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Abstract

Atrial fibrillation (AF) is one of the most common arrhythmias, significantly affecting
quality of life and prognosis in patients with cardiometabolic disorders. In recent years,
increasing attention has been given to the relationship between metabolically associated
fatty liver disease (MAFLD, formerly NAFLD) and AF due to shared pathophysiological
mechanisms, including obesity, insulin resistance, chronic inflammation, and activation of the
renin-angiotensin-aldosterone system (RAAS).

Material and methods:This prospective controlled study included 60 patients (37
men and 23 women) with confirmed MAFLD and paroxysmal AF, mean age 64.0 + 7.4 years.
Patients were randomized into two groups: the main group (n = 30) received standard
therapy plus L-carnitine, and the control group (n = 30) received standard therapy alone.

L-carnitine demonstrated hepatoprotective, antioxidant, and antiarrhythmic effects,
improving myocardial and hepatic energy metabolism. These results support its use as a
metabolic therapy in patients with MAFLD and paroxysmal AF.

Keywords: Atrial fibrillation, metabolically associated fatty liver disease, L-carnitine,
fatty acid [-oxidation, lipid metabolism

Xysaoca: Ampuan gubpusisiyus (A®P) — kapoduomemaboauk 6ysuauwiapaa 3aa
6ys12aH 6emopsaapda xaém cudamu ea npozHo3zuza Hcudouli mascup KypcamaduzaH 3H2
KeHz mapKa/iz2aH apummusaapoad bupu xucobaaHadu. Yuiby madkukoOmHuUH2 MakKcaou —
Memaboauk 60FAuK érau xcuzap kacaaiueu (MA>KBK) ea napokcusman wakadazu AP
6usaH ofpupeaH 6emopaapda L-kapHumuH camapadopausuHu 6axosaw. I[Ipocnekmue
Hazopamau maodkukomea 60 Hagap 6emop x#aa6 KUAUHOU, YAap UKKU 2ypyxX2a 6YAUHOU:
acocull 2ypyx cmaHdapm mepanusi 6uiaH 6upza L-kapHumuH o010u, Hazopam 2ypyxu ica
¢akam cmaHdapm mepanusi 010u.

3 otidaH cyHz acocull eypyxda maHaHuH2 macca uHoekcu 8a 6es1 au/J1aHMACUHUHZ
cesuaapau dapadxcada nacaluwu, mpuaauyepudaap 68a xuzap @pepmeHmaapu
daosusmuHuHe Kamaluwu, HKOpU 3uyaukdazu JUNONPOMeUH X0/JAeCmepuHUHUH2
Kynatiuwu, wyHuHzdek AD xoducasapuHuHz mesauau 8a 0A8OMULAUSUHUHZ KaMaluwu
Ky3amu.du. L-kapHumuH zenamonpomekmus, AHmMuokcudaHm 8da aHMuapummuK mascup
Kypcamau, muokapd 8a jxcuzapda sHepaus aAMAWUHy8UHU axwuaadu. Xyaoca: L-kapHumuH
MA>KBK ea napokcuzman AD 6usaH orpupeaH 6eMOp/adpHUHZ KOMNJeKC mepanusicudd
UCmMuk6011uU Kyuum4a Xuco61aHaou.
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Kaaum cy3aap: ampuan ¢ubpurisyus, memaboauk 6OFAUK EFAU  dHcu2ap
Kacasaaueu, L-kapHumuH, 3-éF Kucs0maaapuHu okcu/a0aH Yukapuu, Aunud aimMauuHysu.

AHHOMayus

Qubpusnsyus npedcepduti (DI1) sseas.emcest 00HOU U3 Haubo1ee pacnpocmpaHéHHbIX
apummutl, 0Ka3bl8AWUX 3HAYUME/NbHOE B/USHUEe HA Ka4ecmeo MHCU3HU U NPO2HO3
nayueHmos ¢ kapduomemaboauveckumu HapyweHusamu. Lleab ucciedosaHuss — oyeHUMb
aggekmusHocmsb L-KapHumuHa y nayueHmos8 ¢ Memaboauvecku accoyuupo8aHHou
Jcuposoli 6os1e3Hbio neweHu (MAXKEII) u napokcu3dmanvHol ¢popmoii PII. B npochekmugHoe
KOHmMpoJaupyemoe uccaedosaHue 6vul10 ekaveHo 60 nayueHmos, paszdenéHHbIX Ha dee
epynnul: OCHOBHAsl 2pynna noJjy4ana cmaHdapmHyr mepanur ¢ dobasaeHuem L-
KapHUMUHA, KOHMPOAbHASL — MOJAbKO CMAHAAPMHOe J1eYeHue.

Yepez 3 mecsiya y nayueHmo8 OCHOBHOU 2pynnbl HAbAHAAAUCL dOCMOBepHoe
CHUJCEHUE UHOeKcd MAaccbl mead U OKPYMCHOCMU maauu, YMeHbWeHUE YPOBHS
mpuaauyepudos U aKmMueHOCMU NE4EHOYHbIX hepMeHmo8, nogvluieHue KOHYyeHmpayuu
X0/1ecmepuHa AUNONPOMeEUHO8 8bICOKOU NIOMHOCMU, A MAK}CE YMEHbUEHUe Yacmombl U
npoodo/xcumeabHOCMu anu30dos @Il L-kapHumuH npodeMoHCMpupo8a
2enamonpomekmueHoe, aHMUOKCUOaGHMHoe U aHmuapummu4veckoe delicmeue, yayyuwas
SHepzemuyeckull 06mMeH muokapda u ne4yeHu. L-KapHUMUH 568/151emcsi nepcnekmu8HbIM
KOMNOHEHMoM KomniekcHol mepanuu nayuenmos ¢ MAXKBII u napokcusmanvHotl PI1.

Kawueswle caosa: pubpuriayus npedcepduli, Memaboauvecku accoyuuposaHHas
Jcuposast 601e3Hb neveHu, L-kapHUmuH, f-oKuc/aeHue #UpHbIX KUCA0m, AUNUJHbIU 06MeH

Introduction

Atrial fibrillation (AF) is one of the most prevalent arrhythmias, significantly
affecting the quality of life and prognosis of patients with cardiometabolic disorders.
Recent studies have highlighted the link between metabolically associated fatty liver
disease (MAFLD, formerly NAFLD) and AF due to shared pathophysiological mechanisms,
including obesity, insulin resistance, chronic inflammation, and activation of the renin-
angiotensin-aldosterone system (RAAS) [1,2].

Large epidemiological studies, including the Framingham Heart Study, OPERA, and
NHANES, have shown that MAFLD is associated with a twofold increased risk of developing
AF. This association is explained by metabolic and structural myocardial remodeling,
increased oxidative stress, and epicardial fat tissue dysfunction. Visceral obesity
contributes to lipid accumulation in the myocardium, disruption of cardiomyocyte
intercellular contacts, and alterations in electrophysiological properties of atrial tissue,
creating a substrate for arrhythmia development [3].

One therapeutic approach targeting these pathophysiological mechanisms is the use
of metabolic drugs that modulate fatty acid [3-oxidation and energy metabolism in the
myocardium and liver. L-carnitine, a cofactor for the transport of fatty acids across the
mitochondrial membrane, has demonstrated hepatoprotective, antioxidant, and
antiarrhythmic properties. Studies have shown that its use improves lipid profiles, reduces
liver enzyme activity, and decreases hepatic steatosis[4,5].

Despite available data, the efficacy of L-carnitine in patients with MAFLD combined
with paroxysmal AF remains insufficiently studied, highlighting the relevance of the
present study.

MAFLD is recognized not only as a hepatic manifestation of lipid metabolism
disorders but also as a systemic metabolic syndrome involving the cardiovascular,
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endocrine, and immune systems. Steatosis and steatohepatitis are accompanied by
adipokine imbalance—elevated leptin and resistin, reduced adiponectin—leading to
enhanced inflammation and oxidative stress, which exacerbate liver fibrosis and adversely
affect myocardial electrical stability [6,7].

Experimental data indicate that myocardial fat infiltration in visceral obesity and
MAFLD leads to modification of cardiomyocyte ion channels, reduced atrial contractility,
and formation of ectopic automaticity, creating a substrate for AF. Energy metabolism
disturbances in atrial tissue are accompanied by ATP depletion, reduced carnitine
palmitoyltransferase activity, and accumulation of toxic free fatty acid metabolites, further
promoting electrophysiological instability and increasing paroxysmal AF risk.

Materials and Methods

Study Population

This study was conducted at the clinical departments of Tashkent State Medical
University. Sixty patients (37 men, 23 women) aged 45-75 years with confirmed MAFLD
and paroxysmal AF were included.

Study Design

The study was a 3-month prospective controlled trial. Patients were randomized
into two comparable groups by age, sex, body mass index (BMI), and comorbidities:

e Main group (n = 30): standard therapy for AF and MAFLD plus L-carnitine.

o Control group (n = 30): standard therapy alone.

Inclusion criteria: confirmed MAFLD via ultrasound, documented paroxysmal AF,
age 45-75, informed consent.
Exclusion criteria: chronic alcoholism, viral hepatitis B or C, chronic heart failure class
[II-1V, malignancy, renal impairment (creatinine clearance < 60 mL/min), or recent use of
other metabolic drugs.

Intervention

The main group received L-carnitine intravenously 1 g/day for 10 days, followed by
oral administration 2 g/day for 3 months. The control group received only standard
therapy, including antiarrhythmics, anticoagulants, statins, and liver-supportive
medications (essential phospholipids, ursodeoxycholic acid when indicated).

Assessments. All patients underwent (tab.1)

e Anthropometric measurements (BMI, waist circumference)

e 12-lead ECG and 24-hour Holter monitoring

e Biochemical tests: ALT, AST, GGT, ALP, total cholesterol, triglycerides, HDL-C, LDL-
C, glucose, bilirubin, creatinine, urea

e Fatty Liver Index (FLI)

e Ultrasound evaluation of hepatic steatosis using Batskov’s scale

Table 1. Baseline Characteristics of Patients

Parameter Main Group Control Group value
(n=30) (n=30) P

Age, years 64.1+7.5 63.9+7.3 0.87
Male/Female 19/11 18/12 0.79
BM], kg/m? 31.2+34 309+3.6 0.68
Waist 102.5 + 10.2 101.8£9.9 0.73
circumference, cm

ALT,U/L 58.3+12.6 579+11.8 0.88
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Parameter Main Group Control Group value
(n=30) (n=30) P

GGT, U/L 725+ 14.7 71.8+13.9 0.81
Triglycerides, 2.25 +0.62 2.21+0.60 0.75
mmol/L

HDL ~  cholesterol, 1.10+0.21 1.12+0.19 0.67
mmol/L

FLI 67.4+8.5 66.9 + 8.2 0.79

e Note: BMI — body mass index; ALT — alanine aminotransferase; GGT — gamma-
glutamyl transferase; HDL — high-density lipoprotein; FLI — Fatty Liver Index.

Ultrasound showed reduced hepatic steatosis in 14.6% of patients. Holter
monitoring revealed a decrease in frequency and duration of AF episodes, accompanied by
improvement in subjective symptoms, such as palpitations, dyspnea, and fatigue.

Follow-up was conducted after 3 months. The study was approved by the local
ethics committee and adhered to the Declaration of Helsinki (2013).

Statistical Analysis.Data were analyzed using Statistica 10.0. Quantitative
variables are presented as mean * SD. Student’s t-test was used to compare groups; p <
0.05 was considered statistically significant.

Results. L-carnitine therapy was well tolerated. Mild dyspeptic symptoms occurred
in one patient, requiring no dose adjustment.

After 3 months, the main group showed significant improvements compared to the
control group (tab.2)

Table 2.
Anthropometric and Biochemical Changes After 3 Months of Therapy
Main Group Control Group p-

Parameter (n=30) (n=30) value
BMI, kg/m? 29.5+3.2 30.7 £ 3.5 <0.05
Waist circumference, cm 97.7 +9.6 101.2+£10.1 <0.05
Triglycerides, mmol/L 1.73 £0.55 2.18 £ 0.58 <0.05
HDL cholesterol, mmol /L 1.25 +0.20 1.13 £ 0.21 <0.05
ALT, U/L 469 +10.8 56.8+11.5 <0.05
GGT, U/L 57.2+12.1 709 + 134 <0.05
FLI 59.8+7.6 66.5 + 8.1 <0.05

Note: Values represent mean + SD.
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Table 3.
Dynamics of Atrial Fibrillation Episodes
Main Group Control Group p-
Parameter (n=30) (n=30) value
AF episode frequency, per week 135% 110% <0.05
AF_ . episode duration, 128% 18% <0.05
min/episode
Patient-reported palpitations 1 Significant No significant
p paip & change
No significant
Dyspnea ! Moderate change
Fatigue ! Moderate No significant
change

Note: Arrows indicate reduction relative to baseline.

Discussion

These results support the pathophysiological rationale for including L-carnitine in
therapy for patients with MAFLD and paroxysmal AF. Improvement in lipid profile and
liver function is due to L-carnitine’s activation of long-chain fatty acid transport into
mitochondria, promoting $-oxidation and reducing intracellular lipid accumulation [8,9].

Positive cardiovascular effects relate to antioxidant activity, reduction of free fatty
acids, improved myocardial energy metabolism, and decreased oxidative stress. These
findings align with previous studies by Pastori et al. (2020) and Haghbin et al. (2020),
demonstrating the link between MAFLD and AF risk, as well as the potential of metabolic
therapy.

L-carnitine reduces hepatic steatosis (FLI) and AF severity, indicating systemic
effects. Correcting fatty acid metabolism and reducing hepatocellular stress may improve
both liver disease progression and AF incidence [10]. Its high safety profile, lack of
interactions with anticoagulants or antiarrhythmics, and feasibility of long-term use make
it a promising component of personalized therapy.

Conclusions

1. Metabolic link in paroxysmal AF: Obesity, dyslipidemia, and elevated
liver enzymes are common in patients with paroxysmal AF, indicating that metabolic
disorders may trigger and exacerbate arrhythmia.

2. Effects of L-carnitine: Addition of L-carnitine to standard therapy reduced
BMI and waist circumference, triglycerides, and liver enzyme activity, while increasing
HDL cholesterol, improving lipid profile and hepatic function.

3. Hepatoprotective effects: L-carnitine reduced FLI and hepatic fat
infiltration, reflecting its hepatoprotective action.
4, Cardiovascular benefits: Reduced frequency and duration of AF episodes

and improved subjective symptoms, supporting its positive effects on myocardial energy
metabolism and reduction of arrhythmogenic potential.
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