TypMeicTa 1.0 — —
Bolinak/TypMbIC KypMaraH 0.9 0.6-1.1 0.299
TypFBLIBIKTBI Kepi
AcTaHa Kanacsl 1.1 0.5-2.3 0.786
AJIMaThI Kajackl 0.8 0.4-1.6 0.480
AxMO1a 00JIBICEHI 1,0 0,5-2,1 0.937
AxTo0€e 00JIBICHI 0,.5 0,2-1,1 0.098
AnMaTs! 00JIBICH 1,2 0,6-2,3 0.594
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ATbIpay 00JIBICHI 0,3 0,1-1,0 0.045
barpic KazakcTan 00JIBICH 1,0 0.4-2,1 0.919
2KaMOBLI 00JIBICE 0,8 0.4-1,7 0.604
Kaparanpr 00JIBICHI 1,0 0.5-2,1 0.937
KocTanaii 00/1bICHI 0,5 0.2-1,1 0.073
Kp3pumopia 0016ICH! 0,8 0.3-1,6 0.472
MaHnrbicTay 00JIBICHI 0,6 0.1-1,4 0.236
Typkictan 00bICHI 0,3 0.1-0,7 0.007
[TaBriogap 006JIBICH 0,5 0.2-1,4 0.236
Conrycrik KazakcTan 00JIbICHI 0,5 02-14 0.101
[Isreic KazakcTan 00IBICH 1,4 0.7-2,7 0.305
HIsIMKEHT KajIachl 1,0 — —
HIbLTBIM IIEry CTATYChI

[Ipu1pIM TTIETETIHCD 1,0 — —
IpuThIM IIEKIISHTIHIED 1,1 0.7-1.7 0.698

KerndakTopyibl TOTUCTUKATBIK pErpeccHsiia apTepUsUIbIK TUIEPTOHHS BIKTUMAJIBIFBI
JKBIHBICKA, JKacKa, OTOACBUIBIK >KaFjaiifa, OUTIM JACHTEHiHEe, TYPFBUIBIKTBHI aiiMaKKa >XoHE
IIBUTBIM IIETYTe alTapibIKTail OaillaHBICTBI €KeHI KOPCETI .

Ep amampapapIH runepTOHUSFA MAIABIFY BIKTUMAIIBIFBI OHEIIEPMEH CaJbICThIPFaHIa
15%-ra Tomen Oonmer (OR=0,85; 95% CI: 0,77-0,95; p=0,003). Pedepentrik kareropus
perinme 18-24 xac TOOB maiiganaHpuIAbl. OHBIMEH CalBICTBIpFaHAA THIEPTOHUS
BIKTUMAJIIBIFBI OipTiHAeT apTThl: 25—34 )xacta— 1,37 ece (p=0,001), 35—44 xacta — 1,72 ece
(p<0,001), 4554 xacta — 2,06 ece (p<0,001), 55 >xacra xoHe onaH ynkenaepae — 2,30 ece
(p<0,001). JKacka OainmaHBICTBI KYTUIETIH TpajMeHT OalKaiibl: apTepUSUIBIK THUIEPTOHHUS
KayTli JKac YJIFaiiFaH CalibIH alTapiIbIKTall apTajbl.

DTHUKAJBIK TONTAp apackiHja «backanapy caHaTHIMEH CANTBICTBIPFAHAA CTATUCTUKAIIBIK
TYPFBIIAaH MOHJ1 aWbIpMAIBLIBIK aHBIKTaIManbl (Oapibik p>0,05). Pedepentrik TommeH
(MarucTparypa/aciupaHTypa/AIOKTOpAaHTypa) CaJIbICTBIpFaHAa TEeK Oip caHaT KaHa MOHII
HOTHIKE KOPCETTI: TONBIK opTa Oimimi 6ap Tyiranap (11 ChIHBINT) TUTIEPTOHUSHBIH TOMEHJICY
kaymine ue 6osael (OR=0,75; 95% CI: 0,63-0,89; p=0,001). Kanran 6iniM geHreinepi ceHiMai
acep KOPCETKEH XKOK.

YiineHOereH/TypMbICKa IIBIKIIAFAHIAPABIH THIIEPTOHUSAFA MIANABIFY BIKTUMAJIBIFBI
YilIeHreH/TYpMBbICKa MIBIKKaH1apMeH canbicThipranaa 20%-ra sxorapel 60161 (OR=1,20; 95%
CI: 1,07-1,36; p=0,003).

En xorapel kayim Actana typreiHaapeiHaa (OR=1,61; p=0,001) >xone IIbFpic
Kazakcran obmneiceiana (OR=1,55; p=0,002) Oaiikangel. Kepicinine, adTapiblKTail ToMeH
pIKTUMAIABIK AKkTe0e (OR=0,33; p<0,001), Anmmatst (OR=0,28; p<0,001), Ateipay (OR=0,33;
p<0,001), Manrsictay (OR=0,33; p<0,001), Kezpuiopna (OR=0,69; p=0,012), Typkictan
(OR=0,68; p=0,003) xone barvic Kazakcran (OR=0,69; p=0,031) oGasicTapbiHAa TipKedi.
Kanran eHipnepne IlIBIMKEHTIIEH CalbICTHIpFaHAa CTAaTHCTUKAIBIK TYPFBIIAH MOH/II
albIPMAaIIbUTBIK OaliKaaMabl.

HIppIM - IIETYOIUIEPAiH THIEPTOHUSFAa MIANABIFY Kaymi IIbUIBIM HIEKNEHTiHIepMEH
canbIcTiprana 19%-ra sxorapsl 6omasl (OR=1,19; 95% CI: 1,04-1,37; p=0,011) (Kecre 3).
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Kecre 3. Aprepuannpl THNEPTCH3USHBIH OTOACBUIBIK TapUXbIMEH OalIaHBICTHI
daxTopiapApIH Ken(aKTopsl TaIaaybl

IMapameTpJiep | Tysertinren OR | 95% CI | p-value
KbIHBICHI
Ep 0.9 0.8-0.9 0.003
Oiien 1.0 — —
7Kac To0bI
18-24 1.0 — —
25-34 1.37 1.13-1.65 0.001
35-44 1.72 1.42-2.09 <0.001
45-54 2.06 1.69-2.51 <0.001
55+ 2.30 1.89-2.79 <0.001
ITHOCHI
Kazak 0.9 0.7-1.1 0.383
Opsic 1.1 0.8-1.4 0.675
O30¢ek 1.2 0.8-1.7 0.390
Ykpaun 1.4 0.9-2.2 0.172
YUFBIp 0.9 0.4-1.8 0.716
Tatap 1.1 0.7-1.8 0.603
backa 1.0 — —
binxim nenreiii
Mekren O1TiMi 5KOK 0.7 04-1.2 0.223
Bbacraysbii (4 chIHBIT) 1.0 0.3-3.4 0.941
Oprta (9 ceiHbI) 0.8 0.6-1.1 0.116
Oprta (11 cpHbIN) 0.7 0.6-0.9 0.001
Korapsr 0.9 0.8-1.1 0.461
Marwuctparypa/acniupanTtypa/ 1.0 o o
OKTOpaHTypa
OT0aCBLIBIK KAaFTalbI
Y lJIeHTeH/TypMBICTa 1.2 1.1-1.4 0.003
Boiinak/TypMbic KypMaraH 1.0 — —
TypFBUIBIKTHI Kepi
AcTtaHna Kanacsl 1.6 1.2-2.1 0.001
AnMaThI Kajaacel 0.9 0.7-1.1 0.353
AKMOJ1a 00JIBICHI 1.3 1.0-1.7 0.096
AxTe0e 00JIBICH 0.3 0.2-0.5 <0.001
AJMAaTBI 00IBICKI 0.3 0.2-0.4 <0.001
ATbIpay 00JIBICHI 0.3 0.2-0.5 <0.001
batpic KazakcTan 00JIBICH 0.7 0.5-1.0 0.031
2KaMOBLI 00JIBICE 0.9 0.7-1.2 0.384
Kaparaupr 00JIBICHI 0.9 0.7-1.2 0.474
KocTanaii 001bICH 1.0 0.7-1.3 0.779
Kp13p110p/12 00JIBICHI 0.7 0.5-0.9 0.012
MaHnrbicTay 00JIBICHI 0.5 0.3-0.6 <0.001
TypkicTan 00JBICHI 0.7 0.5-0.9 0.003
[TaBriogap 006JIBICH 1.1 0.8-1.5 0.454
ConTtycrik Kazakcran 06JbICHI 1.2 0.9-1.7 0.217
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Iereic KazakcTan 00JIbICH 1.6 1.2-2.0 0.002
[IIbIMKEHT Kajachl 1.0 — —
HIbLIBIM 1IEry CTATYCHI
[Ipu1pIM TIETETIHCD 1.2 1.0-1.4 0.011
[IpuTBIM IIEKIIEHTIHIED 1.0 — —

Kendakropner Tangay OapbichiHAa mm3o(peHus OOWBIHINIA OTOACHUTBIK aHAMHE3IIH
0oJTybIMEH OalIaHBICTHI OipHEeIIe (HAKTOpP aHBIKTAJIBI.

JKbrHpIc OOWBIHINIA CTATHUCTUKAIBIK TYPFBIIA MOHII allbIpMAIIBUIBIKTAp TAOBLIFAH KOK:
epiepae mm3oppeHust OOMBIHIIIA 0TOACHUIBIK aHAMHE3 OOJIYBIHBIH BIKTUMAJIJBIFBI deniepre
kKaparanga temeH Oonmgel (OR=0,7; 95% CI: 0,5-1,0; p=0,075), anaiina ailbIpManIbLTBIK
MaHBI3IBLIBIK JICHICHiHE )KETKEH JKOK.

XKac TomTapblH Tangay HOTIIKECIHAE Kac YIIFaiiFaH CailblH OTOACBHUIBIK aHAMHE3IiH
00JTyBI KayTi TOMEHACUTIHI OaliKaabl. 55 jkacTa KoHEe OfaH KOFaphl TONTA BIKTUMAIIBIK 18—
24 >xac apalbIFBIHJIAFBl KacTapFa KaparaHJa CTaTUCTUKAJIBIK TYPFbIa MOHJI TYpJE TOMEH
6onabr (OR=0,5; 95% CI: 0,3-0,9; p=0,026). backa xac kaTeropusiaapbiHaa Ja TOMEHACY
OaifKanbl, OipaK albIPMAIIBLUTBIKTAP CTATHCTUKAIIBIK MaHBI3IBUIBIKKA XKETTICII.

OTHHUKAJIBIK THICTUTIK Oenrim Oip ocep KOpCeTTi: Kazak WITHIHBIH OKUIJAepiHJe
m30(peHnss OOWbIHINA O0TOACHUIBIK aHAMHE3 BIKTUMABIFBI Oackanapra KaparaHia TOMEH
o6onger  (OR=0,5; 95% CI. 0,3-0,9; p=0,020). backa STHHKaJIBIK TONTAapJAa MOH/II
allBIPMAIIBUTBIKTAP aHBIKTAIFaH JKOK.

binim aeHreiii OOWBIHITIA OpTa JKOHE JKOFaphl O11iM1 O0ap agamaap apachlHa TOYEKEIIiH
JKOFapblIay ypaici 6aikanasl (MbIcaibl, TONBIK opTa Outim ymin OR=1,6; 95% CI: 0,9-2,9;
p=0,079), anaiiga Oyj1 allbIpManIbUIBIKTAp CTATUCTUKAIBIK MAHBI3IBUIBIKKA KETKEH YKOK.

OT6achUTBIK KaFraaiabIH bIKMaIel MOHA1 60mMael (OR=1,0; 95% CI: 0,7-1,5; p=0,942).

TypFBUTBIKTEI >Kepi OOWBIHIIA aWTapJIBIKTal aWbIpMAaIIbUIBIKTap OaiiKanael: AkTeOe
o6msicel (OR=0,2; 95% CI: 0,1-0,7; p=0,015), ATteipay obmsice (OR=0,4; 95% CI: 0,2-1,0;
p=0,046) xone Typkicran o6asicel (OR=0,4; 95% CI: 0,2-0,9; p=0,038) TyprbIHIapbIHAA
HIpiMkenTHEH (pedepeHTTiK TOI) calbICThIpFaHAa MmHu30(ppeHus OoWbIHIIA OTOACHUIBIK
aHaMHE3 BIKTUMAJIIBIFEI e0yip ToMeH 0omapl. IlIbuieiv mmery ¢akTopsl 1a MoHAI OOIMAIBI
(OR=0,9; 95% CI: 0,6-1,4; p=0,660) (Kecre 4).

Kectre 4. IIu3odpeHusHbIH O0TOACBUIBIK TapUXBbIMEH OalIaHbBICTBI (haKTOPIAPAbIH
KoI(aKTOPJIbI TAIIAYBI

ITapametpJep | Tyseriaren OR | 95% CI | p-value
KbIHBICHI
Ep 0.7 0.5-1.0 0.075
oKen 1.0 — —
7Kac ToobI
18-24 1.0 — —
25-34 1.0 0.6-1.6 0.865
35-44 0.7 0.4-1.2 0.187
45-54 0.6 0.3-1.1 0.106
55+ 0.5 0.3-0.9 0.026
ITHOCHI
Kazaxk 0.5 0.3-0.9 0.020
Opsic 1.1 0.5-2.2 0.998
O30¢ek 1.5 0.5-4.4 0.440
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Yxpaun 0.9 0.2-4.2 0.849
YUFBIp 2.3 0.4-12.2 0.345
Tarap 2.3 0.8-6.8 0.146
backa 1.0 — —
binxim nenreiii
MexTer O1TiMi JKOK 0.8 0.1-6.0 0.811
Bbacraysbii (4 chIHBIT) — — —
Oprta (9 cpiHbI) 1.2 0.5-2.7 0.681
Oprta (11 cpHbIN) 1.6 0.9-2.9 0.079
Korapsr 1.5 0.9-2.5 0.096
Marwuctparypa/actiupantypa/ 10 o -
JOKTOpaHTypa
OT0acCBbLIBIK Karaaibl
YiineHres/TypMeicTa 1.0 — —
Boiinak/TypMbic KypMaraH 1.0 0.7-1.5 0.942
TypFBUIBIKTHI Kepi
AcTtaHna Kanacel 0.7 0.3-1.5 0.335
AnMaThl Kajaacel 0.6 0.3-1.2 0.157
AxMoOJ1a 00JIBICHI 0.7 0.3-1.7 0.470
AKT0o0€e 00JIBICHI 0.2 0.1-0.7 0.015
AJMAaTBI 00IBICEI 1.2 0.6-2.3 0.594
ATbIpay 00JIBICHI 0.4 0.2-1.0 0.046
barpic KazakcTan 00JIBICH 0.9 04-2.0 0.808
2KaMOBLI 00JIBICE 0.7 0.3-1.7 0.604
Kaparaupr 00JIBICHI 04 0.1-1.1 0.110
KocTanaii 00/1bICHI 1.0 0.5-2.0 0.976
Kp13p110p/12 00JIBICHI 0.9 0.4-2.0 0.808
MaHnrbicTay 00JIBICHI 04 0.1-1.1 0.093
Typkictan 00bICHI 0.4 0.2-0.9 0.038
[TaBriogap 006JIBICH 1.0 0.5-2.2 0.977
ConTtycrik Kazakcran 06JbICHI 0.4 0.1-1.3 0.133
[Isreic KazakcTan 00IBICH 1.0 0.5-2.3 0.977
HIBIMKEHT Kanachl 1.0 — —
HIbLIBIM 1IEry CTATYChI
[Ipu1pIM TTIETETIHCD 1.0 — —
[IpuTBIM IIEKIIEHTIHIED 0.9 0.6-1.4 0.660

Kendaxropnbl tanmay Oayslp muppo3bl OOWbIHIIA OTOACBUIBIK aHAMHE3IIH Oap Ooiry
KayIIi )KBIHBICKA, )KACKA, 0TOACHUTBIK JKaF/IaiFa )KoHE TYPFBUIBIKTHI OHIpre OaiIaHbICThI EKCHIH
KOpCeTTi.

Epnepne oltenmepre kaparanga OaybIp IUPPO3bl OOWMBIHINA OTOACBHIIBIK aHAMHE3IIH
BIKTUMAJIIBIFBI aiiTapibikTail ToMeH 6osael (OR=0,7; 95% CI: 0,5-0,8; p<0.001). Xorapst
Kayin 45-54 xactarbl pecnionienTTepae anbikranasl (OR=1,5; 95% CI: 1,0-2,2; p=0.036), an
0acka ’kac TONTAPBIH/IA AWBIPMAIIBUTBIKTAP MOH]II 00MMabl. Y HIICHTeH/TYPMBIC KYpFaHaapaa
BIKTUMAJIJIBIK YilIeHOereH/TypMbIC KypMaraHaapra Kaparanaa TemeH Oonnel (OR=0,8; 95%
CI: 0,6-1,0; p=0.024). Ex Temen kopcetkimTep Akrede (OR=0,3; p=0.003), Anmatsr (OR=0,5;
p=0.007), Ateipay (OR=0,4; p=0.004), Kesmopma (OR=0,5; p=0.008) >xone Typxkicran
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(OR=0,5; p=0.023) obasicTapeiaaa llIsiMkeHTIICH canbICThIpFaHIa Tipkeai. backa eHipiepae
allBIPMAIIBUTBIKTAP CTATHCTUKAIIBIK MOHIITIKKE JKETKCH JKOK. DTHHKAIBIK THICTUIIK, OLTiM
JEHreil JKOHE MIBUIBIM IIery Oayblp MHPpPO3bl OOWBIHIIA OTOACHUIBIK aHAMHE3IH
BIKTUMAJIJIBIFBIHA CTATHCTUKAIIBIK TYPFBIAA MOH/I ocep ermeni (Kecte 5).

Kecte 5. Bayblp 1IMppO3bIHBIH OTOACBUIBIK TapUXbIMEH OaillaHBICTHI (haKTOpIapAbIH
KoI(aKkTOPJIbI TAIIAYBI

IHapametpJep | Ty3serinren OR \ 95% CI \ p-value
7KbIHBICHI
Ep 0.7 0.5-0.8 <0.001
Olien 1.0 — —
Kac ToObI
18-24 1.0 — —
25-34 1.2 0.8-1.7 0.336
35-44 1.2 0.8-1.7 0.469
45-54 1.2 0.8-1.7 0.469
55+ 1.5 1.0-2.2 0.036
ITHOCHI
Kazak 0.8 0.5-1.2 0.297
Opsbic 0.9 0.6-1.4 0.535
O30¢ek 1.2 0.6-2.3 0.558
Ykpaun 0.8 0.3-1.8 0.528
YUiFeIp 0.5 0.1-2.1 0.329
Tatap 0.5 0.2-1.4 0.172
backa 1.0 — —
BiaiM nenreiii
MekTen 6171iMi JKOK 1.2 0.4-3.1 0.744
Bbacrayspimi (4 cbIHbI) 3.5 0.7-16.9 0.122
Oprta (9 chIHBI) 1.3 0.8-2.0 0.273
Opra (11 cprabIm) 1.0 0.7-1.4 0.962
Korapbl 1.0 0.8-1.4 0.918
Maructpatypa/acniupanTypa/ 10 o o
OKTOpaHTypa )
OT0aCBLIBIK KAaFTalbI
YiineHren/TypMeicTa 0.8 0.6-1.0 0.024
Bolinak/TypMbIC KypMaraH 1.0 — —
TypFBLIBIKTBI Kepi
AcTaHa KaJ1achl 0.7 0.4-1.2 0.153
AJIMaThl Kajlachl 1.0 0.7-1.6 0.887
AKMo1a 00JIBICEI 0.6 0.3-1.1 0.082
AKT0o0€e 00JIBICHI 0.3 0.2-0.7 0.003
AJMaTbl 00JIBICHI 0.5 0.3-0.8 0.007
ATbIpay 00JIBICHI 0.4 0.2-0.7 0.004
Bbarpic Kazakcran 00JIbICH 0.7 0.4-1.3 0.225
KaMOBbLT 00JIBICHI 1.2 0.8-1.9 0.430
Kaparas et 006JbICHI 0.6 0.3-1.1 0.082
KocTanaii 001bICH 0.9 0.5-1.5 0.722
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Kp13p110p/12 00JIBICHI 0.5 0.2-0.8 0.008
MaHrbicTay 00JIBICHI 0.9 0.5-1.5 0.722
Typkictan 00bICHI 0.5 0.3-0.9 0.023
[TaBriogap 006JIBICH 1.0 0.6-1.6 0.910
ConTtycrik Kazakcran 06JbICHI 0.7 0.3-1.1 0.075
[Isrreic KazakcTan 00IBICH 0.8 0.5-1.1 0.075
IIIeIMKEHT Kanacel 1.0 — —
HIbLIBIM 1IEry CTATYChI

[Ipu1pIM TTIETETIHCD 1.2 0.9-1.6 0.111
[IpuThIM IIEKIIEHTIHIED 1.0 — —

Kendakropnel Tammay oTOachUIBIK aHaMHE3 MHOKapa uH(apkTiHiH Oap 0oy
BIKTUMAJIABIFBl JKBIHBICKA, JKACKa, STHUKAJIBIK THICTUIIKKE, OUTIM JeHTIeliHe, OTOACBIIBIK
JKaFJaiiFa, TYPFBUIBIKTHI aliMakKa >KOHE IIBUIBIM IIEryre CTaTUCTUKAIBIK TYPFBIAA MOH]II
accolranusIaHFaHbIH KOPCETTI.

Epnepne oliennepmen canbicThipranaa Kayin temeH 6omiasl (OR=0.8; 95% CI: 0.7-1.0;
p=0.031). Kayin xac yiraitran caifbia apTThl: 3544 xactan 6acran (OR=1.6; p=0.001) >xone
€H orapbl MoHiIHE 45—-54 xac ToObIHaa xeTTi (OR=1.8; p<0.001). [locToBepHO KOFaphI KayiIl
e30ekTepae anblKTamabl (OR=2.2; 95% CI: 1.3-3.6; p=0.002). Toasik opta Ginimi Oapiapabiy
(11 cerabim) Kaymi con Temen 6onasl (OR=0.8; p=0.032). YiineHren/TypMbICKa IIBIKKAaHAApAA
Kayinm >xorapeipak Oommbl (OR=1.2; p=0.047). En xoraper kayin Ammatbiia (OR=2.0;
p<0.001), Acranaga (OR=1.7; p=0.008) xone IlaBnomap oOmnwickiHma (OR=2.0; p=0.002)
Oaitkanael. Kepicinme, Anmater o6asiceiaga (OR=0.3; p<0.001) >xone ATtpipay OOJBICHIHIA
(OR=0.6; p=0.034) piKTUMaNABIK TeMeH Oomnabl. IlbpulbIM mIerymijepae MIbLIBIM
HIEKIeUTIHAepre Kaparanaa Kayim xorapsl 6omabl (OR=1.3; p=0.003) (Kecrte 6).

Kecte 6. Muokap nHGapKTHIHBIH 0TOACHUIBIK TAPUXBIMEH OaIaHBICTHI (PaKTOpIIAPABIH
KeI(paKTOPJIbl TAJAAYHI

IHapametpJiep | Ty3serinren OR \ 95% CI \ p-value
JKbIHBICHI
Ep 0.8 0.7-1.0 0.031
Oiien 1.0 — —
7Kac To0bI
18-24 1.0 — —
25-34 1.2 0.9-1.6 0.176
35-44 1.6 1.2-2.1 0.001
45-54 1.8 1.4-2.4 <0.001
55+ 1.7 1.3-2.3 <0.001
ITHOCHI
Kazak 0.9 0.7-1.3 0.635
Opsic 1.3 0.9-1.9 0.108
O30¢ck 2.2 1.3-3.6 0.002
Ykpaun 1.1 0.6-2.1 0.652
YUFBIp 1.0 04-2.4 0.942
Tatap 1.7 1.0-2.9 0.052
backa 1.0 — —
binxim nenreiii
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MekTen O11iMi JKOK, 0.6 0.2-1.5 0.278
bacraysbii (4 chIHBIT) 0.5 0.1-3.8 0.470
Oprta (9 chiHbI) 0.9 0.7-1.3 0.682
Opta (11 cpiHbI) 0.8 0.6-1.0 0.032
Korapsr 0.9 0.7-1.1 0.328
Marwuctparypa/acniupanTtypa/ 10 o -
OKTOpaHTypa
OT0aCBLIBIK KAaFTalbI
Y lJIeHTeH/TypMBICTa 1.2 1.0-1.4 0.047
Boiinak/TypMbic KypMaraH 1.0 — —
TypFBUIBIKTHI Kepi
AcTaHa Kanacsl 1.7 1.2-2.5 0.008
AnMaThl Kajaachl 2.0 1.4-2.9 <0.001
AKMOJI1a 00JIBICHI 1.2 0.8-1.8 0.475
AKT60€e 00JIBICHI 0.9 0.5-1.4 0.576
AJMaThI 00JIBICH 0.3 0.2-0.5 <0.001
ATbIpay 00JIBICHI 0.6 0.3-1.0 0.034
batpic KazakcTan 00JIBICH 1.0 0.6-1.6 0.855
2KamMOBLT 00IBICH 1.5 1.0-2.2 0.046
Kaparanpr 00JIBICHI 1.4 0.9-2.0 0.153
KocTanaii 001bICH 1.7 1.1-2.6 0.012
Kp13p110p/12 00JIBICHI 0.9 0.6-1.5 0.821
MaHrbicTay 00JIBICHI 1.0 0.6-1.5 0.846
Typkictan 00bICHI 0.9 0.6-1.4 0.795
[TaBriogap 006JIBICH 2.0 1.3-3.0 0.002
ConTtycrik Kazakcran 06JbICHI 1.5 0.9-2.4 0.093
Iereic KazakcTan 00JIbICH 1.2 0.8-1.8 0.383
[IIbIMKEHT KaJjachl 1.0 — —
HIbLIBIM 1IEry CTATYChI
[Ipu1pIM TTIETETIHCD 1.3 1.1-1.6 0.003
IpThIM IIEKIICHTIHIED 1.0 — —

18-24 xac TOOBIMEH CaJBICTBIPFAH/A, ATOMMSUIBIK JIEPMATHUT OOWBIHIIA OTOACBHLIBIK
aHaMHe3iH Kaymi 45-54 jkacTarbl PECHOHACHTTEP/IC CTATHCTHKAIBIK TYPFBIAAH JKOFAPHI
o6onmer (OR=2.6; p=0.006) »xxoHe 55+ »xacta (OR=2.5; p=0.016). Ep amammap oitennepre
KaparaHJa aTONMUsJIBIK JCPMATUT KarmaunapelH cupek xabapiaasl (OR=0.7; p=0.001).
MaHpapl accoruanusuiap e30ekTep MeH Tarapiap yirH aHbKTanael (OR~2.5-2.6). bimim
JIEHI e, 0TOACBUTBIK JKaFJai KOHE IIBLUIBIM MIeTy OOMBIHINA: alTapIJIBIKTal albIpMAITBUTBIKTAP
aHbIKTaNIMazbl. bipkatap oOJNbICTApIbIH TYPFBIHAAPHI OTOACBUIBIK aHAMHE3[l KepceTy
BIKTUMAJIIIBIFBl  €70yip ToMeH Oonael (Axkrebe, Anmatel, Atwipay, bareic Kazakcraw,
Kaparannpr), an Acranana Oyi1 BIKTUMAaJIIBIK sKOFapbl 0oibin WHIKTH (Kecte 7).

Kecte 7. ATONMSUIBIK JAE€PMATUTTBIH  OTOACBUIBIK TapUXbIMEH OalIaHBICTHI
dakToprapabH KenhaKTOPJIbl TAIIAYbI
ITapameTtpJiep | Tyseriaren OR | 95% CI | p-value
ZKbIHBICHI
Ep | 0.7 | 0.6-0.9 | 0.001
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Oiten 1.0 | — | —
Kac ToObI
18-24 1.0 — —
25-34 1.2 0.8-1.7 0.371
35-44 1.6 0.9-2.7 0.081
45-54 2.6 1.3-5.2 0.006
55+ 2.5 1.2-5.5 0.016
ITHOCHI
Kazak 1.3 0.8-2.2 0.279
Opsic 1.6 0.9-2.7 0.081
O30ek 2.6 1.3-5.2 0.006
Yxpaun 1.6 0.7-3.6 0.258
YUFBIp 1.4 0.4-5.1 0.632
Tatap 2.5 1.2-5.5 0.016
backa 1.0 — —
BiaiM nenreiii
MekTen O11iMi JKOK 0.2 0.03-1.7 0.157
Bbacrayspii (4 chIHBIT) 1.2 0.1-9.5 0.885
Oprta (9 ceiHbI) 0.7 0.4-1.2 0.205
Opra (11 cprabIm) 0.9 0.6—1.2 0.417
Korapbl 1.0 0.8-1.4 0.731
Maructpatypa/acnupantypa/ 1.0 o o
JIOKTOPAHTypa
OT0aCBLIBIK KAaFIalbI
Y lJIeHTeH/TypMBICTa 0.9 0.7-1.1 0.456
Boiinak/TypMbic KypMaraH 1.0 — —
TypFBLIBIKTBI Kepi
AcTaHa KaJlachl 1.7 1.1-2.6 0.025
AJIMaThl Kajlachl 1.0 0.6-1.6 0.943
AKMo1a 00IBICEI 1.1 0.7-1.8 0.722
AKT60€e 00JIBICHI 0.3 0.2-0.7 0.002
AJMaThI 00JIBICHI 0.6 0.3-1.0 0.044
ATbIpay 00JIBICHI 0.3 0.1-0.6 0.001
Bbarpic Kazakcran 00IbICH 0.2 0.1-0.6 0.002
KaMOBbLT 00JIBICHI 1.5 1.0-2.4 0.060
Kaparasipr 006JbICHI 0.5 0.3-0.9 0.015
KocTanaii 001bICH 1.1 0.6-1.8 0.837
Kp13p110p/12 00JIBICHI 0.8 0.4-1.3 0.328
MaHrbicTay 00JIBICHI 0.7 0.3-1.2 0.190
TypkicTan 00JbICH 0.7 0.4-1.2 0.190
[TaBnomap 00IBICH 1.1 0.6-1.8 0.328
ConTtycrik KazakcTan 00JIBICH 0.7 0.3-1.2 0.151
Iereic KazakcTan 00JIbICH 0.9 0.6-1.5 0.832
[IIbIMKEHT KaJjachl 1.0 — —
HIbLIBIM 1IEry CTATYChI
IIpITBIM IIETETIHAED 1.1 0.9-1.5 0.279
[IpUTBIM MIEKTIEUTIHACD 1.0 — —
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Epnep ™en oliennmep apacelHga TyOepkyne3 OoWbIHIIA OTOACBUIBIK aHAMHE3/e
alTapJIBIKTal albIpMalIbUIBIKTap aHbIKTanFaH koK (OR=0.9; p=0.581). 18-24 xac
apaJbIFBIMEH CANIBICTHIPFAHA XKac OOUBIHINA CTATUCTUKAIBIK MOH/II acCOMaNUsIap TaObUTFaH
oK. Tex opta OimimMi (9 ceiabI) Oap 6oy TyOepkyne3 OoHbIHIIA OTOACHUIBIK aHAMHE3IIH
)oFapbel KaymimeH OainaneicTel Oonasl (OR=1.7; 95% CI: 1.1-2.6; p=0.013). DTHUKATBIK
THICTUIIK XOHE OTOACBUIBIK JKaFJai: CTaTUCTUKAIIBIK MOHI OalaHbBICTap aHBIKTAJIFaH YKOK.
KocTtanaii 001bICBIHBIH TYPFBIHAAPBIHA )KOFApbl MYMKiHIIKTEp Oaiikanasl (OR=2.1; p=0.004).
[puteiM - mieryaiH TyOepkyse3 OoifbIHIIA OTOACHUIBIK aHaMHE30€H MOH[I OailTaHBICHI
aHbIKTasFaH koK (Kecre 8).

Kecte 8. TyOepkyne3niH oT0achbUIbIK TapUXbIMEH OalIaHbBICTBI (haKTOpIapAbIH
KoI(aKTOPJIbI TAIIAYBI

ITapameTtpJiep | Tyseriaren OR | 95% CI | p-value
ZKbIHBICHI
Ep 0.9 0.8-1.2 0.581
Olien 1.0 — —
Kac To0b1
18-24 1.0 — —
25-34 1.2 0.8-1.7 0.347
35-44 1.1 0.8-1.6 0.632
45-54 1.3 0.9-1.8 0.123
55+ 1.0 0.7-1.4 0.809
ITHOCHI
Kazak 1.2 0.8-1.9 0.407
Opsic 1.1 0.7-1.7 0.769
O30ex 1.5 0.7-3.1 0.312
Ykpaun 0.8 0.3-1.9 0.592
YiiFeIp 0.8 0.2-2.9 0.733
Tatap 1.2 0.6-2.7 0.590
backa 1.0 — —
BinaimM genreiii
Mexkren 61J1iMi KOK 1.4 0.5-3.9 0.567
Bbacraysimi (4 cbIHbI) 1.4 0.2-11.5 0.752
Opta (9 ChIHBI) 1.7 1.1-2.6 0.013
Opra (11 cprabI) 1.1 0.8-1.5 0.559
XKorapsl 1.3 1.0-1.7 0.106
Maructpatypa/acnupantypa/ 1.0 o o
JIOKTOpPaHTypa )
OT0aCBLIBIK KAaFTalbI
YiineHren/TypMeicTa 1.2 1.0-1.5 0.068
Bolinak/TypMbIC KypMaraH 1.0 — —
TypFBLIBIKTBI Kepi
AcTtaHa KaJiachl 1.5 0.9-2.4 0.103
AJMarthl Kajacsl 1.6 1.0-2.5 0.060
AKMo01a 00IBICEI 1.2 0.7-2.1 0.464
AKTO60€ 00JIBICHI 0.7 0.4-1.2 0.194
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AJMaTbl 00JIBICHI 0.5 0.3-0.8 0.011
ATbIpay 00JIBICHI 0.5 0.3-1.0 0.052
Bbarpic Kazakcran 00JIbICH 0.8 0.4-1.6 0.622
KaMOBbLT 00JIBICHI 1.1 0.7-1.9 0.620
Kaparan bl 00516ICHI 0.7 0.4-1.2 0.200
KocTanaii 001bICH 2.1 1.3-3.4 0.004
Kp3pumop1a 0016ICH! 0.6 0.3-1.2 0.158
MasgrpicTay 00JIBICHI 0.6 0.3-1.2 0.130
TypkicTan 00JbICH 0.5 0.3-0.9 0.015
[TaBnomap 00IBICH 1.1 0.6-1.8 0.376
ConTtycrik KazakcTan 00JIBICH 1.6 0.9-2.8 0.131
Iereic KazakcTan 00JIbICH 1.4 0.9-2.3 0.150
[IIbIMKEHT KaJjachl 1.0 — —
I bLTBIM IIEry CTATYChI

IIpITBIM IIETETIHAED 1.1 0.9-1.4 0.386
[IpUTBIM MIEKTIEUTIHACD 1.0 — —

Tanakbliaay. 3epTTey HOTHXKeENepi KepceTkeHaen, KazakcTan epecek TypFbIHIAPBIHIA
CO3BUIMANBI aypyliap OOiBIHIIA OTOACBUIBIK aHAMHE3IH Tapajybl JKOFapbl JKOHE aNKbIH
nemMorpausibIK  alblpMalibUIbIKTap Oalikanansl. EH kil apTepusuibK TUIEPTOHHS MEH
MUOKapa uHGpapkTi OoifbiHIIA O0TOACBHUIBIK JKaFjaiinap Typaibsl xalOapnaHraH, Oy
CBIPKATTAHYIIBUIBIK ~KYPBUIBIMBIH/IA ~KapJUOMETAa0OJUKAIBIK aypyJaplblH OachIMIbIFbI
XeHIHAeT] xkahaHAbIK epeKTepre coiikec Kemei. OpTypJi MaTOIOTHsIIAp YIIiH JIOTUCTHKAIIBIK
MOJICTIbJIEPC OPTAK 9pi Oipereit Kayin (hakTopaapbl aHBIKTAIIBI, OYJI aypyJIapIblH 0TOACHIIBIK
KUHAKTAJTYbIH/Ia TCHETUKAJIBIK ’KOHE OpTa (PaKTOPJIAPBIHBIH YJIECIH KOpceTe .

bi3nin nepektep runepToHus OOMBIHINA OTOACKUTBIK aHAMHE3 KayIli )Kac YJIFaiiFaH CablH
eceTiHiH kepceTTi. Toyenai aiHpIMaNbIIa XKeKe THIEPTOHUS Ja, TYbICTapbIHAAFbl TUIIEPTOHUS
J1a TIPKEITEeHIIKTEH, jKacKa OaillaHbICThI TPEH, €H aJAbIMEH, KEeKe aypyJIapblH KUHATYbIH
OeliHeneii: THIePTOHUSHBIH Tapalybl )ac YIFaiiFaH caiibIH KYpPT ©CeTiHi Oenrii, ajx KenTereH
HayKacTap o3 nuarno3bid 40—50 xactaH keiiin Oiesi. OneduerTepae OChIHIaM TeHISHIUsIIAP
CUNIATTAJIFaH, OH/IA JKOFaphl KaH KbICBIMBI «TYKBIM Kyallaybl MYMKiH» €KEHJIIT1 KoHEe KayINTiH
JKac YJIFaiiFaH CallbIH apThIN, TEHETHKA MEH OMIp CalIThIHBIH YHJIECIMIHE TOYeNIl eKSHIIT1 aTarl
etineni [9]. UnnoHe3usna xKyprizijres 0akpuiayibl 3epTTey/ie TYbICTAphIHIA TUIIEPTOHUSCHI
Oap agampaapia aypy Kaymi miamameH 2,5 ece skorapbuiaras [10]. KocbiMina 613 aHBIKTabIK:
IIBUTHIM TIETYIIIEp/Ie MIBUIBIM MIEKIEUTIHAepre KaparaHaa TUMEePTOHUs aamy Kaymi 19%
JKOFapbl 00J/1bI, OYJT IIBUIBIM MIETY/IIH TYKBIM KyaJaWThIH OCHIMAUTIKTI KyIIeHTEeTiH (hakTop
peTineri onedu aepeKTepine ColKec Kenel.

Muoxkapa uHpapKTi OOMBIHINIA OTOACBUIBIK aHAMHE3 BIKTUMAJIBIFBI Jla JKac YJIFaiFaH
caifbiH alikpiH apTThl. anusga 4,4 MIIH agaM KaThICKaH PETUCTPIIK 3epTTeyAe MHOKap.
nH(papkTi OOWBIHIIA OTOACBUTBIK aHAMHE3 TOYeJICi3 Kayil (pakTopbl PeTiHAE KapacThIPBUIIL:
0ip aTta-aHaceiHIa WH(APKT OONFaH karjaiima kayinm 46%-ra apTKaH, all €Ki aTa-aHACBIHJA
Oosica — ekl eceleH apThIK ockeH [11]. 3eprreymriyiep KayinTiH €H aWkbpliH 36—55 »xacta
OaifKaaThIHBIH aTall 6TKeH, OYJI O13/1iH HOTIKeNepiMi3ai pactaiiasl. Eyponansik 3epTreynepre
JKacaJiFaH 10y MUOKapA WH(}apKTi OOMbIHIIA OTOACKIIBIK aHAMHE3 TOYEKEeIl IIKaTalapbIHBIH
00JDKaMIIBIK KYHJIBUIBIFBIH apTTHIPATBIHBIH KOHE CKPUHUHT Ke3iH/Ae €CKepilyl THIC eKeHiH
kepcereni [12]. Bizmin 3epTTeyimize e MBUIBIM MIETYIIUIEPAE IIBUIBIM IMIEKIEHTIHACPTe
KaparaHna MHOKapd HH(ApPKTI Kaymi JKOFapbl €KEHl aHBIKTAIAbl, Oyl (QakTopasl
PO UITAKTUKAIIBIK CTpaTeTUsIIapFa €HT13y KaXKETTITIH OIS ICH/II.
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OHenaep erjae »kac TONTapblHAa ©3JEpIHJIe KOHE TYBICTapbIHIA CYT 0e31 0OBIpHI Oap
eKeHIH XUl KepceTkeH: 45—54 xoHe 55+ kac caHaTTapblHIa MYMKiHAIKTEep KaTbiHAcH (odds
ratio) eH >Kac TOMIEH CAJIBICThIpFaHaa 2-/1eH KoFaphl 006l CyT 0€31 0OBIPHI Kac YIIFaiFaH
caiibIH XKW1 Ke3/IeCEeTIHIIKTeH, OyJl KeOiHe jKeKe ChIPKATTaHYIIBUIBIKTHI KOPCETETiH OOyl
pIKTUMaJI. COHBIMEH KaTap, OTOACHUIBIK aHaMHE3 MaHbI3/Ibl POl aTKapajbl: aHAChl, OMKeCl
Hemece OipHele TybICTapblHAAa CYT 0e31 Hemece aHAIbIK 0e3 OOBIPBHIHBIH OONYyBI KaTepi
alTapJIBIKTal apTTHIPAJBI, dcipece aypy kac ke3ne aHbikTanca [13]. Monticciolo xoHe
opintectepi [14] kepceTkeHael, OTOACBUIBIK aHaMHe31 Oap oWennepre MamMmorpadusHbl
eprepek Oacray YCHIHBUIAIBI — Keiae >kbul cailbiH 40 >kactaH Oactam, aj >KOFapbl Kayimn
TONITAPBIH/IAFbI QUeNIepre CTaHIAPTTHI ’Kac MEKTEPiHEeH e epTepek. bi3nin nepekrepae Oiaim
JIEHreili MEH IIbUIBIM IIEeTYMEeH KYIITI OaimaHbicTapAblH OonMaybl PECHOHACHTTEPIIH
JKayanTapblHa HETI31HEH JXKac IEH OTOAChUIBIK aHAMHE3 ocCep eTKEHIH, al MiHe3-KYJIBIK
dakTopiapsl a3 pes aTKapraHbIH KOpCeTe .

HIuzodpenus OoiibiHIIa 0TOACKUIBIK aHaMHe3 (2,4%) Kepi jKac rpaJueHTiHe ue OOJIIbI:
0JI ’Kac PECIOHJICHTTEP apachIHAa XKUipek Ke3aecTi. by 3anapuibiK, cebebi aypyapiH Ae0r0Ti
O/IeTTe epTe EpeceKTIK jKacKa coaiikec Kejeni. bBi3miH nepekTep KeNTereH 3epTreyliep
HOTWIKENEpIMEH Yimeceni, onap mu3odpeHus OoibIHIIA OTOACHUIBIK aHAMHE3 OHBIH €pTe
OactalyplHa €H KYIITI Kayinm QaxTopiapblHbIH Oipi exeHiH kepcereai. lIpoGanarapisiH
TYBICTApBIHAAFEI MOPOMATIK Kayil 3epTTeyiHje OIpIHII JOpexeni TybICTapla aypy Kayri
10,9% kypanbl, an 6akpinay ToOsHIa — 2,6% [15].

[{uppo3 OoiibiHIIa OTOACHUTHIK aHAMHE3 Oacka aypyJsapra KaparaHaa CUpPEK Ke3JecTi,
0ipak OHBIH BIKTUMAJIBIFBI 55+ KacTarbl TonTa apTThl. JKaKbIHIA KYPTi3UITeH 3epTTeyiep
Oayplp aypylapbiHBIH YJACYIHIE OTOAChUIBIK (aKTOpJIApABIH POiH aram KepceTe/ll.
I'enerukansik 3eprreynep uuppo3den Oaiinmanbictel PNPLA3 sxone TMOSF2 renpepinneri
BapUAHTTApAbl AaHBIKTAJbl, COHJAAN-aK METAa0ONHMKANBIK CTEATOTENaTUTIIEH aybIPaThbIH
NalMEeHTTePAIH 0TOAChUIApbIHIA aypyAbIH ayblp TYPJIEPIH AAMBITYy Kayli >KOFapbl €KEeHIH
KepceTTi [16].

Atonusneik aepMmatutke (7,3%) KaThICTBl ©3T€ MaTTePH AaHBIKTANAbI: €H >KOFapFbl
KOPCETKIMITEP epeceK jKacTa TIPKEI/Il, ajl QUeNepIe Kayilm alTapabIKTail sKorapbl 00161, by
HOTH)KE TEHETHKANBIK OCHIMAUIIKTIH >KoHE Oenrin jkac Ke3eHIepiHae OeliceHeTiH
SMUTCHETUKANBIK MEXaHM3MAEPAIH pPOJiH aTal KOepCEeTKEH >XYMBICTApMEH COWKec Kemell.
Mpicaibl, eyponasblK KOropTajgapAa )Kypri3iireH 3epTreyiepae aronus O0ibIHIIa 0TOACHUTBIK
aHaMHe3 dieniepie OHbIH KOPIHIC Oepy BIKTUMAIBIFBIH €Ki €cere )KYBIK apTThIpb! [17].

TyOGepkyne3 OoWbIHIIA OTOACHUIBIK aHAMHE3 BIKTUMAIJIBIFBI CABICTHIPMAIbl TYPIE
TeMEH OO0JI/IbI )KOHE JKACIICH alKbIH OailIaHbIC KopceTieni. Aaiiaa ToBIK opTa O11iM aliMaFraH
PECTIOH/IEHTTEP/AC Kayill XKOFapbl OOJIbI, Oy QIEyMETTIK KaFJaaliaapabl KepceTyl MyMKiH.
Dduonusaaa TyOepKyae30eH ayblpaThlH HayKacTapAblH YH 1mIiHaeT1 OalIaHbICTaphl apachiHIa
KYPTi3UITeH 3epTTey TyOepKyie3IiH 0TOAChUIBIK TAPUXBIHBIH aypy AaMy KayIiH IIaMaMeH YIII
ecere apTThIpaThIHBIH KepceTTi [18]. ABTOpiap oTOACHIIBIK aHaMHE3JeH 06JieK, TaMaKTaHy,
TYPFBIH YHIIH KEIIeTUTy1 )KOHE dJIeyMETTiIK-9KOHOMUKAJIBIK KaFqaisiap MaHbI3/Ibl EKCHIH aTall
oTTi. bi3ain nepekrep TyOepkyse3 OOWbIHIIA OTOACHUIBIK aHAMHE3 POJl OWHAWTHIHBIH, O1paK
OHBIH BIKIAJIBI KAPAMOMETA00IMKAJIBIK aypyJIapAarblIaH JIAeKaiia oJci3 eKeHIH KepCceTesi.

bapneik Momenpaepiae alMakTBIK OpKeNIKUTK Oalkanael. KapanmomeTaboamkaibik
aypyiap OolbIHIIIA 0TOACHUIBIK aHAMHE3/I1H €H JKOFaphl KOpCceTKimTepi AcTaHa, AMaThl kKoHE
[TaBmomap oOnbICkIHIA TipKendl; KepiciHmie, AkreOe, AnMatel, ATeipay, MaHFbICTAy KOHE
Typkictan o0IBICTAPBl TOMEH MOHIEPMEH CHUITATTANIBI. Byl allbIpMaIbIbIKTap ypOaHH3aIus
JEHICHiH, MEIUIIMHAIBIK KOMEKTIH KOJDKETIMIUIITIH, ©OMIp CaJlThIH OHE KeOIli-KOH
JICHIeiNIepiH KepceTyl BIKTMMal. Mpicaibl, ypOaHHW3aUMsUIaHFaH eHIpiepie JAUarHOCTHKa
JKaKChIpaK >KYpri3ijiel koHe 0TOAChUIBIK aHaAMHE3 TOJBIKTAy O0Jybl MyMKiH. bisliM neHrefii
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OOIiBIHIITIA aWBIPMAIIIBUTBIKTAP 1a KOPCETKEHIEH, TOJIBIK OpTa Oi1iMi Oap TyJiFanap TUIepTeH3Us
xoHe MH(apKT OoibIHIIA OTOACHUIBIK aHaMHE3 Typajbl cUpek xabapiaraH, Oy cajayarThl
OMIp CanThIMEH J>KOoHE NPO(PIIAKTUKAIBIK OarqapiaMaiapFa akKChl KOJDKETIMIUTIKIEH
0aiiaHbICThI 0OTYbI MYMKIiH.

3eprTeyain mekTeyaepi. AypynapbiH 0TOACKUIBIK aHAMHE31 TypajIbl JEPEKTEP O31HIIK
ecenTepre HETI3/IeNTeH JKOHE eCTe CaKTay KaTeliKTepiHe, COHMaal-ak auarfosaap (acipece
MICUXUKAJIBIK OY3BUIBICTap) Typaibl aWTKBICHI KEIMeyre OaisIaHBICThI OypMallaHybl MYMKIiH.
By xarfaiinap ecenTiH TONBIK XKYpPriziiMeyiHe jKoHe Kac OOWbIHIIA Kepi YpIICTepAiH maiaa
00JTyBbIHA OKEITyl BIKTUMAJ.

3epTTey KeJIICHEH CHIIaTTa; OJ1 acCoLMaIMsuIapIpl Oaramayra MYMKIHIIK Oepeni, Oipak
ceben-cayapiblK OalaHbICTapAbl aHBIKTaMaiabl. OTOACBUIBIK aHaMHE3 MIHJETTI TypIe
TYKBIM KyaJayIIbUIBIKTBI OUTIipMeial — MyHJa OpTaK KOopIaraH opTa (akTOpJapbIHBIH Ja
MaHBI3bI 30p 00TYbI MYMKIH.

bi3 OipiHmi Hemece eKIiHIN JOpeXeneri TybIcTapaarbl OTOACBUIBIK aHAMHE3Il
QXBIPATIAIBIK, OV OACOMETIICH CANBICTHIPYABl IIEKTEHIl, OWTKEeHI Oacka 3epTreyiepie
TOyeKeJ aTa-aHajap MEH TyFaH OaybIpiapra Oesek OarajgaHasbl.

KopwiThiHabl. 3eprrey HoTHXKenepi Kas3akCTaHHBIH e€peceK XalIKbl —apachiHIa
CO3BLIMAJIBI aypysap OOMBIHIIA OTOACKUTBIK aHAMHE3/IIH KE€H TapaFaHbIH )KOHE OHBIH alKbIH
neMorpadusUIbIK ~ JICTEPMUHAHTTApbl  0ap €KEeHIH KOepceTTi. AJIBIHFAaH  MOJIMETTep
npopWIaKTUKAIBIK OargapiaManap MeEH CKPUHHHITI Kocmapiay Ke3iHzae OTOachUIBIK
aHaMHe3/11 )KYHeTl Typ/le eCKepyAiH KaKeTTIIIrH alKpiHaai 1. JKeke Kayin-karep/i Oaranay
ANITOpUTMACPIHE OTOACHUIBIK aHaAMHE3 TYpajbl aKMaparThl €HTI3y CO3bUIMANBI aypyJapibl,
ocipece KapJIUOMETa0OIHUKAIBIK OarbITTaFbl aypyiapibl €pTe aHbIKTay MEH OaKbLIayIbIH
TUIMJIUTITIH apTThIpa anajbl. bomamrakTa 6omkaMaapIbH IIITiH )KaKCapTy YIIiH OTOACHUTBIK
aHAMHE3/1H TOJIBIK JCPEKTEepiH (aypy TYyBICTApABIH CaHBl MEH TYBICTHIK JIOPEXKECi) ecemnmke
QJIBIT, OJTapbl TeHETUKAIIBIK JKOHE OpTa (paKTOpIAphIMEH KaTap KapacThIpy KaxeT.

Myanesiep KaKTbIFbICHI.

ABTOpIIap My ieep KaKThIFBICHIHBIH JKOK €KSHIH MOTIMICH/T.

ABTOpJApABIH YJjeci.

A1l Ubpaesa, 1.P. ®axpaanes — KOHIEIIUSIHBI 33ipiey.

C.B. JIu, ’K.b. Ucnaesa, 3.H. IllymkoBa — opbeIHAAY.

J1.C. Mennasikoa, A.I'. balibicOekoBa — HOTHXEIIEPII OHJCY.

Al Uopaesa, N.P. daxpanues, [I.T. AxxubdaeBa-Kynenosa, A.O. OMapoBa — HOTHXKENEP/l MHTEpIIpETaLusIIay.
A 1. Uopaesa, U.P. daxpanues, C.B. Jlu, XK.b. Ucnaesa, 3.H. Illymkosa, [I.C. Mennasikosa, A.I'. BaiibicOekoBa,
J.T. Axxubaera-Kynenosa, A.O. OmapoBa — MaKaJlaHbI JKa3y.

bi3 Oyn marepumanabiH OYpHIH >KapusUTaHOaFraHBIH KoHE Oacka OachUTBIMIApAa KapacTHIPBUIBII JKaTIIaFaHbIH
MOIIIMIENMI3.

Kap:xsuianasipy: 3eprrey Kaszakcran PecmyOmukacer JleHcaynbIk cakTay MHHHCTpAIriHiH «Kaszakcranma
SMHT'CHETHKA JKOHE XKYKIAJIbl eMeC aypyIapAblH alIbH ally: AepOeCTEeHIIPUITeH TOCI XKaHE OMOJIOTHAIBIK KACThI
Ooimkay» rpaHTBHIHBIH KoinaysiMeH opeiHOanasl (QKTH BR27304987).
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PACITIPOCTPAHEHHOCTH CEMEHHOM OTATOINEHHOCTH
XPOHNYECKHUMMU 3ABOJIEBAHUAMU
U EE TEMOI'PA®UYECKUE JETEPMUHAHTBI

AL UBPAEBA ', N.P. DAXPAJIUEB ', C.B. JI1 ', M.K. ATYUMHBAEB ',
JK.B. UCITAEBA !, D.H. IITYMKOBA !, 1.C. MEHJIASIKOBA ', AT. BAUBICEEKOBA 2,
J.T. AAKXUBAEBA-KVIIEHOBA 3, A.O. OMAPOBA *

! Kazaxckuii HAIMOHAIBHBIA MEIUITHHCKUN yauBepcuter umenn C.JI. Acdenauspona,
Anmartel, Kazaxcran

2 MexnyHaponuslii  Llentp Kimnmueckoit Penpoaykromormn «PERSONA», Anmartsl,
Kazaxcran

3 FOxno-Kazaxcranckas Memnunnackas Axagemus, [lsmvkent, Kazaxcran

4 Kaparanaunckuit MmenuuuHckuid yausepcuteT, Kaparanna, Kazaxcran

AHHOTaNUA

BBenenue. Xponnueckue HenHpexnnonueie 3aboneBanus (XHI3) ocrarorcs Bemymei
NPUYMHON 3a007€Ba€MOCTH M CMEPTHOCTH BO BCEM MHpE, a CeMeiHas OTATOUIEHHOCTb
pU3HaHa HE3aBUCUMBIM (DAKTOPOM pUCKa, OTPAXKAIOIIUM KaK T€HETUYECKUE, TaK U CPEOBbIE
BiusHUA. OHAKO B NMPO(UIAKTUYECKONW MeIUIMHE 3TOT (PaKTOp YacTo HETOOLICHUBAETCS,
HECMOTPSI Ha €r0 NPOCTOTY U HU3KYIO0 CTOUMOCTh KaK HHCTPYMEHTA OLICHKH PUCKA.

Heab. OueHuts pacnpocTpaHEHHOCTh ceMmeiHoM oTsaroménHoctu psaoMm XHU3 u
pOaHaNIU3UPOBaTh €€ neMorpaduiyeckue JeTePMUHAHThHI B HAIIMOHAIBHO PENPE3eHTATUBHON
BBIOOpKE B3pocioro Hacenenus: Kazaxcrana.

Marepuanabl 1 MeToabl. B anpene—utone 2025 roga Ob1710 MPOBEIECHO HAIMOHAIBHOE
penpe3eHTaTuBHOE MONIEpeYHoe uccienoBanme. B Bei0opky Bomuiu 6720 B3pOCIHIbIX B BO3PACTE
1869 ner, OTOOpaHHBIX METOJOM MHOTOCTYIIEHYaTOM KJIACTEPHOW BBIOOPKH C
cTpaTuduKanmeit mo noiy u Bo3pacty. COop JaHHBIX ocymecTBisuIics o Merogoiaorun WHO
STEPS wu Brmodan aeMorpaguyeckue XapaKTepUCTHUKH, TOBEACHYECKHE (aKTOphl H
caMOOT4YET O CEMEHHON OTATOIIEHHOCTH XPOHUYECKUMH 3abosieBaHUAMH. CTaTHCTUYECKUN
aHanu3 npoBoawics B SPSS ¢ ucnoiab30BaHrMEM JIOTUCTUYECKON pErpecChm.
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Pe3syabrarsl. CeMeitHasg OTATOIMIEHHOCTD Yallle BCEr0 PErUCTPUPOBAIacCh B OTHOLICHUH
CepACYHO-COCYTUCTHIX 3a0oneBanmii: runepronuu (43,8%) u undapkra muokapaa (14,2%).
Jl1s 3110Ka4eCTBEHHBIX U MCUXHYECKUX 3a00J€BaHUM MOKa3aTeNu ObUIM HUXKE, HO 3HAYHMBbIL:
CEMCEIHBI aHAMHE3 paka MOJOYHOW kene3bl oTMeuanu 8% >keHIuH, TyOepkynésa — 7,4%
ONpOIEHHBIX, mu3oppenun — 2,4%. BospacTt okazancs 3HaYUMBIM JI€TEPMHUHAHTOM:
pactpoCcTpaHEHHOCTD OTSTOIMEHHOCTH THIIEPTOHNUEH M MH(DAPKTOM yBEIHUNBAIACh B CTAPIITUX
BO3pacTHhIX rpynmnax. OO0pa3oBaHHE M KypEHHE OKa3alluCh cllabee CBA3aHBI C CEMEHHOMN
OTSTOIIEHHOCTHIO, YEM BO3PACT, MOJI M PETUOH MPOXKUBaHUA. Tak, B I0KHBIX 00JACTSIX YaIle
coobmanu o TyOepkynése, Toraa Kak B MErarojiucax U Ha BOCTOKE CTpaHbl — O CEpIEeYHO-
COCYAMCTHIX OOJNIE3HSX.

3axinouenue. CemeitHas otsaromeéHHocte XHM3 mumpoko pacmpocTpaneHa cpeau
B3pocioro HaceneHus Kaszaxcrama u umeer 4é€rkue naemorpaduyeckue OCOOSHHOCTH.
[TorydyeHHble pe3yiabTaThl MOAYEPKUBAIOT HEOOXOIUMOCTh CHCTEMAaTHYECKOro Y4€Ta 3TOro
¢axTopa B NpohUIAKTUYECKHX U CKPUHUHTOBBIX IporpamMMax. CoBmereHrne nHpopMauu o
JUYHON M ceMelHOM 3a005IeBaéMOCTH B SMUJIEMHOJOTHYECKUX HCCIEAOBAHUAX IO3BOJISIET
TOYHEE OLIEHUBATh PUCK, OCOOCHHO B OTHOIICHUHU CEPJCUYHO-COCYAUCTHIX U METa0OINYECKUX
3aboneBanuii. B nanpHeimem tpeOyercs nuddepeHmans cTeneHeil poIcTBa U HHTETPaIs
JTAHHBIX CEMEMHOT0 aHaMHe3a C TeHETUYECKUMH M CPEJOBBIMU MapKepaMu JUIsl TTOBBIIICHUS
TOYHOCTH MMPOTHO3UPOBAHUS PUCKA.

KawueBble cJIoBa: XpOHHWYECKME HEHMH(EKIMOHHbIE 3a00JieBaHUs, CceMeiHas
OTSITOIIEHHOCTb, SMUAEMHUOJIOTHS, MPO(UITAKTHKA.

PREVALENCE OF FAMILY HISTORY OF CHRONIC DISEASES
AND ITS DEMOGRAPHIC DETERMINANTS

A.SH.IBRAYEVA !, LR. FAKHRADIYEV !, S.V. LEE !, M.K. ALCHINBAYEV !,
ZH.B.ISPAYEVA ', EN. SHUMKOVA !, D.S. MENLAYAKOVA ',
A.G. BATYSBEKOVA 2, D.T. AZHIBAYEVA-KUPENOVA 3, A.O. OMAROVA *

!'S.D. Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan

? International Center for Clinical Reproductology «PERSONA», Almaty, Kazakhstan
3 South Kazakhstan Medical Academy, Shymkent, Kazakhstan

4 Karaganda Medical University, Karaganda, Kazakhstan

Abstract

Introduction. Chronic non-communicable diseases (NCDs) remain the leading cause of
morbidity and mortality worldwide. Family history is an independent risk factor reflecting both
genetic and environmental influences. However, in preventive medicine it is often
underestimated despite its simplicity and low cost as a risk assessment tool.

Aim. To assess the prevalence of family history of selected NCDs and analyze its
demographic determinants in a nationally representative sample of adults in Kazakhstan.

Materials and Methods. A nationally representative cross-sectional study was
conducted between April and July 2025. The sample included 6,720 adults aged 18—69 years,
selected by multistage cluster sampling stratified by sex and age. Data were collected using the
WHO STEPS methodology and included demographic characteristics, behavioral factors, and
self-reported family history of NCDs. Statistical analysis was performed in SPSS, applying
logistic regression models.

Results. Family history was most common for cardiovascular diseases: hypertension
(43.8%) and myocardial infarction (14.2%). For malignant and mental disorders, prevalence
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was lower but epidemiologically important: breast cancer in 8% of women, tuberculosis in 7.4%
of respondents, and schizophrenia in 2.4%. Age was the main determinant, with higher
prevalence of hypertension and infarction in older groups. Education and smoking showed
weak associations, while sex and region were more significant. Tuberculosis was more frequent
in southern regions, whereas cardiovascular diseases predominated in metropolitan areas and
in the east.

Conclusion. Family history of NCDs is widespread among adults in Kazakhstan and
shows clear demographic variation. These findings emphasize the need to systematically
include this factor in preventive and screening programs. Combining personal and family
morbidity data in epidemiological studies can improve risk assessment, particularly for
cardiovascular and metabolic diseases. Future studies should specify degrees of kinship and
integrate family history with genetic and environmental markers to strengthen risk prediction.

Keywords: chronic non-communicable diseases, family history, epidemiology,
prevention.

42



BECTHUK KASHMY Ne3 (74) — 2025

ISSN 2524 - 0684 e-ISSN 2524 — 0692
OO0K 614.8-036.8(574) Penakuusra tycti: 29.08.2025
FTAMP 76.35.09 Kapusnanyra kaosuaanasr: 19.09.2025

DOI: 10.53065/kaznmu.2025.74.3.003

KA3AKCTAH/JIATBI TOTEHIIE JKAFJAMJIAPAAH OJIIM-KITIM
(20132023 xxk.): YPAICTEP, AHUMAKAPAJIBIK TEHCI3AIK

AIIl. UBPAEBA !, 5.C. TYPJAJIVEBA 2, T.E. AUMBETOBA ', I1.A. EJISICUH *

' C.OK. Achennusapos atbiaiarsl Kazak yiITThIK MEIUIMHA YHUBEpCUTeTi, AnMatel, Kasakcran
2KP ICM «Kasak nepMaToorus oHe HHOEKIMSILIK aypyIap FeUIBIME opTambiFshy LIDKK
PMK, Ammatsl, Kazakcran

3 JKanacibip MeMyekeTTiK MeauIinHa yHuBepcuTeTi, JKaHacioip, Peceit

Tyiiingeme

Kipicne. Terenme xarnmaiimapaaH OONIaTBIH ONIM-XKITIM alAblH allyFa Oo0JaThIH
IIBIFBIHAAPIBIH MaHBI3IBI KO31 OOJNBIN Kama Oepemi »XKoHe aiiMakTap apachlHIa alKbIH
allpIpMaIIbUIBIK Oalikanmaabl. AyMarbl YIIKEH elieple MYHAAl OpPKENKUTIK y3aK Mep3iMIi
ypaicTep MEH KbICKa Mep3iMJIl KYW3eTiCTEp IiH HOTHXKeCI 00iybl MYMKIH, anaiiga Kazakcran
YILIiH pECMH MaHENIbIIK 3epTTeyIIep i 1€ CUPEK JKYPri3iireH.

Makcatbl. 3epTTeyliH MakcaThl — Ka3akcTaHHBIH OKIMIIUTIK-ayMaKTBIK O1pJIiKTepiH/Ie
2013-2023 xputgap apaibIFbIH/Ia TOTEHIIIE XKaFaiiapaan O0IaThIH ©JIM-KITIMHIH YaKbITTHIK
JTUHAMHUKACBHIH KOHE KEKE TOYEKEIH TallJlay, aTaJiFaH KepCeTKIImTep OOMBIHIIA ©HIpapaIbIK
TEHCI3MIKTI CaHIBIK TYPFBIaH Oaranay, COHJAal-aK TYpPaKThl ocepiepi Oap MaHENbIIK
perpeccusiHbl aijanany apKbUIbl Y3aKMEP3IMII YPAICTEP MEH KbICKaMep3iM/i aybITKYJIap bl
alKbIHAY .

Marepuanaap men aaicrep. 2013-2023 xpinaapsl KazakcTaHHBIH OapIibIK OKIMIITLTIK
OIpJIKTepiH KaMTBIFaH PETPOCIIEKTHUBTI JKOJOTHSUIBIK MaHEJbAIK 3epTTey Kyprizinmi. 2022
KBUIFBI pedopma HOTHKeCiHAe KypburraH AoGait, JKericy »koHe ¥YiwiTay OOJBICTaphl Ja
enrizingi. TereHne xarmaimapaan OONFaH ONIM-XKITIM JKOHE XallbIK CAHbBI JKOHIHJETI Kb
CalBIHFBI IEPEKTEP HETI31H/Ae op ajamra makkanaarsl Toyekeln (10 000 TypreiHFa) ecenTeni.
A¥iMakapaiblK TEHCI3IIK qucnepcus, Bapuanus KodhOUIMEHTI, alFamKsl YII eHIpAIH yiieci,
Xepbunman—Xupmman uHAekci, Jkuau xone Teinm T wmHAekcrepl apKbLIbl OaragaHbI.
Junamuka aiimMakTapra OEKITUIreH acepiiepi 0ap perpeccusi MoJenbaepiMEH TaldaHbl, Oy
y3aK Mep3iM/Ii YpaicTepl KbICKa MEeP31M/Il aybITKYIapJaH aXbpIpaTyFa MyMKIHIIK Oepi.

Horuaxenep. 2013-2019 xpuinapsl e1iM-XKIiTiM Jie, TOYEKeI Jie TYPaKTsl ToMeHaeni (—6,3
armait/skeu1; —0,07 Toyeken Oipiiri/skbur). 2020 KbIIBI KYPT ocy Oavikanasl (+126 >xarmaif;
+1,14 toyeken Oipairi), keiin 2021-2023 xpiigaps! Oipiiama ToMEHIEA1, OipaK MaHIeMHUsIFa
JeHiHT1 AeHTrelre opanmaabl. AiMakapanbik TeHC13AiK 2020 >KbUThl IIAPBIKTAY IIETIHE XKETTi
(emim-xiTiM OotibHIa [Ixunu unaexci = 0,459; Teitn T = 0,356; HHI = 0,112), 6y xyiienik
mamMajiad ThIC )KYKTEMEHI JIe, TOYEKEeIIIH ayMaKThIK IIOFBIPIaHybIH a KepceTTi. 2023 KbutFa
Kapail TeHCI3IIK TeMeHHel, OipaK OHXBUIABIKTHIH OaChIHIAFbl JEHTEHICH >KOFaphl OOJIBITT
KaJipl. Meranonucrepe KbICKa Mep31M/Ii IITBIHIaP MEH JKbUIJIaM KaJIlTbIHA KeTy OalKaJIIbl, ajl
KeiOip obubIcTapa JKEPriliKTi SKCTpeMyMIap >kaHe 0asy TOMEHAEY TipKeIi.

KopobiThinabl. Kazakcranga 2013-2019 xpuimapsel TeTeHIe xarmaiaapaan 0oiaThiH
eIiM-XKiTiM TemeHzeal, anaiga 2020 xplbl aliTapibIkTail ecy Tipkenin, 2023 xpUtFa Jeiiin
TOJIBIK KaJbITIKa KenMeni. by kyisenic aiiMakapaiblK TEHCI3IIKTI KYIIEHTII, ©JIM-KITIMI
HIEKTEYJIi ayMaKTapfra MIOFBIPIaHIBIPAbL. A3aMaTThIK KOpPFay[bl Kocmapiay y3ak Mep3imii
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QIBIH Iy IMapajapblH KEPTUTIKTI JEHTreHJeri MIYFbUT OpPEKeT €Ty MYMKIHIIKTEpiMeH
YIITACTHIPY bl TAJIAN €TE/I].

Tyitinai ce3nep: ToTeHIE Karanaap, oIIM-KIiTIM, allMaKapaJIbIK TCHCI3/IIK, TaHETbIIK
JEpeKTep, arar AMUASMUONIOTHICH, Ka3zakcTaH.

Kipicne. TereHmie >xarnmaiimap annblH amyFa OOJIATBIH ONIM-XKITIM MEH JEHCAYJIBIK
IIBIFBIHIAPBIHBIH AUTApIIBIKTAl K31 OOJBIN Kaja Oepesl, COHBIMEH KaTap OJIApAbIH BIKITAJIBI
aymMakrap apacbigaa Oipkenki OeminOeiimi [1]. XanbIKTbIH OCaNIbUIBIFBIH Oaranay KoHE
a3aMaTThIK KOpFay MIapaJiapbiH jKOCIapiay YIIiH TeK eJIIMHIH a0COJIFOTTI MOHJIEP] FaHa eMec,
COHBIMEH KaTap XaJIbIK CaHbIHA MIAKKAHJAFBl CaJBICTBIPMANBl Kayill KOPCETKIIITepi MeH
KEHICTIKTIK TEHCI3IIKTIH METPHUKaIapbl Aa MaHb3ABI [2].

YJKeH ayMarbl )KOHE XallbIK THIFBI3JIBIFBI OPKENKI eNepe MYHIal KOpPCETKIMTEePIiH
OHIpapablK BapualeapALTII eneynl 0oJybl MYMKIH JKOHE YaKbIT ©T€ Kelle y3aK Mep3imii
YPIICTEpIiH 1€, KbICKa Mep3iMIi KyH3emicTepAiH A€ BIKHAIBIMEH ©3repyi bIKTHMan [3].
Kazakcran ailKplH JeMOrpadusuibIK JKOHE —QJIEyMETTIK-OKOHOMHKAJIBIK —JKaFIaiiapIbiH
eHipapanblK nuddepenimanusaceina ve [4]. COHFBI OHXBUIABIKTA OKIMIIUTIK OipIiKTepIiH
KOH(HUTYpaIUsCHI 113, )KEKEJIETeH TOTEHIIIE JKaFaai TYpJIepiHiH KapKbIHABLUIBIFI 1a ©3Tep/Ii.

ConbiMeH Oipre, KepceTkiliTepAi Oipi3fAeHAIpUIreH HopMaay epeKelepiMeH XKoHe
OHIpapabIK TEHCI3MIKTI PECMHU TalJlayMEH TOTEHIE >KaraaiiaapiaH OoJIaThIH ©JIM-KITIM
JMHAMUKACBIHBIH JKYHeni maHenbaik Oaranaymapbl cupek xapusutanasl [S]. [IpakTuxansik
TYpPFbIIa OYJI JKelleJl CTaTHCTHKAa MEH MPOPUIAKTUKAIBIK dpEKeTTepAl O0achIMIBIKKa Oemyre
JKOHE  pecypcTapibl  YIECTipyre KOJAiIbl aHATUTHUKA  apachlHIAFbl  AJIIAKTHIKTHI
KaJIBIIITaCTHIPAIBL.

Ocpbl 3epTTeyle KeKe Kayill peTiHAe THICTI OKIMIIUIK OipiiK TYPFBIHAAPBIHBIH OH
MBIHBIHA IIAKKAHJAFbl TOTEHIIE JKarnaiiapnaH OOJFaH eJiM CaHBl KapacThIPbUIAIBI, Oyl
OpTYPIIL KeJIeMJIET1 eHIpJIep Il TYPBIC CANBICTHIPYFa MYMKIHAIK Oepeai. OHipiep apachlHAaFbI
TEHCI3IIKTI cumarray Oip Mmes3riiae OipHele KOPCETKIMTEP AapKbLIbl OPBIHJIBL: Kb
BapradebAUTIK YIIIiH Bapranus KOdQPHUIUEHTI, OKUFaIap/IbIH a3 FaHa ayMaKTa MIOFbIPJIaHybIH
Oaranmay YyIIiH «Tom-3» ©HIp yieci MeH XepuHman—XupmiMad HHACKCI, COHAA-aK
YJIeCTipiMHIH acuMMeTpusChIH Oaranay yiriH Jxunu sxone Teitn (T) ungexcrepi [6, 7].

bi3 exi mpakTHKaNbIK MabIMIaydaH IIBIKTHIK. BIpiHIIIAEH, 6IIM-KITIM MEH KayinTiH
y3aK Mep3iMji JMHAMUKACHl TYPAKTHl TPEHATI KaMTybl MYMKiH, OFaH KbBICKa MEp3iMIi
JEHTCIITIK BIFBICYJIAp KOCBhUIAAbl. EKIHIIIEH, OChl KOMIIOHGHTTEpAi Oaranay YIIH YaKbIT
OOMBIHIIIA ©3repMENTIH OHIPIJIIK EPEeKIICTIKTepAl €CKepy KaXeT, TYPaKThl KYpPBUIBIMIBIK
afBIPMAaNIBUTBIKTApAbl YaKbITIIA HAKTBl ©3TepiCTEpMEH IIaTacThipMay YVINH. byn ymrH
MaHENb/IIK OSKITUITeH acepiiepi O0ap TOCIM BIHFAWMIIBI, OJT TPEH]I TIEH JCHICHIIIK «CaThlIapIbhy
0eJ1iI1, COHBIMEH KaTap eHipapalibIK TCHCI3IIKTIH dBOTIONMSICHIH KaTap KajarajayFa MyMKIH]IIK
Oepeni [8].

3eprreyain makcatbl. 2013-2023 sxpinaapaarsl aepekTep HeriziHae KaszakcTaHHBIH
OKIMIIUTIK OIpIKTEpiHIET] TOTEHIIIE JKaFaainapiaH OOMaThIH ©JIIM-)KITIM MEH jKeKe KayilTiH
YaKBITTHIK JUHAMUKACBIH CHUIATTAy, aTaJlFaH METPUKAIAp apKbUIbl ©HIpapajbIK TEHCI3MIKTI
CaHJIBIK TYPFBIJa Oarasnay jkoHe OEKITIIreH acepiiepi Oap maHembaiK perpeccHst KOMETriMeH y3aK
MEp3iMJIi TPEHIITIH >KOHE KBICKA MEP3iMJIi JCHTEWJIIK BIFBICYJApIAbIH Oap-KOFBIH TEKCEepy
0oJIbII TaOBLUTAE.

Marepuajaaap MeH daicrep.

Omukanvix acnekminep

Tex pecmm arperaTTajfaH JEpPEKTEp JKEKE COWKECTEHAIPY KOPCETKIITEePIHCI3
naianaHbUIAbl, COHIBIKTAH JKEPTUTIKTI 3TUKAIBIK KOMUTETIICH KOCHIMINIA KeNiciMIep Tajan

44



BECTHUK KASHMY Ne3 (74) — 2025

ISSN 2524 - 0684 e-ISSN 2524 - 0692

erinmeni. EcenTumik SKOJOTHUSIIBIK AW3alHIAFel OaKbUIAYJBIK 3€pTTEyJIepre apHajlFaH
STROBE ycbiHbIMIapbIHa COMKEC KYPBUIBIMIANBI [I9].

3epmmey opHbl MeH HbICAHDL

3eprrey Kaszakcran PecnyOnmkachlHBIH — ayMmMarblHAa OSKYPri3iiii  KoOHE THICTI
KBUTIAPAAFbl OapJblK OKIMIIIIK OIpIIKTEpAl, COHBIH 1IIHIE PECIyOIUKaIBIK MaHbI3bI Oap
Kajajmapasl KaMThAbl. 2022 KbUTbl OKIMIIITIK-ayMaKTBHIK peopMa KYpri3iIin, HITHXKECIHAe
Aobaii, XKericy xoHe ¥ibITay 00JBICTaphl KYPBUIALI. bysr aymakTap sxaHa Oakpuiay OipiikTepi
peTiHe KapacThIPbUIBII, KYPhUIFAH KE31HEH OacTal jKeKe YaKbITThIK KaTapJiapblH OacTajbl.

Ennix aykpIMaarbl KIMMATTHIK JKOHE TeorpadusuiblK cUmaTTamaniap KepCeTKIIITepIiH
aHBIKTaMaJlapbl MEH €CENTey 9MICTepiHe acep ETHEreHAIKTeH, TeK OKIMIIIIK OaijaHbIC MeH
KYHTI30€IiK OaKpuIay MIKaaachl Mai aTaHblUIIbL.

3epmmey ouzatitbl

3epTTey PETPOCHEKTHBTI SKOJOTHUSIIBIK MMAHENbIIK JU3aifiHFa Ue OOJIIbI )KoHEe OaKbuIay
KBUIABIK KaZamMMeH >kyprizinmi. KaHa oOnbictapaply maiiga O6omybl MeH IIIBIMKEHTTIH
MOpTeOECiHIH o3repyiHe OalIaHBICTHI MAHENb YaKbIT OOMBIHIIIA TEHIEPIIMETEH €/1i; COHBIMEH
Oipre op XbUIFa KOJDKETIMII OHIpIEpiH TOJBIK >KUBIHBI Tanmanasl. JKocmap yin aoiexTi
KE3€HJ11 KaMTBIJbL: JIepeKTep/Il JailblHaay >KOHE BaluJalusiay, TybIHIbl KOPCETKIIITEp MEH
TEHCI3/IK MHIMKATOpJIAPBIH €CENTey, CoJaH KeliH eHipiep OoibIHIIA OEKITUIreH acepiiep
perpeccusiapbelH KOJIJaHa OTBIPBIN TWHAMUKAHBI MOJIebAeY. bapiblk paciMaep AepeKTepain
OMIpIIIK [MKIIHE COWKEC XPOHOJIOTHSUIBIK TOPTIMIEH OPBIHAANABL: JKYKTEY >KoHE OipbhIHFal
dbopmaTka KenTipy, OHIp-KbUI ACHIC€HIHACT] ecenTeyiep, VITTHIK KUBIHTHIK KOPBITHIHBLIAP,
eHipapaJbIK BapuadebAiTiKTI Oaranay, MOAETIbAEP KYPY JKOHE Ce31MTaNIBIKTHI TEKCEPY.

Jlepexmep men mamepuanoap ke3oepi

Herisri martepuan perinne opOip eHip MeH pechyOiMKalblK MaHbI3bl Oap Kajamap
OOMbIHIIIA TOTEHILIE KaFaaiiap cajjapblHaH Ka3a TalnKaHAApAbIH CaHbl KOHIHJET1 KbUIIbIK
arperartairad momiMertep mnaimanmaHeuiael  (2013-2023  xok.). Jlemorpadusisik  6aza
OKIMIIUTIK OIpIIKTEPAIH XaJIbIK CaHBI KOHIHJET1 JKBULABIK OarajaysiapMeH YCHIHBUIII KOHE
KecTenep/ie OH MbIH ajaM OipiikrepiMeH kepcerinai. Kocbimina cyOcTanuusiap, peakTuBTep
HEMeCce TEXHUKAJIBIK KYPbUIFbIIAP TaJlall eTUIME/I1, O©MTKEeHI TEK PECMH €KIHIII PETTIK JEPEKTEP
KOJIIaHBUIBL. OimeM OipIliKTepl XalbIKapalblK KYHere koHe JeMorpadusuIbIK 3epTTeyiepre
OpTaK per capita MacmTaObIHA KEITIPiIII.

AtiHblMansiiap men onepayuoHaiobik AHbIKMamaniap

Hotmxe periHzme ToTeHINE KaFmaiiap Ke3iHIe Ka3za TamKaHIapAblH aOCOIOTTIK CaHbI
OHIP—KbUI O6JiHICIHIEC albIHAbL. OHipiep apachIHAAFbl CaJBICTHIPMAIBUIBIK YIIIH TOTEHIIE
JKaFIaiapaad eJIiM-KITIMHIH KEKe TOyeKelll Op OH MBIH ajaMfa IaKKaHAaFbl KOPCETKIII
peringe ecenrtenai. Jemorpadusibik Katapiap OacTamnkbelga OH MBIH ajgaMm OipJikTepiMeH
OCpUITEHIIKTEH, TOYEKEI 1 €CENTey Ka3a TalKaHIap IbIH CAaHBIH KECTEIK XaJIbIK CaHbIHA 001y
apKBUIBbI XKY3€re achIpbUIIbl, KOChIMIIA KaiiTa ecentey Kod(pUIMEHTTEpl KOINAHBUIFAH KOK.
Y ATTHIK )KUBIHTBIK TOYEKeNaep OlpbIHFall arperarray epekeci OOMBIHINA KAIBITITACTHIPBLUIIBL:
eHipyiep OOMBIHIIA XaJBbIK CaHbl MEH Ka3a TalKaHIapAblH CaHbl KOCHUIBIN, KEHiH mep KamuTa
KOpPCEeTKIIm ecenTenai. bacramkel KecTenep/e Ke3JeCKeH albTePHATHUBTI  JKaKIIaJIbl
KOPCETKIIITep HOpMaiay CUIAThIHIA NN TYCIHAIPLUTIN, MOJENbACPAC MaiJaTaHbUIFaH KOK;
KaiiTa eHIIpyre MyMKIH/IIK Oepy MaKcaThiHa OApIIBIK HET13T1 ecenTeyiep TEK OH MBIH aJlaMFa
[IaKKaHJarbl OIppIHFall  TOyeKen INKajachlHa HETi3Jenai. OHIPIIK  OPKENKUIIKTIH
WHIUKATOpJIap Ti3iMiHE BapuaOenbAUTIKTI Oaramay YIIIH JUCHEPCHS MEH BapUallus
K03 PULIMEHTI, OKUFaap/IbIH HIOFBIPJIAHYBIH CUNIATTAY YILIIH aJIFallKbl YII )KETEKII OHIpAiH
yneci meH XepuHaar—XupiiMaH WHACKCI, COHIAK-aK YJecTipy TEHCI3IriH Oaranay yIIiH
Jxunu xoHe Tetin T uuaexcrepi eHri3inai. bapnblk uHIUKATOpIAp KBUT CAWBIH JKEKE-KEKE
Ka3a TamKaHIapbIH a0COJIIOT CaHbl MEH TOYEKeJ KOPCETKIIIIHE eCenTeml.
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Jlepexmepoi swcunay, mazanay sxane canamsl 6aKbliay pacimoepi

JlepexTep oKIMIIUTIK OipiiKTEpaiH KOATApbl MEH arayjapblHa KaTaH COHKecTiri Oap
OippIHFall MalllMHAJa OKBUIATHIH (opMaTKa KenTipimi. Tekcepysep KypamblHa OHIpJEp
OOHMBIHIIIA CcOMaNapAblH Kb CalbIH eNOIK HOTH)KEJIEPMEH COMKeCTIriH Oakpuiay,
KalTaJlaHyJap MEH MYMKIH €MeC MOHIEpAl Tajjay, COHJal-aK ©HIP—KbUI JeHTeHiHe
MEKKBApTHIIB1 ayKbIM KpUTEpUiAepi OOMBIHIIA MIEKTEH ThIC MOHAEPAI 13aey Kipai. Exi MbIH
JKUBIPMa €KIHIII JKbUIBI KaTapjapJblH O6JliHyl THICTI ayMakTap YIIIH KYPBUIBIMIBIK Y3LIiC
peTiHze KapacThIpbUILAbI;, TPEHATEPAIH OypManany apredakTiiepiH 00iabpMay YIIiH TapUXU
OakpuTayJIapIbl PETPOCTICKTUBTI KaldTa 06Ty JKYPTi3ireH )KOK.

HKacanzan borxcamoap

Pecmu cratuctukaga «TeTeHIIE Karjail Ke3lHIer: eJiM» OKUFACHIHBIH aHBIKTaMachl
OYkim Ke3eH OOIBI TypakThl CaKTaJFaH »>KOHE OHIpJIep apachlHIAaFbl €cell JKYPri3y
CalbICTBIpMaITBl  Jient OospkaHapl. DUKcaIUsIaHFaH ocepiiep MEH KYHTI30€NiK KYPBUIBIM
€CKEepIJIreHHEH KeHiH eHipiep apachlHAarbl OaKkbUIay KaTelepi Toyesci3 JAen KaObUINaHbI,
COHMA-aK JOKOBHUITIK Ke3eHHIH TpeHAl 2020 KbUIFBI IIMOKTBIK AayBITKyFa KATBICTHI
CTALIMOHAPJIBI JIET ecenTeNal. XalbIK CAaHBIHBIH CEHIMUTIK JIeHT el ep KamuTa ToyeKeaepi
TTYPBIC ecenTey YIIiH KETKUTIKTI Jen OOJKaH/IBI.
MeHiH oifbIMIIIA, 9JIEYeTTI Ocajl TYC — YITTHIK arperaTThlK TOyeKeIAepIiH KemiCciMIIIri,
OMTKEHI JKUBIHTBIK YKOJI OIpBIHFal epexeMeH OHIPJIIK KOPCETKIMTEp Il TIKeIel arperartayaad
QIBIHFaH MOHHEH albIpMAIIBUIBIK KOPCETYl MYMKIH; aHATUTUKAIBIK MOJIEbICP YIIIH MYH/al
QJIIAKTHIKTAP TalJalaHbIIFAH KOK, €CENTeyJep OHIPp—KbUI JCHIeHIHIe KYPri3iiin, KeriH
JYPBIC KOCBIH]IBLIIAY TOCI KOJJAaHBLIIBL.

Cmamucmuxanvlk manoay

Ecenreynep R 6armapnamaceinbig 4.3 HycKacbIHAa xKypriziaai. CunarraMainslk OeiMre
eHipJiep OOWBIHIIIA KOPCETKIITEPIIH KbUIIBIK IEHTCHICpIH, eIIK XKUBIHTHIK HOTHKEIEePIl
XKOHE eHipapajbIK TEHCI3IKTIH AMHAMHUKACHIH ecentey Kipai. Moaenbaey YIIH eHipiaepAiH
TYPAaKThl ocepJepiMEH perpeccusi KOJIaHbUIIbl, OHJIa TOYeN Il ailHbIMaibl PETiHAE KEe3eKIeH
Ka3a OONFaHNap/bIH CaHBl JKOHE JKEKE TOYyeKel KapacThIPhUIABL. Y aKbITTHIK KYPBUIBIM
JOKOBHU/TIK KE3€HHIH ACTEPMHUHALMUIBIK TPEHAIMEH, €Ki MbIH XUBIPMACHIHIIBI KBUIIBIH
IIOKTBIK KBUTbI MHAWKATOPBIMEH YKOHE €Ki MBIH KHMbIpMa OipiHII — €Ki MBIH >KHbIpMa YIIiHIII
KBUIApFa apHaJFaH MOCTUIOKTBIK BIFbICY MHIWKATOpbIMeH Oepinai. CTaHaapTThl Karesep
reTepOCKEAACTUKANBUIBIK TeH KJAacTep IMIHIETI aBTOKOPPENALHUSHBI €CKepyre MYMKIiHJIK
OepeTiH eHipiep OoibIHIIA KiIacTepu3alusIaHFaH poOacTeiKk (QopMana OaraiaH]ibl.
JlmarHocTrkara TaHENbJIEPACTi aBTOKOPpEJAIUSFa apHalFaH ByJapumK  CHIHAFBI,
reTepOCKEAACTUKAIIBUIBIKTHI TEKCEPY JKOHE JKOFaphl PHIYArTHIIBIK HYKTEIEPIHIH 9CEPiH Talaay
kipai. Ce3iMTanAbIK Tanaayiapsl MeHOEPIHIAe MIOKTHIK KbUIABl B TacTay CIeHapuumepi,
OakpuTayJIapIbIH JKOFapFbl Oip-eKi MalbI3blHA BUH30pPHU3AIMS, TOYEKeNl YIIIH JoTapudMIiK
mKanaaa Oaranay *oHE TPEHATI €Ki MBIH OH TOFBI3BIHILBI KbUI OOUBIHIIA CBIHY HYKTECIMEH
Oamamanbel Typae Oepy sxysere achipbuiabl. JDxuamM, Teln xoHe Xepduuaan—XupiimMaH
UHJIEKCTEpl eHipiiep OOMbIHIIA TUCKPETTIK YIeCTipiMaep YIIiH CTaHAapTThl (hopMyanapMeH
ecenTenai; Bapuanus Kod(PQHUIMEHTI >KbUI OOWMBIHIIA KOPCETKIIITIH OpTalia MOHIHE
CTaHIAPTTHI AYBITKYIBIH KaThIHACKI peTiHIe aHbIKTaIABI [10].

Horuxenep. 2013-2023 xwpuigap apansirbiaaa Kazakcran PecrmyOnnKachIHBIH XalTbIK
caubl 1691,0-gen 1977,0 mnax10* agamra neiin ecti. Actana 77,8-gen 135,4-xe, AnmaThl
147,5-ten 216,2-re paeitin apTThl. OONBICTAPABIH 1MIIHAE €H XOFaphl ocimaep MaHFbICTay
(56,8-nen 76,7-re), Axrede (79,6-nen 92,8-re), Ateipay (55,5-ten 69,3-ke), Ke3sutopaa (72,7-
neH 83,3- re), XKamo6sut (107,0-nen 121,8-re) obasicTapeiaaa 6aikanasl (Kecre 1).
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2022 KBIIBI OKIMINUTIK-ayMaKTBIK OeiHic e3repim, AoOaii, Xeticy xoHe ¥YibiTay
00JIBICTaphl KYPBULIBL, YaKBITTBHIK CAJBICTBIPYJIAp KYpri3reHae Oyl Katapiap cepus y3uiici
peTiHae KapacThIPBLIAIbI.

Kecre 1. KazakcTanHbIH oKiMIITUTIK OipimikTepl OoMbIHIIA XanbK cadbl, 2013-2023 xok.
(10 mMbIH amam

OKimMuIiaix

Gipatik 2013 2014 2015 2016 2017 | 2018 2019 2020 2021 2022 2023
AcTana K. 778 | 814 | 853 | 872 | 973 | 1030 | 1078 | 1136 | 1184 | 1296 | 1354
ATTMaTHI K. 1475 | 1507 | 1641 | 1703 | 1705 | 1802 | 1855 | 1917 | 1977 | 2102 | 2162
Abaii 00JIBICH - - - - - - - - 61.2 61.0 -
Axmora 733 | 736 | 737 | 744 | 734 | 739 | 738 | 737 | 735 | 734 | 788
OOJIBICHI
Axrebe 796 | 809 823 83.5 846 | 858 87.0 | 882 89.4 | 917 | 928
OOJIBICHI
Asvarst 1947 | 1985 | 1922 | 1948 | 1983 | 2017 | 2039 | 2056 | 2078 | 1478 | 1506
OOJIBICHI
Ateipay 555 | 568 | 581 | 595 | 60.8 | 621 | 634 | 645 | 657 | 681 | 693
OOJIBICHI
KO 1394 | 1394 | 1396 | 1396 | 1390 | 1384 | 1378 | 1369 | 1364 | 733 | 730
KamGoin 107.0 | 1084 | 1098 | 1110 | 1115 | 1117 | 1125 | 1130 | 1139 | 1210 | 1218
OOJIBICHI
XKericy o6ubIChI - - - - - - - - 69.9 69.9 -
BKO 618 | 624 | 630 | 637 | 642 | 647 | 652 | 657 | 661 | 683 | 688
Kaparan et 1363 | 1370 | 1378 | 1385 | 1383 | 1381 | 1378 | 1377 | 1376 | 1135 | 1135
00JIBICHI
Kocranaid 880 | 88.1 882 | 884 | 879 | 876 | 873 | 868 | 865 | 8.6 | 832
00JIBICHI
Kerspiropaa 727 | 740 | 753 | 765 | 773 | 783 | 794 | 803 | 815 | 823 | 833
00JIBICHI
Mangsicray 568 | 587 | 607 | 627 | 643 | 660 | 678 | 6.9 | 720 | 746 | 767
00JIBICHI
Masaozap 749 | 753 | 756 | 758 | 757 | 755 | 754 | 752 | 751 | 750 | 755
00JIBICHI
CKO 580 | 576 | 572 | 570 | 563 | 559 | 555 | 549 | 544 | 539 | 534
Typxicran 2679 | 2733 | 2788 | 2841 | 1966 | 1977 | 1984 | 2016 | 2045 | 2088 | 211.9
OOJIBICHI
¥ nbiTay -

- - - - - - - - 21 | 221

OOJIBICHI
[LIBIMKCHT K. - - - 912 | 952 | 1009 | 1038 | 1075 | 1162 | 1192 -
Ka3zakcran
Pecnybamkacet | oo, o | 17161 | 17416 | 17669 | 1787.1 | 18156 | 18395 | 1863.1 | 1887.9 | 1945.1 | 1977.0
0olibIHIIA
JKUBIHBI

Terenie xarmainapaan Oonran emiM-xiTiM OoiibrHIIa 2013-2019 *KbpIIAAPEI YIATTHIK
JeHreiae KopceTKImTiH ToMeHaeyl Tipkenmi: 1333-ten 573-ke meitin, an 2020 KbUIbI KYpPT
ecim, 2793-ke xeTTi, ogan kein 2021 xbutbl 896-Fa el iniHapa TeMeH ey OaiiKaiabl )KoHe
2022-2023 xpuimapel  663—744 nmenreiiinme Ttypakrannbl (Kecte 2). ¥kcac cyper
meranoaucrepae ae kepinai: 2019 xpurra Kapaih MUHUMYMFa keTir, 2020 KbUTbl MAaKCUMYM
tipkenai (Actana — 386 enim, Anmatel — 415), colikeciHIe xeke oaiM-KiTiM Kaymi 3.40 »xoHe
2.17-re neitin ecti, kedinHen 2021-2023 xpurnapsl ToMeH aeHreiire KauTrol. 2020 >KbUTBI
JKEPTUTiKTI 3KcTpemymaap Oavikanasl: [sreic KazakcTan o6mbickl — 519, Kaparanibl 001bICH
— 332, bareic Kazakctan obmbickl — 181, Axkmona o6nbicel — 130, ATeipay oOmbicel — 107;
colikeciHIe Kayimn nenreimnepi 3.79, 2.41, 2.76, 1.76 xone 1.66-ra xetTi. JKekenaereH >kpliaaphbl
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ecy ceprini Akre0e obnbIckiHIa na Oankanabl (2016-2017: 169—-197; kayim 2.02-2.33) xoHe
Typkictan obnbiceiHaa (2016: 179; kayin 0.63).

ConTycTik eHIpaepae XOFaphl OacTamKbl Kayill JEHreusepi Ke3eH COHbIHA Kapai
oipringen temennaeni (Contycrik Kazakcran oOnbicel — 2013 sxbutbl 1.90-Han 2023 5KbUTHI
0.79-ra netiin; Kocranaii o6abicel — 2013 xbutbl 1.22-aed 2023 xbuiel 1.02-re netiin). 2022—
2023 xpU1Aaphl skaHa 00JIBICTap OpTalla JeHreiieri kepceTKimTepai kepceTTi: AGail 06IbICH
—9—14 enim xone Kayin 0.15-0.23, XKericy o6mbickl — 2328 sxone 0.33—0.40, ¥ npiTay OOJIBICHI
— 11-15 xone 0.50-0.68.

Kecre 2. ToreHme xaraiinap Ke3iHaeri Ka3a OonFaHzap caHbl )KOHE JKEKe oM KayTi
(2013-2023 xx.)

?i';ji":]‘(“‘”“‘ 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
AcTana K. 65 80 71 35 27 23 21 386 21 28 21
(0,83) (0,98) (0,83) (0,40) (0,28) (0,22) (0,20) (3,40) (0,18) (0,22) (0,15)
AIMaTHI K 48 46 42 23 20 18 14 415 27 13 19
i (0,33) (0,30) (0,26) (0,14) (0,12) (0,10) (0,07) (2,17) (0,14) (0,06) (0,09)
AGaii 00JIBICHI - - - - - - - - ? 14 -
©0,15) | (023)
AxMomna 78 91 94 9 13 67 32 130 49 31 39
OBBICE! 1,06 | (124 | 128 | ©,12) | 0,18 | ©91) | 043) | 1,76 | 0.67) | 0.42) | (0,49
AkTobe 51 44 32 169 197 85 19 48 104 33 41
OGIBICHI 0.64) | 054 | 039 | @02 | 233) | 09 | ©022) | 0,54 | (1,16) | 036) | (0,44)
ANMaTHI 202 158 176 122 109 143 84 126 129 49 48
0BMBICH 1,04 | 080) | 092) | 0.63) | 055 | ©71) | ©41) | ©61) | 0.62) | 033) | 032
ATeIpay 43 44 54 40 37 2 13 107 57 66 75
OBBICHI 077 | 08 | ©093) | ©67) | ©061) | 035 | 0200 | (1,66) | 0.87) | 0,97 | (1,08
ILIKO 138 111 185 136 130 133 66 519 66 43 46
099 | ©80) | (133 | 097 | ©94 | 096 | 048 | 3,79 | ©048) | 059 | (0,63)
JKamObL1 104 50 46 92 67 64 35 13 50 37 41
00JIBICHI (0,97) (0,46) (0,42) (0,83) (0,60) (0,57) (0,31) (0,12) (0,44) (0,31) (0,34)
Kericy 23 28
00JIBICHI B B - - - B B B (0,33) | (0.40) ~
BKO 49 43 51 39 31 35 19 181 61 46 33
(0,79) (0,69) (0,81) (0,61) (0,48) (0,54) (0,29) (2,76) (0,92) (0,67) (0,48)
Kaparanabt 92 78 50 66 67 72 55 332 49 41 47
00JIBICHI (0,68) (0,57) (0,36) (0,48) (0,48) (0,52) (0,40) (2,41) (0,36) (0,36) 0,41)
Kocranaii 107 84 84 54 48 44 24 89 57 73 85
00JIBICHI (1,22) (0,95) (0,95) (0,61) (0,55) (0,50) (0,28) (1,02) (0,66) (0,87) (1,02)
Ke13su1opaa 63 69 60 80 75 39 27 23 39 27 48
00JIBICHI (0,87) (0,93) (0,80) (1,05) (0,97) (0,50) (0,34) (0,29) (0,48) (0,33) (0,58)
MangrsicTay 36 19 30 16 48 38 18 80 23 22 26
00JIBICHI (0,63) (0,32) (0,49) (0,26) (0,75) (0,57) (0,27) (1,15) (0,32) (0,29) (0,34)
[TaBnonap 55 64 49 63 53 66 39 91 37 24 23
00JIBICHL (0,73) (0,85) (0,65) (0,83) (0,70) (0,87) (0,52) (1,21) (0,49) (0,32) (0,30)
CKO 110 104 86 73 67 55 48 101 58 41 42
(1,90) (1,81) (1,50) (1,28) (1,19) (0,98) (0,87) (1,84) (1,07) (0,76) (0,79)
Typkicran 92 117 127 179 105 98 39 63 59 30 34
00JIBICHI (0,34) (0,43) (0,46) (0,63) (0,53) (0,50) (0,20) (0,31) (0,29) (0,14) (0,16)
¥Yasiray 11 15
00JIBICHI B B - - B B B B (0,50) | (0.,68) ~
lsmcert & B B B 31 20 89 10 16 19 B B
(0,33) (0,20) (0,86) (0,09) (0,14) (0,16)
Ka3zakcran
Pecny0aukacsl 1333 1202 1237 1196 1094 1033 573 2793 896 663 744
OOMBIHIIIA (13,80) | (12,40) | (12,40) | (11,50) | (11,30) | (10,10) (5,70) (25,90) (9,20) (8,10) (9,10)
HKUMBIHbI
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AliMakapasblK TEHCI3A1K JIM-XKITIM MeH Kayin aeHreii 6orbiamma 2015-2017 sxpuinaps
aptein, 2020 KBUTBI IIETiHE XETTi, CONaH KeWiH TOMEHIeHdl, OipaKk Ke3eHHIH OachIHIaFbl
neHreinepre KaiTein opanmaasl (Kecte 3). 2020 xbUbl yiur skeTekIn aiiMakThiH yieci 0.488,
Xeppunpan—Xupmman uaaekci 0.112, emim-xkitim OolibHma Jxuan naaekci 0.459, Teiin
unaekci 0.356, Bapuarus kodgdunmenti 0.917 6onasl. XKeke kayin neHreii 0oibrama ga 2020
KbUThI MakcumyMaap tipkenai: Jbxkuau 0.391, Teitn 0.254, Bapuanust kodddurmenti 0.715.
2021-2023 xpu1aapsl KOHIICHTPAIHS QJICIpETeHIMEH, IOKOBHATIK (DOHHAH KOFAaphI OOJIBII Kajia
Oepi.

Kecre 3. KazakcTanaarsl TOTEHILE XKaFAaiaapaaH O0JFaH eJ1iM-)KITIM MEH KeKe TOyeKe
JEHTeHiHIH aliMaKapaJbIK TEHCI3IIr )oHe MOoFbIpaanysl, 2013-2023 xok.

Kaza Ka3za rankangap Toyekea
TankaHaap Bapua
BapHanu
Kb AABIH aucnepce s «TOMm-3» imucmne L
JKAJIBI P Gini | Theil T . HHI plcoaq)(b Gini [Theil T
us k03¢ du yJeci cus
CaHBbI . HIMeH
HHEeHTI .
(6akbLI1aYy) Ti

2013 1333 1855962 | 0.517 0.262 0.112 0.338 0.078 | 0.135 | 0.427 | 0.213 | 0.081
2014 1202 1257.717| 0.472 0.253 0.104 0.321 0.076 | 0.143 | 0.486 | 0.249 | 0.103
2015 1237 2256.362| 0.614 0.306 0.155 0.395 0.085 0.138 | 0.481 | 0.261 | 0.109
2016 1227 2689.279 | 0.718 0.383 0.236 0.394 0.087 | 0.216 | 0.666 | 0.338 | 0.194
2017 1114 2259.515| 0.725 0.368 0.222 0.391 0.088 | 0.265 | 0.764 | 0.355 | 0.227
2018 1091 1342.779 | 0.571 0.306 0.150 0.343 0.077 | 0.073 | 0.430 | 0.233 | 0.098

2019 563 415.235 | 0.615 0.321 0.163 0.364 0.080 | 0.035 | 0.574 | 0.291 | 0.145
2020 2704 24039.333| 0.917 0.459 0.356 0.488 0.112 1.253 | 0.715 | 0.391 | 0.254
2021 902 822.809 | 0.541 0.272 0.127 0.331 0.075 0.098 | 0.573 | 0.313 | 0.157
2022 666 283.589 | 0.506 0.272 0.120 0.282 0.062 | 0.062 | 0.611 | 0.322 | 0.171
2023 725 345.696 | 0.487 0.254 0.106 0.287 0.064 | 0.075 | 0.584 | 0.312 | 0.157

En OolibiHIna skeke ToyekeniH KubHTHIK kopcetkimi (Kecre 4) 2013-2019 xpuigapsr
3.5-4.6 numana3onbiHaa cakTanbim, 2020 xputel 222.2-re xeteni xone 2021-2022 xpuinapsl
2.7-3.6-ra, 2023 xbuibl 3.323-ke nediH TeMeHAeHi. MeranoaucTepae €H TOMEHTT MOHAEP
2019 xwpinra Kapaii 6aiikananaser: Actanana 0.212 sxone Anmatsina 0.344, 2020 sxpUTI THICIHITIE
29.321 sxone 27.987-re neitin Kypt ecy Tipkeneni, kerin 2021-2023 xpumapst 0.063-0.307
xoue 0.086—0.105 menreinepine AeiiH KalabIHA KEJIE/I].

AWKBIH POBUHIUSUIBIK dKCTpeMmyMaap 2020 Kbuibl Tipkenenai: ATbIpay OOJBICHIHIA —
46.267, bareic Kazakctanma — 14.921, Kaparannsiga — 5.956, Akmonana — 7.661, Ilerbic
Kazakcranga — 6.181, conpiMeH Katap Oipkarap eHipiepae KeKelereH >KbUIIapbl JOKaIbIbl
msIHaap Oarikamaael. AkTe0e oobichiHaa ociM 2016—2018 xputnapsr 6actamans (0.28—0.538)
xoHe 2020 xputel 4.501-re sxereni; Typkicran obnpichiHaa MakcumMyM 2013-2016 xbuigapsl
0.336-0.409 xypan, ketiia 2021-2023 sxpuraapsl 0.168—0.518-re aeitin tomenaeiiai. ConTycTik
Kazakcran o6nbicel O6actankbiga 2013-2015 >xputmapsr sxorapsl MoHAepaeH (0.262—0.277)
Oacraiiger, keiin 2018-2019 xemmaper 0.082—0.125-ke neitin temenpen, 2022-2023
xeutaapsl 0.094—0.112 neHreitinae ToMeH Kyinae cakranaapl. Kocranait oompickima 2013—
2015 xwimmaper 0.126-0.154-ten keiiin 2016 xbuthl Kbicka Mep3iMai ecim 0.403-ke neitin
Oaitkanazel sxkoHe 2021-2023 xputaapst 0.078—0.154 apanbIiFblHIa KATBIITH JSHT eI 00Iabl.
Masngrsictay oOnbicbinaa 2014-2017 sxemapst 0.17-0.423 nuanazonbsiHgarsl MoHzaep 2020
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*Kbutbl 13.253-xe geitin ocin, kerin 2022-2023 xeutmapsr 0.118-0.138 nenreliine kaiTa

opasaipl.

2022-2023 >xpurmapsl KaHa OKIMIIIIIK OIpMIKTEpAiH Maijia O00dybl opTalia ToyeKem
neHrennepiMeH Katap skypeni: A6ai oOmeickiHga 0.054—0.060 xone xakmama 0.09—0.10,
Kericyna 0.124-0.146 xone 0.18-0.21, ¥uwitayga 0.127-0.158 xone 0.57—-0.72. IlIsiMKeHT
Kanmacel OolibiHma 2016 xputFa AeifiHri gepekrep OonmaraH coH, 2020 >KbUIBI KOFapbl
kepceTkim 22.368 Ttipkeneni, keiin 2021-2022 xbuimaper 0.300-0.592 temeHn MoHuepre

Typakrainsli, 2023 xbuibl 0.471 Kypaiiasl.

JKanmel kapTuHa TaHAEMUsSFa JEHIHTT TOyeKeNIiH TeMmeHaeyiH, 2020 >KbUIFbl alKbIH
alimakapanblK quddepeHIaUsIMEeH CUITATTATaThIH KYUETIK MIOKTHI )KOHE KSHIHT1 JKbUIIaphl
AJJIBIHFBI JICHTCJIepTe TOJMBIK KAUTITaFaH KaJIIbIHA KETy 11 pacTanIbl.

Kecre 4. T)XX xypb6ans1 601y sxexe Toyekenm (2013-2023 xx.)

OKiMIIiTiK
Gipii 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Actana 0.278 0.31 0.415 0.573 0.673 0.706 0.212 29.321 0.063 0.307 0.168
TaHa K. 036) | (0.38) | (049) | (0.66) | (0.69) | (0.69) | (0.20) | 25.81) | (0.05) | (0.24) | (0.12)
N — 0.299 0.235 0.22 0.223 0.412 0.341 0.344 27.987 0.099 0.105 0.086
K 0.20) | (0.16) | (0.13) | (0.13) | (0.24) | (0.19) | (0.19) | (14.60) | (0.05) | (0.05) | (0.04)
AGaii 00JIBICHI - - - - - - - - 0.054 0.06 -
(0.09) | (0.10)
AxMomna 0.143 0.136 0.138 0.129 0.098 0.071 0.113 7.661 0.06 0.073 0.08
06JIBICHI 020) | 0.18) | (0.19) | (0.17) | (0.13) | (0.10) | (0.15) | (10.40) | (0.08) | (0.10) | (0.10)
Akrebe 0.179 0.199 0.123 0.28 0.255 0.538 0.288 4.501 0.26 0.126 0.136
OBJIBICEL 022) | (025 | (0.15) | 0.34) | 0.30) | (0.63) | (033) | (5.11) | (029 | (0.14) | (0.15)
Anmarsl 0.398 0.288 0.261 0.107 0.131 0.099 0.184 5.685 0.162 0.162 0.156
0GIIBICHI 0.20) | (0.15) | (0.14) | (0.05) | (0.07) | (0.05) | (0.09) | @.77) | (0.08) | (0.11) | (0.10)
Artbipay 0.218 0.247 0.206 0.218 0.453 0.387 0.296 46.267 0.205 0914 0.622
06JIBICHI 039) | (0.44) | 035 | 037) | 0.75) | (0.62) | 047) | 71.71) | (031) | (1.34) | (0.90)
ILIKO 0.228 0.207 0.195 0.159 0.128 0.154 0.14 6.181 0.149 0.079 0.104
0.16) | (0.15 | 0.14) | (0.1D) | 0.09 | 0.11) | (0.10) | @51 | (0.1D) | (0.11) | (0.14)
JKamObL1 0.566 0.403 0.302 0.392 0.332 0.331 0.278 4.83 0.231 0.101 0.107
00JIBICHI (0.53) (0.37) (0.27) (0.35) (0.30) (0.30) (0.25) 4.27) (0.20) (0.08) (0.09)
Kericy j j j j j j j j 0.124 | 0.146 j
00JIBICHI (0.18) 0.21)
BKO 0.192 0.199 0.291 0.171 0.062 0.078 0.154 14.921 0.113 0.103 0.068
031 | 032) | 046) | 027) | 0.10) | 0.12) | ©24) | @272) | 017 | 0.15) | (0.10)
Kaparanabt 0.096 0.098 0.075 0.093 0.078 0.072 0.058 5.956 0.058 0.089 0.082
OBIIBICHI 0.07) | (0.07) | (0.05 | (0.07) | 0.06) | (0.05) | (0.04) | (4.33) | (0.04) | (0.08) | (0.07)
Kocranaii 0.126 0.154 0.142 0.403 0.161 0.168 0.089 7.737 0.078 0.154 0.143
OGIIBICHI 0.14) | 0.17) | (0.16) | (0.46) | (0.18) | (0.19) | (0.10) | (8.91) | (0.09) | (0.18) | (0.17)
Ke13putopna 0.377 0.52 0.395 0.105 0.1 0.202 0.251 5.193 0.434 0.215 0.218
06JIBICHI 052) | 070) | 0.52) | (0.14) | 0.13) | (026) | (0.32) | (6.46) | (0.53) | (0.26) | (0.26)
MangrsicTay 0.209 0.17 0.185 0.074 0.423 0.278 0.154 13.253 0.135 0.118 0.138
OGIIBICHI 0.37) | (0.29) | (030) | (0.12) | (0.66) | (0.42) | (0.23) | (18.97) | (0.19) | (0.16) | (0.18)
[TaBnonap 0.139 0.114 0.156 0.187 0.191 0.222 0.035 3.507 0.056 0.062 0.062
OGIIBICHI 0.19) | (0.15) | (021) | (0.25) | 0.25) | (029) | (0.05) | (4.66) | (0.07) | (0.08) | (0.08)
CKO 0.262 0.213 0.277 0.156 0.307 0.082 0.125 11.472 0.111 0.094 0.112
045 | 037 | 048) | 027) | 055 | 0.15) | 0.23) | 2091) | 0200 | 0.17) | (0.21)
Typkicran 0.409 0.477 0.442 0.336 0.322 0.257 0.335 5.32 0.168 0.38 0.518
OGIIBICHI 0.15) | 0.17) | (0.16) | (0.12) | (©.16) | (0.13) | (0.17) | (2.64) | (0.08) | (0.18) | (0.24)
¥ nbiTay _ _ _ _ _ _ _ 3 0.158 0.127 B
00JIBICHI (0.72) (0.57)
22.368 0.3 0.592 0.471
ILIbIMKEHT K. - 3 - 3 - 062) | o154y | 028 | 017) | (0.16) -
Ka3zakcran
Pecnybiukac 4.1 4.0 3.8 3.6 4.1 4.6 3.5 2222 2.7 3.6 3.323
bl GoiipIHma | (4.50) | (4.30) | 4.20) | 3.90) | @.70) | 4.90) | (3.60) | (250.3) | (2.80) | (4.60) | (4.00)
JKHBIHBI
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OKIMIIUTIK  aiiMakTap OOWMBIHIIA TIPKENITeH TYPaKThl ocepiepi Oap MaHENbIIK
perpeccusinbl Oaranay JUHAMUKAHBIH YII 3JIeMEHTIH pacrtaiiasl (1-cyper). 2019 xputra neitin
TYPaKThl TOMEHICYIII TPeH OalKaIabl: 6JIM-KITIM OoibiHIIIAa —6.294 KaFmaii XbpUIbIHA, 95%
CI[—8.824; —3.764]; xxeke Toyeken OoiibiHIma —0.066 x)butbiHA, 95% CI[—0.094; —0.038]. 2020
JKBUTBI ICHTeH I H alTapJIbIKTall CEeKipici aHBIKTAJIBI: ©JIIM-XKITiM OoibiHma +126.057, 95% CI
[43.789; 208.324]; Toyeken Ooiibiama +1.144, 95% CI [0.513; 1.774]. 2021-2023 xpuinapsl
JIOKOBU/ITIK TPACKTOPHUSFA KATHICTHI OH BIFBICY CaKTaJaIbl: ©JIM-XKITIM OoibiHIa +14.348,
95% CI [-2.013; 30.708]; Toyeken Ooiibramma +0.202, 95% CI [—0.002; 0.406]. Buzyanmbt
TypZae OoJiKaM KUCBIFBI OapibIK JKbULIAPJAFhl ailMaKTBIK OpTalla KOPCETKIMTEPAl KaKCh
KaiiTa mbrapansl, Tek 2020 KbUIFBl SKCTpEMyMJa albpMaIIbUIBIK €H >KOFaphbl JIEHrene
Oalikanaml.

Bakpimanras MaHIED

160 | Mozens (FE)

140+
120}
100}
8ot
60

40

KaiiThic Gorannap caHbl (eHip/aep GoHbIHIIA 0PTa MIH)

2014 2016 2018 2020 2022
Kbirn

Cyper 1. Terenuie xarnainapaarsl Kaza tankasaap: 2013-2023 sxsuiap
apaJIbIFbIHAFbl OHIPIIK CaJIMAKTAIMaFaH opTalla OaKbUIAHFAH MOHJIEP KOHE TYPAKTHI
acepiiepi 6ap MoaenbIiH 0omKaMaapsl

Tankpuiay. Kipicene kepceTiNreH TOTEHIE >KaFmaiapiaH OoJaThlH ONiM-XKITiM
JTUHAMHUKACBIH JKOHE OKIMIIUTIK OipiikTep OeJiHICIHACTI Nep-KamuTa TOyeKeAl Taiaay,
COHJIali-aK ©HIpapasIbIK TEHCI3AIKTI ¢opmanabl Oaranay (OKYChl aNbIHFAH JEPEKTEPMEH
pacranaapl. 2019 xpuTFa ACHiH TYpaKThl TOMEHIEY TpeHIl TipkenreH, KediH 2020 KbUTbI
JIEHTeUIIH KYPT aybITKybl Oadikanbim, 2021-2023 xKbpligapsl alIbIHFBI TPACKTOPUSFA TOJBIK
opanMaraH. MyH/Iail KoHUTypamus «y3aK TPEH + KbICKa MEp3iM/Ii IIOK» MOJIEIIIHE KOOIpeK
coiikec keneni, OipkenKi KyOblIMabIIBIKKA Kaparana. TypakTsl acepiaepMeH MaHeIbaiK TC
JIOJT OChI JIOTMKAHBI ICKE achlpajbl, MYHJAa TYPaKThl OHIPIIK albIpMalIbUIBIKTApP «aJIBIHBII
TacTallaJbl», YaKbITTHIK CUTHAII MEH OKHFAIIBIK «Oacmannakrapy Kamaisl [11].

[Tangemusra MEHiHTT TOMEHIEY OPEKeT €Tyl MPOPUIAKTUKAIBIK MEXaHU3MIEP MEH
xKayarn xynenepini 6iprinaen oeriimaenyin kepcereni [12]. 2020 *KbUIFBI MIAPBIKTAY KYHEITIK
IIIOK pEeTIHJEe KOpiHEedl, OHBIH dcepyiepl opTypii aymakrapia Oip mesrinae OalKaiabl —
MeranojucTep aOCONMIOTTIK OMIM-KITIM MEH Tayekel OoWbIHIIA OYpBIH-COHJBI OoJIMaraH
MOHJIEP KOPCETTI, all )KeKeJereH o0pIcTap/a ipl )KepriTiKTi aKcTpeMymaap Tipkenai [8]. by
JAFIaphIC Ke3eHIHAEe KbI3METTEeP/IiH IaMaJIaH THIC KYKTENyl ®KoHe KYHAENIKTI KayilnCi3aiKTiH
OY3BUTYBI UICCBIMEH colikec kenei [13].

2020 XpIIgaH KeWiH KaTapiapIblH KOIIIUNri TOMEH IeHreusepre opaiisl, Oipak
JKYHEHIH «eCTe CaKTayb» Kajabl, ce0e01 0a3abIK ChI3BIK MaHAEMUsFa JCHIHT1 JCHICHICH COll
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JKOFapbl O0JBITT Kasabl. [IpakTUKANbIK TYPFBIIAH ajFaHaa, Oy ipl MIOKTap/IbIH CaJIIapbIHBIH
WHEPLHUSICHIH, TeK OKUFAHBIH ©31H FaHa eMeC, NalbIHIBIK MeH Mpo(UIakTHKa KOCTapIapbIHIa
€CKepy KaXeTTiriH kepcereni [ 14].

Konnenrpanus unnekci xone 6emninictik Metpukanap (tom-3 yneci, HHI, Gini, Theil T)
2020 >xpUTBI MAKCUMYMFa JKETIN, KeHIH TOMEHJIETeHIMEH, Ke3eH OacChIHIaFbl JICHTeHTe JeiiH
tycreai. Jlemek, IIOK opTamia Toyekel JeHreiiH FaHa KeTepim KoWMall, KEHICTIKTIK
OPTEKTITIKTI KYIIEHTTI, al KahTapy TOJbIK Oonmazel. Toyekemmepai Oackapy yimiH Oy
KOJTaiiChbI3 KOMOMHAIIMS: KAl JKYHeIiK mapainap FaHa eMec, COHBIMEH Karap JaFiapbiCTaH
KEWiH >koFapbl (HOH OPHBIKKAH «aybIp» KJIACcTepJiepe HbICAHAIBI dpeKeTTep Ae KaxeT [15].

PecnyGnukanbik MaHbI3bI Oap Kananapaa MakcumyM 2020 5KbplTFa COUKec Kelill, XKbU1IaM
Kepl KO3FaJBICIICH TOMEH MOHJEPre opayibl; Oipkarap oOmpicTapaa 0acka TpaeKTopHsiap
Oaiikananpl — 2020 xpUTFa AEHIHT1 epTe KEepriliKTi OplIysIep, IIOK KbIIBIHIAAFBl 6T€ XKOFaphl
HIapeIKTayJap oHe Oasty Kepi meriny. by Toyeken KypbUIbIMBIHIAFbI all bIpMAIIbUIBIKTAP/IbI
KOpCeTyl MYMKIH: arjomepanusiapJa TeXHOTEHIK OHE MiHE3-KYJIBIKTHIK KOMIIOHEHTTED
OacelM, aJl TPOBUHIMANA OKYHEHIH IIaMagaH ThIC JKYKTEIYIHEH KeHiH OasybIpak
«CaTKBIHAAUTHIH» WHQPaKYPBUIBIMABIK, KIUMATTBIK JKOHE JIOTUCTHKANBIK (hakTopiapabiy
canmarbl keoOipek [16].

Kaii rana pgucmepcus <OKaWBUTFaH» YJECTIPYIl JKOHE IKOFaphl KOHIICHTpAIUS
JKaFIaiapeiH axeipatyaa xeTkutikciz. HHI men Ton-3 yneci okuramapaplH a3 FaHa ayMaKTa
HIOFBIPJIAHYBIH HaKThl KepceTeni, an Gini/Theil ynectipyaiH acCHMMETpHICHIH CHUIATTaiIbI.
byn wHaukatopiap JKUBIHTBIFBI OpTalia MOHIEP MEH TPEHATEPACH KOPIHOCUTIH HOpCeHi
KOCaJbl: TOYCKEINIIH HaKThl Kail jKepJe «OpHAIACKAHBIH» >KOHE OHBIH JaFAapbic Ke3iHIe
ayMakTap apachlH/a KaHIIAJIBIKTHI )KbUIaM aybICaThIHBIH [17].

Bipinminen, 6i3 arperartajiraH oKIMIIUIIK AEPEKTEPMEH KYMBIC 1CTEIIK; IKOIOTHSIIBIK
JIEHTell JKeKe KOPBITBIHIBUIAp KacayFa MYMKiHAIK Oepmeiini. Exinmmen, 2022 KbLIFbl
pedopMa KypbUIBIMBIK aTIIAKTHIK TYFhI3aIbl, )KOHE OJ1 MTAHEbe TYPhIC OHICITeHIMEH, )KaHa
00JIBICTap YIIIH Y3aK CaJbICTHIpYJIap MIEKTEydi. YIIIHIIIIEH, KeHOip Karapiapaa «KYyIIKTi»
HYKTeJiep Oap (MbIcalibl, JKEKEJIEreH eHIpiep YIIiH KelOip JKbUIaapAarbl aHOMalIbbl TOMEH
MoHJIep). bi3 MyHBI imiHapa ce3iMTal TajayJlapMeH MICIITIK, 0ipak TYMKUIIKTI CEHIMIUTIK
YIIiH OacTamkbl PETUCTPIIEPl TAYEJNCI3 CalbICTBIPY KaKeT. AKBIPBIH/AA, YITTHIK >KUBIHTHIK
TOyEKeNep KaTaH TYPAC >KajIbl ©JIM-KITIMHIH KaJlMbl XaJIbIK CaHbIHA KATBIHACHI PETIHJIE
ecernTenyl THIC; Ke3 KelreH OajaMalibl «KYpacThIpMalbl» HHIEKCTEP TEK KOCAIKBI PETiHe
OPBIH/IBI J)KOHE OoJiek Oenriney i KaxeT eresi. Ochl OJOKTHI YHJIECTIPY eTIK KOPBIThIHIBLIapFa
CEHIMJIUTIKTI apTTHIPA/IbIL.

A3aMaTTBIK KOPFaybl )KOCTapiiay eKXKaKThl KOHTYpFa HET13/IeTyl THIC: Y3aK Mep3iM/Ii
TPEHATI TOMEHJIETETIH Oa3alblK MPOPHUIAKTHKA >KOHE TOYEKENIH KOFapbl IIOFbIpIaHFaH
ayMaKTapblHA JIOKaJIU3alUsIaHFaH HIOKTHIK CLIEHapHiliepre apHairaH «Oydepiik» KyaTTap.
2020 xpU1IaH KeWiHri 0aCBHIMIBIK KapTachl JaFrJapbhICKa JCHiHTI Kerbacibpuiap KapTachiMeH
coiikec KenMmeiiai, COHABIKTaH Oy pecypcTapiabl 06y, MepCoHaNIbl OKBITY JKOHE XaJIbIKIIEH
KOMMYHHUKAaIHs11a KepiHic Tabys! Kaxer [18].

3eprreyain mekTeyJepi. 3epTTeyaiH IIEKTEyl arperaTTajifaH OKIMIIUIIK JepeKTepi
naiijananybpIMeH OalTaHbICTBI, OYJI )KeKe IEHTeH/IeT1 Ta1ay 1kl OO IBIPMAiIbI )KOHE allbIHFAH
KOPBITBIHIBLIAP/IbI IKOJIOTUSIBIK cunaTtra erefi. Ecenke amy MeH TeTeHIIe KarJailiapiabl
KIKTEY ToXKipuOenepiHiH BIKTUMan e3repicrepi, ocipece 2020 >KbUIbl, KaTapiapiablH
CaJIBICTBIPMAIBUTBIFBIHA  OCcep €Tyl MYMKiH. 2022 KbUIFBI OKIMIIUTIK-ayMaKThIK O6JliHiC
pedopmack! xaHa 0OJIBICTap YIIIH KYPBUIBIMABIK Y31IiC TYFBI3bIN, OOMIIBIK CABICTHIPYIApAbl
mekTenl. TeTeHIne >KarmaiapAblH TypJiepl MEH MayCBhIMIBUIBIFBI OOMBIHINA JKIKTEYIIH
00JIMaybl MEXaHU3MIe-CIICIM(PUKAIBIK 3aHABUIBIKTapAbl alKbIHayFa MYMKIHIIK Oepmeri, ai
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JKEKeJIeTeH OHIPJIePET] KbUIIBIK MOHICPAIH a3 00ybl Ke3ICUCOK (DIyKTyarusIapIbH posiH
KYILIEHTTI.

KopobiThinabl. 2013-2019 xok. TeTeHie >karaaitiapaan O0FaH ©JIM-XKITIM MEH JKaH
0achIHA MTAKKAH/IAFbl TOYEKEIIiH TYPaKThl ToMeHAeyi 6aikamnabl, 2020 k. KYpT CTaTUCTUKAIIBIK
TYPFBIIAaH MOH/II CeKipic opbIH anmsl, an 2021-2023 xok. [lanaemusira qeiiHri TpaeKTOpUsFa
TOJNIBIK KalTy Oonmanbl. KeHICTIKTIK OpTEKTUIIK MIOK KbUIbl KymIehai skone 2023 k. neiin
TOJIBIK KaJIBIKA TYCHEIl, ©JIM-KITIMHIH IIEKTEYJl ayMaKTap/Aa IIOFBIPIaHybl MEH YIIECTIpY
ACUMMETPUSCHl JKOFaphl JeHrevne Kamael. Ocanablk npoduuiibaepi opTypiai OOk
METamnoJIMCTep KeACN KbICKa Mep3iMIi MapbIKTay IIeTiH Oepim, KbUITaM Kepl KaWTThI, aj
KeiOip 00JBICTap aliKBIH JIOKAJIBABI SKCTPEMYMAAP MeH Oasty ToMeH ey i KepceTTi. TypaKThl
ocepiiepi 0ap mMaHENBAIK MOJIENb OHIPJAEPAIH ©3TepPMEUTIH epEeKIICNIKTEpIH YaKbITIIa
BIFBICYJIApAAH Ol KepCeTTi, HOTHXKEJep Ce3IMTANIBIK TalJaylapblHAa TYPAaKTHUIBIFBIH
CaKTar KaJibl.

Mynaenep KaKThIFBICHI.

ABTOpIap MY/UIeNep KaKThIFBICBIHBIH KOK €KeHIH MasiMaei .
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BBenenue. CmepTHOCTh OT 4pe3BbiuaHbIX cuTyanuii (UC) ocTta€rcss 3HAYMMBIM
MCTOYHUKOM TPEAOTBPAaTUMBIX IOTEPh, CONPOBOXKIASACH BBIPAKEHHONW MEXPETMOHAIBHON
BapuadeIbHOCTHIO. B OOIBIMX cTpaHaxX Takas HEOTHOPOIHOCTh MOXET (POPMUPOBATHCS KaK
JOJrOCPOYHBIMU TEHJIEHLMSAMHU, TaK U KPaTKOCPOUHBIMM IIOKaMH, onHako s Kazaxcrana
¢dbopManbHbIe TaHEIbHbIE UCCIEI0OBAaHUS 10 CHX MOP MOYTH HE TPOBOAMIIUCE.

Iennb. Ananu3 BpeMeHHON AMHAMHUKU cMepTHOCTH 0T UC M MHAUBUYaIbHOTO PUCKA B
agMUHUCTpaTUBHBIX enuHunax Kazaxcrana 3a 2013-2023 roapl, KOJUYECTBEHHO OLIEHUTH
MEXXPErMOHAIbHOE HEPABEHCTBO U BBIIBUTH JOJITOCPOYHBIE TEHACHLIMHM M KpPaTKOCPOYHbIE
KOJIeOaHMs C TIOMOIIBIO IMMAHEIBHON perpeccuu ¢ GUKCUPOBAHHBIMU d(PPeKTamMu.

Marepunansl u Meroabl. [IpoBeEHO PETPOCIEKTUBHOE HKOJIOTMUYECKOE IAHEIbHOE
UCCIIEIOBaHME, OXBaTUBIIee Bce pervuoHbl KaszaxcraHa, BK/IIOYas BHOBb OOpa3oBaHHbBIE
Abaiickyto, XKeTpicyckyto U YibiTayckyto obnactu mocie pegopmsl 2022 1. Mcnonb30BaHbl
eXero/iHple JaHHble 0 cMepTHOCTH OT YC M YMCIIEHHOCTH HacejieHUs, Ha OCHOBE KOTOPBIX
paccuntansl pucku (Ha 10 000 xurteneit). MexpernoHaaibHOE HEPABEHCTBO OLIEHUBAJIOCH I10
qucrnepcud, KO3(QQUIMEHTy BapHaluu, Jo0Je TpEX BEOyIIMX PErHoHOB, HHJIEKCAM
Xeppunnans—Xupmmana, Jxkuau u Teinma T. JluHamuka u3ydanach pPErpeccHsMH C
bukcupoBaHHBIMU d(PPeKTaMu pErHOHOB.

PesyabtaTbl. B 2013-2019 rr. Habmoganoch cTabUiIbHOE CHUXKEHHE CMEPTHOCTH H
pucka (—6,3 ciyqas u —0,07 enunauib pucka B rox). B 2020 r. mpousomén pe3kuii poct (+126
cinyuaes; +1,14 equHuLbl), 32 KOTOPBIM MOCIEA0BAIO YacTUYHOE cHUxkeHue B 2021-2023 rr.,
OJIHAKO TIOKa3aTelld He JOCTUIVIM JOMaHAEMHUYECKOTO YpOBHA. MexpernoHaibHoe
HepaBeHCTBO jaocturino mMakcumyma B 2020 r. (unupekc [Jxunn=0,459; Teitna T=0,356;
HHI=0,112), oTpaxkast CHCTEMHYIO MEpEerpy3Ky U MPOCTPAHCTBEHHYIO KOHIICHTPAIIMIO PUCKA.
K 2023 r. HepaBeHCTBO yMEHBIIUIIOCH, HO OCTaBAJIOCh BBIIIE YPOBHS Hauajia AecAaTuieTus. B
Merarnonucax (pUKCUpOBaINCh KPAaTKOCPOUHbIE MTUKU C OBICTPHIM BOCCTAHOBIEHUEM, TOTAA KaK
B pAze obiacTeit — JIOKaIbHbIE SKCTPEMYMBI U O0Jiee MEUICHHBIN CIa.

3akawuenue. B Kazaxcrane 2013-2019 rr. XapakTepu3oBajluCh CHUXKECHHEM
cmeptHocTH oT YC, mocne uvero B 2020 r. mpousowmén KpynHbId Beiuieck, a k 2023 T.
BOCCTAHOBJIEHHE OKa3aJoch HEMOJHbIM. IIlok ycmiun MexperruoHaiabHbIE AUCIPONOPINH,
COCpPEIOTOYMB CMEPTHOCTh B OIPaHMYEHHBIX TeppuTOpHsX. [lnaHupoBaHHe Trpa’kIaHCKOMN
3alIUTHl JTOJKHO HHTErPUPOBATH JIOJTOCPOYHBIE MPEBEHTHBHBIE MEphl C JIOKAIbHBIMU
MEXaHW3MaMH pearnpoBaHUs Ha BCIIECKU.

KuaroueBble cjioBa: upe3BblUaliHblE CHUTYallUd, CMEPTHOCTb, MEXKPErHOHAIbHOE
HEpaBEHCTBO, MaHEJIbHbIE JaHHBIC, MUEMHONIOTHs KaTacTpod, KazaxcraH.

MORTALITY FROM EMERGENCY SITUATIONS IN KAZAKHSTAN
(2013-2023 yy.): TRENDS, INTERREGIONAL INEQUALITY

A.SH. IBRAYEVA !, B.S. TURDALIYEVA 2, G.E. AIMBETOVA !, P.A. ELYASIN *

I'S.D. Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan

2 The Republican State Enterprise on the Right of Economic Management «Kazakh Scientific
Center for Dermatology and Infectious Diseases» of the Ministry of Health of the Republic of
Kazakhstan, Almaty, Kazakhstan

3 Novosibirsk State Medical University, Novosibirsk, Russia

Abstract

Introduction. Mortality from emergencies remains a significant source of preventable
losses with marked interregional variability. In large countries, such heterogeneity may result
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from both long-term trends and short-term shocks; however; in Kazakhstan, formal panel
studies have rarely been conducted.

Aim. To analyze the temporal dynamics of mortality from emergencies and individual
risk across the administrative units of Kazakhstan during 2013-2023, quantify interregional
inequality, and identify long-term trends and short-term fluctuations using fixed-effects panel
regression.

Materials and Methods. A retrospective ecological panel study was conducted, covering
all regions of Kazakhstan, including the newly established Abai, Zhetysu, and Ulytau regions
formed after the 2022 reform. Annual data on mortality from emergencies and population size
were used to calculate risks (per 10,000 population). Inequality was assessed using variance,
coefficient of variation, the share of the top three regions, and the Herfindahl-Hirschman, Gini,
and Theil T indices. Dynamics were analyzed with region-level fixed-effects regressions.

Results. Between 2013 and 2019, mortality and risk steadily declined (—6.3 cases and
—0.07 risk units per year). In 2020, a sharp increase was recorded (+126 cases; +1.14 risk units),
followed by partial reduction in 2021-2023; however, indicators did not return to the pre-
pandemic level. Interregional inequality peaked in 2020 (Gini index=0.459; Theil T=0.356;
HHI=0.112), reflecting systemic overload and spatial concentration of risk. By 2023, inequality
decreased but remained above early-decade levels. Metropolitan areas experienced short-term
peaks with rapid recovery, while several regions showed local extremes and slower decline.

Conclusion. In Kazakhstan, 2013-2019 were marked by decreasing emergency
mortality, followed by a surge in 2020 and incomplete recovery by 2023. This shock intensified
interregional disparities, concentrating mortality in limited areas. Civil protection planning
should integrate long-term prevention with local mechanisms for rapid response.

Keywords: emergencies, mortality, interregional inequality, panel data, disaster
epidemiology, Kazakhstan.
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REJUVENATING HALLMARKS OF AGEING BY MODULATING
PROTEOSTASIS AND MITOCHONDRIAL ACTIVITY

N. BERDIGALIYEV, P.B. SINGH
Department of Biosciences, School of Medicine, Nazarbayev University, Astana, Kazakhstan

Abstract

Introduction. Aging is characterized by cellular decline driven by hallmark processes
such as loss of proteostasis and mitochondrial dysfunction. These impairments contribute to
toxic protein accumulation, oxidative stress, and tissue degeneration. While transient
expression of reprogramming factors (Oct4, Sox2, K1f4, and c-Myc; OSKM) has been proposed
to reverse age-associated dysfunction, the precise temporal dynamics of rejuvenation remain
unclear.

Aim. The study aims to determine the temporal windows of proteostasis and
mitochondrial function restoration in senescent human fibroblasts during partial OSKM
reprogramming.

Materials and Methods. Senescent human lung fibroblasts were engineered to express
OSKM under doxycycline control. Restoration of proteostasis was assessed using the
Proteasome-Glo™ Cell-Based assay to measure chymotrypsin-like, trypsin-like, and caspase-
like proteasomal activities. Mitochondrial activity was evaluated through measurement of
reactive oxygen species using MitoSOX Red dye and flow cytometry. Data were analyzed by
comparing induced and senescent control cells, with statistical testing to establish significance.

Results. OSKM induction led to a time-dependent restoration of proteostasis. By day 5,
proteasomal activities were significantly elevated in OSKM-induced cells compared to
senescent controls (chymotrypsin-like activity increased from 48,976 to 128,078 RLU; trypsin-
like activity from 12,222 to 42,333 RLU; caspase-like activity from 32,614 to 126,628 RLU).
Mitochondrial rejuvenation occurred later, with ROS levels significantly reduced by day 10,
reaching values comparable to young fibroblasts (p < 0.001). These results highlight distinct
temporal windows for the recovery of proteostasis and mitochondrial function.

Conclusion. Partial reprogramming via transient OSKM expression can effectively
reverse key hallmarks of aging in senescent fibroblasts. Proteostasis is restored within 5 days,
followed by mitochondrial functional recovery at 10 days, suggesting a sequential rejuvenation
process. These findings provide critical temporal insights for optimizing reprogramming-based
interventions and support the development of clinically translatable rejuvenation strategies.

Keywords: proteostasis, mitochondrial dysfunction, aging, reprogramming factors.

Introduction. Aging is a complex, multifactorial biological process characterized by the
gradual decline in cellular and tissue homeostasis, increased vulnerability to stressors, and a
higher incidence of chronic diseases such as neurodegeneration, cardiovascular dysfunction,
metabolic syndromes, and cancer [1, 2]. At the cellular level, aging manifests through a series
of well-established hallmarks, including genomic instability, telomere attrition, epigenetic
alterations, loss of proteostasis, deregulated nutrient sensing, mitochondrial dysfunction,
cellular senescence, and stem cell exhaustion [3]. Among these, loss of proteostasis and
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mitochondrial dysfunction are two interlinked features that critically impair cellular function
and contribute to the decline in tissue resilience observed with age.

Proteostasis, short for protein homeostasis, is the intricate cellular network responsible
for ensuring proper protein folding, trafficking, and degradation [4]. Aging disrupts this
network through a combination of factors: reduced activity of proteasomes and autophagy
pathways, accumulation of misfolded or damaged proteins, and chronic activation of stress
response pathways. These disturbances can lead to the buildup of toxic protein aggregates, such
as amyloid fibrils and lipofuscin, which are common features of aged and diseased tissues.

Mitochondria, the cellular powerhouses, are equally susceptible to age-related
dysfunction. Mitochondrial DNA damage, impaired oxidative phosphorylation, increased
production of reactive oxygen species (ROS), and defective mitophagy all contribute to cellular
energy deficits and redox imbalance [5]. Importantly, mitochondria and proteostasis are
functionally intertwined; misfolded proteins can impair mitochondrial function, while
mitochondrial ROS exacerbate protein damage, creating a vicious cycle of cellular decline.

In recent years, the field of regenerative medicine and gero-science has turned to cellular
reprogramming as a potential intervention for reversing aging phenotypes. The transient
induction of Yamanaka factors (Oct4, Sox2, Klf4, and c-Myc (OSKM)) has shown promise in
restoring youthful cellular characteristics without inducing full pluripotency [6]. This process,
known as partial reprogramming, has been demonstrated to reset epigenetic markers, restore
mitochondrial integrity, reduce senescence-associated features, and improve overall cellular
function in both in vitro and in vivo models. However, despite these promising outcomes, the
precise dynamics and timing of functional recovery remain poorly defined, and concerns persist
regarding the risks of genomic instability and tumorigenicity associated with genetic
reprogramming.

To address these limitations, recent studies have explored chemical reprogramming
strategies using small molecules that modulate epigenetic regulators, metabolic pathways, and
signaling cascades involved in aging and cellular plasticity [7]. One such compound is valproic
acid (VPA), a well-known histone deacetylase (HDAC) inhibitor, which has demonstrated the
ability to enhance reprogramming efficiency, promote neuronal differentiation, and improve
stem cell engraftment [8]. VPA’s impact on gene expression through chromatin remodeling
positions it as a potential non-genetic tool for modulating aging hallmarks, including
proteostasis and mitochondrial health.

In this study, we set out to dissect the temporal progression of rejuvenation in two
interconnected aging hallmarks, proteostasis and mitochondrial function, following partial
reprogramming via OSKM induction in senescent human lung fibroblasts. By mapping out the
timeline of molecular recovery and identifying optimal windows for intervention, our work
contributes to a deeper understanding of how to harness reprogramming for therapeutic
purposes. These insights may serve as a foundation for the development of precise, time-
sensitive, and clinically translatable rejuvenation strategies that go beyond disease management
and aim to restore cellular vitality at its root.

Materials and Methods.

Timing of rejuvenation of proteostasis activity

We measured restoration of proteostasis in senescent human lung fibroblast cells after
induction of reprogramming factors using a commercial assay kit of proteasome activity
Proteasome-Glo™ Cell-Based from Promega (G1180). The kit measures chymotrypsin-like,
trypsin-like and caspase activity a protease associated with the proteasome complex in cultured
cells. The kit uses peptide substrates Suc-LLV Y-aminoluciferin, Z-LRR-aminoluciferin and Z-
LPnLD-aminoluciferin to measure proteasomal activity. The increase of luminescence intensity
indicates increased proteostasis activity. Two groups of cells were used for the experiment
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fibroblasts. First group, control cells of senescent fibroblasts. The second group, cells in which
reprogramming factors were induced for 5 days.

Timing of rejuvenation of mitochondrial activity

We have assayed mitochondrial function by measuring reactive oxygen species.
To measure reactive oxygen species (ROS), MitoSOX Red dye (cat number: M36008) was
used. MitoSOX Red accumulates predominantly in mitochondria where it is oxidized by
superoxide, a type of reactive oxygen species, and exhibits red fluorescence. Flow cytometry
Attune NxT was used to measure the fluorescence of MitoSOX Red in cells. MitoSOX Red
was excited with a laser of 488 nm wavelength, the degree of fluorescence could be measured
with an emission filter tuned to the 590/40 nm wavelength. After measuring the fluorescence
of samples, the raw data (FSC files) was extracted and the FlowJo program was used to analyse
the raw data. The median fluorescence intensity of cells from different stages of reprogramming
was compared and using a statistical test (two tailed t-test), the degree of significance of the
ROS difference in the cells was reported (Figure 1, 2).
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Figure 1. Method for rejuvenation of proteostasis activity
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Figure 2. Method for rejuvenation of mitochondrial activity

Senescent Fibroblast Cultivation and OSKM expression

Primary human lung fibroblasts [9] were engineered to express OSKM after exposure to
doxycycline (dox) [10] were cultured in Dulbecco’s Modified Eagle Medium (DMEM; Gibco)
supplemented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific), 1% penicillin-
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streptomycin (Gibco), and 1% GlutaMAX (Gibco), maintained at 37°C in a humidified
atmosphere with 5% COs.. To induce replicative senescence, fibroblasts were serially passaged
until they reached passage 25-26, at which point they exhibited classical senescence-associated
morphological changes (enlarged and flattened shape), reduced proliferation rate, and increased
senescence-associated B-galactosidase (SA-B-gal) staining. Cells from passage 15 were used as
«youngy controls.

Senescent phenotype was confirmed prior to reprogramming experiments by assessing
cell cycle arrest, SA-B-gal staining (using the Senescence B-Galactosidase Staining Kit, Cell
Signaling Technology), and increased expression of pl16™<4 and p21CPVWAFL via Western
blotting. Cells were seeded at a density of 2x10° cells/well in 6-well plates for all downstream
assays, including OSKM induction, proteasome activity measurement, and ROS detection.

Results.

Rejuvenation of Proteostasis Function

We first evaluated the temporal dynamics of proteasomal activity recovery in senescent
fibroblasts following the induction of OSKM reprogramming factors. Using the Proteasome-
Glo™ Cell-Based assay, we measured chymotrypsin-like, trypsin-like, and caspase-like
proteasomal activities at 5 days post-induction. Senescent fibroblasts without OSKM
expression exhibited markedly reduced proteasomal activity compared to negative control
(young) cells. However, cells treated with OSKM showed a substantial and time-dependent
increase in proteasomal function.

By day 5, all three enzymatic activities showed significant elevation compared to
senescent controls: chymotrypsin-like activity increased from 48,976 RLU to 128,078 RLU;
trypsin-like activity rose from 12,222 RLU to 42,333 RLU; and caspase-like activity increased
from 32,614 RLU to 126,628 RLU (Table 1 and Figure 1). These findings indicate that OSKM-
mediated partial reprogramming results in a robust and progressive restoration of proteostasis
within senescent cells.

Table 1. Proteasomal activity in old cells and rejuvenated cells after OSKM expression
(graphical representation in Figure 1).

Samples Chymotrypsin-like | Trypsin-like activity Caspase-like
activity activity
Senescent cells 48,976 12,222 32,614
After 5 days 128,078 42,333 126,628

*Measurement units — Relative Luminescence Units or RLU.

Proteasomal activity, including chymotrypsin-like, trypsin-like, and caspase-like
functions, was evaluated in senescent and young fibroblasts. Proteolytic activity in senescent
fibroblasts was significantly reduced compared to young cells, as demonstrated by the decrease
in chymotrypsin-like protease activity. After the induction of reprogramming factors for 5 days,
senescent fibroblasts exhibited a marked increase in proteasomal activity relative to untreated
controls. The experiment was independently repeated twice, and all samples were measured in
triplicate (Figure 3).
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Figure 3. Rejuvenation of proteasomal activity production in senescent primary
lung fibroblasts after dox-induction

Rejuvenation of Mitochondrial Function

To assess mitochondrial function during the reprogramming time course, we quantified
reactive oxygen species (ROS) levels using MitoSOX Red dye and flow cytometry. In senescent
primary lung fibroblasts (passage 26), ROS production was significantly higher than in young
fibroblasts (passage 15), confirming age-associated mitochondrial dysfunction. Upon induction
of OSKM, ROS levels significantly decreased by day 10, suggesting mitochondrial
rejuvenation. In particular, the ROS levels decreased by 23.9 % compared to baseline senescent
cells, reaching levels statistically indistinguishable from young controls.

Specifically, median fluorescence intensity (MFI) values for MitoSOX Red declined in
OSKM-induced cells by day 10, reaching levels statistically indistinguishable from those in
young controls (p < 0.001, paired t-test; Figure 4). This temporal reduction in ROS indicates
that mitochondrial function begins to normalize approximately 10 days post-OSKM induction,
providing a defined window for further therapeutic interventions aimed at enhancing
mitochondrial recovery.

The y-axis for both graphs indicates the averaged value of median fluorescence intensity
(MFI) after background subtraction. (a) ROS production was significantly higher in old (P26)
primary lung fibroblasts compared to young (P15) cells (n=3). (b) Upon the induction of OSKM
factors the ROS production significantly decreased on the 10" day (n=3). Data are presented as
mean + SD; paired t-test. ***p <0.001.
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Figure 4. Amelioration of reactive oxygen species (ROS) production in senescent
primary lung fibroblasts after dox-induction.

Under our conditions, mitochondrial restoration occurs 10 days after OSKM expression,
establishing a critical temporal marker for reprogramming-induced rejuvenation. To enhance
this process, the selected compounds (listed below) will be administered on day 10 following
reprogramming initiation. This intervention aims to accelerate mitochondrial recovery, restore
cellular function, and ultimately promote longevity.

Discussion. Cellular reprogramming has emerged as a powerful tool for redefining cell
identity, enabling the generation of specific cell types for therapeutic applications [9].
Traditionally, this process has been driven by intrinsic mechanisms, such as exposure to oocyte
cytoplasm or the introduction of transcription factors, which can revert somatic cells to a
pluripotent state [10]. While effective, these approaches often involve genetic modifications,
raising safety, efficiency, and scalability concerns. Alternatively, chemical reprogramming
using small molecules offers a precise, highly controllable, and non-genetic strategy to
manipulate cell fate, presenting a more practical avenue for regenerative medicine [11].

This study demonstrates that partial cellular reprogramming through OSKM induction
can initiate measurable rejuvenation of two key aging hallmarks, proteostasis and mitochondrial
function, in senescent human lung fibroblasts. Importantly, we show that these improvements
follow a distinct temporal sequence: proteasomal activity begins to recover by day 5 post-
induction, while mitochondrial function, indicated by reduced ROS levels, improves by day 10.
These results reinforce the emerging concept that partial reprogramming does not reset cellular
identity indiscriminately but rather activates targeted, time-dependent repair mechanisms that
can be modulated for therapeutic benefit.

The recovery of proteostasis, as evidenced by enhanced proteasomal activity, suggests
reactivation of cellular systems responsible for degrading damaged or misfolded proteins. This
is critical, as the age-related decline in proteasome efficiency is known to promote the
accumulation of toxic aggregates that impair cellular function and increase vulnerability to
neurodegenerative diseases [12]. Our data indicate that partial reprogramming may restore the
balance between protein synthesis and degradation without driving cells into a dedifferentiated
or tumorigenic state. This aligns with previous studies showing that transient OSKM expression
can rejuvenate epigenetic markers and improve stress resistance in aged cells [13-15].

Mitochondrial rejuvenation, observed approximately 10 days post-OSKM induction,
further supports the role of reprogramming in reversing age-associated oxidative stress and
metabolic decline. A reduction in mitochondrial ROS implies not only improved mitochondrial
quality but also potential restoration of mitophagy and biogenesis pathways. Given the critical
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interplay between mitochondria and proteostasis, hereby dysfunctional mitochondria contribute
to protein oxidation, and impaired proteostasis disrupts mitochondrial homeostasis, our findings
highlight a mutually reinforcing loop of rejuvenation that could serve as a core therapeutic
target in age-related disease.

An important consideration is the translational applicability of our findings. While the
present study demonstrates clear rejuvenation of proteostasis and mitochondrial function in
vitro, the extent to which these effects can be reproduced in vivo remains uncertain. In animal
models, transient OSKM expression has been shown to enhance tissue regeneration and extend
lifespan; however, concerns about incomplete reprogramming, tumorigenic risk, and
heterogeneity of cellular responses remain barriers to clinical translation. Moreover, the
controlled induction of reprogramming factors in cultured fibroblasts does not fully recapitulate
the complexity of aged tissues, where multiple cell types interact within a pro-inflammatory
and metabolically stressed microenvironment. For clinical use, strategies that allow precise
temporal control of OSKM or chemical alternatives that mimic their effects will be necessary
to ensure both efficacy and safety. Thus, while our data provide proof-of-principle that
hallmarks of aging can be rejuvenated, considerable work is needed to adapt these interventions
into clinically viable therapies.

The temporal aspect of our findings is particularly relevant for developing clinically
viable rejuvenation strategies. While full reprogramming carries a risk of loss of cell identity
or teratoma formation, transient, time-bound interventions may allow us to selectively
rejuvenate cells without pushing them beyond the point of safety. Our results suggest that even
brief reprogramming pulses can produce sustained physiological benefits, provided they are
applied within an optimized time

Despite these promising outcomes, several limitations should be acknowledged. First, our
model is limited to fibroblasts, and it remains unclear whether the observed timeline of
rejuvenation would generalize across other cell types, particularly those with slower turnover
such as neurons or cardiomyocytes. Second, while we tracked two important hallmarks of
aging, a more comprehensive evaluation, encompassing telomere length, DNA damage,
senescence-associated [-galactosidase activity, and epigenetic age, would provide a fuller
picture of rejuvenation dynamics. Finally, the long-term effects of repeated or cyclic partial
reprogramming and chemical treatment on genomic stability and cancer risk warrant further
investigation.

In summary, our study provides mechanistic and temporal insights into how partial
reprogramming and epigenetic modulation can reverse specific aging hallmarks. The ability to
restore proteostasis and mitochondrial function in a coordinated, time-sensitive manner
suggests a path forward for targeted interventions that promote cellular resilience and delay
functional decline. These findings support the emerging paradigm of rejuvenation medicine,
where aging is no longer viewed as an unmodifiable fate, but rather as a dynamic process
amenable to intervention and control.

Limitations of the Study. Despite the promising findings, several limitations should be
considered when interpreting our results. First, the induction of OSKM factors, even when
transient, may trigger unintended side effects. Previous studies have reported that partial
reprogramming can alter cellular proliferation rates, induce aberrant gene expression, and in
some cases, predispose cells to epigenetic instability or loss of lineage identity. Although we
observed no overt signs of dedifferentiation under our experimental conditions, the possibility
of subtle genomic or epigenomic perturbations cannot be excluded. These risks underscore the
importance of optimizing induction protocols to strike a balance between rejuvenation benefits
and safety concerns.
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Second, the scope of measured endpoints in this study was restricted to proteasomal
activity and mitochondrial function as assessed by ROS production. While these markers are
representative of two key hallmarks of aging, they do not fully capture the complexity of the
rejuvenation process. Critical parameters such as telomere length, DNA damage, chromatin
accessibility, and global transcriptomic changes were not evaluated. Likewise, functional
endpoints, including long-term proliferative capacity or differentiation potential, remain
unexplored. Future studies will need to integrate these additional markers to provide a more
comprehensive understanding of rejuvenation dynamics and associated risks.

Finally, our experimental design was limited to human lung fibroblasts. The extent to
which the observed timeline of rejuvenation applies to other primary human cell types,
especially post-mitotic cells such as neurons or cardiomyocytes, remains uncertain.

Conclusion. Loss of proteostasis activity is a primary hallmark of aging [3]. Past research
has shown that OSKM-driven age reprogramming rejuvenates proteostasis loss in old/senescent
wild-type mouse and human fibroblasts [16, 17], but the exact time of rejuvenation has not been
measured. The loss of mitochondrial function is a secondary hallmark of aging [18, 19]. This
study provides compelling evidence that transient expression of reprogramming factors
(OSKM) can effectively reverse age-associated deterioration in proteostasis and mitochondrial
function. Notably, proteasomal activity is significantly restored within 5 days, and
mitochondrial rejuvenation occurs by day 10. These findings underscore the importance of
defining temporal parameters in reprogramming-based interventions. In addition, integration
of chemical approaches [15] with partial reprogramming protocols may offer a scalable, safer,
and more clinically viable path toward therapeutic rejuvenation.
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KAPTAIO BEJIT'TVIEPIH TIPOTEOCTA3 BEH MUTOXOHIPUAJIBIK
BEJICEHAIVIIKTI MOAYJALUAJIAY APKbBLJIbBI /KACAPTY

H. BEPJIUTI'AJIMEB, I1.b. CUHI'X

Buonorusinbik FeIBIMAap Kadeapacel, Menuiaa mexrebi, HazapbaeB YHuBepcureri,
Actana, Kazakcran

Tyiiingeme

Kipicne. Kaprato mporeoctas bl 0y3bUTyBI )KOHE MUTOXOHIPUS TUCHYHKIHUSACH CUSKTHI
HEri3ri yAepicTepleH TYBIHOAWUTBIH JKAacylIajblK HamapjayMeH cunarranaabl. byn
Oy3bUIBICTAp YBITTHI AKYBI3NAPAbIH JKWHAIYbIHA, TOTBIFY CTpPECCIHE JKOHE TIHACPAIH
JereHepanusicbiHa bIKIai erel. PermporpamMManay ¢akTopiaapblHBIH yaKbITIIA SKCIIPECCUSICHI
(Oct4, Sox2, Klf4 xone c-Myc; OSKM) sxacka OaifaHbICTBl JUC(HYHKIUSHBI KOKO YIIiH
YCBHIHBUIFAHBIMEH, Kacapy YACPICiHIH HAKThl YaKbITTHIK TMHAMHUKACHI 9J11 aHBIK eMec.

Makcatbl. 3eprrey OSKM apkpuibl imriHapa penporpaMManay Ke3iHe aJaMHBIH
ceHeCIeHTTI ¢pubpobaacTTapbIHAa MPOTEOCTa3 OCH MUTOXOHIPHUSIIBIK (DYHKITUSHBIH KaJIITbIHA
KeyiHIH YaKbITTHIK ICKTEPiH aHBIKTayFa OaFbITTAIFaH.

Marepuangap MeH Jaicrep. AaMHBIH KapTarojarbl eokmne (udpobaacTTapsl
JOKCULMKIMHHIH ~ OakputaypiMeH OSKM  oskcrnpeccuschl  YIIiH — MOJIU(UKAIUSIIAH/bL.
[Iporeoctaznpiy KainmbeiHa KenyiH Proteasome-Glo™ sjkacymanblK TajagayblH KOJIIAHBII,
XUMOTPHUIICHHTIPI3/l, TPUIICHHTOPI3A1 KOHE Kacmas3aTopi3/li MPOTEACOMIBIK OeICeHIUTIKTI
eyey apkpuibl Oaramanbl. Mutoxouapus Oencenainiri MitoSOX Red OOSFBINIBIH KoHE
arbIMJIBIK IIUTOMETPUSIHBI KOJIJIaHA OTBIPBIN OENICeHAl OTTEri TYpJEpiH OJIIey apKbUIbI
anbIkTanapl. Jlepektep OSKM uHAyKIMsIaHFaH J)KOHE KapTaroaarbl 0aKkpliay sKacyliaapbliH
CQJIBICTBIPY apKbLIbI, MAHBI3IBUIBIFBIH AHBIKTAY YVIIH CTATUCTUKAIBIK OHICYMEH TaJIaHIbl.
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Horuxenep. OSKM wHIYKIIHSCH TPOTEOCTA3/IbIH YaKbITKA TOYEIIl KAIMbIHA KEITylHe
okenmi. S-mi kyHre Kapaii OSKM-uHayKIusIaHFaH jkacyianapa nporeacoma OenceHaiir
KapTatofarbl ~ Oakplgay — JKacyllalapblMEH  CallbICThIpFaHAa  alTapibIKTall  apTThl
(xumotpunicuHTapizai: 48 976-nan 128 078 RLU-ra geifin; TpuncuuTopizmi: 12 222-nen 42
333 RLU-ra neiiin; kacnazaropizmi: 32 614-ten 126 628 RLU-ra aeitin). MUTOXOHIPHUSHBIH
xKacapysl KeiiHipek Oaiikan b1, OesiceH 11 OTTer1 TypiepiHiH AeHrei 10-11bl KyHi alTapibIKTail
TeMeH/Ien, xKac pudbpodmactrapaarsl MoHaepre coiikec 6omabl (p < 0,001). byn motmxkenep
npoTteocta3 OeH MHTOXOHIpHUS (DYHKIMACHIHBIH KalINblHA KETyIHJEri OopTYpJi YakbIT
apajbIKTapbIH alKbIHAANIbI.

KopsiThinabl. OSKM-HiH yakbITIIIa 3KCIIPECCUSACH apKBLIBI 11IiHApa pernporpammanay
KapTraroaarel puOpoOIacTTapaa KapTaroablH HETI3T1 Oenruiepin THIMII TypAe Kepi KaWTapa
amanel. [Iporeocras 5 kyH imniHAe KaumbiHa Keneni, an 10 KyHHEH KeWiH MUTOXOHJIPHS
(GyHKIMOHAABIFRI KaliTa KAJITIbIHA KeJe/1, Oy skacapy yAepiciHig Oipi3auiria kepcereni. by
HOTIDKETIEp perporpamMmaliayra HETi3IeNTeH apajiacyfiap/bl OHTAMIaHIBIPY YIIiH MaHBI3/IbI
YaKbITTBIK aKmapar Oepeil *oHe KIMHUKAJBIK KOJJAHBICTAFbl KacapTy CTpaTervsuiapbiH
93ipiieyre bIKMaI eTe/l.

Tyitinai ce3mep: mnpoTeocTa3, MUTOXOHIPHUSIIBIK IUCPYHKIMSA, KapTaro, KanTa
Oarmapnamanay (akTopiapsl.

OMOJIA’KUBAHUE ITPU3HAKOB CTAPEHMSI IYTEM MOAYJISIHAU
IMPOTEOCTA3A U MUTOXOHAPUAJIBHON AKTUBHOCTH

H. BEPJIUT'AJIMEB, I1.b. CUHI'X

Kadenpa 6monornueckux Hayk, [llkonma memunuubl, HazapbaeB YHuBepcuret, AcraHa,
Kazaxcran

AHHOTANUA

BBenenne. CtapeHue XxapakTepu3yeTcsl KIETOUHbIM yXyAIIEHHUEM, BRI3BAHHBIM TaKUMU
KJIIOYEBBIMH TPOLIECCAMHU, KaK HApYLICHHE MPOTEOCcTa3a U NUCHYHKUIUS MUTOXOHAPHU. DTH
HapyLIEeHUsI CIOCOOCTBYIOT HAKOIJICHHIO TOKCHUYHBIX OEJIKOB, OKHCIHUTEIBHOMY CTpeccy U
JereHepanyy TkaHeil. XoTa BpeMeHHas 3Kcrpeccust pakTopoB penporpammuponanus (Oct4,
Sox2, KlIf4 u ¢c- Myc; OSKM) Obuta npenioskeHa it yCTpaHEeHUs BO3PAaCTHOW AUCHYHKIINH,
TOYHAsl BpEMEHHAsI TUHAMUKA OMOJIOKEHUS OCTAETCS HESICHOM.

Heasw. MccnenoBanue HanpaBlieHO Ha OIpe/ieJIeHHEe BPEMEHHbBIX PAMOK BOCCTAHOBJICHHS
IPOTEOCTa3a U MUTOXOHIPHAIBLHON (DYHKIIMHM B CEHECLIEHTHBIX (uOpobIacTax yenoBeka npu
YaCTUYHOM pernporpammupoBanun OSKM.

Marepuansl u Metoabl. Crapetonie ¢(uOpoOmacTel JETKUX dYeIoBeKa ObUIH
MoaudupoBansl 1 skcnpeccun OSKM noa KOHTposieM TOKCHIMKINHA. BoccTaHOBICHNE
IPOTEOCTa3a OIICHUBAIM C TIOMOIIBIO KJIeTOUHOro aHanu3a Proteasome-Glo™ mis uamepenus
XUMOTPHUIICHHOIIOJOOHON,  TPUIICHHONIOAOOHOM W Kacma3omoJ00HOW  MPOTEaCOMHOM
AKTUBHOCTH. AKTHBHOCTb MHUTOXOHJPHI OLEHHBAJIM MYTEM H3MEPEHUS AKTUBHBIX (Popm
KHcJopojac ucrnoib3oBanueM kpacutenss MitoSOX Red u nmpotounoit muromerpuu. [{annbie
AQHAIN3UPOBAIM IYTEM CPABHEHMSI MHIYLMPOBAHHBIX M CTapEIOLIMX KOHTPOJBHBIX KIIETOK C
UCIIOJIb30BaHUEM CTATUCTUYECKOM 00pabOTKU /Uil yCTAHOBJICHHS 3HAUUMOCTH.

Pesyabrarsl. Unnykuns OSKM npusena k 3aBUCSIIEMY OT BpEMEHH BOCCTaHOBIIEHUIO
nporeoctaza. K 5-My /JHIO aKTHBHOCTH MTPOTEAcOM ObLIAa 3HAYUTENIHHO MOBBIIICHA B KJIETKAX,
uHAynupoBaHHbix OSKM, 1o cpaBHEHMIO CO CTapelOIMMU KOHTPOJIBHBIMU KJIIETKAMU
(xumoTpuncuHonoio0HsIe: 0T 48 976 mo 128 078 RLU; Tpuncunonono6nsie: ot 12 222 no 42
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333 RLU; kacmazonono6nsie: ot 32 614 mo 126 628 RLU). OmomnoxeHre MUTOXOHIPHMA
MIPOUCXOIIIIO MO3XKE: YPOBHU aKTHBHBIX (DOPM KHCIOPOJa 3HAUUTEIHHO CHIKAIHUCH K 10-My
JTHIO, JIOCTUTasl 3HAYEHWU, COMOCTaBUMBIX C MoJoabIMu (Guopodmactamu (p<0,001). Otn
pe3yNbTaThl TOMYCPKUBAIOT pPA3IMYHBIE BPEMEHHBIE HMHTEPBAIbl ISl BOCCTAHOBJICHHUS
npoTeocTasza u GyHKIUU MUTOXOHIPUH.

3akaodenue. YacTHuHOE pENpPOrpaMMHUPOBAHUE TOCPEICTBOM  TPAH3UEHTHOMN
skcrpeccurn OSKM MoxeT 3¢ (heKTHBHO 00paTUTh BCIISITH KIIFOUEBBIE TPU3HAKK CTAPCHUS B
craperomux ¢pudpobnactax. [Iporeocras BoccTaHaBIUBaeTCs B TEUCHHE 5 THEH, a 3aTeM, yepes
10 mHel, BoccTaHaBiIMBaeTCAd (PYHKIIMOHATBHOCTH MHTOXOHAPWNA, YTO CBHJETEIHCTBYET O
MOCIIEOBATEIPHOM IPOILIECCE OMOJIOKEHHUS. OTH PE3yJbTaThl MPEIOCTABISIOT BAKHYIO
BpEeMEHHYI0 HH(pOpManuio Uil  ONTUMHU3AlMU  BMEIIATENbCTB, OCHOBAHHBIX  Ha
penporpaMMUpPOBAaHUN, M CIIOCOOCTBYIOT pa3paboTKe KIMHHUYECKH MPUMEHUMBIX CTpPaTerHid
OMOJIOKEHUSI.

KiroueBble ¢JIoBa: MPOTEOCTa3; MUTOXOHIPHANIbHAS TUCPYHKITUS; CTapeHue; HaKTOPhI
HepernporpaMMHUPOBAHHUSL.
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RESEARCH OF MATHEMATICAL METHODS AND MEDICAL
ALGORITHMS FOR DIFFERENTIAL DIAGNOSTICS
BASED ON LABORATORY DATA

ILM. UVALIYEVA !, F.S.AMENOVA 2, A.S. MUKATAY 2, A.S. BUKUNOVA 2,
B. KARIMKYZY ?

I'NJSC «D. Serikbaev East Kazakhstan Technical University», Ust-Kamenogorsk, Kazakhstan
2 LLP «A-Medical», Almaty, Kazakhstan

Abstract

Introduction. Anemia comprises heterogeneous disorders that share reduced hemoglobin
yet differ by etiology and morphology. Routine hematology analyzers generate rich, time-
varying signals that remain underused for differential diagnosis.

Aim. To formalize and test mathematical models and rule-based/algorithmic workflows
that discriminate major anemia types using routinely available laboratory data, and to outline a
tractable pathway for clinical implementation.

Materials and Methods. We analyzed routine hemograms on Sysmex XE-2100 and KX-
21N with HGB, HCT, RBC, MCV, MCH, MCHC, RDW, PLT, WBC, and reticulocyte indices
Ret%, Ret, IRF%, LFR%, MFR%, HFR%, RET-Y, Ret-He. We modeled treatment dynamics
in iron-deficiency and vitamin B12—deficiency anemia using a generalized S-function. Fit
metrics were not reported in the sources. Algorithmic differential diagnosis covered normocytic
and other forms using WHO thresholds, ferritin, and vitamin B12.

Results. In the microspherocytosis study 41 patients were examined, 17 men and 24
women, age 23 to 61 years. RDW was 13.6+0.5% in controls and 17.6+3.9% in the main group
with p=0.0001. Thickness of microerythrocytes was 2.3+0.2 um in controls and 2.94+0.2 um in
the main group with p=0.001. Mean erythrocyte thickness was 2.1+0.2 um and 2.6+0.3 um
with p=0.005. Microcell sphericity index was 2.8+0.2 and 2.2+0.2 with p=0.003. Erythrocyte
sphericity index was 3.7+0.3 and 2.3+0.1 with p=0.005. Mean erythrocyte diameter was 7.5+0.2
um and 6.6+0.2 um with p=0.005. The share of microcytes was 12.6+6.7% and 68.7+16.9%
with p=0.005. Normocytes were 72.9+7.3% and 30.4+16.5% with p=0.005. Macrocytes were
14.5+£11.8% and 1.9+1.2% with p=0.005. In the retrospective routine dataset 364 of 400 records
were retained, which is 91%, with 11 hematological indicators.

Conclusion. A combined modeling-plus-algorithmic framework built on routine
laboratory data can structure differential diagnosis of anemia and prioritize confirmatory tests.
The approach is implementable on existing analyzers and amenable to software deployment.

Key words: anemia, differential diagnosis, normocytic anemia, iron-deficiency, vitamin
B12—deficiency, hereditary spherocytosis.

Introduction. Anemias represent a heterogeneous group of conditions characterized by
a common feature of reduced hemoglobin but differing in etiology and morphology, which
complicates the initial dilution of cases by cause and often leads to errors in patient routing and
suboptimal assignment of confirmatory tests [1, 2].

70


https://doi.org/10.53065/kaznmu.2025.74.3.005

BECTHUK KASHMY Ne3 (74) — 2025

ISSN 2524 - 0684 e-ISSN 2524 - 0692

In real-world practice, decisions are typically made based on routine complete blood
count parameters (Hb, MCV, MCH, RDW, etc.) supplemented with ferritin, vitamin B12, and
reticulocyte indices [3, 4].

However, phenotype overlap (e.g., iron deficiency versus anemia of chronic disease in
the context of inflammation) and the effects of therapy limit the accuracy of simple rules based
on static data snapshots [5].

In recent years, extended erythrocyte and reticulocyte parameters of automated analyzers
— Ret-He/CHr, IRF, MicroR, Hypo-He, as well as their ratios -have been shown to significantly
improve the accuracy of the primary diagnostic step and better distinguish major types of
anemia, including functional iron deficiency in the context of inflammation and congenital
hemolytic anemias [6-8].

A probable weak point of most studies is the incomplete integration of «on-treatment
dynamicsy into algorithms: in most cases, analyses remain cross-sectional.

Approaches incorporating treatment-response dynamics (for example, diagnostic
graphs/indices of the Thomas family, combining sTfR, ferritin, Ret-He) demonstrated high
discriminatory power, particularly under inflammatory conditions where static ferritin
thresholds lose reliability [5].

This indirectly points to the unrealized potential of a «response model+decision
algorithm» built on existing platforms (Sysmex XE/XN, ADVIA, etc.), while most clinics
already possess the necessary data channels [9, 10].

A separate applied task is a reproducible «verification pathway» for rare forms, primarily
hereditary spherocytosis, with multicenter studies showing that a stepwise scheme using
RET/IRF, morphometry, and the glycerol test provides high sensitivity and specificity in
routine cohorts [11, 12].

Some algorithms have been validated on specific platforms, and transferability across
analyzer product lines still requires caution.

Based on this, the aim of the present work is to formulate and technically describe a
combined approach — «mathematical response model+clinical decision algorithms» — for the
differential diagnosis of anemia using routine blood parameters and reticulocyte indices,
compatible with standard laboratory platforms, and to assess its applicability for triage and
prioritization of confirmatory tests.

Materials and Methods.

Study Design

A methodological study on the formalization and technical description of algorithms for
the differential diagnosis of anemias based on routine laboratory data, and on the approximation
of the temporal dynamics of hematological parameters using a generalized S-function. The
work included four blocks:

1. Mathematical modeling of hemogram parameter trajectories during therapy for iron-
deficiency and B12-deficiency anemias;

2. An algorithm for the diagnosis of anemias not related to iron metabolism, with an
emphasis on normocytic forms;

3. A three-stage laboratory protocol for hereditary microspherocytosis/spherocytosis;

4. A morphological algorithm for primary branching based on red blood cell indices with
calculation of the integral M-pathology index, followed by biochemical clarification.

Equipment and Laboratory Methods

Hematology analyzers Sysmex XE2100 were used for the hemogram panel, and Sysmex
KX-21N for the complete blood count in the microspherocytosis block. Microscopy with
Pappenheimer stain and red blood cell morphometry were performed using the «VideoTest-
Morphology» system, with evaluation of thickness, sphericity, and diameter. Osmotic and
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kinetic tests were carried out, including the glycerol lysis test for membrane stability and
measurement of erythrocyte destruction rate on the Sapphire 400. Flow cytometry was
performed on the FC 500 with measurement of mean fluorescence intensity.

Baseline Parameters
The hemogram panel included HGB, HCT, RBC, RDW, WBC, LYMPF, PLT, MPV,

MCHC, as well as reticulocyte indices: Ret%, Ret, IRF%, LFR%, MFR%, HFR%, RET-Y, Ret-
He. These parameters were used for constructing trajectories in time series modeling, as well
as decision nodes in diagnostic algorithms.

Mathematical Model

The dynamics of hemogram parameters during therapy were described by the generalized
function S = S(x) with the parameters of initial level So, extreme value M, and stabilization
level Sst. Formal-analytical relationships are presented in Formulas (1, 2).

_ 1-G
S=HGe " +8§,,, O
G=D"—-u“+1,a D:ux—a

b—a (2)

Algorithms of Differential Diagnosis

A step-by-step decision-making scheme integrates morphological classification and the
color index with subsequent etiological detailing (Figure 1). The nodes include differentiation
according to normocytic, microcytic, and macrocytic patterns, followed by transition to specific
diagnostic branches.
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Figure 1. Algorithm of differential diagnosis of anemia not related to iron metabolism
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A separate branch (Figure 2) provides for the consideration of nutritional deficiencies,
anemia in chronic kidney disease, hemolytic forms (including autoimmune and hereditary
microspherocytic), enzymopathies (pyruvate kinase deficiency, glucose-6-phosphate
dehydrogenase deficiency), paroxysmal nocturnal hemoglobinuria, aplastic anemia, and
secondary bone marrow processes. The sequence of laboratory specification is determined by
the structure of the scheme, without evaluative characteristics.

3

4

1 2 Are amount " YES 5
Normocytic anemia |—jme Counting of | of W?ﬁéﬂgf'ﬂn Delutional
(MCV 82-98) reticulocytes r.gﬁm_ﬂm)r[es per’ormgd? anemia
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14
Viewing NO 5
smears Analysis of bone marmow samples
8
Anemia in chronic
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7
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Chronic inflammation:
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Vascular collagenoses
Chronic infection
Chronic renal failure
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16
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Bone marrow .
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I mphoma
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gg.l:gs:n icglemhrocwﬁs Hypoplasia Granulo ma_taszs
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dyserythropoietic anemia Gaucher's disease
NO MNiemann-Pick disease
12
Early iron
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Figure 2. Algorithm of diagnosis of normocytic anemia

Morphological Algorithm and Integral Calculation of M-Pathology

The primary decision on the presence/absence of anemia and the presumed morphotype
is made according to the algorithm (Figure 3) based on the indices HGB, HCT, MCHC, MCH,
MCV, and RBC. The integral indicator MMM is calculated using formula (3) as a weighted
sum of the normalized components mHGB, mHCT, mMCHC, mMCH, mMCV, and mRBC,
with weights of 0.5, 0.1, 0.1, 0.1, 0.1, and 0.1, respectively. Biochemical refinement is
performed using ferritin thresholds (60/40/20 pg/L) according to Formula (3); for the iron-
deficiency branch, Formula (4) Mida is applied, while for the macrocytic branch, thresholds of
vitamin B12 (400/100 ng/mL) and Formula (5) Mb12 are used.
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Statistical Analysis

Data processing and reproducible calculations were performed in Python using the pandas
library. The operations included importing the source tables, preprocessing (format alignment,
range control), and generating auxiliary visualizations of the feature set structure and the
correlation matrix, without analytical interpretation.

Results. According to Sysmex KX-21N data, in the control group and the main group
(HC), the mean values (+SD) and p-levels for erythrocyte parameters are presented (Table 1).
Hemoglobin was 137.6 = 9.3 g/L versus 118.8 + 32.8 g/L (p=0.07), hematocrit — 0.40 £+ 0.02
L/L versus 0.40 = 0.10 (p=0.06), red blood cell count — 4.7 £ 0.2 versus 4.3 + 0.9 x10'?/L
(p=0.09). For indices, MCH was 28.6 + 1.3 versus 27.6 + 2.2 pg (p=0.05), MCHC — 34.7 +
0.9 versus 36.7 = 1.0 g/L (p=0.62), MCV — 83.1 + 1.7 versus 81.7 + 14.6 fL (p=0.71). A
significant difference was observed for RDW: 13.6 & 0.5% in the control group and 17.6 +3.9%
in the HC group (p=0.0001).

Table 1. Erythrocyte parameters in patients with congenital microspherocytic anemia obtained
using the sysmex kx 21n analyzer

Parameter Control group Main group (HC) p-value
Hb, g/l 137.6 £9.3 118.8 +32.8 0.07
Het, 1/1 0.40 £ 0.02 04+0.1 0.06
RBC, x10'%/1 47+0.2 43+0.9 0.09
MCH, pg 286 +1.3 27.6£2.2 0.05
MCHC, g/l 347+0.9 36.7+ 1.0 0.62
MCV, fl 83.1+1.7 81.7+14.6 0.71
RDW, % 13.6£0.5 17.6 +3.9 0.0001

Based on morphometric analysis («VideoTest-Morphology»), in the main group (Table
2) greater thickness of microcytes was observed (Tmer 2.9 £ 0.2 vs. 2.3 £ 0.2 um; p=0.001), as
well as of erythrocytes (Ter 2.6 + 0.3 vs. 2.1 £ 0.2; p=0.005). Lower sphericity indices were
noted both for microcytes (R _mer 2.2 £ 0.2 vs. 2.8 £ 0.2; p=0.003) and for erythrocytes overall
(R er2.3+0.1vs.3.7+0.3; p=0.005); and a smaller mean erythrocyte diameter (Der 6.6 0.2
vs. 7.5 £ 0.2 um; p=0.005). The size distribution was shifted towards microcytosis: the
proportion of microcytes was 68.7 £ 16.9% vs. 12.6 + 6.7% (p=0.005), with a decrease in the
proportion of normocytes 30.4 + 16.5% vs. 72.9 + 7.3% (p=0.005) and macrocytes 1.9 + 1.2%
vs. 14.5 £ 11.8% (p=0.005).

Table 2. Values of erythrocyte indices obtained using the hardware-software complex
«videotest-morphology»

Researching parameters Control group Main group (HC) | p-value
Thickness = of erythrocytes  of 23402 2.9+0.2 0.001
microcytes (Tmer), microns
Thickness of erythrocytes (Ter) 2.1+0.2 2.6+0.3 0.005
Erythrocyte sphericity index of 28402 29402 0.003
microcytes (R mer)

Erythrocyte sphericity index (Rer) 3.7+£0.3 2.3+£0.1 0.005
flg}é‘;l)lrocyte average diameter 75400 6.6+ 00 0.005
Microcyte content (% micr.) 12.6 £ 6.7 68.7+16.9 0.005
Normocyte content (% norm.) 729+73 304+16.5 0.005
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Researching parameters Control group Main group (HC) | p-value
Macrocyte content (% macr.) 145+11.8 1.9+1.2 0.005

Threshold zones for classifying the degree of pathology (Table 3) based on six parameters
(HGB, HCT, MCH, MCHC, MCV, RBC): zone PO (normal/absence of morphotype), zone P1.0
(confirmation), and intermediate intervals “P by formula” with normalizing expressions. For
the lower boundary intervals, the formulas are defined as follows: (125—x)/(125—-115) for HGB
115-125 g/L; (0.38—x)/(0.38—0.30) for HCT 0.30-0.38; (32—x)/(32—28) for MCHC 28-32
g/dL; (27—x)/(27-18.5) for MCH 18.5-27 pg; (80—x)/(80—64) for MCV 64-80 fL;
(4.0—x)/(4.0-3.5) for RBC 3.5-4.0x10"/L. For the upper boundary zones, the formulas are
specified as (x—34)/(36.4—34) for MCHC 34-36.4 g/dL and (x—95)/(129-95) for MCV 95-129
fL. The notation x corresponds to the individual patient value.

Table 3. Calculating pathology degree by results of patient

MCHC, RBC,
Parameters | HGB, g/l HCT MCH, pg o/dl MCYV, fl x1012/1
PO >125 >0,38 27-34 >32 80-95 >4.0
<18,5 <64
P1.0 <115 <0,30 >36.4 <28 129 <3,5
P by formula 125-115 0,38-0,30 27-18,5 32-28 80-64 4,0-3,5
125 —x 0.38—x 32 —x 27 — x 80 — x 4.0 —x
Formula
125—-115/0.38—-0.30 32—28 | 27—18.5| 80 —64 40— 3.5
P by formula 34-36,4 95-129
x — 34 x — 95
Formula A - =
36.4 — 34 129 — 95

The matrix of pairwise correlations (Figure 4) between hematological parameters and
reticulocyte indices reflected the direction and relative strength of associations between the
variables.
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Figure 4. Correlation analysis results.

Discussion. The proposed combination of «routine parameter algorithms+treatment
dynamics model» addresses a common problem in the initial diagnosis of anemia, where
simplified rules based on MCV/RDW, ferritin, and vitamin B12 dominate in practice [13].

The addition of reticulocyte indices (Ret-He, RET-Y, IRF, LFR/MFR/HFR) and
formalized dynamics is intended to increase diagnostic certainty at an early stage and reduce
the need for confirmatory testing [14, 15].

Probably, the strength of this approach is its reliance on existing data sources; its
weakness is the lack of formally calculated metrics for accuracy, calibration, and clinical utility,
which currently limits comparability with published algorithms.
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Modeling the response to therapy using a generalized S-function potentially allows for
faster differentiation of iron deficiency and B12 deficiency anemia along the Ret-He/RET-
Y/IRF trajectories within 7—14 days [16].

This information is lost in static rules. The fact that fitting and validation metrics
(approximation error, robustness to initial conditions) were not provided in the sources leaves
open the question of the model's reproducibility in independent cohorts. This assumption
requires prospective testing.

The minimum diagnostic set appears reasonable: in addition to the basic CBC indices, it
is worth adding at least Ret-He and one immature reticulocyte indicator (e.g., IRF). Given the
heterogeneity of laboratory equipment, two configurations are appropriate: an "extended" one
for the Sysmex XE-2100 and a «light» one for the KX-21N. A formal cost-accuracy analysis is
needed here: to what extent does the increase in accuracy justify additional indices and
reconfiguration of the LIS [17].

In normocytic and mixed segments, the accuracy of most rules typically decreases due to
overlapping phenotypes and the influence of inflammation. Including reticulocyte indicators
can compensate for some of this loss, especially with elevated CRP, but without stratified
sensitivity/specificity estimates by subgroups (age, gender, concomitant iron/B12 therapy at
entry), the conclusion remains tentative. I would use adaptive thresholds with local
recalibration.

The presented differences in morphometry (increased thickness, decreased diameter,
increased proportion of microcytes, and changes in sphericity indices at p<0.005 in all
comparisons) confirm the biological validity of the parameters. However, this approach should
be compared with reference methods (EMA binding, osmotic fragility test) in terms of
sensitivity, specificity, and logistics; without such a benchmark, it is difficult to assess the true
clinical value [18].

Transferability of solutions between platforms requires separate calibration and
preanalytical control. Even with identical index nomenclature, differences in calculation
algorithms and analyzer settings lead to threshold shifts. Cross-validation and local
customization of rules for specific equipment are recommended.

The robustness of the conclusions has not yet been demonstrated: there are no sensitive
assays with alternative WHO thresholds, outlier processing (winsorization), different strategies
for handling missing values, or stratification by inflammation. Without reporting AUC,
sensitivity/specificity, PPV/NPYV, calibration slope, and Brier score, as well as decision-curve
analysis, it is difficult to compare the benefits of algorithms with existing diagnostic pathways.

Potential clinical and organizational benefits include reduced time to correct diagnosis, a
reduction in unnecessary confirmatory tests, and prioritization of rare diseases for in-depth
evaluation. This assumption should be confirmed by a prospective time-to-decision assessment
and cost modeling, considering the cost of additional indices and upgrades.

Study limitations

A retrospective design, a single-temporal cross-section (September—December 2020), a
size of 364 records after preprocessing, incomplete biomarker coverage (not all patients have
ferritin, B12, or CRP), and a lack of formal accuracy and calibration metrics. These factors may
overstate optimism and limit external validity.

Conclusion. The software-based implementation of mathematical methods and medical
diagnostic algorithms has the potential to reduce common diagnostic errors and lower the
proportion of undiagnosed anemia cases. The present study includes the development and
presentation of several diagnostic tools: a universal algorithm for the diagnosis of all anemia
types, an algorithm for morphological classification, an algorithm for diagnosing normocytic
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anemia, and an algorithm for anemia diagnosis based on the criteria established by the World
Health Organization.
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3EPTXAHAJIBIK MOJIIMETTEP HET'I3IHAE TU®P®EPEHIITUAJIIbI
JNATHOCTUKAHBIH MATEMATHUKAJIBIK OJICTEPI MEH MEJUTINHAJIBIK
AJITOPUTMJEPIH 3EPTTEY

U.M.YBAJIMEBA !, ®.C. AMEHOBA 2, A.C.MYKATAM %, A.Ill. BYKYHOBA 2,
b. KOPIMKBI3HI 2

! «J1. Cepix6aes atbiagars 1Isirbic KazakcTan TexHukansik ynusepcuteTin KeAK, Ockemen,
Kazakcran
2 «A-Menaukan» XXIIC, Anmartsl, Kazakcran

Tyiingeme

Kipicnme. Anemuss reMornoOWH JACHTEWIHIH TOMEHJCYIMEH CHIATTaNAaThIH, Oipak
ATHOJIOTUSACHI MEH MOp(dostorusicel OOMBIHIIA SPTYpil OONBIN KEJEeTIH IeTeporeH i aypyap
TOOBIHA kaTaabl. PyTHHIII T€MaTOJOTHSIIBIK aHATN3aTOPJIap YaKbITKa OaliIaHBICTHI ©3TepEeTiH
ayKpIMIIBI cUTHaNAp Oepeni, amaiina onap auddepeHnuranibl AUarHOCTUKAAA KETKLUTIKTI
KOJITaHbUIMAMIEI.

Makcatbl. KomkeTiMai 3epTXaHaNbIK KOPCETKIIITep HETi3iHAe aHEeMUSHBIH HETi3ri
TYpPJEpIH aXbIpaTyFa apHajJfaH MAaTeMaTUKaJbIK MOJENBICP MEH epekere/alropuTmre
HETI3JENTeH OMICTEP/l 93ipiiey KOHE KIMHUKAIBIK TOKIPHOEre eHTi3yIiH BIKTHUMAJ >KOJBIH
KOpCeTy.

Marepunangap men aaicrep. Sysmex XE-2100 xone KX-21N aHanuzaTopiapblHbIH
nepekrepi mamanansuinel: HGB, HCT, RBC, MCV, MCH, MCHC, RDW, PLT, WBC,
coHnai-ak perukynouut uaaekcrepi (Ret%, Ret, IRF%, LFR%, MFR%, HFR%, RET-Y, Ret-
He). Temip TanmmbuiblFbl koHe B12 BUTaMHMHI TaNmIbUIBIFBI AHEMUSJIAPBIHIAFBL EMICY
TUHAMHUKACKHI JKalNIblUIaHFaH S-QyHKOHS apKbpUIbl MOAENbISHAl. beliMaeny MmeTpuxanapsl
OacTamkbl Jepekke3nepae kepceriuiMmereH. JuddepeHnuanapl AHArHOCTUKA alITOPUTMI
HOopMouuTapnbl skoHe Oacka Typnepin JJICY mekrepi, ¢epputun men B12 ButamwmHi
JIEHTeiIepiHe CyHeHe OTHIPBINT KaMThIJIBI.

Hotuxenep. Mukpocdeponuto3deH xypriziares 3eprreyze 41 naykac kapanasl (17 ep
anam, 24 oiien), xxacel 23—61 »xac apaneiFbiHaa. bakeimay ToobsiHma RDW — 13,6+0,5%, an
Heri3ri Tonta — 17,6+3,9% (p=0,0001). MHUKPOIPUTPOLIUT KANBIHABIFBI — THiciHIIE 2,340,2
MKM sxoHE 2,9+0,2 Mxm (p=0,001). OpTtama >puTpouuT KanbIHABIFB — 2,1+0,2 MKM jKoHE
2,6+0,3 mxMm (p=0,005). MukposxacymanapasiH cepukanbik uHaekci — 2,8+0,2 xone 2,2+0,2
(p=0,003). Dputporurrepaid cdepukanslk uHAekci — 3,7+0,3 xome 2,3+0,1 (p=0,005).
Oprama sputponut quamerpi — 7,5+0,2 MM xone 6,6+0,2 Mxm (p=0,005). MukpouuTTepain
yneci — 12,6+6,7% xone 68,7+16,9% (p=0,005). Hopmorutrep — 72,9+7,3% xone 30,4+16,5
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% (p=0,005). Makpouutrep — 14,5£11,8% xone 1,9£1,2% (p=0,005). PerpocnekTunTi
KOJDKETIMII aepektep KubHTHIFbIHAA 400 kxa30anbiH 364-1 (91%) maiiganaHbUIabl, COHBIH
imriage 11-1 TeMaToIoTUsITBIK KOPCETKIMIIEH OO0 TBI.

KopsiThiHAbl. KomkeTiMi 3epTXaHalbIK JEpEeKTepre HEri3feireH MOJEIbIey MEH
ANTOPUTMAIK  omicTepAl  OipikTipy aHeMusHbIH — AuddepeHnnanapl  TUarHOCTHKACHIH
KYpBUIBIMJIAYFa JKQHE pacTaylllbl 3epTTeysiepai OachIMABIKICH TaHJAayFa MYMKIHAIK Oeperi.
Y CBIHBUIFAH TOCUIAI KOJIAHBICTAFBl aHAIM3aTOpJIap/ia iCKe achIpyFa >KOHE OaraapiiaMalibIK
KaMTaMachI3 €TyTe €HTi3yre 00Iabl.

Tyitinai ce3mep: amemus, auddepeHIUaNABl IUAarHO3, HOPMOIUTTIK aHEMUS,
TEMIPTAMIIBUIBIK, B12 1opyMeHi TalnIbUTBIFBl, TYKBIM KyallalThIH CHEPOIIUTO3.

HCCJIEJOBAHUE MATEMATHYECKHUX METOJ0B U MEJUITAHCKUX
AJI'OPUTMOB JU®PEPEHIIMAJIBHOU TUAT'HOCTUKH HA OCHOBE
JIABOPATOPHBIX JAHHBIX

U.M.YBAJIMEBA !, ®.C. AMEHOBA 2, A.C.MYKATAM %, A.Ill. BYKYHOBA 2,
b. KOPIMKBI3HI 2

'HAO «Bocrouno-Kasaxcranckuii Texnuueckuii ynupepcuter um. JI. Cepuxbaepay,
VYcerp-Kamenoropcek, Kazaxcran
2 TOO «A-Menukany, AnMarsl, Kazaxcran

AHHOTANUA

BBenenue. AHeMus TIpEACTAaBISIET COOOM TETEPOTCHHYIO TPYMIy HapyUIeHUH,
00BeAMHEHHBIX CHIKEHHEM YPOBHS TE€MOTJIOOWHA, HO Pa3IUYAIONIMXCS 1O STHOJIOTUU U
Moponoruu. PyTHHHBIE TeMaTOIOTHYECKHEe aHAIU3aTOPbl TeHEPUPYIOT OoraThie, BpeMEHHbBIE
CUTHAJIBI, KOTOPBIC OCTAIOTCS HEJOCTATOYHO HCIOJIb3yeMbIMH [Tl nuddepeHmanbsHoi
JTUarHOCTHKHU.

Henb. @®opmanu3oBaTh U NPOTECTUPOBATH  MATEMAaTUYECKUE  MOJEIU U
AITOPUTMUYECKHE/TIPAaBUI-OPUEHTUPOBAHHBIE pPa0OYUe CXEMBbl, MO3BOJIAIOIINE pPAa3IUyaTh
OCHOBHBIC THUIIBI AaHEMUU Ha OCHOBE PYTHHHBIX JIAOOPATOPHBIX TAaHHBIX, a TAK)KE HAMETUTh
MPAKTUYECKUI yTh KIMHUYECKOU pean3alvi.

Matepuanbl u MeToabl. [IpoaHanu3upoBaHbl pyTHHHBIE TEMOTPAMMBbI, BHIMIOJTHCHHBIE
Ha Sysmex XE-2100 u KX-21IN, ¢ nokazarensmu HGB, HCT, RBC, MCV, MCH, MCHC,
RDW, PLT, WBC u perukynouutapusiMu ungexkcamu Ret%, Ret, IRF%, LFR%, MFR%,
HFR%, RET-Y, Ret-He. [lunamuka nedenus xene3oaepuutaoi u B12-ngedunuraoit anemun
MOJIEIMPOBANIACH C UCTOIb30BAHUEM 0000MEHHON S-QyHKIMU. MeTpUKH anmnpoKCUMAIUuH B
UCTOYHUKAX HE TMPUBOAUINCH. Anroputmudeckas auddepeHnranbHas IUarHOCTHKA
OXBaThIBaJIa HOPMOIIUTAPHBIC U ApyTrHe GOPMBI ¢ UCTIONb30BaHuEeM oporoB BO3, dheppurnna
u BUTamMuHa B12.

Pe3yabTaThl. B nccnenoBannu Mukpocgeponuro3a opuu oocnenoBans 41 manuent (17
MY>KYMH U 24 *eHIIHUHBI) B Bo3pacte oT 23 10 61 roga. RDW coctasisin 13,6+0,5% B kKoHTpOJIE
u 17,6£3,9% B ocHoBHOI rpynne (p=0,0001). TonmmHa MHKPO’PUTPOLUTOB COCTABHIIA
2,34+0,2 mxM B kKoHTpoJsie u 2,9+0,2 Mkm B ocHoBHO# rpyrmme (p=0,001). Cpennsisi TonmmHa
spuTporMToB cocraBmia 2,1+0,2 mxm u 2,6+0,3 mxm (p=0,005). Unaexkc cdepuunoctu
MHUKpPOIUTOB ObLT paBeH 2,8+0,2 u 2,24+0,2 (p=0,003). Maaexc chepruaHOCTH SIPUTPOIIUTOB —
3,7£0,3 u 2,3+0,1 (p=0,005). Cpeanuit tuamerp 3puTpounutoB — 7,5+0,2 Mkm u 6,6+0,2 MKM
(p=0,005). Honst mukpouuToB coctaBuina 12,6+6,7% u 68,7+16,9% (p=0,005). Hopmoruts! —
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72,9+7,3% u 30,4+£16,5% (p=0,005). Makporutel — 14,5+11,8% u 1,9+1,2% (p=0,005). B
PETPOCIIEKTUBHOM PYTHHHOM Habope NaHHBIX Obu1o coxpaneHo 364 u3 400 3anuceit (91%) c
11 remMaToIOrHYeCKUMH ITOKA3aTEIISIMH.

3akaovyenue. KoMOWHUPOBAaHHBIM TMOJIXOJA, OCHOBAHHBIH HA MOJCIHPOBAHUU U
AITOPUTMUYECKUX CXEMaX C MCIOJIb30BAHUEM PYTHHHBIX JJAOOPATOPHBIX JAHHBIX, TTO3BOJISET
CTPYKTYypUpOBaTh Au(depeHIInanbHy0 JMATHOCTUKY AaHEMUI M PACCTABISTh IIPUOPUTETHI IS
MOJITBEPXKIAIONIUX TECTOB. JIaHHBIA MOIXOJ MOXET OBITh PEaTU30BaH Ha CYIISCTBYIOIINUX
aHAJIM3aTOPax M JIETKO aJaiTUPOBAH K MPOrPaMMHOMY BHEIPEHUIO.

KaroueBble ciaoBa: aHemus, audQepeHIHaabHas JUArHOCTHKA, HOPMOIMTApHAs
aHemus, xxene3onedunut, B12-nedunur, HacneaCTBEHHBIN CHEPOITUTO3.
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TYPAKTbBI KESEHJIEI'T CO3BIJIMAJIBI OBCTPYKTHUBTI OKIIE AYPYbI
BAP HAYKACTAPJIbl CAHATOPUMJIIK-KYPOPTTBHIK ’KOHE
KJIMMATTBIK PEABUJIMTALUAJIBIK IC-IHAPAJTAPMEH EMJIEY
THIMALIITT: )KYHEJI HIOJIY )KOHE METAAHAJIN3

C.A. KAUPTEJIBIHA !, K.C. ABCATTAPOBA ', M.5. BAYPXAH !?,
K.O. TEKEBAEB ', K.b. AB3AJIMEB °, C.A. AB3AJIMEBA °, H.B. CJIMBKHHA 2,
H.C. CATAHJIBIKOBA 4, K.b. CYUIH/IIK 2

! Kypopronorus xone meaununansik onanty F3U, Acrana, Kazakcran

2 «AcTtaHa MeIUIIHA yuuBepcuteTi» KeAK, Acrana, Kazakcran

3 «On-Dapabu ateinarel Kazak yiaTTeik yaHuBepcuteTi» KeaK, Acrana, Kazakcran
4 «University Medical Center» KK, Actana, Ka3akcran

Tyiiingeme

Kipicne. [lopinik emec caHaTOPHMIIIK-KIMMATTBIK TACUIIEp (aKBarepamus, KIUMaro-
/GanpHEOTEpAIHsl, CTIENICO-/TATOTEPAITHS) TYPAKThl aFbIMIAFbl CO3BIIIMAIIBI OOCTPYKTHBTI OKITC
aypysl (COOA) xe3iHJe CTaHAAPTTBI OKIENIK OHAITYAbl TOJBIKTBIPYIIBI PETiHAE
KapacThIPbUIAIbI, aJIaii/1a ToIeN Il 0a3a )KEeTKIUIIKCI3 KoHe (hparMeHTapIIbI.

Makcatsl. Typaktsl COOA Gap HayKacTap/ia CaHAaTOPUIITIK-KIMMATTHIK XKOHE cabaKTac
apaiacynap/bIH oKme (QyHKIUAChIHA, )KYKTeMere TO3IMIUTIKKE )KOHE OMIp canachlHa bIKITAIbIH
Oaranay.

Marepuanaap men daicrep. PRISMA 2020 karmmarrapbiHa Coiikec KyHem Moy
xyprizingi. 3ney aepexkopaaper: PubMed/MEDLINE, Scopus, Web of Science, Cochrane
Library; sxapusiiany >KbUTbI OOMBIHINA IIEKTEYC13; COHFHI 1311y — 2025 k. Typakret COOA Oap
HayKacTapAbl KaMThIFaH paHJAOMU3alUsIaHFaH O0akpu1aThiH 3eprreyiep (Pb3), 6akplianaTeiH
JKOHE TIPOCTICKTUBTI JEWIH/KEHUIHT1 3epTTeysiep EHTI3UINI; apanacyjap: akBaTeparus/cyna
KATTBIFyJIap, TayJbl KIMMAaTOTEpaIus/CaHATOPUIIIK Oaraapiamanap, creseo-/raioTepanus;
CaJIBICTBIPMAJIBI TOI: CTAaHAAPTThl TEpamus/OHAITY HEMece OHBIH OoJMaybl. AJFALIKbI
Hotwxkenep: FEV), 6 MuHyTTHIK XYpy cbiHamackl (6MWT) jxoHe OHBIH 3KBUBAJICHTTEPI,
SGRQ/CAT/SF-36 cayanmnamanapsl. Xyitem katemikrepaid Ttoyekeni: RoB-2/ROBINS-I
KypaiJapbIMeH OaraaH/bl.

Horuxenep. bapneirsr 316 xaz0a anbiKkTanmein, 9 3eprrey enrizimi: 4 PB3, 3
OaKbUIaHATBIH, 2 KBa3U-3KCIIEPUMEHTTIK; 3epTTeyiep reorpaduscel: Crnosakus (3), bpazunus
(2), Peceit (2), HIBenus (1), Upan (1). FEV: 3 3eprreyae xakcapy Oaitkanasl (OipeyiHe acep
kenemi 1°=0,218; 6ipeyinme p<0,001); 1 PBE3-ne acep Gommansl; Tarel 2 xkymeicta FEV)
OJIIIIEHTeHIMEH, HOTIOKeNepi kepceriiMereH. 6MWT >xoHe OHBIH DKBUBAJICHTTEDPI: 6 3epTTeyIe
xakcapy (6ipeyinme 1n?=0,771; 6ipremeyinge p<0,05); 2 3eprTeyne AepeKkTep OepilMere.
OwMip camacel: 7 3eprreyne kakcapy (SGRQ/SF-36), 1 Pb3-ne CAT OoiipiHmma OeiiTapan
HoTmke. SGRQ OolibHIIA MUHUMAAB KIMHUKAIBIK MaHbI3ABI aiibipmamibuibikka (MCID)
xety 1 3eprreynme kepcerinai: 81,1% (MCID 4) xone 72,2% (MCID 7). XarbiMchi3
KyObuTbIcTap OOWBIHINIA MAIiMeTTep wHiekTeynmi. Herisri Toyekemnaep: MIAFbIH ipiKTeMelnep,
TOJIBIK €EMEC PaHA0MHU3ALINS/COKbIPIIAY.

KopsiThiHAbl. CaHaTOpHIA-KIMMATTHIK JKoHE ¢y Oarnapinamanapsl Typaktsl COOA Gap
HayKacTapja KyYKTeMere To31MIUTIKTI dKoHe eMip calachlH XKyieni Typae kakcapraasl; FEV:
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KOPCETKIIMIIHE 9cepl TYPAKCHI3 KOHE Y3aK Mep3iMAl MPOTOKOIAAPILI Tajam €Tyl MYMKIiH.
Heri3ri kemmizik — HOTHXKENEpl craHaaprray, acep kenemaepi (effect size)/MCID xone
Kayirnci3aik (GKareIMChI3  KyObuTbICTap, epuryiep). Conm cebemnti, kemiHge 6—12 alibiK
0aKbUIayMEH JKOHE OIpbIHFall COHFBI HYKTEJIEP IKUBIHTBIFBI OONATHIH KOJEeMIi, XaKChl
skocriapianran PB3-nep kaxer.

Tyiinai  ce3mep: exme aypybl, OHAITY, THUJIPOTEpanus, KJIMMaTOTepanus,
crieseoTepanus, KyYKTeMere TO3IMITIK.

Kipicne. Cospumansr o6cTpykTuBTi okme aypybl (COOA) eHOekke KaOIIETTLTIKTI
KOFANTYJIBIH JKOHE ME3TUICI3 eNIM-KITIMHIH JKeTeKili cedentepinin Oipi O6oubin Kaja Gepeni
[1, 2], conbiMeH Oipre TINTI OHTaWiabl (¢dapMakoTepanusi >KOHE CTaHAAPTTHI OKIIe
peabunuTanusacel Oargapiamanapbl ga KeOiHe alTapibIKTail KalablK CUMITOMOKOMIUICKCIH
KaJIIBIPAJIbl: KYHIETIKTI OCJIICEHIIIIKTE €HTITY, TOMEH KYKTEMEre TO3IMJIUIIK, JEIPECCUBTI-
TPEBOXKIBI CUMIITOM/JIAP ’KOHE OMIp calachIHBIH TOMEHIIT1 [3, 4].

XabIKThIH KapTalobl JKOHE KOMOPOUATUTIKTIH (KYPEK-KaH TaMbIpjiapbl aypyJiapsl,
CeMi3/iK,  JIeTIPECCUBTI-TPEBOXKABI  OY3BUIBICTAp)  JKOFAphl  Tapallybl  JKardailbIHAa
(GYHKIMOHAIABIK CTaTyC TEH HAayKAaCThIH ©31H-031 Ce31HY1H KhICKa MEp3iM I1IIiH/e IILIHBIMEH
KaKcapTaTblH JKoHE Oas3alblK TepamusMEH Kayinci3 — yiieceTiH, HopiliK — eMec,
MYJIbTUMO/IAJIbAbl, SKOHOMHUKANBIK TYPFbIAAH YTHIMIBI apajnacyiapra CypaHbIC apThII KeJel
(5, 6].

CaHaTOpUHIIK-KIUMATTBIK JKOHE Cy Oaraapiamanapbl TEOpPUSIIBIK TYPFbIAA OCHI
TaJlanTapra >kayan Oepei: >KEHUIIETUITeH OpTajarbl (DU3MKAIBIK OEICeHAUTIKTIH, MiHe3-
KYJIBIKTBIK KOJIJIayIbIH, MYKOIMJIMAPIIBIK KIMPEHCTIH BIKTUMAJ KaKcapybl MEH THIHBIC ally
OYJIIIBIKETTEPIHIH KATTHIFYbIHBIH YIHJIECiMI TO3IMIUIIKTIH KOHE ©Mip CalachlHbIH ©JIIIECHETIH
apTybIH KaMTaMachl3 €Tyl MyMKiH [7-9].

Anaiina nomengik 6a3a ¢parMeHTapibl, NMPOTOKOJAAp MEH HAOTIKenep OOoWbIHIIA
OipKeKi eMec, al KayilncCi3miK XKoHEe Y3aK Mep3iMJl KIMHHUKAJIBIK ocepiiep OemimMaepi oici3
KOPCETUITeH, TN OChl KEH TapajfaH ToXipuOe MeH IIeKTeyJi CTaHIapTU3ICITeH
THIMJIUTIK/KAYINCI3aiK Oaranaybl apachlHIAAFbl aJIAKTHIK TAKBIPBINTHIH FHUIBIMHA ©3CKTUIITH
Kypaiael [10, 11].

KoceiMina biHTaNIaHABIPY OJ1 «KaTaHy (GU3HONOTHSUIBIK KOPCETKIIITEP MEH KIMHUKAIIBIK-
MaHBI3/Ibl TAIIMEHTKE OAFBITTAIFAH HOTHIKENIEP apachlHIaFhI colikecci3mik [12, 13].

KpIcka KypcTap CHpeK JkaFaaiia ClIupoOMETPHUSHBIH alKbIH ©3TrepicTepiHe oKene i, oipak
TYPakKThl TypJie 6 MHHYTTBIK XYPY KAIIBIKTBHIFBIH JKOHE OMIp CalachlHBIH IapameTpiepiH
kakcaptanel [14]. Jlopirep MeH marmueHT yuriH Oy Herisri: Koceimma 30-60 metp Xypy
kabineri, MRC OoiipiHIIa eHTiry/ai 6ip caHatka TemeHaeTy koHe SGRQ Gencenainik foMeHIH
)akcapty keoiHe FEVi-neri marbiH )XbUDKyIapFa Kaparadaa MaHb3abIpak [15].

ConbiMeH Oipre MUHUMAIIBl KIMHUKAJIBIK MaHbI3Ibl e3repicrepre (MCID) xeTkeH
yJIecTep Typalibl ecerncis, 3P HeKT-oameMaepci3 KoHe KaFrbIMChI3 KYOBUIBICTAPIBIH OAKbLIAY b
npodmiIbaepiHCi3 MyHIall Oaraapiiamanapibl JE€HCAyJIbIK CaKTay )KyHeciHe eHri3y KayinTi
OonbIn Kanaapl. bynm OGomkamapl BepuUKaIUsIay arperaTTalfaH JIEpeKTep MAacCHBIHIE,
3epTTeyJiep CanachblHbIH ChIHM OarachlMEH, apajacy TypJyiepi OoifblHIIA (akBaTepamus,
KJIIMMATOTEpanus, CIeleo/TaIoTepanusi, CaHATOPHUIIIK pPEeXUMIEP) CTpaTU(UKAIUICHIMEH
KOHE KypOPTTHIK KaFAaiiap/iaH ThIC KaJIbUIaHYbIH TaJIayMeH Tanan eriteni [16].

JKYMBICTBIH TIPaKTUKAJIBIK MaHBI3ABLUIBIFEI €KDKAKTHI. bipiHmiigeH, O0ap aepekTep/i
CHHTE3JIey KIMHHUKAJBIK TOKiprOere OachIMIBIKTApAbl KypyFa MYMKIHIIK Oepeni: KaHman
COHFBI HYKTeJepre Oaraapiany, KaHaal «103a» MEH Y3aKTBIKTHI KYTY, KaH/1aii KoMOUHaIusap
€H aKChl CHTHainap OepreHiH aHbIKTay. EKiHINIIEH, HOTHXelep Oojamiak ChIHAKTapIbIH
MU3aHBIH ~ KOpceTeli: CTaHAapTU3AeIreH HoTwkenep mnaHenpaept (6MWT/ESWT,
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SGRQ/CAT, mMRC/bopr, FEVi//MIP/MEP), kayinci3nik mneH epuryjiepAl MIHJIETTI ecerke
amy, KeMiHge 6—12 ailnblk KeiiHri Oakpuiay, IIBIFBIH-I()(EKTUBTLTIKTIH AKOHOMHUKAIBIK
Oarachl.

JleHcayJbIK caKTay pecypcTapbl IEKTey xKaFaaiaa 1on ocsinaai nepekrep COOA 6ap
HayKacTapAblH MapIIPyThIHA JOPLIIK €MeC CaHATOPUMIIIK-KIMMATTBIK apajiacysiapbl HET13/i
TYpIAE WUHTETpalysuiayFa >oHE aypylblH aybIPTHANBIFBIH KYle JeHTrediHae a3zalTyra
MYMKIHJIIK Oepe/i.

Marepunannap MeH daicrep.

3epmmey ouzatinv

PRISMA 2020 (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
[17, 18] ychIHBIMIApBIHA COMKEC METaaHAIHM3 AJIEMEHTTEP1 0ap JKyHesi Moy KYpri3iiii.

Axnapam ke30epi dcane i30ey cmpameusicyl

Oneouet ko3aepid 131ey PubMed/MEDLINE, Scopus (Elsevier), Web of Science Core
Collection (Clarivate), Cochrane Library (Wiley) nepexrepkopnapeinga xyprizingi. CoHFbI
13aey KyH1: 2025 b1 OONBINT €CENTENHAl, XKapHsUTAaHFaH JKbUIbIHA IIEKTEY KOWBbLUIMaraH,
«amamaapaarsl 3epTTeyiep» GUiIbTpi KOMAaHbUIAB. KOChIMIIA aHBIKTAaTFaH MaKaiagapIarbl
onebuerTep TiziMuepi KoaMeH Kapanasl. PubMed-Ta keneci cy3riiep Kongaasuiasl: « Humansy,
«Clinical Trialy, «Randomized Controlled Trial». Scopus xone Web of Science-ta i3mey
Medicine, Health Sciences, Rehabilitation OesiMepiMeH IIEKTEIIi;
«Title/Abstract/Keywords» OolibiHIIa Herisri cesaep maimanansuigsl. Cochrane Library-ne
CENTRAL (Controlled Trials) xone Cochrane Reviews nepekrep 0aszamapsl Kapaybl.
KochkiMilia aHBIKTaIFaH JKapusUIaHBIMIAPAAFbl CUITEMENepAl KOJIMEH Kapay, COHaal-ak
PubMed-tarsr «related articles» xone Scopus/WoS-tarb «cited by» dyHKUMsIIaphl apKbLUTHI
OTKI3UIII KeTKEH 3epTTeyiepAl Tady Kypriziiai. 3epTTeyre KOCKaH )XapHsuTaHbIMIAP/IbIH a3y
Tl — aFBUIIIBIH TUTIHIAE OOIIBL.

Ipikmey kpumepuiinepi

Pannomuzanusiianran 6akputaHateiH 3epTreyiep (Pb3), OakbutaHaThIH CaIbICTHIPMAITBI
YKOHE MPOCTICKTUBTI «JICHIH/KeHiH» 3epTTeyep.

XasblKapanblK HeMece YITTHIK KpUTEpHilsiep Heri3iHAe AMarHo3 KOWbUIFaH TYPaKThI
COOA 06ap Haykacrap.

CaHaTopuii-KypoOpTTHIK JKOHE IOpUTIK eMec eMmgey (crieneoTeparusi, rajioTepamnus,
KIUMaToTepanus, OallbHEeOTepamusi, aKBaTepamus, KypopT IKaFrJalblHIArbl  JIeHE
JKATTBIFYJIaphl).

CraHgapTThl MEAWIIMHATBIK TEPANUs, OJCTTETl OKMENIK OHAJITY HEMECEe apaliacyblH
0oJIMayhI.

ChIpTKBI THIHBIC aly (YHKUHMSACBIHBIH KOPCETKIITepi (€H ajabIMeH Oip CeKyHITaFrbl
dopcupnenren aem mbirapy kenemi — O®B:i), epurynep xuimiri, QpU3UKaIbIK KYKTeMeEre
Te3IMALTIK (6 MUHYTTBIK XKYpY TecTi), emip canacbiHblH kepcetkimrepi (CAT, SGRQ, SF-36)
[19].

[Homymap, weraaHanu3aep, JKaHyapiapra jkacajJfaH 3epTTeyjep, KINHUKAIBIK
HOTIDKETIEPI KOK >KYMBICTAp aJIbIHBII TaCTalIbl.

PRISMA 6otivinwa ipixmey npoyedypacsl

UNnentnduxanus kezeHinae 316 xapusnanbiM Ta0bu1bI (Cypet 1). TakbIpbilika KaThICHI
XKOK (IIOTyJap, apanacychi3 3epTTeyJiep, TAKbIPHIITaH ThHIC) €HOSKTEP/Il aJbIN TacTaFaHHAH
KeiH 9 3eprrey Oaramayra eHri3uAl. IpikTeynmi €Ki Toyenci3 PEmeH3eHT JKYPTi3i;
KEeJiCTIeyIUTIKTep KOHCEHCYC apKbUIbI IS,
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Cyper 1. PRISMA 0oiibIHIa 3epTTeyre MaKyJIIaHFaH MakajiapAbl capanay chi30achl

lepexmepoi any

OpOip 3eprTey OOMBIHINA KeJeci AepeKTep TIPKENi: aBTOPhl MEH >KapHUsJIaHFAH KbUTbI,
3epTTey JKYPri3UITeH €N KOHE W3aiHBI, ipikTeMe Kejemi (n), apanacylblH CHIAThl MEH
Y3aKThIFbl, OarajaHFaH HOTHIKEJIEP MEH HET13T1 KOPBIThIHABUIAp. MaiMeTTep cTaHIapTTalIFaH
KEeCTere eHri3iiml.

Cananvl 6azanay scane xcyuienix Kamenixk Kayni

Pannomusanusnanran  Gakputaynel 3eprreyiepnin (PB3) camacer RoB-2 mkamacher
ooripama (Cochrane Risk of Bias tool 2.0) [20], an GakbutaHOANTBIH JKOHE «ICHiH/KEWHiH»
tumiaaeri 3eprreyiep ROBINS-I kypansr [21] apkpiasl 6arananasl. Herisri skyienik KaTemik
Ke37epl peTiHJe paHIOMM3ALHUSIHBI )KACBIPYIbIH OOMMaybl, IpIKTEMEHIH XETKUIIKCI3 KeleMi
JKOHE 3epTTEyHIUIep MEH KaThICYHIBUIAPABIH «COKBIPJIAHIBIPY» PACIMIHIH KYpriziiMeyi
AHBIKTAJITBL.

Cmamucmuxanvlk manoay

CanplK CHHTE3 €Ki HeMmece OJaH Jla Kell 3epTTeyJlieple CalbICThIpyFa OOJaThIH
HOTWOKENep Oap Karmaia )xocnapianabl. Y31kci3 kepceTkimTep (0ip CeKyHATaFbl MOXKOYpIIi
SKCIHUpATOpibIK KesneM — FEVi, anTel MUHYTTBIK Xypy cbiHarel — 6MWT, emip camacsel
mkananapel CAT, SGRQ, SF-36) ymin cranmapTrainran opTaiia aisipManbuisikTap (SMD)
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HeMece eJIleHreH oprama aiisipmambuibiktap (WMD) 95% cenimainik untepBanbl (Cl)
apKbUIbI ecenTeli. BUHapnbIK HOTHXKeNnep (aCKbIHYJIAp JKULIT, KIMHAKAJIBIK JKaKcapy) YIIiH
Toyekenaep kaTeiHachl (RR) Hemece pikTManabIikTap KarbiHackl (OR) KoimaHbUIIbL.

3epTTeynep apachiHAarsl reTeporenainik x> (Cochran Q) CTaTHCTHKAIBIK CHIHAFBI KOHE
I? xepcerkimii apKbpUIbI OaraJaH]Ibl. I’ MoHepiHiH 25%, 50% xone 75% neHreitnepi
ColKeciHIlle TOMEH, OpTalla >KOHE >KOFapbl TeTepOreHAUTIK peTiHIe MHTepIpeTalfsIaH/Ibl.
Erep I’<50% 6omca, typaktsl acepnep mozeni (fixed effects) KonmaHbuiabl; reTeporeHIumiK
JIeHreil  Jkorapel OOJFaH OKarjaiima ke3geiicok ocepinep wmogeni (random  effects,
HepCumonnan—Jlaitpn ofici) maiiasaHbUIIbL.

Bapneik Tanmaynap RevMan 5.4 6armapmamaceianga (Cochrane Collaboration) [22]
JKYPTi3inmi; HOTMDKENIEpAl KOCHIMIIA TEKCEpPY JKOHE JKApUSIAHBIMBIK BIFBICY HWHICKCIH
anbikTay (Egger’s test, BopoHKa Topi3ai Auarpammainapisl KypacTelpy) ymiiH Stata 17.0
O6armapmamanbik maketi (StataCorp, AKII) xommanbuimbel. Jlepextepai OipikTipy MYMKiH
OonMaraH skarfainapaa (6ipTeKTi eMec HATHXKeNep, AUCIEPCUsl KOPCETKIMTEPiHiH 60IMaybl)
CUIIATTAMAJIBIK CUHTE3 OPbIHAAJbI.

Hoatuxeep.

3epmmeynepoi ipikmey

316 tabburraH jxaz0anapiblH IMIIHEH TaKbIPHINTAp MEH aHJAaTHajlapbl CKPUHHUHITCH
KeWiH caHJbIK/cananblK Tangayra 9 3eprrey enrizimmi (Kecte 1) (4 PB3; 3 GakputanaThiH
3epTTEY, COHBIH INIHAE >KApPThUIAM pPAHIOMH3AIUSIAHFAH JKOHE MUJIOTTHIK; 2 KBa3H-
AKCTICPUMEHTTIK).

Kecre 1. JIuzaitn, nonyisiusiiap, apajiacyJsiap xKoHe HOTHKEIEP

3eprrey, KbL, Tusaiin Monysums . ApaJgacy
el (TYpi, Y3aKTbIFbl, OPbIH)
43 amMOynaToOpibIK MAIlUEHT .
Wadell et al. Ba}iiﬂfgi;’:}l’ COOA oprama—aysip mﬁ;):;p E;am'{TceHlig;i[Zlce
2004, Llsems aH ofm:m usiina Aepexceni; 27 dider, 16 ep; JIBI 4}1]5 NI[)I/‘IHyaHTaCBIHa
[23] pati H xac/FEV1/kocankbl KYPIBIK, 7
HFaH . 3 per, 12 anTa; aypyxaHa
aypyJiap KepCceTUIMEreH
Araujo et al. 42 COOA oprama—ete TeMeH UHTEHCHBTI:
2012, bpazunus PB3 aybIp; Oacka cumarramaiap | Cy HeMece €lIeH; MPOTOKOJI
[24] KOPCETUIMETeH HaKTbUIaHOaFaH
Oprarmma/>xorapbl
Gallo-Silva et al. 24 COOA; WHTEHCHBTI Cy
2025, bpazunus PB3 Oacka curarramanap JKaTTBIFYJIAphl, aliTacblHA 3
[25] KOepCeTIIMereH perT, 8 anrta; opbIH
KOPCETIJIMETEH
Taghavi et al. Koc cokep PB3 84 COOA,; TOJBIK MaTIMET r?;loif;eﬂ?zzgsnrfzagz
2017, Upan [26] KbIp Gepinmeren » (OKYY HI L ar,
aypyxaHa
; i+
Kendrova et al. TTHTOTTEIK 128 COOA: oprana sac Canaropuit crieneo .(20
2016, CnoBakus KYH) VS CaHaTOpHii;
OaKbUTaHATHIH 64,1 .
[27] CaHaTOpUU
Kubincové et al. 90 COOA (GOLD I-1V), Knumatorepanus (Tay
KBazu- opraria xac 65,7; KypOpThI), 3 anTa;
2023, CooBakus R ) N o .
28] sKcnepuMeHT | 71% ep; erxeu-Terkeni: KYpBUIBIMIAHFaH
IIBUIBIM IIETY, KOCAJIKBI Oargapiama
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3eprrey, KbLI, Nuzaiin Momy:msmms . ApaJjacy
el (TYpi, Y3aKTbIFbl, OPbIH)
aypyJap, aibll TacTay
KpUTepUiepi
Canartopuii + )KOFapsI
Zaripova et al. B AKLUIAHATAL 49 COOA 1-2 carsr; JKULTIKT1 OKIEIITTIK
2016, Peceii [29] K 14 oiten, 35 ep BeHTW M (14—16 KYH) Vs
CaHATOPHUIi; KypOpT
Kubincova et al. Keasii- 128 (90 COOA, 38 Xb); Taynsl exme
2018, CroBakus Oacka curarramanap peaduIMTAIUACHI, 3 anTa;
9KCIIEPUMEHT .
[14] KOPCETUIMETEeH KypopT
["ano + gerumeTpitik
Sevostyanova et 36 COOA + AT Tepamms Vs
al. 2016, Peceii PBE3
30] I-II carbimap; 20-75 xac MEINKaMEHTO3/IbI;
CTaIMOHap

FEV. ynraronr i 3eprreyae Oaiikanast (Kecte 2): Araujo et al. (2012) [24] 3epTreyinae
©CIM €Kl TOITa Ja TIPKEITeH, CTATUCTUKAIIBIK MOHIUTIT] €CHIC dKacalFaH KaTThIFyJiap YIIiH
(p=0,00) xone cynma (p=0,01) Gonmer; Kubincova et al. (2018) [14] enberinne FEV: ecyi
n?=0,218 ocep-emmemimen Kartap xypni; Kubincova et al. (2023) [28] 3eprreyinne FEV;
p<0,001 nenretiinne aptthl. bip Pb3-ne (Taghavi etal.) [26] FEV-re ocep 6onmanst. Kendrova
et al. (2016) [27] xome Zaripova et al. (2016) [29] enbexrepinae FEVi/cnmporpadus
eJIIIICHTeH, OipaK cCaHbIK HoTHXKeNep cunattanMarad. Wadell et al. (2004) [23], Gallo-Silva et
al. (2025) [25] »xone Sevostyanova et al. (2016) [30] sxymbicTapeiaaa FEV Goitbiaia nepexrep
ycbiabuIMaran. MCID-ke KON JKeTKi3y jKoHe aTalFaH 1°-leH Oellek e3re ocep-ejmemiaepi

xabapnaHOaraH.

Kecre 2. Oxne dynkuusicoin 6aranay (FEV)

3eprTey

NuTepBenuus

FEV1 0olibIHIIA HOTHIKE

Crat. MaHaiJiri

Wadell et al. 2004,
[IBenms [23]

Cy/kypasix, HIIT

Hotmxenepne FEV:
OOWBIHIIIA IEPEK KOK

bpazunus [25]

Araujo et al. 2012, Exi Tonra ma xakcapy p=0.00 (xep),
bpazumms [24] Cy/xep, L1 OalKaJI bl p=0.01 (cy)
Gallo-Silva et al. 2025,
Cy )aTTbIFynapbl Jlepek KoK —

Taghavi et al. 2017,

2016, Peceii [30]

TOJIKBIHAAP TE€PAIUsACHI

Vipan [26] ["ano/cnieneo FEVi-re ocepi koK | p xabapnanOaran
Kendrova et al. 2016, . FEV| enmmenren, MoHaepi
Canaropuii+cnesneo —
Cnoakus [27] cunaTTaJMaraH
Kubincova et al. 2023, )
Crosaxs [28] Knumartorepanus FEV1 ecyi p<0.001
Zaripova gt al. 2016, CanatopuiiHF-IPV Cnnporpa(bml JKacaJlFaH, o
Peceii [29] MOHJIEpl CUTIaTTAJIMAaFaH
Kubincova et al. 2018, . 2
Croaxus [14] Taynsl oHanTy FEV1 ecyi n-=0.218
n -
Sevostyanova et al. lNano+ neummerpik Jlepex KoK o
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Te3iMIiIiK KOPCETKIMTEPIHIH kKaKcapybl anThl 3eprreyae TipkenreH (Kecrte 3). Wadell
et al. (2004) [23] >xyMBICBIHJa CyJa KYPTi3UIT€H >KOFapbl KapKbIHIBI KATTHIFYJIap Ke3iHzae
Endurance Shuttle Walk Test >xepycrti/06akpuiay ToObIHA KaparaHaa +179 M-re yiraifraH, ai
xep ycrigzgeri Incremental Shuttle Walk Test +25 m-re aptkan; aBropiap cy TOOBI YIIiH
KJIIMHUKAJIBIK MaHBI3JIBUIBIFBIH KepceTenl. Araujo et al. (2012) [24] 3eprreyinme 6MWT
KAIIBIKTBIFBI Cy TOObIHAA apTKaH (p=0,02).

Taghavi et al. (2017) [26] xymbicbiaga 6MWT ecyi p-marblHaIapbIHCHI3 CUTIATTAIFaH.
Kendrova et al. (2016) [27] 3eprreyinne 6MWT skakcapybl craTucTukaibik MoHI1 (p<0,05).
Kubincova et al. (2023) [28] »xymbicbinna 6MWT aptkan (p<0,001). Kubincova et al. (2018)
[14] zeprreyinne 6MWT ecimi ipi ocep-emmemimer (n>=0,771) Genrinenren. Zaripova et al.
(2016) [29] 3eprreyinne 6MWT emnmienreH, 6ipak cCaHABIK MOHACP KEJITIpIIMEreH.

Gallo-Silva et al. (2025) [25] xxoHe Sevostyanova et al. (2016) [30] >xymbicTapbiHAa
6MWT nHotmwkenepi xabapmanbaran. 6MWT OoitbiHma MCID-ke KONl KEeTKi3y Typasbl
JIEPEeKTep KeATIpUIMETEeH.

Kecte 3. XKyxkremere To3imainik (6MWT/>kBuBasieHTTEp1)

3eprTey KopbITbIHABI CraT. MOHIJIIrI
ISWT: kypabik +25 M;
Wadell et al.[2230]04, [Heenus ESWT: cy +179 m vs II0JTy/1a KeNTipiIMerexH
KYPJIBIK/OaKbLUIay
Araujo et al. [22(1 %2, bpazunus Cy ToBbIHIa KaKcapy p=0.02
Gallo-Silva et al. 2025, 6MWT OoiibiHIIIa IEpeKTep o
bpazunus [25] JKOK,
Taghavi et al. 2017, Upan [26]| KalIbIKTBIKTBIH YJIFAIObI P KOpCeTiIMereH
Kendrova et al. 2016,
CrnoBakus [27] YIFaio p<0.05
Kubincova et al. 2023, Viraro p<0.001

CrnoBakus [28]
Zaripova et al. 2016, Peceii Onmenrex, 6ipak MoHAEPI
[29] cuUnaTTajiMaraH
Kubincova et al. 2018, _
Crosans [14] ¥ nraro n*=0.771
Sevostyanova et al. 2016,
Peceii [30]

HepekTep KoK -

OMip cypy canachIHBIH KOPCETKIIITEPIHIH )KaKcapybl )KeTi 3epTreyae anbikTanas! (Kecte
4). Wadell et al. (2004) [23] sxymbIcbinAa cy ToObiHIa SGRQ «bencenaimiky mkanacet MeH SF-
36 GoiipiHIIa (U3UKATIBIK JCHCAYIIBIK KaKcapabl; Oakplay TOOBIH/IA HaIIapiiay OalKabl.

Araujo et al. (2012) [24] sxymbiceinna SGRQ sxanmer 6ansr Tomenaeni (p=0,00). Gallo-
Silva et al. (2025) [25] 3epTTeyinne emip camacbiHbiH —7,4 Oamtra (p=0,02) >xakcapraHbl
Typasiel XabapianraH, Oipak Kypan HakTel kepcerinmmereH. Kendrova et al. (2016) [27]
)kymbIicbiHa SGRQ Gotipaa cumnTomaap xakcapast (p<0,05).

Kubincova et al. (2023) [28] xymbeiceinza SGRQ e3repicrepi aHBIKTAIIbL:
«Cummromaap» —20, «bencenaimik» —12,7, «Ocepaep» —7,3, «Kammsl 6amm» —15,9 (6apabiFsl
p<0,001); MCID 1ierine sxeTkeHnepaiH yieci 4 6anapik mek yuriH 81,1% xoHe 7 GaiabIK meK
yuria 72,2% kypaasl. MCID mierine sxeTkeHaepaiH yieci 4 6anasik mek ymriH 81,1% xone 7
OanapIk mek yuriH 72,2% xypaasl. Kubincova et al. (2018) [14] sxymbiceiana SF-36 Golibiaina
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OapibIK mKananap xakcapasl (p<0,001). Sevostyanova et al. (2016) 3epTTeyinae Heri3ri Tonra
SF-36 Ooiipiamna emip camacel 35%-ra aptThl. Taghavi et al. (2017) [26] xymbicbinna CAT
OoifbIHIIIA dcep aHBIKTaIMabl. Zaripova et al. (2016) [29] sxyMbICBIH1a ©Mip canackl OOMBIHIIA
KypaJ xKoHe HOTIXKelep xabapianOaraH.

Kecte 4. QoL-Kypangapsl koHE e3repicTepi.

3eprTey Acnan MCID-ke K0J1 KeTKi3y
Wadclletal, 204 Hivetn SGRQ, SF-36 XaGapranGaras
Araujo et al. 2012, bpazunus SGRQ p=0.00;
[24] MCID xabapnanOaran
Gallo-Silva et al. 2025, QoL (HakThuUTaHOAFaH) Xabapianbaran

bpazunus [25]
Taghavi et al. 2017, Upan [26] CAT KonmanpimMaiiael

Kendrova et al. 2016, SGRQ p<0.05;
Cnopakus [27] MCID xabapsanOaran
Kubincova et al. 2023, SGRQ MCID 4: 81.1%;
CrnoBakus [28] MCID 7: 72.2%
Zaripova et al. 2016, Peceii
[29] - _
Kubincova et al. 2018, SF-36 p<0.001;
CrnoBakus [14] MCID xabapnanOaran
Sevostyanova et al. 2016, Ecentey onmicremeci/MCID
. SF-36
Peceii [30] xabaprnanOaran

Anwiaran nepekrepre coiikec (5-xecte) Wadell et al. (2004) [23] 3eprreyinne FEV:
nepekrepi xabapman6Oaran; ISWT/ESWT OolipiHIa TO3IMIUIIK apTKaH, ©Mip carachl
xaxcapraH; eHtiry, BODE unzekci, ThIHBIC aly OYJIIBIKETTEPiHIH Ky, )KYPEeK-KaHTaMbIp
KOPCETKIIITEPl KOHE TCUXOMETPHUSIIBIK IIKajanap OoWbIHINIA JepeKkTep XxabapiiaHOaraH;
KaFBIMCBI3 KYOBUIBICTap MEH OpILyJIep Typallbl XKYHeli ecen OepiiMereH.

Araujo et al. (2012) [24] xxymbiceinna FEV: aptkan; 6MWT KalIbIKTBIFBI YIFaiiFaH; eMip
camachl kakcapraH; eHTiry azaitran; BODE unnekci tomenaeren; MIP/MEP »xorapbuiaraH;
KYPEK-KaHTaMbIPp KOPCETKIIITEepl KOHE TCUXOMETPHUSIIBIK IIKajgajap OOWBIHINA JIepEKTep
xabaprnanOaraH; )KaFrbIMCBI3 KYOBUIBICTAp MEH OpIIyJIep Typajbl ecer OepiiMereH.

Gallo-Silva et al. (2025) [25] 3eptreyinne FEV xabapnan6aran; Te31MIUTIKKE KaThICTHI
JIepeKTep YChIHBUIMAraH; ©Mip camachl JKakcapraH; eHTiry asaiiran; BODE wunzaekci
TOMEHJICTCH, TBHIHBIC ally OWIIIBIKETTEPIHIH KYIII MEH JKYPEK-KaHTaMblp JEpeKTepi
xabaprianOaraH; MCUXOMETPHUSUIBIK IIKalanap YChIHBUIMAFaH; >KaFbIMCHI3 KYOBUIBICTAp MEH
epIyJiep Typajbl ecer OepiiMereH.

Taghavi et al. (2017) [26] («cmeneo/ranoTepanus») xxymbickiHna FEV) esrepicrepi
o6omvaran; 6MWT xambikTeiFel apTkaH; CAT OoifplHIIa eMip camackliHa ocep OomaraH;
enriry, BODE, MIP/MEP, xypek-KaHTaMmblp KOPCETKIIITEepi KOHE MCHUXOMETPUSIIBIK
IIKajganap JAepekTepi xabapiianOaraH; KarbIMChI3 KYOBUIBICTAD MEH OPIIyJIEp Typasibl ecer
OepinmereH.

Kendrova et al. (2016) [27] 3eprreyinne FEV: xabapman6aran; 6MWT KamIbIKTHIFBI
aptkan; SGRQ kepcetkimrepi xakcapras; entiry, BODE, MIP/MEP jxaHe xypek-KaHTambIp
KOpCETKIITepi OOWBIHINA JePEKTEP YCHIHBUIMAFaH; ICHXOMETPHSIIBIK IIKalaJiap XKaKcapraH;
KaFbIMCBI3 KYOBUIBICTap MEH OpILyJIep TypaJibl €Cell OepiiMereH.
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Kubincova et al. (2023) [28] xymbicbinga FEV aptkan; 6MWT KalibIKTBIFBI YIIFaliFaH;
SGRQ 6oitsrama MCID ynecrepine ’keTyMeH xakcapy Oaiikanrad; bopr mkanacel OoibIHIIA
entiry azaitran; BODE, MIP/MEP jxoHe Xypek-KaHTaMmblp KOpPCETKIiITepl xabapiaHOaraH,
NICUXOMETPUSIIBIK LIKAJIANap jKaKcapraH; KaFbIMChI3 KYObUTBICTap MEH OpUIyJIep Typajbl ecer
OepiMereH.

Zaripova et al. (2016) [29] 3eprreyinge FEV: nepekrepi ambuiMaran (cniuporpadust
emmenreH); 6OMWT emmenren, Oipak MoHAEpI YChIHBIIIMaraH; eMip camacel, eHTiry, BODE,
MIP/MEP xoHe KypeK-KaHTaMbIp KOpCeTKiITepi OOWbIHINIA JAepeKTep OepiiMereH; KaObIHY
MapKepJIepiH 3epTTey XKYPri3uireH, Oipak erKeh-TerKenci3; *KarbIMChI3 KYOBUIBICTAD MEH
epIIyJIep Typallbl ecen OepiMereH.

Kubincova et al. (2018) [14] xxymbicbinna FEV1 apTkan (ecep memnmiepi xabapianraH);
OMWT KambIKTBIFBI yiiFaiiran (ocep Memmepi xaOapnanraH); SF-36 OolibiHIIa OapibIK
nIKajanapaa kakcapy OaiikanraH; bopr OoitbiHma enriry azaiiran; BODE, MIP/MEP sxone
KYpEK-KaHTaMbIp KepceTkimTepi xabapiaHOaraH; NCUXOMETPUSJIBIK IIKalanap >KaKCcapraH;
JKarbIMCBHI3 KYOBUIBICTAp MEH OPIITYJIep Typasbl €cell OepiIMereH.

Sevostyanova et al. (2016) [30] 3zeprreyinne FEV: xone 6MWT OolibiHIIIa 1epeKTep
yceibIIMarad; SF-36 OoiteiHIa emip camackl aptkad; eHTiry, BODE >xone MIP/MEP
OoiipiHIIA JepekTep XxabapiaHOaraH; apTEPHSUIBIK KbICHIM TOMEHJIETEH; MCHUXOMETPHSIIBIK
HIKaJIaJIap YChIHBUIMAFaH; KaFbIMCBI3 KYOBUTBICTAp MEH OPIIYJIEp TYPaJbl €Cell OepiiMercH.

Kectre 5. COOA ke3inzaeri nopi-AOpMEKCi3 OHANTYABIH 3epTTeysiep OoibIHINIA ocep
621FBITTBI.HBIFBI MaTpUIacChbl

3eprrey | FEVi | MW 0oL, | Emriry | BODE |mip/mEp| TEMX°

JKB. MeTpust
Wadell et

al. 2004,
IIBenus
[23]

JEePEK HKOK ) ) JePEK KOK | IEPEK JKOK | AEPEK KOK | IEPEK JKOK

Araujo et

al. 2012,

bpa3zunus
[24]

1 T T 1 1 T JIEPEK HKOK

Gallo-Silva
et al. 2025,

bpa3zunus
[25]

JIEPEK JKOK | IEPEK KOK 1 ) ) JIEPEK KOK | IEPEK HKOK

Taghavi et
al. 2017, 0 1 0 (CAT) |nmepex koK | IepeK KOK | IePEK JKOK | IEPEK KOK
Upan [26]

Kendrova

et al. 2016,

CrnoBakus
[27]

JEpPEK KOK 1 1 JIEPEK JKOK | IEPEK KOK | AEPEK HKOK )

Kubincova A

t al. 2023,

Crosaxas f 1 (MCID: | | (Bopr) |nepex oK | nepex kok| 1
[28] 81/72%)
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3eprrey | FEVi | MW | 0oL, | Emriry | BODE |mip/mEp| T€HX°
JKB. MeTpus
Zaripova et
OJIIICHTCH;
al. 2016, |nmepek KoK JIEPEK JKOK | IEPEK KOK | AEPEK KOK | IEPEK JKOK | IEPEK KOK
9 JEPEK JKOK
Peceit [29]
Kubincova
et al. 2018, ) )
Crosaxus | (12=0.218)| (2=0.771)| T (8F-36) | L (bopr) |nepeickok | nepercxox | 1
[14]
Sevostyano
va et al.
2016 JEpeK KOK | epek koK | T (SF-36) | aepek KOK | IepeK KOK | IePEK KOK | AEPEK JKOK
Peceii [30]

Tankpuiay. Cy KaTTBIFyJNapbl, TayJdbl/KIMMATTBIK OHAITY JKOHE CAHATOPHILIIK
Oarnmapimamaiap 6MWT/skBuBaneHTTep OOMBIHINIA OCIMII (JKEKEJIeTeH >KYMBICTapJa aiKbIH
acepuiepre neifin) xone SGRQ/SF-36 kepcerkimrepi OoibIHIIA xKaKkcapynapas! Oepeni [14, 23,
24,27, 28]. FEV anarypabsiM a3 00JpKaMIIbl OOJIBIN MIBIFAABL. YT 3epTTEYe ociM OalikamraH
[14, 24, 28], OGeifTapan HOTHXKE — rajo/cneneoTepanus Koiaganputran Oip Pb3-me Tipkenrex
[26], an Gipkartap sxymbicTapaa FEV| enmienreniMen, erkei-rerxkeii ampiiamarad [27, 29].

3epTTey KOpCETKEHJCH, KbhICKa KypcTap MEH IIaFblH TaHJAyJap CHUPOMETpHUsFa
KaparaHaa QyHKIIUOHAIIBIK TO3IMIUIIK TIeH CyOBEKTHBTIK TIOMEHACP/ Il SJICI31PEK «KO3FaIbI»
[14, 23, 24].

Keke KpIp — KIIMMaTOTEpanus/Tayibl OaraapiaMasap asChIHIAFbl ICUX0IMOIIMOHANIBIK
HoTxkenep, oyt SGRQ/SF-36 nomennepi OobIHIIA aliKbIH ©3repicTepMeH calikec keneni [27,
28]. O3 keseriHAe jkaHaMa KIWHHUKAJIBIK CUTHainmap (inecmem rumnepToHus kesiHae AK
temernneyi, MRC/bopr mkanamapsl OOWBIHIIA EHTITYIIH IKEHUIIEYl1) JOpi-TopMEKCi3
apaJiacyap/IbIH JKaJbl (U3HOJOTHUSIIBIK KHCHIHIBUIBIFBIH Koaaiasl [14, 28, 30].

MexaHHUCTIK TYpPFbIIa CyAaFbl )KYKTEME MEH TayJIbl KIIMMaT OlpHerie OybIH apKbLIbI acep
ereni [23, 24], aram alTKaH1a: OChTIK KAaHKAHBI )KEHUIIETY dKoHE THIPOCTATUKAIIBIK KeIepri —
TBIHBIC QJIy OYJIIIIBIKETTEpPI MEH IMIETKEepPri TO3IMILTIKTI JKAaTTBIKTBIPY — MYKOLMIHAPIIBIK
KIIMPEHCTI )KaKCcapTy BIKTUMAJIBIFBI )KOHE 63 K€3€T1H/1€ KyPOPTTHIK OPTaHBIH MIHE3-KYJIBIKTHIK
JKOHE TICUXO0IMOIMOHAIBIK (hakTopiapsl [27, 28].

byn ocepnepain Oapaeiret  6MWT/ESWT xoHe cayanmHamaiapja CTaTHKAJIbIK
CIIUPOMETpHUSFa KaparaHa KpUIAaMbIpaK KepiHic Tadansl [14, 23, 24]. barnapnamanapabig
KbICKa Y3akThIFbl (2—12 anrta) ma FEVi-re Kapchl *KYMBIC I1CTEHIi: TBIHBIC KOJIAPBIHBIH
KYPBUTBIMIIBIK ©3TepicTepi MEH OOCTPYKLHUSHBIH TYPAKThl BIFBICYJAPHI YIIIH KOOIpeK yakbIT
HeMece Oacka TUIITET] apayacynap Kaxer [26, 27].

Kyprizinren 3eprrey kepcerkenzaei, FEV OoiipiHmma ocep O6ap ke3zne (MbIcaibl,
TayJIblI/KIMMATTBIK OaFapiiamManapaa) aBTopiapra oHbl oacep medmiepiMeH Hemece MCID-ke
KETyiMeH CHpeK Koyijay MYMKiH Oonazsl [14, 28]. by KIMHUKANBIK MaHBI3IbI MIEKTEPMEH
CaJIBICTBIPY bl KUBIHAATATBI.

Amnaiiia >KaTThIFyJIap HaKThl JTO3aJaHFaH JKarnaiga (Cymarbl — antackiHa 3 per, 8—12
anTa; Ofaphl MHTEHCHUBTI mpotokoiaap) ESWT/6MWT OoiibiHIIa cCUTHaANIAp ailKbIHBIPAK
Oomnael [23, 24]. CaHaTopHillliK *)oHE TayJbl Oarqapiamanap Kpicka (kui 3 amra), Oipak QoL
OoibIHINIA aWKBIH YTBIC Oepemi — OyJI, BIKTUMaJ, MYJIbTHMOJAIbIbI PEKUMHIH KUBIHTHIK
ocepiHeH (Ko3FalbIC OEJICeHIUTIr, KYH TOpTiOi, opTa, Komjay). ['ano/crneneoKoMIoOHEHT apajac
HoTkenep kepcerrti: O6ip Pb3-ne 6MWT ecimi 6onranpiMeH, CAT «unenmik» xoHe FEV)
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OoifpIHIIIA ocep OoMManbl — OWJI apanacy TYpli MEH OHBIH YHJIECIMIEPiHIH MaHBI3/IbI €KCeHIH,
COHJIaii-aK COHFBI HYKTE TaHAAybl IIEIIYIi EeKeHiH KOpCeTe/l.

Karpimch3 KyObLIBICTap Aepiiik cumartanmMaiabl, COOA epurynepi KagarajaHOaraH.
[IpakTUKanblK €Hri3y YUIiH OYJ — ChIHIApibl OJKBUIBIK. AE Kuijmiri MeH epuryiepaiH
JKULJIIT1/ayBIpIBIFBIH Oaranamaii, 013 aiicOeprTiH TEeK YIIBIH KepeMi3: (DYHKIIMOHAIIBIK JKOHE
CyOBEKTHUBTIK HOTIDKENEp OOWBIHINIA «OKYMBIC iCTeHi», OipaK KaHIIAIBIKTBI Kayilci3 »KoHe
TYPaKThI €KEHIH OlIMeiMi3.

Bapinbik eckepTnenepre kapamactaH, MalMeHT YILIiH KopiHic aiKbpiH. KpICKa KypOpTTHIK-
KJIIMMATTHIK HEMece Cy OarapiiamMaliaphbl, TiNTi 3 anTa meriHae e, )KyYKTeMellepre TO31MIUTIKTI
KOHE ©31H-031 Ce3iHyAl JKOFapbl BIKTUMAIIBIKIIEH >Kakcapraael [14, 24, 28]. byn
UHTAISIUSIBIK Tepanusi MEH CTaHIapTThl OKIE OHAITYAbl JKOKKa MIbIFapMaiiibl, KaiTa
TOJNBIKTBIPaAbL. [ICMX03MOLMOHANABIK apPTHIKIIBUIBIKTAp 06JIeK IUTI0OC PEeTiHAe KepiHei, onap
Y# TYPMBICBIHAAFBI OCJICEHAUTIK TeH OeHunaimik yuriH Manp3abl. Keicka mep3imuae FEVi-ne
aliKpIH ©CIM KYTyre 00JIMaii/ibl; MaKCaTThIpaK OaFbIT — KYPY KAIIBIKTBIFBI, CAMIITOMIAP KOHE
QoL, opi 1o11 OCBI KOpCETKIMTEp OOMBIHINA KayanThl Kajaraiay opbIHab! [31].

KopsiThiHabl. [lepexTep KublHTHIFB TypakThl COOA Gap HayKacTapjaa KyKTeMelaepai
KoTepe aiay KallJaeTiH, CHMITOM/IAPAbl J)KOHE OMip CamachlH JKaKCapTy YIIIH THIMII JKYMBIC
ICTEWTIH MOJIyNbAEP PETiHAEe MEAMKAMEHTO3/bl €MEC CaHATOPJBI-KIMMATTHIK OHE CYBIK
apasacyJyiap/ibl KOJJan/Ibl.
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AHHOTANUA

AKTyaabHocTh.  HeMenukaMeHTO3HBIE ~ CaHATOPHO-KJIMMATHYECKHE  TOAXOJbI
(akBarepamusi, KIMMAaTo-/0albHEOTEpaIusi, CIEJIe0/TaJoTepanus) paccCMaTPUBAIOTCA Kak
JIOTIOJTHEHHWE K CTAaHJAPTHOM JIETOYHOW peabWiIMTalud MPU XPOHUYECKON OOCTPYKTHBHOM
6one3nu nérkux (XOBJI), Ho noka3zarenbHas 6a3a hparmeHTapHa.

Heab. OueHuTh BIUSHUE CAHATOPHO-KIMMATHUECKUX M CMEXKHBIX BMEILATENIbCTB Ha
(YHKLHIO JTETKUX, TOJIEPAHTHOCTH K HArPYy3Ke U KA4eCTBO KU3HH y TAIIMEHTOB CO CTa0MIIbHON
XOBJL

Marepuanbl u meroabl. Cucremaruueckuit 00630p mo PRISMA 2020. ITowuck:
PubMed/MEDLINE, Scopus, Web of Science, Cochrane Library; 6e3 orpanu4enuii 1mo roay;
nocienuuit nouck — 2025 r. Bkmowyanucs PKU, koHTponupyeMble 1 POCIEKTUBHBIE 10/TI0CIIEe
uccienoBanus co crabunpHoi XOBJI; BMemaTenscTBa: akBaTeparus/TpPEHUPOBKH B BOJIE,
rOpHas KJIMMAaTOTEpalus/CaHaTOpPHbIE MPOTPaMMBbI, CIENeOo/TaloTepanus; KOMIIapaToOphl:
CTaHJapTHas Tepanwus/peabunuranus wm e€ orcyrcTBue. IlepBuunbie ucxonsl: FEVi,
6MWT/skBuBanentsl, SGRQ/CAT/SF-36. Puck cucremarnyeckux omubok: RoB-2/ROBINS-
L.

PesyabTaTsl. Unentudunuposano 316 3anuceii; BkiaodeHo 9 uccnenoanuii: 4 PKU, 3
KOHTPOJIUPYEMBIX, 2 KBa3U-IKCIIEpUMEHTANbHBIX; reorpadus: CnoBakus (3), bpasunus (2),
Poccus (2), UIsenus (1), Upan (1). FEVy: ynyumienne B 3 uccnenoBanusx (0aHO ¢ 3pdeKT-
pasmepoM 1°=0,218; oxxo p<0,001); orcyrcrBue s¢pdexra — B 1 PKU; emé B 2 paborax FEV;
U3MEPSIIN, HO HE PAaCKpbUIM pe3yibTarbl. 6MWT/3KB.: ynyumieHue B 6 ucciaeqoBaHUsAX (B
omHoM 1?=0,771; B Heckonbkux p<0,05); B 2 paboTax jaHHEIE He MpejacTaBieHbl. KauecTso
*KU3HU: yiydmenue B 7 uccnenoBanusx (SGRQ/SF-36), neitrpanbusiit pesynstat mo CAT - B
1 PKU. Toctrmxenne MCID o SGRQ coobmieno B 1 uccnenosanuu: 81,1% (MCID 4) u 72,2%
(MCID 7). OT4€THOCTh IO HEXKENATENbHBIM SBICHUSM U OOOCTPEHHMSM OTCYTCTBYET WIIU
snu3zoanueckasd.  OCHOBHbIE  HMCTOYHHMKM  pUCKA:  Majible  BBIOOPKM,  HEMOJIHAs
paHIOMM3aLNA/OCICIUICHHE, HEMOoNHas OTYETHOCTh 0a30BbIX M TMOCTHMHTEPBEHLMOHHBIX
3HAYEHHM.

BbiBoabl. CaHATOPHO-KIMMATHYECKUE U BOJHBIE MporpaMmbl Ipu cTabmibHoi XOBJI
MOCIIEI0BATENbHO YIYUIIalOT TOJIEPAHTHOCTH K Harpy3Ke U KauecTBO ku3HH; 3¢ ekt Ha FEV,
MEHEe YCTOMYUB U BEPOSITHO TpedyeT OoJiee IIUTENbHBIX POTOKo0B. KitoueBoit nedpuut -
crangapTu3anus ucxonoB, b dexr-pazmepsl/MCID u 6e3omacHocts (HS, oboctpenus). B
3TOH CBSI3U, HYXKHBI KPYITHBIE, X0poIuo cranupoBanubsie PKU ¢ mocneayrommm HaboieHueM
>6—12 mecsueB 1 yHU(PHUITUPOBAHHBIM HA0OPOM KOHEUHBIX TOYEK.

KawueBble ciaoBa:  3a0oneBaHus — JETKUX,  peaOMIUTaLus, THAPOTEpaIus,
KIIMMaTOTEpanusl, CrieJeoTepanus, TOJIEPAaHTHOCTh K (PU3NYECKOM Harpy3Ke.

EFFECTIVENESS OF SANATORIUM-RESORT AND CLIMATIC
REHABILITATION INTERVENTIONS IN PATIENTS WITH STABLE
CHRONIC OBSTRUCTIVE PULMONARY DISEASE:

A SYSTEMATIC REVIEW AND META-ANALYSIS
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Abstract

Background. Non-pharmacological sanatorium-climatic approaches (aquatic therapy,
climate-/balneotherapy, speleo-/halotherapy) are considered as adjuncts to standard pulmonary
rehabilitation in chronic obstructive pulmonary disease (COPD), but the evidence base remains
fragmented.

Aim. To evaluate the impact of sanatorium-climatic and related interventions on lung
function, exercise tolerance, and quality of life in patients with stable COPD.

Materials and Methods. Systematic review according to PRISMA 2020. Databases
searched: PubMed/MEDLINE, Scopus, Web of Science, Cochrane Library; no year
restrictions; last search the year 2025. Included RCTs, controlled, and prospective pre-/post-
studies in stable COPD; interventions: aquatic therapy/exercise in water, mountain climate
therapy/sanatorium programs, speleo-/halotherapy; comparators: standard
therapy/rehabilitation or none. Primary outcomes: FEV, 6MWT/equivalents, SGRQ/CAT/SF-
36. Risk of bias: RoB-2/ROBINS-I.

Results. A total of 316 records were identified; 9 studies included: 4 RCTs, 3 controlled
(including semi-randomized/pilot), 2 quasi-experimental; locations: Slovakia (3), Brazil (2),
Russia (2), Sweden (1), Iran (1). FEV: improvement in 3 studies (one with effect size n7=0.218;
one p<0.001); no effect in 1 RCT; in 2 studies FEV: was measured but results not reported.
6MWT/equivalents: improvement in 6 studies (one 1?=0.771; several p<0.05); in 2 studies data
not presented. Quality of life: improvement in 7 studies (SGRQ/SF-36), neutral CAT result in
1 RCT. Achievement of MCID for SGRQ reported in 1 study: 81.1% (MCID 4) and 72.2%
(MCID 7). Reporting of adverse events and exacerbations was absent or sporadic. Main sources
of bias: small sample sizes, incomplete randomization/blinding, incomplete reporting of
baseline and post-intervention values.

Conclusions. Sanatorium-climatic and aquatic programs in stable COPD consistently
improve exercise tolerance and quality of life; effects on FEV: are less stable and may require
longer intervention protocols. Key gaps include outcome standardization, effect sizes/MCID,
and safety (adverse events, exacerbations). Large, well-designed RCTs with >6—12 months
follow-up and standardized endpoints are needed.

Keywords: pulmonary diseases, rehabilitation, hydrotherapy, climatotherapy,
speleotherapy, exercise tolerance.
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