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Abstract

Introduction. Metabolic dysfunction-associated fatty liver disease (MAFLD) is a widespread pathology requiring effective
treatment approaches. One promising direction is the use of a complex of carnitne orotate and
biphenyldimethyldicarboxylate (COC and BDD), which possess antioxidant and hepatoprotective properties.

Materials and methods. As part of the observational, non-interventional, prospective cohort study KASVM-01
[NCT06078722], the impact of COC and BDD on the progression of MAFLD in patients in the Republic of Kazakhstan was
investigated. From February 2023 to July 2024, a total of 121 participants from Almaty and Almaty Region were enrolled in
the study and received COC and BDD. The observation period lasted 12 months, with an interim analysis conducted on 78
participants who completed a 24-week treatment course. Anthropometric parameters (BMI, waist circumference), liver
steatosis and fibrosis levels measured via transient elastography (FibroScan) with CAP, ALT, AST, total cholesterol,
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triglycerides, and FIB-4 (a non-invasive fibrosis marker) were assessed at baseline and after completing 24 weeks of therapy
with COC and BDD.

Results. The interim analysis revealed a statistically significant reduction in ALT levels (from 32.4 to 20.1 U/mL,
p<0.001), triglycerides (from 1.4 to 1.3 mmol/L, p=0.007), steatosis grade (from 304 to 283 dB/m, p<0.001), and fibrosis level
(from 6.5 to 6.0 kPa, p=0.022). The prevalence of severe steatosis (S3) decreased from 52.7% to 45.7%, whereas mild
steatosis (S1, S0) increased to 21.4% and 10%, respectively (p=0.001). The proportion of patients with F3 fibrosis declined
from 8.1% to 1.4%, while F2 fibrosis decreased from 27% to 21.4% (p=0.022), indicating an improvement in fibrosis markers.
During the observation period, BMI decreased (from 30.4 to 29.8 kg/m?), although the changes were not statistically
significant (p=0.214). No significant changes were observed in total cholesterol and FIB-4 levels.

Conclusion. The interim analysis confirmed the effectiveness of COC and BDD in the treatment of MAFLD,
demonstrating improvements in biochemical parameters as well as regression of liver steatosis and fibrosis. Further research
and validation of these findings in later stages of observation are necessary to assess the final efficacy and long-term safety
of the therapy.

Keywords: Metabolic dysfunction-associated fatty liver disease, carnitine orotate, biphenyldimethyldicarboxylate, liver
steatosis, liver fibrosis
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1 HayuyHo-uccnepoBaTenbCKUMI UHCTUTYT KapAUONorun U BHYTPeHHUX GonesHen, r. Anmatbl, Pecny6nuvka
KasaxcTaH;

2 HAO «MeauumHckuin yhusepcutet Cemeit», r. Cemeit, Pecny6nuka KasaxcraH;

3 «Fopoackas nonuknuHuka Ne5» r. Anmatsl, r. Anmatbl, Pecny6nuka Kasaxcrah;

4 EHGeKluMKa3axckas MeXxpanoHHasa MHoronpodunbHas 6onbHULa, r. Ecuk, Pecny6nuka KasaxcraH;

5 «MaHrucrayckasa o6nactHasi MHoronpodunsHasa 6onsHuuay, r. Aktay, Pecny6nuka Kasaxcrah;

6 «O6nacTHas KnuHM4Yeckast GonbHMUa» YnpaBreHusi 3gpaBooxpaHeHusi TypkecTaHcKoW o6nacTw,
TypkecTaHckasa obnacTtb, r. TypkectaH, Pecny6nuka Kasaxcrah;

7 MeAMUMHCKUIA LieHTp «GastroMed», r. LLUbIMKeHT, Pecny6nuka KasaxcTtaH;

8 «MHoronpodmnbHasi ropoackas 6onbHuua Ne 3» Akumara r. AcTaHbl, I. AcTaHa, Pecny6nuka KasaxcTaH;
° OenapTameHT PerynupoBaHusi U KOHTpons B cdepe coumanbHOM 3alMTbl HaceneHus Pecny6nuku
KazaxcTaH no r. Anmartbl, r. Anmathbl, Pecny6nuka KasaxcraH;

10 «Fopoackas nonuknuHuka Ne 6», r. Anmatbl, Pecny6nuka KasaxcraH;

11 Kasaxckuit HauMOHanbHbIN YHUBEPCUTET MMeHM anb-®apabu, r. Anmatbl, Pecny6nuka KasaxcraH.

Beepenue. Metabonnuecku-accoummpoBaHHas xuposas 6onesHb neyexu (MAXKBIT) sBnseTcs pacnpocTpaHEHHOM
natonoruen, Tpebytowein addekTMBHbIX MeTogoB Tepanuu. OfHUM M3 NEPCMEKTMBHLIX HanpaBneHwit SBRSETCS
MCTONb30BAHME KOMMNEKCA KapHWTWH-opoTata u  Gudenunaumetunaukapbokennata (KOK u BDD), obnapatolero
AHTMOKCUAAHTHBIMW 11 TENaTONPOTEKTOPHLIMU CBONCTBAMM.

Matepuanbl u mMeTtoAbl. B pamkax 0bcepBaLMOHHOrO HEUHTEPBEHLIMOHHOTO MPOCMEKTUBHOMO  KOrOpPTHOrO
nccnegoeanns KACBM-01 [NCT06078722] usyyanock BrusiHne KOK u BDD Ha Teuyenne MAXBI y nauuentoB B
Pecnybnukm KasaxctaH. C cpespans 2023 roga no wionb 2024 roga B uccnegosaHuy B Anmatbl 1 AnmaTuHckon obnactu
NpuHsKM yyacte 121 yyacTHuk, npuHumaswme KOK u BDD. [nutenbHocTb Habniopenus coctaBuna 12 mecsues, a
MPOMEXYTOYHbIN aHanM3 NPoBeaEH Ha 78 y4YacTHWKaX, 3aBEPLUMBLUMX 24-HedenbHbli KypC neveHns. AHTpONoMeTpruyeckme
paHHble (AMT, OKpyXHOCTb Tanmuu), YpoBHM cTeato3a W (hubpo3a NEYEHW, M3MEPEHHBIE C MOMOLLbK TPaH3WUTOPHOI
anactorpacdmm (FibroScan) ¢ CAP, AJIT, ACT, obwuin xonectepwH, Tpurnuuepuabl u FIB-4 (HewHBaswBHbIN Mapkep
¢hnbpo3a), oLeHNBanMCb BO BpEMS UICXOAHOr0 BM3uTa 1 nocne 3asepLuenns tepanun KOK n BDD Ha 24-7 Hegene.

PesynbTatbl. [10 AaHHBIM NPOMEXYTOYHOMO aHanM3a, OTMEYEHO CTaTUCTUYECKU 3HaYMMOe cHkeHune yposHs AJTT (¢ 32,4 oo
20,1 ELl/mn, p<0,001), Tpurnuuepmaos (c 1,4 po 1,3 mmons/n, p=0,007), ctenenu cteatosa (¢ 304 o 283 ab/m, p<0,001) n ypoBHs
¢mbpo3a (c 6,5 go 6,0 kMa, p=0,022). YactoTa BbipaxeHHoro creatosa (S3) ymeHbLmnack ¢ 52,7% o 45,7%, Toraa kak nerkve
cteneHm creatosa (S1, SO) Bospocnm go 21,4% n 10% cootsetctBenHo (p=0,001). Jons nauueHToB ¢ dmbposom F3 cHuaunacs ¢
8,1% no 1,4%, a ¢ F2 — ¢ 27% £o 21,4% (p=0,022), uto ceugeTensCTByeT 00 ynyulleHnn nokasatenen ¢ubposa. 3a Bpems
HabmtopeHnss UMT chusunca (¢ 30,4 po 29,8 kr/mM?), HO CTaTMCTWYECKM 3HAUMMbIX pasnuumii He BbisiBeHo (p=0,214).
CyLLecTBEHHbIX M3MeHeHMI 0bLLero xonectepuHa u FIB-4 He 3achvkenpoBaHo.

3akntouyeHue. MpoMexyTouHbI aHanu3 noaTeepaun addektusHocTb NpuMeHenus KOK n BDD B Tepanun MAXGBIT,
NMPOLEMOHCTPMUPOBAB YnyylleHne OUOXMMMYECKMX MokasaTenel, a Takke perpeccuio creatosa M ¢ubposa nevenu. [ns
OKOHYaTENbHOW OLIEHKM 3PPEKTUBHOCTU M AONTOCPO4HON BesonacHoCTH Tepanum TpebyeTcs NpoAocKeHe UCCnefoBaHus
W NOATBEPXKOEHNE NOMYYEHHbIX AaHHbIX HA Bonee No3gHWX aTanax HabnaeHus.

Knioyesble crmosa: Memabonudyecku-accoyuupogaHHas — xupogasi  b0Me3Hb  NEYEeHU,  KapHUMUH-opomam,
bugpeHundumemundukapbokcunam, cmeamo3 neyeHu, (hubpos neveHu.

Ana yumuposaHus:

Lxymabaesa A.E., Kalibynnaesa [.A., KalicuHa 9.A., Hyemarosa b.T., Xymadunosa 3.K., bomabaesa A.C., Yanuesa
A.E., MNawumos M.O., Kambaposa " A., Omaposa K.C., Mypambexosa A.K., banabex A.H., Epzanuesa A.A., Pewudosa
T.A., CakmaraH A.E., Kacoimosa T.B., Mymanuesa I'.C., AHyap A.[., KydatibepeeHosa LL.H. TpomMexyTouHble pesynbTaThl
00CepBaLMOHHOMO HEMHTEPBEHLIMOHHOTO KNMHUYeckoro uccneaoBanns «OueHka 3dhdheKTUBHOCTM NPUMEHEHNS KOMMIEKca
KapHUTUH opoTaTta 1 budeHunaumeTUnankapbokeunaTta B NaToreHeTUYeckon Tepanun MeTabonmyeckn-accoLmMpoBaHHOM
X1pOBOWN BONE3HN NeyeHu: NPOCNEKTUBHOE KOTOPTHOE UccnenoBaHney // Hayka u 3gpasooxpaHenue. 2025. Vol.27 (1), C. 7-
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1 Kapanonorus xaHe iWwkKi aypynap fbinibIMU-3epTTeY UHCTUTYTbI, AnmaThbl, KasakctaH Pecny6nukachbl;

2 «Cemen MeguMUMHA YHUBEPCUTETi» KOMMepUMsnbIK eMec akuuoHepriik Kofambi, Cemei, KasakctaH
Pecny6nukachl;

3 Anmartbl Kanacbl «Ne5 kananblk emxaHa», AnmaTthbl, KasakctaH Pecny6nukacsl;

4 EH6eKwika3sak kencananbl ayaaHapanbIlk aypyxaHacsl, Ecik, KasakctaH Pecny6nukacsi;

5 «MaHfbicTay 06nbICTbIK Kerncanarnbl aypyxaHacbl», AkTay, KasakctaH Pecny6nukachil;

6 TypkicTaH obnbicbl Koramablk AeHcaynblk 6ackapMacbiHblH «O6GNbICTbIK KIMHUKanbIK aypyXaHachbl»,
TypkictaH obnbickl, TypkictaH, KazakctaH Pecny6nukachbl;

7 «GastroMed» meguumMHanbIK opTanbiFbl, LUbIMKeHT, KazakcTaH Pecny6nukacsi;

8 AcrtaHa Kanacbl okimgairiHiH «Ne3 kencananbl Kananblk aypyxaHacbl», AcTaHa, KasakctaH
Pecny6nukacsl;

9 KaszakctaH Pecny6nukacbl AnmaTthbl Kanacbl 60ibiHWa XanbIKThl a5ieyMeTTiK KopFay canacbiHAarbl
peTTey XaHe 6akblnay genapTameHTi, Anmatbl, KazakctaH Pecny6nukachbl;

10 «Ne 6 kananbIk emxaHa», Anmatbl, Kazakctan Pecny6nukacoi;

11 ®n-®apabu aTbiHAarbl Kasak ynTTbiK yHMBepcuTeTi, AnmaTthbl, KasakctaH Pecny6nukachbl.

Kipicne. MeTabonuammen GaiinaHbicTbl Maiinbl baybip aypybl (MBMBA) kew, TapanFaH natonorust 6onbin Tabbinagbl xsHe
™iMEi emgey agicTepiH kaxeT etedi. [NepcnexktueTi  GarbiTTapabiH, Gipi — aHTMOKCMAAHTTLIK JKaHE renaTonpoTEKTOPIbIK
KacuetTepi 6ap kapHUTUH-0poTaT neH BudernnanmeTungukapbokeunar (KOK xaHe BDD) KelLeHiH KongaHy.

opictep. KACBM-01 [NCT06078722] obcepBaumsnblk, apanacnaiTbiH, NePCNeKTUBTI KOTOPTTbIK 3epTTeyi ascbiHaa
KasakctaH PecnybnukacbiHga KOK xane BDD npenapatbiHbi, MBMBA arbiMbiHa acepi 3epTTengi. 2023 xbinfbl aknaH
mMeH 2024 xbinebl winge apanbiFbiHga AnMatbl xeHe Anmatbl obnbickiHaa 121 kaTbiCylwbl OChl npenapattapgbl
kabbingagbl. Bakpinay ysakTbiFbl 12 aigbl Kypagbl, an apanbik Tangay 24 antanblk eMaey KypebiH asikTaFaH 78
KaTbiCyLUblAa Xyprisingi. AHTponomeTpusnbIk kepceTkilwTep (OCWU, Gen aitHanbimbl), 6ayblp cTeaTosbl MeH mbpo3 aeHreli
(FibroScan CAP kemerimeH), AJTT, ACT, xannbl xonecTepuH, Tpurnuuepuartep xaHe FIB-4 (dpubpoaabiH, MHBa3uBTI emec
Mapkepi) 6acTankbl xaHe 24-anTanbik TepanusgaH keniH 6aranaHgbl.

Hatwxenep. Apanbik Tangay bonbiHwa AT aewredtiniv, (32,4-Ten 20,1 EL/mn-re genin, p<0,001), Tpurnuuepuatepait,
(1,4-ten 1,3 mmonb/n-re penid, p=0,007), creato3 gapexeciHin, (304-TeH 283 pgb/m-re gewiH, p<0,001) xaHe ¢hubpos
peHrenitib, (6,5-TeH 6,0 klMa-ra genin, p=0,022) ctaTucTMKanblk, TypfblgaH MaHbl3gbl TeMeHAEeYi aHbikTangsl. ANKbIH
creatosfplH, (S3) xuiniri 52,7%-paH 45,7%-fa feitiH TeMenaeqi, an xewjin creatos fexreinepi (S1, S0) caitkeciHwe 21,4%
xaHe 10%-ra gewiH apTTbl (p=0,001). F3 papexecinperi pubposbl 6ap Haykactap yneci 8,1%-gaH 1,4%-fa peitiH, an F2
pewreni 27%-naH 21,4%-ra peiin TemeHngegi (p=0,022), 6yn dmbpo3 kepceTkiLuTepiHiH, XakcapFaHbiH kepceTeai. bakpinay
keseHiHoe [ICW 30,4-TeH 29,8 kr/mM%-re peiiH TemeHaeni, Oipak cTaTUCTUKANbIK TypsblAaH MaHbI3Obl albipMalLbNbIKTap
aHbIkTanFaH xok (p=0,214). XXannel xonectepuH MeH FIB-4 kepceTkiluTepiHAe aiTapnbikTan esrepictep bankanmagbl.

KopbITbiHAbL. Apanbik Tanaay KOK xesHe BDD npenapattapeii MBMBA emaeyae konpaHyabl, TMIMAINIrH pactagbl,
BUOXMMUANBIK KePCETKILLTEPAIH, XaKcapFaHblH, CoHAai-ak bayblp cTeatosbl MeH (PuOPO3bIHbIH, PErPECCUSCHIH KOPCETTI.
TepanusHbiH, TynKiniKTi TMiIMAINIK MeH y3ak Mepaimai kayinciagiriv 6aranay yiliH 3epTTeyfi xanfacTblpy XaHe anblHfaH
ManiMeTTepai BakbinayoblH KeiHri keeHaepiHae pacTay Kaxer.

Tylindi  ce3dep:  memabonuammeH  balinaHbicmbl  Malnbl  Gayblp  aypybl,  KapHUMUH-Opomam,
bucpeHundumemundukapbokcunam, 6aybip cmeamoss!, baybip pubposbI.
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Introduction

The prevalence of metabolic dysfunction-associated
fatty liver disease (MAFLD) continues to rise rapidly, with
some studies indicating a prevalence exceeding 30% [15],
highlighting the importance of developing effective
pharmacological treatment algorithms to prevent disease
progression. The complexity of MAFLD pathophysiology
significantly complicates the search for a universal and
effective treatment approach.

The fundamental approaches in MAFLD therapy remain
lifestyle modifications, including increased physical activity,
weight reduction, and smoking cessation. An important
addition to these measures is the correction of metabolic
factors such as diabetes, obesity, and dyslipidemia [6].

In March 2024, resmetirom was approved for the
treatment of MAFLD. The primary mechanisms of this drug
include liver fibrosis correction and inflammation reduction.
It is essential to understand that the drug was approved,
alongside diet and exercise, for adults with MAFLD who
have moderate to advanced liver fibrosis (stage F2 or F3)
but have not yet developed cirrhosis. Resmetirom remains
under clinical investigation, with its efficacy and safety still
being studied, and treatment duration has yet to be
established. Consequently, the search for optimal MAFLD
treatment regimens continues.

One mechanism of MAFLD progression is reduced fatty
acid oxidation in hepatocytes, which is closely linked to liver
steatosis. It has been proven that mitochondrial dysfunction
leads to fat accumulation in the liver, and oxidative stress
may explain the mitochondrial dysfunction observed in
MAFLD. Carnitine is a well-known modulator of free fatty
acid transport and oxidation in mitochondria [16,18], and
several studies have demonstrated its antioxidant activity in
hepatocytes [5,10,12].

The camitine orotate complex (Godex®) is a
pharmaceutical drug that has demonstrated efficacy in reducing
cytolysis in liver diseases [11,20,22]. Recent in vitro and in vivo
studies have shown that the carnitine orotate complex can
improve metabolic health by influencing glucose and lipid
metabolism and significantly reducing liver steatosis [3,8,9,21].
Furthermore, experimental research has identified the
molecular mechanism by which the carnitine orotate complex
reduces insulin resistance [9].

Given its positive metabolic effects and widespread use,
it became relevant to investigate the relationship between
carnitine orotate complex use in MAFLD patients in
Kazakhstan. A similar study was conducted in 2014 in the
country, assessing the efficacy and safety of this complex in
a smaller patient cohort with a shorter treatment duration
(up to eight weeks) [1].
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In November 2022, a Korean study was published
examining the long-term use of the carnitine orotate
complex (Godex®) (up to 30 days, 30-180 days, and over
180 days) and its impact on mortality. The study found that
the most significant reduction in mortality risk was observed
in individuals with metabolic risk factors such as obesity,
fatty liver disease, dyslipidemia, type 2 diabetes, and
metabolic syndrome with prolonged use of the carnitine
orotate complex, whereas the effect was weaker in alcohol
consumers [19].

Thus, the aim of this study was to evaluate the
efficacy of carnitine orotate complex and BDD in the
pathogenetic therapy of MAFLD in Kazakhstan in routine
clinical practice.

Materials and Methods.

An observational, non-interventional, prospective cohort
cluster study KASVM-01 [NCT06078722] was conducted to
examine the effects of the camitine orotate complex +
biphenyldimethyldicarboxylate (COC and BDD) on the
progression of MAFLD. The study included adult residents of
Kazakhstan. To ensure consistency in enrollment, the
recruitment period lasted six months, and the follow-up period
was 12 months (Scheme 1). As part of routine clinical practice,
patients visited their attending physician every six months.
According to the study protocol, visits included specific
examinations and questionnaires that are part of the standard
routine management of MAFLD patients. Only patients with a
formally documented and confirmed diagnosis (primary medical
documentation) were eligible for inclusion in the study.

Study cohorts (Scheme 1):

+ Study cohort: Patients taking COC and BDD, regardless of
study participation. Treatment duration: six months, followed by
six months of post-treatment observation.

+ Control cohort: Patients not taking COC and BDD, regardless
of study participation. Observation duration: 12 months.

The study included patients taking or not taking COC
and BDD, regardless of sex and age, who were registered
as MAFLD patients. Enrollment was conducted by
researchers involved in the study across six regions of
Kazakhstan: Almaty, Astana, Aktobe, Shymkent, Semey,
Turkestan region, and Almaty region.

Inclusion criteria: Patients of both sexes aged 18 to 75
years, who are citizens of the Republic of Kazakhstan;
patients with a clinically and laboratory-confirmed diagnosis
of MAFLD without severe comorbidities; patients not
receiving other adjunctive therapy (metabolic therapy drugs,
essential phospholipids, ursodeoxycholic acid, glycyrrhizic
acid, ademetionine, and others); patients with a minimum
seven-day washout period between discontinuing other
adjunctive therapy and starting COC and BDD; patients
who voluntarily signed the informed consent form.
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_) Period of taking COC+BDD 24W ) Follow-up period 24W
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6 months
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Control cohort

Patients using COC and BDD

Patients not using COC and BDD

Almaty, Almaty region

Astana, Aktobe, Shymkent, Semey, Turkestan region

Scheme 1. Observation period with patient visits depending on COC
and BDD intake, cluster distribution of cohorts.

Exclusion criteria: Patients with alcohol abuse
according to the AUDIT-C questionnaire; patients taking
the carnitine orotate complex for more than four weeks
before signing informed consent; patients with
contraindications to the carnitine orotate complex;
patients diagnosed with diabetes; pregnancy and
lactation; concurrent use of levodopa, altretamine,
cisplatin, metformin, statins; patients with co-infections
(HIV, HBV, HCV); decompensated liver cirrhosis (CTP=7
points); eGFR <15 mL/min/1.73 m? drug-induced liver
injury; use of narcotic and psychotropic substances;
malignant liver or other organ tumors (history or present)
or clinically significant elevation of alpha-fetoprotein >5
times the normal value; patients with significant
biochemical activity (ALT, AST >10 ULN) and total
bilirubin >2 ULN; participation in an interventional clinical
study.

The enroliment period lasted 18 months with follow-up
visits every three months. Based on sample size
calculations for parallel groups with binary outcome
parameters, the required number of patients in each group
was 120. Applying a 10% dropout rate, the final number of
study participants in each group was 132, requiring a total
of 264 participants.

From February 2023 to July 2024, a total of 121
participants taking COC and BDD were enrolled in the study
in Almaty and Almaty region. This interim analysis included
78 participants who completed COC and BDD therapy by
September 2024. Anthropometric data (BMI, waist
circumference), steatosis and fibrosis levels measured by
transient elastography (TE), FibroScan, with CAP, ALT,
AST, total cholesterol, triglycerides, and FIB-4 (a non-
invasive fibrosis marker) were assessed at the baseline visit
and after completing COC and BDD therapy at week 24.

Data presentation and processing methods.

"Waist circumference" and "Total cholesterol" showed
normal data distribution, so parametric descriptive methods
and tests were applied, while non-parametric methods were
used for other parameters. Mean and standard deviation
were used to describe "Waist circumference” and "Total
cholesterol," while median and interquartile range were
used for others. Paired Student's t-test was applied to
compare mean values, and the Wilcoxon rank-sum test was
used for median values. Frequency analysis was used to
describe fibrosis stage, steatosis stage, and interpretation
of the FIB-4 test result. To compare frequencies at baseline
and week 24, variables were converted into ordinal data
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and compared using the Wilcoxon rank-sum test. All results
were considered statistically significant at p<0.05.

Statistical analysis was conducted using Jamovi 2.4.8.
The statistical abbreviations and terms used in this article
are as follows: Mean - the arithmetic average of the given
numbers, SD - standard deviation, Me — median, Min - the
smallest value present in the data, Max - the largest value
present in the data, Q1 - the lower quartile, the value under
which 25% of data points are found when arranged in
increasing order, Q3 - the upper quartile, or third quartile,
the value under which 75% of data points are found when
arranged in increasing order, P-value - defined as the
probability, under the assumption of no effect or no
difference (null hypothesis), of obtaining a result equal to or
more extreme than what was actually observed.

Results

Over 24 weeks of COC and BDD administration, a
statistically significant reduction was observed in ALT levels
(U/mL) from 32.4 [19-51.5] to 20.1 [14.9-28.4] (p<0.001),
triglycerides from 1.4 [1.1-2.2] to 1.3 [1.0-2.0] mmol/L
(p=0.007), steatosis level based on TE (dB/m) from 304
[268-325] to 283 [246-312] (p<0.001), and fibrosis level
(kPa) from 6.5 [5.3-8.3] to 6.0 [4.7-7.2] (p=0.022).

AST levels showed a slight increase over time: median
at the first visit was 23.3 [17.9-38.6], and at week 24, the
median was 23.5 [19.1-28.4] mmol/L (p=0.021), but at week
24, the variation remained within reference values. The
median BMI decreased over 24 weeks from 30.4 to 29.8
kg/m?, however, these differences were not statistically
significant (p=0.214). Changes in waist circumference over
time could not be reliably assessed (p=0.943).

The frequency of grade 3 fibrosis based on TE data
decreased from 8.1% to 1.4%, and grade F2 fibrosis
from 27% to 21.4% (p=0.022) over 24 weeks. The
frequency of F1 fibrosis increased from 28.4% to 32.9%,
and FO from 35.1% to 42.9%, indicating improvements in
fibrosis markers after four weeks of COC and BDD
administration.

The frequency of severe steatosis S3 according to TE data
decreased from 52.7 to 45.7%, S2 degree also decreased from
29.7 to 22.9%. At the same time, the frequency of a milder
degree S1 increased from 17.6 to 21.4% and previously absent
cases with SO — 10% appeared at 24 weeks of treatment with
COCs and BDD (p=0.001).

When comparing total cholesterol data (Table 1) and
interpreting the FIB-4 test results over time, no statistically
significant differences were observed (Table 2).
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Table 1.
Dynamic changes in indicators of a patient group taking COC and BDD who completed 24-week follow-up.
Visit P value
Iafiesian Screening 24 weeks
R | i | e T e
BMI, kg/m2 30,4 [28,1-33,1] | 22,4-43,1 29,8 [27,3-32,4] 20,7-44,6 0,214
Waist circumference, cm 105+£12,5 71-150 105+12,5 73-150 0,943
Fibrosis, kPa 6,51[5,3-8,3] 3,1-211 6 [4,7-7,2] 3-25,8 0,022
Steatosis, dB/m 304 [268-325] 240-400 283 [246-312] 7,1-400 <0,001
AST, Uil 23,3[17,9-38,6] | 1,1-229 23,5[19,1-28 4] 10-104 0,021
ALT, U/l 32,4 [19-51,5] 8-305 20,1[14,9-28 4] 8,2-88,7 <0,001
Total cholesterol, mmol/l 5,41 3-8,2 5,3+0,9 2,9-8 0,392
Triglycerides, mmol/l 1,41,1-2,2] 0,5-4,2 1,3[1,0-2,0] 0,5-10,7 0,007
FIB-4 test result 1,110,9-1,3] 0,28-7,5 1,3[0,9-1,6] 0,21-8,8 0,051
Table 2.
Changes in the dynamics of the FIB-4 test results while taking COC and BDD.
Interpretation of FIB-4 test result Screening 5 24 weeks P
n % n %
No significant fibrosis 38 80.9% 35 63.6 %
Gray zone 8 17.0% 18 32.7% 0,071
Fibrosis stage 4-6 on the Ishak scale 1 2.1% 2 3.6%

100%
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80%
70%
60%
50%
40%
30%
20%
10%

0%

frequency of occurrence

100%
80%
60%
40%

20%

frequency of occurrence

0%

Screening/0 week

Visit

||| Degree of fibrosis ||

24 weeks (+/- 2 weeks)

mF0 mF1 =mF2 mF3 mF4
Diagram 1. Frequency of fibrosis according to TE data over time while taking COC and BDD.

Degree of steatosis

Screening/0 week

Visit

24 weeks (+/- 2 weeks)

mS0 mS81 =82 mS3

Diagram 2. Frequency of steatosis according to TE data in dynamics
against the background of COC and BDD intake.
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Discussion

The complex of carnitine orotate and BDD is a
pharmaceutical agent used as part of combination therapy
for liver diseases. It exhibits detoxifying, antioxidant, and
metabolic effects, contributing to the maintenance and
restoration of liver function. The drug exerts both functional
and histological reparative effects on damaged hepatocytes
and acts as a lipotropic factor in hepatic steatosis. It
promotes B-oxidation of free fatty acids and their metabolism
within hepatocyte mitochondria. The synergistic action of its
components enhances glycogen storage, synthetic, and
antitoxic functions of the liver. Furthermore, the drug
increases hepatic cell sensitivity to insulin, facilitates its
secretion, and normalizes ALT levels in the blood, which are
elevated due to various liver diseases.

An interim analysis of the observational study KASVM-01
confirmed the potential of COC and BDD in the treatment of
MAFLD. The study data demonstrate significant
improvements in key biochemical, anthropometric, and
instrumental parameters in patients who completed a 24-
week therapy course.

A statistically significant reduction in ALT levels was
observed over the 24-week treatment period with COC and
BDD, indicating a reduction in hepatic inflammation. This
effect is further supported by decreased triglyceride levels
and hepatic steatosis grade as assessed by transient
elastography (TE). These changes are mediated by the
positive impact of COC and BDD on -oxidation of fatty acids
in mitochondria, thereby improving lipid metabolism by
enhancing fatty acid uptake and consequently reducing
lipotoxicity. Zhang et al. (2020) [24] and Li N & Zhao H
(2021) [13] suggest that inhibition of B-oxidation may
potentially contribute to reduced mortality in patients with
metabolic risk factors upon prolonged administration of COC
and BDD [19].

Additionally, the reduction in fibrosis severity, as
determined by TE, particularly the decrease in the
prevalence of advanced fibrosis (F3) from 8.1% to 1.4%,
indicates a favorable long-term prognosis. The increase in
mild fibrosis cases (FO and F1) alongside the decrease in
more severe forms supports the potential antifibrotic effect of
COC and BDD. This finding aligns with experimental data
demonstrating the beneficial role of carnitine in fibrosis
regression in the liver [4,14,17,19].

Reducing hepatic fat accumulation in MAFLD is a key
aspect of preventing disease progression. Excess lipid
accumulation in hepatocytes promotes inflammation, fibrosis,
and increases the risk of progression to cirrhosis or
hepatocellular carcinoma. Reducing hepatic steatosis not
only improves liver function but also decreases
cardiometabolic risks, which is particularly important for
patients with comorbid obesity and type 2 diabetes. The
reduction in severe steatosis cases (S3) and the increase in
mild steatosis (S1) or its complete absence (S0) underscore
the efficacy of COC and BDD in reducing hepatic fat
infiltration. This effect is consistent with the results of the
CORONA study conducted by Korean colleagues in patients
with type 2 diabetes [3].

Special attention should be given to the impact of COC
and BDD on anthropometric parameters. Carnitine plays a
crucial role in the transport of fatty acids into mitochondria,
where they undergo oxidation with energy release, thereby

14

contributing to lipolysis [23]. Additionally, biphenyldimethyl
dicarboxylate activates enzymes involved in lipolysis,
collectively leading to a reduction in fat accumulation in the
body [7].

A systematic review previously demonstrated that L-
carnitine supplementation may contribute to improvements in
body weight and body mass index (BMI), particularly in
overweight and obese individuals [2].

In the present study, the interim analysis showed a
reduction in BMI from 30.4 to 29.8 kg/m? However, this
change did not reach statistical significance, which may be
due to the limited duration of observation. Nonetheless, the
observed trend suggests that these changes may be
attributed not only to lifestyle modifications but also to COC
and BDD therapy. A longer follow-up and further analysis are
required for an objective assessment of this effect.

It should be noted that the presented results are interim
and based on data from a cohort of patients receiving COC
and BDD in routine clinical practice. The final study analysis
will include an evaluation of the efficacy of COC and BDD in
managing MAFLD, as well as an inter-cluster comparison to
demonstrate the internal validity of the findings and subgroup
homogeneity. Despite existing publications supporting the
efficacy of COC and BDD in MAFLD therapy
[3,8,9,11,20,22], this study is the first to present real-world
clinical practice data from the Republic of Kazakhstan.

Thus, the interim findings of the KASVM-01 study
demonstrate the promise of COC and BDD in MAFLD
treatment, particularly in reducing hepatic inflammation,
steatosis, and fibrosis. However, a final assessment of the
efficacy of these drugs requires further analysis, including
long-term patient follow-up and comparative evaluation with
other therapeutic approaches.

Conclusion

The interim analysis results demonstrate that COC and
BDD exert a comprehensive positive effect on key
parameters in MAFLD patients, including reductions in
steatosis and fibrosis. However, for a definitive assessment
of treatment efficacy and long-term safety, continued study
and confirmation of the obtained data at later observation
stages are required. Despite these promising results,
additional research is necessary to evaluate the
effectiveness of COC and BDD in MAFLD therapy.

The results presented in this publication represent
interim data obtained from the cohort receiving COC and
BDD for MAFLD as part of routine clinical practice. The final
analysis will include an assessment of the effectiveness of
COC and BDD in routine MAFLD management between
study cohorts, as well as inter-cluster comparisons to
demonstrate the internal validity of the results and subgroup
homogeneity ~within  clusters. Although the positive
experience of using COC and BDD in MAFLD therapy has
been extensively covered in prior publications [3,
8,9,17,20,22], this study is the first to present real-world
application results of COC and BDD in a patient population
receiving treatment as part of routine clinical practice in
Kazakhstan.
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