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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This study aims to identify the predictors of ineffectiveness in 

antiviral therapy for chronic hepatitis C (CHC) in Kazakhstan. 
The rising prevalence and mortality rates associated with 
CHC globally and within Kazakhstan underscore the need for 
effective antiviral treatment strategies. Despite the introduction 
of direct-acting antiviral agents (DAAs) with high cure rates, 
a subset of patients fails to achieve a sustained virological 
response (SVR). We conducted a multicenter retrospective 
matched case-control study across 13 regions of Kazakhstan, 
including 812 patients with CHC. The study involved patients 
registered in healthcare organizations who had received DAAs, 
focusing on those who did not reach SVR. Variables such as 
demographic characteristics, virological status, stage of liver 
disease, comorbidities, lifestyle factors, therapy regimen, and 
patient adherence were analyzed. Logistic regression analysis 
identified multiple factors associated with increased risk of 
non-response to therapy, including comorbid conditions like 
arterial hypertension, hepatocellular carcinoma, and lifestyle 
factors. The study highlights the complexity of CHC treatment 
in Kazakhstan, emphasizing the need for personalized treatment 
plans and addressing comorbid conditions and lifestyle factors. 
This research contributes to understanding the multifaceted 
nature of CHC treatment response and aids in optimizing 
therapeutic strategies in similar healthcare settings.

Key words. Chronic hepatitis C, direct-acting antiviral agents, 
virological response, Kazakhstan.
Introduction.

Chronic hepatitis C (CHC) is leading cause of cirrhosis and 
primary hepatocellular carcinoma globally [1] and in Kazakhstan 
[2]. The World Health Organization (WHO) estimates that 
approximately 58 million individuals worldwide live with 
chronic hepatitis C virus infection, with around 1.5 million new 
infections reported annually [3]. In 2019, WHO estimated that 
nearly 290,000 people died from hepatitis C (HC), primarily due 
to cirrhosis and primary liver cancer [3]. The prevalence of CHC 
varies significantly across different regions. The prevalence of 
CHC varies significantly across different regions.

In the Republic of Kazakhstan (KZ), the burden of CHC is 
palpable. Epidemiological data indicate a substantial prevalence 
of CHC infection, with some regions exhibiting higher rates due 
to varying transmission dynamics and risk populations [4]. As of 
September 25, 2020, the "Viral Hepatitis" Register listed 29,264 
individuals with CHC in KZ. A 2017 epidemiological study by 
the Research Institute of Cardiology and Internal Diseases of 

the Ministry of Health of KZ reported a CHC incidence of 5.8% 
among the adult population in five KZ regions [5].

The advent of direct-acting antiviral agents (DAAs) has 
transformed CHC treatment, yielding cure rates over 90% 
in many cases [6]. Nevertheless, a subset of patients fails to 
achieve sustained virological response (SVR) despite standard 
DAA therapy.

Since 2011, KZ has provided antiviral therapy (AVT) against 
CHC as part of its guaranteed volume of free medical care 
(GBVM) [7]. Over this period, more than 7,000 patients have 
received pegylated interferon-based AVT, with effectiveness 
ranging from 65 to 85%, depending on the virus genotype [8]. 
In 2016-2017, 264 patients with HCV genotype 1 were treated 
with DAAs under GBVM, achieving an efficiency rate of 99%. 
However, as of 2017, the vast majority of patients were not 
receiving AVT [9].

Aligning with WHO's Global Strategy for Viral Hepatitis 2016–
2021 and the Strategies for the Prevention and Management 
of Sexually Transmitted Infections (STIs), HIV, and Viral 
Hepatitis, WHO member states are focusing on identifying 
and eradicating viral hepatitis [10]. On September 26, 2017, 
KZ's Minister of Health approved a roadmap for implementing 
preventive measures, diagnosis, and elimination of parenteral 
viral hepatitis effects for 2017-2020.7 Since 2018, patients with 
all hepatitis C virus genotypes in KZ receive tablet-based AVT 
(sofosbuvir + daclatasvir ± ribavirin), centrally procured by the 
Ministry of Health through the United Nations Development 
Program. This integration of DAAs into national healthcare 
has spurred an initiative to treat and potentially eliminate HC 
infection. However, not all patients respond positively to the 
current treatment protocols.

Given the pressing need to optimize treatment outcomes for 
HC-infected individuals in KZ, this study aims to delve deeper 
into the factors that may hinder effective AVT. In light of this, 
it appears pertinent to investigate the factors contributing to the 
ineffectiveness of AVT for CHC in the KZ. This encompasses 
demographic factors, constitutional characteristics, previous 
therapy history, virological status, liver disease activity and 
stage, comorbidities, harmful habits, adherence to therapy, and 
the characteristics of administered AVT.

The aim of the study is to determine the risk factors associated 
with the absence of a virological response to standard therapy 
with direct–acting antiviral agents, provided within the 
guaranteed volume of free medical care since 2018, to patients 
with CHC registered in healthcare organizations of the Republic 
of Kazakhstan.
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Methods.
Study site:

This was a multicenter retrospective matched case-control 
study conducted in 13 regions of Kazakhstan including Almaty 
and Nur-Sultan cities at hepatological centers, which are the 
government-funded tertiary care facilities for CHC patients in 
KZ.
Ethics statement:

The Local Ethics Committee of the Kazakh national medical 
university (# 14 (120) 28.10.2021) was approved the research. 
Informed consent was obtained from all participants and/or their 
legal guardians. Research had been performed in accordance 
with the Declaration of Helsinki.
Patient enrolment and matching criteria:

We included patients aged 18 years and older with chronic 
Hepatitis C Virus infection, registered in healthcare organizations 
of the Republic of Kazakhstan. Eligible participants were those 
who either had not previously received AVT or had received 
AVT based on Pegylated interferon and Ribavirin. Additionally, 
included patients were those who did not achieve VR, defined as 
having a positive HC RNA PCR result at the end of therapy and/
or 12 weeks or more post-treatment, following AVT with direct-
acting antiviral agents (Sofosbuvir + Daclatasvir ± Ribavirin). 
These treatments were provided as part of the guaranteed 
volume of free medical care since 2018.

Cases in this study were defined as CHC patients who did 
not achieve a VR to standard therapy with DAAs. Conversely, 
controls were those patients who attained an SVR. Both cases 
and controls were enrolled and identified from June to December 
2022. These patients, all adult (≥18 years of age) citizens of 
Kazakhstan, were selected from various hepatological centers 
based on their records from 2018 onwards. Each eligible case 
was matched with three controls (1:3 ratio) based on age, 
sex, and ethnicity. The selection process involved identifying 
eligible control patients from the appointment lists at these 
centers, using the specified matching criteria.
Sample size:

To calculate the sample size for a 3:1 matched case-control 
study, we considered several factors:
-	 Expected odds ratio - the measure of association between 

exposure and outcome.
-	 Power (1 - β): we used 80%.
-	 Significance level (α): set at 0.05 (5%).
-	 Proportion of controls exposed.
-	 Case-to-control ratio (3:1).

We used the Fleiss formula for sample size calculation in our 
study with unequal groups. The formula for the number of cases 
(n1​) and controls (n0​) is as follows:

Where:
•	 Z1−α/2: for α = 0.05, Z = 1.96.
•	 Z1−β: for power = 80%, Z = 0.84.

•	 The expected odds ratio from previous studies was 2.0.
•	 Proportion of controls exposed from previous studies is 

0.45.
•	 Ratio of controls to cases (3:1), so r = 3.

The number of controls (n0) is then r×n1
Using the above formula, we got:
n1 (cases) = 203 
n0 (controls) = 609

Study instruments and variables:
The data was collected by local trained doctors in each 

hepatological center from medical history records. The risk 
factors assessed included the participants’ demographic 
characteristics (e.g. age, sex, ethnicity, region, height, weight), 
virological status (virological response after AVT with direct 
antiviral agents, previous AVT, HC genotype), stage of the 
disease/fibrosis, comorbidities, smoking, alcohol consumption, 
use of other psychoactive substances, the regimen of prescribed 
antiviral therapy, duration of HCV before the start of AVT, 
known duration of antiviral therapy, patient's adherence to 
therapy.
Statistical analysis:

The matching characteristics of the case and control groups 
were presented as frequencies and percentages. Differences 
in the matching characteristics were assessed using Pearson’s 
chi-square test. Crude odds ratios and 95% confidence intervals 
(CIs) were determined for each potential risk factor using 
univariable logistic regression analysis, and the significance 
level was fixed at p < 0.05. The associations between VR status 
and demographic characteristics, comorbidities and medical 
history were subsequently assessed using multivariable logistic 
regression analysis. Unconditional logistic regression was used 
in this study because the data were matched on basic variables 
(age, sex and ethnicity).

All variables with a p-value < 0.25 in the univariable analysis 
were included in the multivariable model. The variables in the 
final model were selected using stepwise procedures. The model 
was then checked for interactions between the included variables 
and for multicollinearity. Model fit was examined using the 
Hosmer– Lemeshow goodness-of-fit test, the classification 
table and the receiver operating characteristic curve. All 
analyses were performed using SAS OnDemand for Academics 
(release 3.81, Carry, NC, USA). The study methods and 
findings have been reported according to the recommendations 
of the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.
Results.

In this study we analyzed 812 patients over 18 years of age 
with CHC in the KZ. Patients were divided into two groups: 
case (absence of VR to standard therapy with DAAs in patients 
with CHC) and control (patients who achieved an SVR). For 
each case recruited from the target population, controls of the 
appropriate age, gender and ethnicity were recruited in a ratio of 
1:3. In both groups, the majority of patients were men aged 40 years 
and older. There were no significant differences between cases and 
control groups in terms of age, gender and ethnicity (Table 1).
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Table 1. Matching characteristics of the cases and controls.

Characteristics Case - 203, n 
(%)

Control - 609, n 
(%) p-value*

Age groups 0.9934
≤ 29 8 (3.94) 24 (3.94)
30–39 30 (14.87) 82 (13.46)
40–49 51 (25.12) 157 (25.78)
50–59 59 (29.06) 177 (29.06)
≥ 60 55 (27.09) 169 (27.75)
Sex 0.9334
Male 126 (62.07) 380 (62.40)
Female 77 (37.93) 229 (37.60)
Ethnicity 0.2144
Asian 127 (62.56) 410 (67.32)
European 76 (37.44) 199	 2.68)
*- Pearson’s chi-squared test; n-number; %-percent.

Table 2. Demographic characteristics of the key indicators.
Key indicators n %
Sex 
Male 506 62.32
Female 306 37.68
Ethnicity
Asian 537 66.13
European 275 33.87
Region
Akmola region 36 4.43
Aktobe region 12 1.48
Almaty region 12 1.48
Almaty city 136 16.75
Atyrau region 48 5.91
East Kazakhstan region 48 5.91
Zhambyl region 60 7.39
West Kazakhstan region 28 3.45
Karaganda region 28 3.45
Kostanay region 48 5.91
Kyzylorda region 40 4.93
Mangystau region 24 2.96
Nur-Sultan city 100 12.32
North Kazakhstan region 24 2.96
Turkestan region 168 20.69
Age, years 52c 21-76d

Age
<29 32 3.94
30-39 112 13.79
40-49 208 25.62
50-59 236 29.06
>60 224 27.59
BMI 25.4c 16.3-43.2d

The presence of previously 
performed antiviral therapy 
(12 weeks) with Peg interferon / 
Ribavirin
Yes 27 3.35
No 778 96.65
Duration of chronic hepatitis 
C before the start of antiviral 
therapy

12c 1-372d

median; d – min-max; n-number; %-percent.

Table 2 shows the main demographic data. The majority of 
patients were men (62.32%) and Asians (66.13%). The average 
age of patients was 52 (21-76) and the majority of patients were 
40 years and older. Many patients were from Turkestan region 
(27.59%), Almaty city (16.75) and Nur-sultan city (12.32%). 
The average body mass index was 25.39 (16.27-43.24). In 3.35% 
of patients, antiviral therapy with Peg interferon / Ribavirin was 
previously received. The duration of chronic hepatitis C before 
the start of antiviral therapy averaged 12 (1-372).

Table 3 shows univariable logistic regression analysis of the 
risk factors for the absence of a virological response to standard 
therapy with direct-acting antiviral agents in patients with CHC. 
The results of the analysis showed that those with stomach ulcer 
(p=0.0266), HIV (p=0.0279), overweight/obesity (p=0.0045), 
arterial hypertension (p=0.0057), chronic kidney disease 
(p=0.0169), hepatocellular carcinoma (p=0.0327), alcohol 
abuse (p=0.0003), presence of previously performed antiviral 
therapy with Peg interferon / Ribavirin (p=0.0005), genotype 
3 of hepatitis C virus (p<.0001), stage 4 fibrosis (p<.0001), 
regimen of prescribed antiviral therapy (p<.0001), duration of 
CHC before the start of AVT (p=0.0057), the known duration of 
AVT (p<.0001) and the patient's adherence to therapy (p<.0001) 
were significantly associated with an increased risk of absence 
of VR to AVT. The chances of having HBV past infection were 
0.09 (0.01-0.66) lower in cases than in the control groups.

All 16 variables with a p-value <0.05 in the univariate analysis 
were included in the multiparametric model. The relationship 
between the absence of VR on AVT and hypertension, hepatitis 
C virus genotypes, fibrosis stages, ALT before AVT, the duration 
of antiviral therapy and the patient's adherence to therapy was 
evaluated using a multivariate logistic regression analysis. In a 
multiparametric analysis, 7 factors were largely associated with 
the absence of VR to AVT in patients with CHC. 

The results of the multivariate logistic regression analysis 
are shown in table 4. People with arterial hypertension (AH) 
had 1.94 times higher odds of VR absence to AVT than people 
without AH (AOR 1.94 (95% CI: 1.03–3.36). People with 
hepatitis C virus genotype-3 had a 2.33 times greater chance 
of VR absence to AVT compared to people with hepatitis C 
virus genotype-1 (AOR 2.33 (95% CI: 1.26–3.35). Compared 
with stage 0 liver fibrosis, people with stage 4 fibrosis had a 
1.99 times greater chance of VR absence to AVT (AOR 1.99 
(95% CI: 1.21–4.07). For a one unit increase in duration of 
CHC before AVT, we expect to see 0.1% increase in the odds 
of VR absence for AVT (AOR 1.006 (95% CI: 1–1.009). For a 
one unit increase in ALT before AVT, we expect to see 0.1% 
increase in the odds of VR absence for AVT (AOR 1.006 (95% 
CI: 1.001–1.009). The odds of VR absence for AVT were 0.33 
times less in people with a duration of antiviral therapy of 24 
weeks compared to people with a duration of antiviral therapy 
of 12 weeks (AOR 0.33 (95% CI: 0.1–0.75). Patients with an 
absence (the patient violated the AVT regimen) of adherence to 
therapy had a greater chance of VR absence to AVT than people 
who adhered to AVT (AOR 87.12 (95% CI: 23.68–313.07).
Discussion.

This is the first study employing the matched case–control 
design to explore the factors of the absence of a virological 
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Characteristic Case, n (%) Control, n (%) Crude OR (95% CI) p-value
HBV pastinfection
Yes 1 (0.50) 32 (5.25) 0.09 (0.01-0.66) 0.0179*
No 201 (99.50) 577 (94.75) 1
Cholelithiasis
Yes 8 (3.94) 16 (2.63) 1.52 (0.64-3.60) 0.3434
No 195 (96.06) 592 (97.37) 1
Stomach ulcer
Yes 5 (2.46) 3 (0.49) 5.10 (1.21-21.53) 0.0266*
No 198 (97.54) 606 (99.51) 1
Liver cyst
Yes 2 (0.99) 4 (0.66) 1.51 (0.27-8.28) 0.6382
No 201 (99.01) 605 (99.34) 1
Malignant formation
Yes 5 (2.46) 6 (0.99) 2.54 (0.77-8.41) 0.1273
No 198 (97.54) 603 (99.01) 1
Gastritis
Yes 11 (5.42) 25 (4.11) 1.34 (0.65-2.77) 0.4324
No 192 (94.58) 584 (95.89) 1
Anemia
Yes 2 (0.99) 7 (1.15) 0.86 (0.18-4.15) 0.8467
No 201 (99.01) 602 (98.85) 1
GOITER
Yes 3 (1.48) 2 (0.33) 4.55 (0.76-27.44) 0.0982
No 200 (98.52) 607 (99.67) 1
Tuberculosis
Yes 3 (1.48) 6 (0.99) 1.51 (0.37-6.08) 0.5639
No 200 (98.52) 603 (99.01) 1
Gastroesophageal 
reflux disease
Yes 4 (1.97) 8 (1.31) 1.51 (0.45-5.07) 0.5044
No 199 (98.03) 601 (98.69) 1
Rheumatoid arthritis
Yes 1 (0.49) 2 (0.33) 1.50 (0.14-16.66) 0.7400
No 202 (99.51) 607 (99.67) 1
Stroke
Yes 2 (0.99) 5 (0.82) 1.20 (0.23-6.24) 0.8267
No 201 (99.01) 604 (99.18) 1
Atherosclerosis of 
cerebral vessels
Yes 2 (0.99) 1 (0.16) 6.05 (0.55 – 67.04) 0.1426
No 201 (99.01) 608 (99.84)
varicose veins of the 
lower extremities
Yes 1 (0.49) 2 (0.33) 1.50 (0.14-16.66) 0.7400
No 202 (99.51) 607 (99.67) 1
HIV
Yes 15 (7.77) 23 (3.81) 2.13 (1.09-4.16) 0.0279*
No 178 (92.23) 580 (96.19) 1
Diabetes mellitus /glycemia
Yes 17 (8.76) 62 (10.28) 0.84 (0.48-1.47) 0.5384
No 177 (91.24) 541 (89.72) 1
Overweight/obese
Yes 71 (36.22) 156 (25.66) 1.65 (1.17-2.32) 0.0045*
No 125 (63.78) 452 (74.34) 1
Coronary
heart disease

Table 3. Univariable logistic regression analysis of the risk factors of the absence of VR to AVT in patients with CHC.
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Yes 25 (13.02) 55 (9.08) 1.50 (0.91-2.48) 0.1144
No 167 (86.98) 551 (90.92) 1
Arterial hypertension
Yes 61 (31.44) 131 (21.65) 1.66 (1.16-2.38) 0.0057*
No 133 (68.56) 474 (78.35) 1
Chronic
kidney disease
Yes 13 (6.70) 17 (2.83) 2.47 (1.18-5.18) 0.0169*
No 181 (93.30) 584 (97.17) 1
Chronic obstructive pulmonary disease
Yes 9 (4.62) 13 (2.14) 2.22 (0.93-5.26) 0.0718
No 186 (95.38) 595 (97.86) 1
Hepatitis B
Yes 12 (6.15) 23 (3.78) 1.67 (0.81-3.42) 0.1618
No 183 (93.85) 585 (96.22) 1
Hepatitis D
Yes 1 (0.51) 1 (0.17) 3.10 (0.19-49.8) 0.4246
No 194 (99.49) 603 (99.83) 1
Hepatocellular 
carcinoma
Yes 4 (2.07) 2 (0.33) 6.41 (1.17-35.3) 0.0327*
No 189 (97.93) 606 (99.67) 1
Sex
Male 126 (62.07) 380 (62.40) 0.99 (0.71-1.37) 0.9333
Female 77 (37.93) 229 (37.60) 1
Age groups
≤ 29 8 (3.94) 24 (3.94) 1
30–39 30 (14.87) 82 (13.46) 1.10 (0.45-2.71) 0.8398
40–49 51 (25.12) 157 (25.78) 0.98 (0.41-2.30) 0.9531
50–59 59 (29.06) 177 (29.06) 1.00 (0.43-2.35) 1.0000
≥ 60 55 (27.09) 169 (27.75) 0.98 (0.42-2.30) 0.9563
Region
Almaty city 34 (16.75) 102 (16.75) 1
Akmola region 9 (4.43) 27 (4.43) 1 (0.43-2.34) 1.000
Aktobe region 2 (1.64) 10 (0.99) 0.6 (0.13-2.88) 0.524
Almaty region 3 (1.48) 9 (1.48) 1 (0.26-3.91) 1.000
Atyrau region 13 (5.75) 35 (6.4) 1.1 (0.53-2.35) 0.776
East Kazakhstan region 12 (5.91) 36 (5.91) 1 (0.47-2.14) 1.000
Zhambyl region 15 (7.39) 45 (7.39) 1 (0.50-2.02) 1.000
West Kazakhstan region 8 (3.28) 20 (3.94) 1.2 (0.48-2.97) 0.694
Karaganda region 6 (3.61) 22 (2.96) 0.82 (0.31-2.19) 0.689
Kostanay region 12 (5.91) 36 (5.91) 1 (0.47-2.14) 1.000
Kyzylorda region 10 (4.93) 30 (4.93) 1 (0.44-2.58) 1.000
Mangystau region 6 (2.96) 18 (2.96) 1 (0.37-2.74) 1.000
Nur-Sultan city 25 (12.32) 75 (12.32) 1 (0.55-1.82) 1.000
North Kazakhstan region 6 (2.96) 18 (2.96) 1 (0.37-2.72) 1.000
Turkestan region 42 (20.69) 126 (20.69) 1 (0.59-1.69) 1.000
BMI 25.2 (16.3-43.2) 25.4 (16.4-41) 1 (0.98-1.06) 0.3092
Ethnicity
Asian 127 (62.56) 410 (67.32) 0.81 (0.58-1.13) 0.2148
European 76 (37.44) 199 (32.68) 1
Smoking
Yes 69 (37.91) 180 (32.37) 1.28 (0.90-1.81) 0.1707
No 113 (62.09) 376 (67.63) 1
Alcohol consumption
Yes 22 (12.64) 25 (4.58) 3.02 (1.65-5.50) 0.0003*
No 152 (87.36) 521 (95.42) 1
Use of other psychoactive substances
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Yes 5 (2.79) 8 (1.43) 1.98 (0.64-6.12) 0.2370
No 174 (97.21) 550 (98.57)
The presence of previously performed 
AVT with Peg interferon / Ribavirin
Yes 15 (7.43) 12 (1.99) 3.95 (1.82-8.59) 0.0005*
No 187 (92.57) 591 (98.01) 1
Genotype of HC virus
Genotype 1 80 (40.20) 336 (56.38) 1
Genotype 2 16 (8.04) 79 (13.26) 0.85 (0.47-1.54) 0.5910
Genotype 3 103 (51.76) 181 (30.37) 2.39 (1.70-3.37) <.0001*
Indirect liver elastography before AVT, 
fibrosis stage
0 stage 38 (21.23) 178 (29.52) 1
1 stage 33 (18.44) 135 (22.39) 1.15 (0.68-1.92) 0.6078
2 stage 27 (15.08) 128 (21.23) 0.99 (0.57-1.70) 0.9655
3 stage 25 (13.97) 85 (14.10) 1.38 (0.78-2.43) 0.2681
4 stage / cirrhosis 
of the liver 56 (31.28) 77 (12.77) 3.41 (2.09-5.57) <.0001*

The regimen of 
prescribed AVT
Sofosbuvir+
Daclatasvir 167 (82.67) 583 (95.73) 1

Sofosbuvir+
Daclatasvir+
Ribavirin

35 (17.33) 26 (4.27) 4.70 (2.75-8.03) <.0001*

Duration of CHC
before the start of AVTa 22 (1-252) 12 (1-375) 1.004 (1.001-1.008) 0.0057*

ALT before AVTa 57 (4.2-4878) 45.1 (0.45-358) 1.006 (1.003-1.008) <.0001*
Known duration of AVT
12 weeks 174 (85.71) 574 (94.41) 1
24 weeks 29 (14.29) 34 (5.59) 2.81 (1.67-4.75) <.0001*
Patient's adherence to therapy
Presence (the patient did NOT violate the 
AVT regime) 156 (77.23) 603 (99.34) 1

Absence (the patient
violated the AVT regime) 46 (22.77) 4 (0.66) 44.43 (15.76-125.25) <.0001*

%-percent; OR-odds ratio; *-p<0.05; CI-confidence intervals; n-number; a-median (min-max).

response to standard therapy with direct–acting antiviral agents 
in patients with CHC infection in Kazakhstan. Our study, 
involving 812 CHC patients, provides substantial insights into 
the epidemiology, demographic distribution, and potential risk 
factors influencing the lack of virological response to standard 
therapy with direct-acting antiviral agents.

Our findings indicate that the majority of patients were men 
aged 40 years and older, which aligns with literature that 
suggests a higher prevalence of CHCV among older men 
[11]. The ethnicity distribution, predominantly Asian, reflects 
Kazakhstan's demographic composition [12]. Furthermore, the 
data on regional distribution provides valuable insights into the 
geographical burden of CHC, with Turkestan region, Almaty 
city, and Nur-sultan city being the most represented. These 
variations could be attributed to differences in healthcare access, 
awareness initiatives, or population densities [13].

Univariable logistic regression analysis identified several risk 
factors associated with an increased likelihood of absent VR 
to AVT, including stomach ulcers, HIV, overweight/obesity, 
arterial hypertension, chronic kidney disease, hepatocellular 
carcinoma, and alcohol abuse. Many of these associations, such 

as the link between CHC and HIV or hepatocellular carcinoma, 
have been previously documented [14-17]. Notably, the strong 
correlation between alcohol abuse and decreased AVT response 
emphasizes the importance of addressing comorbidities and 
lifestyle factors in CHC management [18-20]. A significant 
finding was the association between the absence of VR to 
AVT and prior antiviral therapy with Peg interferon/Ribavirin, 
suggesting potential resistance or diminished efficacy in patients 
previously treated with these agents [21].

Multiparametric logistic regression analysis identified several 
independent factors associated with the absence of VR to AVT. 
Arterial hypertension was linked to nearly double the odds of 
VR absence (AOR 1.94, 95% CI: 1.03-3.36), possibly due to 
its impact on liver perfusion and antiviral drug efficacy [22]. 
Patients with hepatitis C virus genotype-3 had a significantly 
higher risk of VR absence compared to genotype-1 (AOR 
2.33, 95% CI: 1.26-3.35), aligning with other studies [23,24]. 
Prior research has established that genotype-3 often presents 
more challenges in treatment due to its resistance profile [25]. 
Advanced liver fibrosis (stage 4/cirrhosis) was a significant 
predictor of VR absence, with almost two-fold increase in 
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Characteristics Case, n (%) Control, n (%) AOR¥ (95% CI) p-value
Arterial hypertension
Yes 61 (31.44) 131 (21.65) 1.94 (1.03-3.36) 0.0206*
No 133 (68.56) 474 (78.35) 1
Genotype of 
hepatitis C virus
Genotype 1 80 (40.20) 336 (56.38) 1
Genotype 2 16 (8.04) 79 (13.26) 1.57 (0.68-3.07) 0.376
Genotype 3 103 (51.76) 181 (30.37) 2.33 (1.26-3.35) 0.0029*
Indirect liver elastography before 
antiviral therapy, fibrosis stage
0 stage 38 (21.23) 178 (29.52) 1
1 stage 33 (18.44) 135 (22.39) 0.80 (0.43-1.61) 0.5903
2 stage 27 (15.08) 128 (21.23) 0.62 (0.29-1.22) 0.1556
3 stage 25 (13.97) 85 (14.10) 0.87 (0.42-1.80) 0.7063
4 stage / cirrhosis of the liver 56 (31.28) 77 (12.77) 1.99 (1.21-4.07) 0.0231*
Duration of CHC before AVT 22 (1-252) 12 (1-375) 1.006 (1-1.009) 0.022*
ALT before AVT 57 (4.2-4878) 45.1 (0.45-358) 1.006 (1.001-1.009) 0.0105*
Known duration of AVT
12 weeks 174 (85.71) 574 (94.41) 1
24 weeks 29 (14.29) 34 (5.59) 0.33 (0.1-0.75) 0.0125*
Patient's adherence to therapy
Adhered 156 (77.23) 603 (99.34) 1
Did not adhere 46 (22.77) 4 (0.66) 87.12 (23.68-313.07) <.0001*
¥ - Multivariable logistic regression; AOR-adjusted odds ratio; %-percent; *-p<0.05; CI-confidence intervals; n-number.

Table 4. Factors independently related to the absence of VR to AVT in patients with CHC.

odds compared to stage 0 fibrosis (AOR 1.99, 95% CI: 1.21-
4.07). As liver damage progresses, the organ's capacity to 
process medications might be compromised, leading to reduced 
therapeutic efficacy [26]. A longer therapy duration (24 
weeks) was protective against VR absence compared to a 12-
week regimen (AOR 0.33, 95% CI: 0.1-0.75), suggesting the 
benefit of extended treatment for certain patient groups [27]. 
Notably, non-adherence to AVT was a robust predictor of VR 
absence, with non-adherent patients having a staggering 87.12-
fold increase in odds compared to adherent individuals (AOR 
87.12, 95% CI: 23.68-313.07). Ensuring patient compliance is 
paramount to achieve desired therapeutic outcomes [28]. 

A major strength of our study is the comprehensive 
demographic and clinical data, providing a holistic view of 
CHC in Kazakhstan. However, as an observational study, it is 
subject to potential confounding and biases. Prospective studies 
and randomized trials are recommended for further validation 
and exploration of the underlying mechanisms.

In conclusion, our study sheds light on the complex interplay of 
demographic (gender, age, ethnicity, region), clinical (duration 
of CHC before AVT, genotype, ALT, stage of cirrhosis), 
virologic (viral load), host (comorbidities, adherence to therapy) 
and pharmacological (duration of AVT) factors influencing the 
response in CHC patients to antiviral therapy. Further research 
including molecular studies in virologic resistance is warranted 
for complete characterization of risk factors and improving 
treatment outcomes in CHC patients.
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