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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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 - B): we used 80%.
- Significance level (a): 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
(n,) and controls (n,) is as follows:

—— LD PR . (L+r)
: log(OR) rx Ppx (1— By)

Where:
0 Z _:fora=0.0527Z=1.96.

1-a/2”

a ZH%: for power = 80%, Z = 0.84.
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0 The expected odds ratio from previous studies was 2.0.
0 Proportion of controls exposed from previous studies is
0.45.
0 Ratio of controls to cases (3:1), sor= 3.
The number of controls (n,) is then rxn,
Using the above formula, we got:
=203

1 (cases) -

n, =609

0 (controls)

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).



Table 1. Matching characteristics of the cases and controls.
Case-203,n Control - 609, n

Characteristics (%) (%) p-value*
Age groups 0.9934
<29 8 (3.94) 24 (3.94)

30-39 30 (14.87) 82 (13.46)

4049 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 48 591
East Kazakhstan region 48 5.91
Zhambyl region 60 7.39
West Kazakhstan region 28 3.45
Karaganda region 28 3.45
Kostanay region 48 591
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 52¢ 21-76¢
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 25.4¢ 16.3-43.2¢

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 12¢ 1-372¢
therapy

median, d — min-max, n-number, %-percent.
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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



Table 3. Univariable logistic regression analysis of the risk factors of the absence of VR to AVT in patients with CHC.

Characteristic Case, n (%) Control, n (%) Crude OR (95% CI) p-value
HBY 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
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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

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

Duration of CHC

before the start of AVT® 22 (1-252) 12 (1-375) 1.004 (1.001-1.008) 0.0057*
ALT before AVT* 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)p 156 (77.23) 603 (99.34) 1

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

violated the AVT regime)

%-percent; OR-odds ratio; *-p<0.05; Cl-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
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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



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

Characteristics Case, n (%) Control, n (%) AORY¥ (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,; Cl-confidence intervals; n-number.

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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