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Introduction
Scientific relevance
Nonalcoholic fatty liver disease (NAFLD) is one of the 
most common liver diseases. The burden of NAFLD is 
increasing worldwide due to the obesity epidemic and 
sedentary lifestyle [1–3]. The prevalence of NAFLD in 
the general population ranges from 10 to 24% [2–5]. The 
highest rates are in South America – 17–33% [2, 4, 6, 7], 
the Middle East – 6–32% [3, 8–10], Asia – 15–30% [2, 3, 
11–14], the USA – 27–34% [1–3, 15–19], and Europe – 
23–31% [2, 3, 20]. Such a wide range for different regions 
is due to several reasons. These are different criteria for 
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Abstract
Background In light of the high prevalence of nonalcoholic fatty liver disease and obesity, treatment options for 
nonalcoholic steatohepatitis are of particular interest. The purpose of the study is to assess the efficacy of L-carnitine 
and its effects on the functional state of the liver, as well as on lipid and carbohydrate metabolism in patients with 
nonalcoholic steatohepatitis and concomitant obesity.

Methods People in the control group followed a hypocaloric diet and received 1 tablet of simvastatin 20 mg once a 
day and 2 capsules of essential phospholipids 600 mg three times a day for 90 days. People in the experimental group 
followed a hypocaloric diet and received 1 tablet of simvastatin 20 mg once a day and L-carnitine 10 mL orally two 
times a day for 90 days.

Results L-carnitine normalized the blood lipid profile of subjects, as demonstrated by a significant decrease in the 
blood levels of total cholesterol, triglycerides, low-density lipoproteins, atherogenic index, and insulin resistance. The 
use of L-carnitine in patients with nonalcoholic steatohepatitis and concomitant obesity contributes to the steady 
reduction of the main clinical and biochemical symptoms of nonalcoholic steatohepatitis.

Conclusions L-carnitine produces positive effects on the blood lipid profile and carbohydrate metabolism.

Keywords Nonalcoholic steatohepatitis and concomitant obesity, The effects of L-carnitine on liver tests, L-carnitine 
for the management of hyperlipidemia, Improving insulin resistance in steatohepatitis, Carbohydrate metabolism
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selecting patients, different diagnostic methods and 
nutritional characteristics, as well as dissimilar lifestyles.

The diagnostic process of NAFLD can be intricate, 
typically relying on a combination of clinical, laboratory, 
instrumental, and histological data. According to the rec-
ommendations provided by the European Association for 
the Study of the Liver (EASL), the following criteria are 
employed for the diagnosis of NAFLD:

Exclusion of other causes of hepatic steatosis: The diag-
nosis of nonalcoholic steatohepatitis (NASH) necessitates 
the exclusion of alternative causes of liver fat accumula-
tion, such as alcoholic liver disease, secondary steatosis 
(e.g., due to medication or genetic disorders), and heredi-
tary hepatic steatosis.

Presence of hepatic steatosis: The diagnosis of NASH 
requires the confirmation of hepatic steatosis. This can 
be determined through noninvasive methods, including 
ultrasonography, computed tomography, or magnetic 
resonance imaging of the liver.

Exclusion of alcoholic liver disease: It is essential to 
exclude significant alcohol consumption or alcoholic liver 
disease as the cause of hepatic steatosis. This may require 
a detailed medical history, patient interviews, and/or spe-
cific laboratory tests.

Presence of inflammation and/or fibrosis: The diagno-
sis of nonalcoholic steatohepatitis (NASH) requires con-
firmation of the presence of inflammation and/or fibrosis 
in the liver. This can be assessed through liver biopsies or 
noninvasive methods, such as FibroScan, measurement 
of alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) levels in the blood, and the calculation 
of fibrosis indices (e.g., NAFLD Fibrosis Score or Fibro-
sis-4 Index).

Absence of alternative causes of inflammation and 
fibrosis: The diagnosis of nonalcoholic steatohepatitis 
(NASH) requires the exclusion of alternative causes of 
liver inflammation and fibrosis, such as viral hepatitis, 
autoimmune liver diseases, and genetic disorders.

The prevalence of NAFLD is high in people with insu-
lin resistance (IR), who may suffer from obesity, type 2 
diabetes mellitus, dyslipidemia, and metabolic syndrome 
[1–3, 16, 18].

According to studies involving NAFLD patients, 
approximately 30% of hepatic steatosis cases evolve into 
steatohepatitis [3], which inevitably progresses to fibrosis 
and later to cirrhosis [21]. The latter is regarded as the 
‘point of no return’ and is associated with high mortal-
ity [15, 21]. In addition, HCC (hepatocellular carcinoma) 
may develop as a complication of cirrhosis in patients 
with NAFLD. Interestingly, there are reports of HCC as 
a rare complication in people with NAFLD and with-
out cirrhosis [22]. At the same time, NASH diagnosis is 
a risk for extrahepatic cancers, mainly in older patients, 
for example, bladder cancer, as evident in [23]. A recent 

global meta-analysis showed that the annual incidence 
rate of NASH was 5.3 per 1,000 person-years [24]. Mor-
tality rates of HCC were 0.25% and 2.3% after a follow-up 
of 8.3 and 13.7 years, respectively [25]. Etiopathogenetic 
therapy for NAFLD/NASH has not been elaborated 
on thus far. There is no specific pharmacological treat-
ment for NAFLD approved by the U.S. Federal Food and 
Drug Administration (FDA) or the European Medicines 
Agency (EMA) [26].

First, NASH therapy should aim to eliminate the fac-
tors contributing to disease development and progres-
sion, reduce hepatocyte damage, prevent steatohepatitis 
progression to fibrosis and cirrhosis, improve tissue sen-
sitivity to insulin, and manage NASH-related metabolic 
disorders [4, 5, 26, 27]. It is well known that TM6SF2 and 
other genes are involved in the development of NASH 
[28–30].

Currently, researchers are searching for new drugs for 
NASH therapy. A large variety of drugs are in develop-
ment, and studies have addressed some of them [31]. 
Ursodeoxycholic acid (ursosan) is widely used for the 
treatment of patients with NAFLD. The theoretical jus-
tification for its use in nonalcoholic steatohepatitis is 
its anti-apoptotic, immunomodulatory, and hypocho-
lesterolemic effects confirmed by clinical data. In a ran-
domized double-blind controlled trial by Ratziu et al. 
[32], UDCA (Ursodeoxycholic Acid) therapy at a dose 
of 28–35 mg/kg per day significantly reduced ALT activ-
ity compared to placebo: 28.3 and 1.6%, respectively 
(P < 0.001). Some experts advise using natural products in 
the diet to prevent NASH due to its connection with obe-
sity, although the effectiveness of this prevention remains 
debatable [33].

Obesity has been linked to metabolic syndrome, type 
2 diabetes, and nonalcoholic fatty liver disease (NAFLD). 
Obesity causes a decrease in growth hormone (GH) lev-
els and an increase in insulin levels. Long-term GH treat-
ment increased lipolytic activity as opposed to decreasing 
insulin sensitivity. Nonetheless, it is possible that short-
term GH administration had no impact on insulin sensi-
tivity [34].

Aerobic exercise and vitamin E supplementation can 
improve HFD-induced NAFLD in rats by regulating the 
AMPK pathway and reducing oxidative stress [35].

An agent that can alleviate the main clinical and bio-
chemical symptoms of NASH and prevent its progression 
is L-carnitine. This compound has antioxidant, lipid-
lowering, cytoprotective, and anabolic effects. It partici-
pates in energy metabolism, phospholipid synthesis, and 
fat catabolism. These processes occur by the stimulation 
of fatty acid oxidation with their subsequent transporta-
tion to mitochondria, resulting in a decrease in the lipid 
contents of tissues [5, 36–41]. L-carnitine helps to reduce 
the level of lipids in the blood serum with a high-fat diet 
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and reduces their content in the liver. This is due to the 
increased oxidation of fatty acids, although the role of 
L-carnitine as a powerful antioxidant has not been con-
firmed [42]. An earlier study showed the role of L-carni-
tine in reducing insulin secretion and improving glucose 
metabolism [43]. Although the mechanisms of L-carni-
tine’s effect on lipid and carbohydrate metabolism have 
been sufficiently studied, there is a need for a broader 
evidence base to introduce this compound into the diet. 
This study aims to supplement the existing informa-
tion and provide more detailed research on the effects 
of taking L-carnitine compared with taking phospho-
lipids on the activity of liver enzymes and carbohydrate 
metabolism [44, 45]. The purpose of the current study is 
to assess the efficacy of L-carnitine and its effects on the 
functional state of the liver, as well as on lipid and car-
bohydrate metabolism in patients with NASH and con-
comitant obesity.

Materials and methods
Sampling
The study involved 90 patients with NASH and concomi-
tant obesity examined for data comparison purposes. The 
mean age of the patients was 40.6 ± 6.38 years. Among 
the examined patients with NASH and concomitant obe-
sity, there were 56 men (62.2%) and 34 women (37.8%). 
Two study groups were formed to assess the treatment 
efficacy. The inclusion of patients in both groups was ran-
dom. The randomization procedure was implemented 
in the following manner. Simple random sampling was 
employed, ensuring that each patient had an equiprob-
able opportunity to be assigned to either of the two 
groups. For instance, computer-based programs using 
random number generators were used to allocate patients 
randomly to their respective groups. The randomization 
process was administered by an independent party, dis-
tinct from the researchers, to mitigate the potential influ-
ence of biases or preferences during a patient assignment.

Table 1 presents more detailed data.

Study design
Additionally, the patients were randomized by age, sex, 
obesity grade, and the severity of cytolytic syndrome. 

Subjects in the control group (group 1, 45 individu-
als) followed a hypocaloric diet and received 1 tablet of 
simvastatin 20 mg once a day and 2 capsules of essential 
phospholipids 600 mg three times a day for 90 days. Sub-
jects in the experimental group (group 2, 45 individuals) 
followed a hypocaloric diet and received 1 tablet of sim-
vastatin 20 mg once a day and L-carnitine 10 mL orally 
two times a day for 90 days. Patients in this group did 
not receive phospholipids. In a study involving two equal 
groups (experimental and control), a placebo may not be 
necessary when assessing the effectiveness of a new ther-
apeutic intervention compared to an already established 
standard treatment or absence of treatment. In such 
cases, the control group may consist of patients receiving 
standard treatment or receiving no treatment at all (no 
treatment group).

The use of a placebo in such a study may be ethically 
unacceptable. If the efficacy of the standard treatment 
has already been established, the use of a placebo can 
be unsafe or ethically inappropriate, as it may deprive 
patients of available and effective treatment.

Other studies also used 90 days as the period to study 
the effect of L-carnitine [46]. The diet included limiting 
fat intake to 25–30% of the total energy value; limiting 
the consumption of foods with a high cholesterol con-
tent (sausage, whole milk, dairy products, etc.) – no more 
than 300 mg per day, excluding fried dishes; eating foods 
with a high content of vitamins and natural prebiotics 
(fruit, topinambur, leek, artichoke).

Therapeutic methods
In addition, all subjects followed a program designed to 
increase their physical activity levels: they took 40-min-
ute walks at a moderate pace two times a day. The moni-
toring of patients’ walking time was remote and involved 
using a pedometer. The study is double-blind. The diet 
and recommendations from doctors predetermined the 
patients’ lifestyles.

The diagnosis of NASH was established according to 
the recommendations of the European Association for 
the Study of the Liver (EASL). The diagnosis of obesity 
was established based on the classification proposed by 
the World Health Organization (WHO) International 

Table 1 Demographic data of patients from groups 1 and 2
Group The number of men, 

age
The number of 
women, age

The degree of obesity, mini-
mum-maximum, average

Waist-to-height ratio 
(WHtR)

The sever-
ity of the 
cytolytic 
syndrome

1 29 16 31–45, 36.0 0.827 (man)
0.874
(woman)

Necro-
biosis 
(reversible)

2 27 18 31–44, 35.0 0.828 (man)
0.875
(woman)

Necro-
biosis 
(reversible)
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Working Group on Obesity (1997) and in compliance 
with the guidelines of the European Association for the 
Study of Obesity (EASO). To clarify, obesity was diag-
nosed in individuals with a body mass index (BMI) of 
30 kg/m2 or greater. The basis for determining the stage 
of obesity was the generally accepted calculation accord-
ing to the following formula:

BMI = body mass (in kilograms)/(height (in meters))^2,
where body mass is measured in kilograms and height 

is measured in meters. This calculation did not show sig-
nificant differences between the groups according to the 
degree of BMI.

Possible development mechanisms of steatosis are a 
decreased synthesis of very-low-density lipoproteins 
(VLDL) and an increased synthesis of hepatic triglycer-
ides (possibly due to a decrease in the oxidation of fatty 
acids or an increase in the amount of free fatty acids 
entering the liver). Inflammation can occur due to lipid 
peroxidation, which causes damage to cell membranes. 
These changes can stimulate the stellate cells of the liver, 
thereby leading to fibrosis. NASH can cause the develop-
ment of cirrhosis and portal hypertension. Most patients 
have no symptoms. Nevertheless, some patients experi-
ence weakness, malaise, or discomfort in the upper right 
quadrant of the abdomen. Hepatomegaly develops in 
approximately 75% of patients. Severe liver fibrosis may 
cause splenomegaly. Typically, this is the first sign of por-
tal hypertension. Patients with cirrhosis due to NASH 
may be asymptomatic and have no signs of chronic liver 
disease. The prognosis depends on the degree of fibrosis 
and is the only indicator that correlates with the mortal-
ity associated with liver damage and the need for liver 
transplantation [47]. The prognosis is challenging to pre-
dict, although patients with NAFLD who have NASH 
according to histology results and data indicating fibro-
sis are more likely to develop cirrhosis [48]. According 
to estimations, in 10% of patients with NAFLD, the dis-
ease progresses to liver cirrhosis within 20 years [47, 48]. 
Alcohol, as well as some drugs (for example, cytotoxic) 
and metabolic disorders, are associated with the pro-
gression of nonalcoholic steatohepatitis (NASH). A liver 
biopsy was previously performed to diagnose NASH. The 
stages of fibrosis varied from early (F0-F1) to significant 
(F2), pronounced (F3), and up the liver cirrhosis on the 
background of NASH (F4) [47, 48]. Among the patients 
in group 1, 38 had stage F0-F1 disease, while the rest had 
stage F2 disease. In group 2, there were 37 patients with 
the F0–F1 stage, and 8 people had the F2 stage. The later 
stages of fibrosis were not included in the study due to 
the severe pathological course of this disease at this stage. 
The placebo effect was replaced with phospholipids.

The study involved only individuals aged 30 to 50 who 
had verified diagnoses of NASH and obesity. The diag-
nosis of NASH depended on the results of liver enzyme 

assays. All study subjects signed a voluntary informed 
consent to participate in the study.

Inclusion and exclusion criteria
Exclusion criteria included chronic alcohol abuse and 
alcohol consumption in clinically significant amounts 
(more than 70 units per week for women and more than 
140 units per week for men). Candidates with autoim-
mune hepatitis, viral hepatitis B, C, and D, genetic liver 
diseases, toxic liver damage, liver cirrhosis, and con-
comitant decompensated or acute chronic diseases were 
considered ineligible. In addition, pregnant, breast-
feeding and noncompliant patients were not allowed to 
participate.

Tests and biochemical methods for assessing the 
functional status of the liver
The liver’s functional state was assessed based on the 
activities of hepatic transaminases – alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST), alka-
line phosphatase (ALP), γ-glutamyltransferase (GGT), 
blood levels of bilirubin and its fractions. In addition, a 
thymol test was performed. The blood lipid spectrum 
was investigated by measuring the contents of total lip-
ids, triglycerides (TG), total cholesterol (TC), low-density 
lipoproteins (LDL), and antiatherogenic high-density 
lipoproteins (HDL). Moreover, the atherogenic index 
(AI) was calculated using the following formula: AI = TC–
HDL/HDL. All of the above tests were performed at base-
line (T0), on day 30 (T1), and day 90 (T2) after therapy.

Carbohydrate metabolism was evaluated by the blood 
levels of fasting and 2-hour postload glucose and fast-
ing insulin levels. The IR degree was determined based 
on the HOMA-IR index calculated using the HOMA 
Calculator Version 2.2 Diabetes Trials Unit University of 
Oxford (United Kingdom).

Since the study was conducted in a day hospital, 
patients with NASH had the opportunity to take medi-
cations. The same specialists carried out the sampling at 
the beginning of the study (T0) and on days 30 (T1) and 
90 (T2). This approach aimed to exclude the error factor 
of different researchers. The changes in biochemical lab-
oratory parameters reflecting the functional liver state, 
blood lipid spectrum, and carbohydrate metabolism were 
assessed over the treatment course. The study implied a 
significant effect of L-carnitine on the blood lipid pro-
file in patients diagnosed with NASH in the experimen-
tal group. The expected effect of this was a decrease in 
clinical and biochemical symptoms in patients from the 
experimental group.

When interpreting the results of the thymol turbid-
ity test (TT) as an indicator of liver dysfunction, caution 
should be exercised, and it should be noted that this test 
is outdated and less accurate than modern methods for 
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assessing liver function. Currently, there are more reli-
able and precise methods for evaluating liver function, 
such as measuring liver enzymes (e.g., ALT and AST), 
biochemical tests (e.g., measuring bilirubin, protein, and 
other markers), and noninvasive methods, including liver 
elastography and FibroScan, which allow for the assess-
ment of liver fibrosis without the need for biopsy.

Statistical analyses
Statistical processing of the study results was performed 
using parametric (Student’s t test, Fisher’s F test) and 
nonparametric (Mann‒Whitney U test, Wilcoxon’s T 
test) statistical methods intended for the analysis of 
variance. Moreover, ANOVA (analysis of variance) was 
employed, using baseline values as a covariate, to com-
pare within-group (within-group) variance with between-
group (between-group) variance.

Normally distributed quantitative data are presented 
as the mean ± standard deviation (SD). A P value of 0.05 
or less was considered statistically significant in all cases. 
Before starting the study, the sample size was calculated. 
Statistical and graphical analyses of the results were per-
formed using Microsoft Excel 2013 (Microsoft, USA) and 
SPSS™ 17 packages.

Ethics approval
The research was conducted in compliance with the ethi-
cal standards of the World Medical Association Declara-
tion of Helsinki. The research was approved by the Local 
Ethics Committees of West Kazakhstan Marat Ospanov 
Medical University (Protocol No. 334). All study partici-
pants provided informed consent.

Results
The results of taking drugs in groups 1 and 2
According to the data collected on day 30 (T1 stage) 
from group 1, subjects who administered essential phos-
pholipids, 24 (53.3%) patients had generalized weakness, 
19 (42.2%) patients had heaviness in the right hypo-
chondrium, 18 (40%) patients had flatulence, 13 (28.9%) 
patients experienced bitter taste in the mouth, 9 (20%) 
patients had nausea, 8 (17.8%) patients suffered from 
bowel disorders, and 3 (6.7%) patients had recurrent 
moderate pain in the upper right abdomen. As of day 90 
(T2), there were no reports of nausea, pain in the upper 
right abdomen, or bowel disorders in group 1 subjects. 
However, generalized weakness persisted in 11 (24.4%) 
patients, moderate heaviness in the right hypochondrium 
in 9 (20%) patients, flatulence in 6 (13.3%) patients, and 
bitter taste in the mouth in 4 (8.9%) patients. In group 2, 
7 (15.6%) patients reported flatulence, 11 (24.4%) noted 
heaviness in the right hypochondrium, and 14 (31.1%) 
mentioned generalized weakness. On T2, only 6 (13.3%) 
patients in group 2 complained of generalized weakness, 

4 (8.9%) patients complained of heaviness in the right 
hypochondrium, and 3 (6.7%) patients complained of 
flatulence.

BMI significantly decreased in patients from group 
2, who took L-carnitine. The decrease at 90 days was 
approximately 7% in group 2 and 3% in group 1. Thus, 
L-carnitine therapy had a more significant effect on 
reducing BMI in group 2 than in group 1 (Р≤0.05).

The main biochemical indicators of liver function
Following an analysis of the main biochemical parame-
ters of the functional liver state performed at T1 after the 
start of treatment, we found that a significant decrease 
in total bilirubin was observed only in group 2 sub-
jects (1.65 times decrease, P < 0.05, F = 4.11). There was 
only a decreasing tendency in group 1 (Р>0.05, Table 2, 
F = 3.83). Significant changes in the contents of biliru-
bin were observed at the end of treatment. Thus, at T2 
after the start of treatment, the levels of total bilirubin 
significantly decreased in group 1 and group 2 subjects 
by 2.1 (P < 0.05, F = 4.22) and 2.7 times (P < 0.05, F = 4.31), 
respectively, with a statistically significant intergroup dif-
ference (P < 0.05, F = 4.24).

Positive changes in the activities of the main cytoly-
sis markers (ALT, AST) were observed in patients from 
both groups. Thus, by T1, the activity of ALT in group 
1 subjects decreased by 1.6 times (P < 0.05, F = 4.10), and 
in group 2 subjects, it decreased by 1.93 times (P < 0.05, 
F = 4.16). As of T2, there was a 2.5-fold (P < 0.05, F = 4.35) 
decrease in group 1 subjects and a 3.7-fold decrease 
(P < 0.05, F = 4.91) in group 2 subjects, with a statistically 
significant intergroup difference (P < 0.05, F = 4.41). A 
similar trend was revealed for AST activity: at T1 after 
the start of treatment, there was a 1.4-fold decrease 
(P < 0.05, F = 4.15) in group 1 subjects and a 1.76-fold 
decrease (P < 0.05, F = 4.22) in group 2 subjects. By T2, the 
activity of AST decreased by 2.25 times (P < 0.05), F = 4.44 
in group 1 subjects and by 3.0 times (P < 0.05, F = 4.67) in 
group 2 subjects, with a significant intergroup difference 
(P < 0.05, F = 4.52).

Furthermore, there was a decrease in the activities of 
GGT and ALP. Thus, by T1, group 1 subjects showed only 
a decreasing tendency (P > 0.05, F = 3.88), whereas group 
2 subjects experienced a significant decrease in GGT 
(by 1.5 times, P < 0.05, F = 4.12) and ALP (by 1.55 times, 
P < 0.05, F = 4.17). By T2 after the start of treatment, the 
activities of GGT and ALP decreased by 1.6 (P < 0.05, 
F = 4.20) and 1.58 times (P < 0.05, F = 4.18) in group 1 sub-
jects, while in group 2 subjects, they decreased by 2.2 
(P < 0.05, F = 4.32) and 2.06 times (P < 0.05, F = 4.27), with 
a statistically significant (P < 0.05, F = 4.25) intergroup 
difference.

On T1 after the start of treatment, there was a 1.5-
fold decrease (P < 0.05, F = 4.16) in thymol turbidity test 
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values in group 1 subjects. At the same time, in group 2 
subjects, the decrease was 1.75 times (P < 0.05, F = 4.22). 
As of T2, there were 2.4 (P < 0.05, F = 4.34) and 3.3-fold 
decreases (P < 0.05, F = 4.72), respectively, with a statisti-
cally significant intergroup difference (P < 0.05, F = 4.52).

The blood lipid spectrum
Having explored the blood lipid spectrum, we noticed 
a positive trend in both comparison groups (Table  3, 
F = 4.18). Notably, by T1 after the start of treatment, 

TC decreased by 1.2 times (P < 0.05) in group 1 subjects 
and by 1.3 times (P < 0.05) in group 2 subjects. Next, TG 
decreased by 1.2 (P < 0.05) and 1.5 times (P < 0.05), LDL 
by 1.3 (P < 0.05) and 1.6 times (P < 0.05), and AI by 1.4 
(P < 0.05) and 1.75 times (P < 0.05), respectively, with a 
statistically significant intergroup difference (P < 0.05). As 
of T2, TC decreased by 1.36 times (P < 0.05) in group 1 
subjects and by 1.53 times (P < 0.05) in group 2 subjects. 
In addition, TG decreased by 1.77 (P < 0.05) and 2.2 times 
(P < 0.05), LDL by 1.65 (P < 0.05) and 1.9 times (P < 0.05), 
and AI by 2.1 (P < 0.05) and 2.8 times (P < 0.05), respec-
tively, with a statistically significant intergroup difference 
(P < 0.05). In addition, there was an increase in the blood 
contents of antiatherogenic HDL. On T1, HDL levels 
increased by 1.16 (P < 0.05) and 1.28 times (P < 0.05) in 
groups 1 and 2, respectively, with a statistically signifi-
cant intergroup difference (P < 0.05). On T2, there was a 
1.36 (P < 0.05) and 1.47-fold increase (P < 0.05) in HDL 
levels, with a statistically significant intergroup difference 
(P < 0.05).

The steatosis degree decreased to zero in 45 patients 
from group 2 and 39 patients from group 1. Conse-
quently, patients from group 2 with L-carnitine adminis-
tration experienced a more considerable effect in terms 
of improving liver function.

Carbohydrate metabolism
In addition, group 2 subjects had pronounced positive 
changes in carbohydrate metabolism (Table  4, F = 4.28). 
Accordingly, by T1 after the start of treatment, fasting 
blood glucose significantly decreased in group 2 sub-
jects (by 12.5%, P < 0.05). There was only a decreasing 
tendency at this time point in group 1 (P > 0.05). More 
dramatic changes were observed at T2: fasting blood glu-
cose decreased by 9% (P < 0.05) in group 1 and by 14.6% 

Table 2 The results of taking drugs in groups 1 and 2 with nonalcoholic steatohepatitis and concomitant obesity, mean ± SD
Parameter Group T0 of treatment T1 after the start of treatment T2 after the start 

of treatment
Total bilirubin, µmol/L 1 41.72 ± 2.04* 30.42 ± 3.80* 19.82 ± 1.16 **

2 41.5 ± 1.96* 25.1 ± 2.13** 15.47 ± 0.99**/***

ALT, U/L 1 80.31 ± 8.40* 50.62 ± 4.76*/** 31.67 ± 2.08 **

2 79.60 ± 9.05* 41.29 ± 3.5*/** 21.33 ± 1.61**/***

AST, U/L 1 67.4 ± 5.22* 47.26 ± 3.18*/** 29.94 ± 1.73**

2 67.75 ± 4.93* 38.47 ± 3.04*/** 22.5 ± 1.28**/***

GGT, U/L 1 60.54 ± 5.69* 52.6 ± 3.4* 38.2 ± 2.10**

2 60.70 ± 5.93* 40.11 ± 2.02*/**/*** 27.76 ± 1.34**/***

ALP, U/L 1 156.23 ± 9.17* 129.36 ± 7.44* 98.56 ± 5.62*/**

2 157.06 ± 8.8* 101.22 ± 6.15*/**/*** 76.09 ± 5.11**/***

Thymol test, conventional units 1 6.25 ± 0.18* 4.28 ± 0.20*/** 2.65 ± 0.13*/**

2 6.30 ± 0.14* 3.59 ± 0.13*/**/*** 1.93 ± 0.09**/***

Reduction in cholesterol levels,
%

1
2

0
0

14–18
17–25

19–23
21–29

Note: ** – the difference is significant compared to the pretreatment value (P < 0.05); *** – the difference is significant compared to the posttreatment value obtained 
for group 1 subjects (P < 0.05)

Table 3 The dynamics of changes in blood lipids observed 
during the course of treatment in patients with nonalcoholic 
steatohepatitis and concomitant obesity, mean ± SD
Parameter Group T0 of 

treatment
T1 after 
the start of 
treatment

T2 after the start 
of treatment

TC, mmol/L 1 7.04 ± 0.28 5.96 ± 0.14 5.17 ± 0.11**

2 6.95 ± 0.24 5.50 ± 0.18** 4.51 ± 0.04**/***

TG, 
mmol/L

1 3.25 ± 0.06 2.73 ± 0.09** 1.82 ± 0.05**

2 3.26 ± 0.05 2.21 ± 0.06 **/*** 1.43 ± 0.03**/***

LDL, 
mmol/L

1 4.84 ± 0.03 3.75 ± 0.06** 2.94 ± 0.05*/**

2 4.81 ± 0.03 3.07 ± 0.04**/*** 2.49 ± 0.03**/***

HDL, 
mmol/L

1 0.98 ± 0.03
(Men: 

0.96 ± 0.04; 
Woman: 
0.94 ± 0.03)

1.14 ± 0.02**
(Men: 

1.16 ± 0.03; 
Woman: 
1.12 ± 0.03)

1.31 ± 0.02*/**
(Men: 1.33 ± 0.03; 

Woman: 
1.29 ± 0.03)

2 0.97 ± 0.02
(Men: 

0.95 ± 0.03; 
Woman: 
0.93 ± 0.04)

1.26 ± 0.01**/***
(Men: 

0.97 ± 0.03; 
Woman: 
0.93 ± 0.03)

1.42 ± 0.01**/***
(Men: 1.44 ± 0.04; 

Woman: 
1.40 ± 0.03)

AI 1 6.3 ± 0.06* 4.54 ± 0.04*/** 2.95 ± 0.04*/**

2 6.14 ± 0.08* 3.5 ± 0.05*/**/*** 2.18 ± 0.03*/**/***
Note: ** – the difference is significant compared to the pretreatment value 
(P < 0.05); *** – the difference is significant compared to the posttreatment 
value obtained for group 1 subjects (P < 0.05)
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(P < 0.05) in group 2, with a statistically significant inter-
group difference (P < 0.05).

On T1, both comparison groups demonstrated only a 
tendency toward a decrease (P > 0.05) in blood glucose 
levels 2 h after eating. On T2,2-hour postprandial glucose 
significantly decreased by 12.8% (P < 0.05) in group 1 and 
by 19.1% (P < 0.05) in group 2, with a significant inter-
group difference (P < 0.05).

By T1 after the start of treatment, the blood levels of 
insulin decreased by 1.53 times (P < 0.05) in group 2 
subjects, while group 1 subjects had only a decreasing 
tendency (P > 0.05). As of T2, the blood levels of insulin 
decreased by 1.43 times (P < 0.05) in group 1 and by 2.3 
times (P < 0.05) in group 2, with a significant intergroup 
difference (P < 0.05). A similar trend was observed for the 
HOMA-IR scores: at T1, a significant 1.66-fold decrease 
was observed only in group 2 (P < 0.05). On T2, a 1.44-
fold decrease (P < 0.05) was observed in group 1 subjects, 
and a 2.35-fold decrease (P < 0.05) was observed in group 
2 subjects, with a significant intergroup difference.

Discussion
The level of residual cholesterol (or low-density lipopro-
tein cholesterol, LDL-C) holds significant importance 
in nonalcoholic fatty liver disease (NAFLD). NAFLD is 
characterized by the accumulation of fat in liver cells and 
can progress to more severe conditions, such as nonalco-
holic steatohepatitis (NASH), fibrosis, and liver cirrhosis.

The level of LDL-C can be elevated in patients with 
NAFLD. This is associated with disruptions in lipid 
metabolism, including increased production and insuffi-
cient removal of LDL-C from the liver. Elevated LDL-C 

levels can contribute to the formation of hepatic fat 
deposits and inflammatory processes, promoting the 
development of NASH and disease progression. A study 
reported a nonlinear association between remnant cho-
lesterol levels and NAFLD [49].

The assertion regarding the positive impact of L-car-
nitine on the treatment of cholestasis syndrome and its 
influence on the levels of gamma-glutamyl transferase 
(GGT) and alkaline phosphatase (ALP) can be justified 
as follows based on the cholestatic aspect of nonalcoholic 
fatty liver disease (NAFLD) [50]:

Mechanisms of cholestasis: Cholestasis syndrome is 
characterized by impaired bile flow from the liver and/or 
bile ducts. During cholestasis, there is a disruption in the 
metabolism of bile acids and the accumulation of toxic 
metabolites, which can lead to elevated levels of GGT 
and ALP in the blood [51].

Role of L-carnitine: L-carnitine serves as an essential 
cofactor in the process of beta-oxidation of fatty acids 
within the mitochondria. In patients with cholestasis, 
there may be impairment in beta-oxidation of fatty acids 
and accumulation of lipids in the liver, exacerbating cho-
lestasis and elevating GGT and ALP levels [52].

The action of L-carnitine: L-carnitine can improve the 
processes of beta-oxidation of fatty acids by facilitat-
ing their transport into the mitochondria and providing 
energy support to liver cells. Additionally, L-carnitine can 
reduce lipid accumulation in the liver, improve bile flow, 
and decrease the cholestatic burden on the liver [53].

Clinical studies: Several clinical studies have demon-
strated the positive impact of L-carnitine on reducing 
GGT and ALP levels in patients with cholestasis. For 
instance, a study published in the journal “Hepatology” 
in 2011 revealed that supplementation with L-carnitine 
in patients with nonalcoholic fatty liver disease and con-
current cholestasis resulted in decreased GGT and ALP 
levels [54, 55].

Based on the aforementioned information, it can be 
hypothesized that the reduction in GGT and ALP levels 
observed during the treatment of cholestasis syndrome 
with L-carnitine may indicate a positive impact of L-car-
nitine on the cholestatic aspect of NAFLD. However, fur-
ther research and confirmation in diverse clinical settings 
and patient populations are required for more specific 
and compelling conclusions.

In this study, the effect of liver enzymes on the course 
of NASH showed a more statistically significant effect 
throughout the study period (90 days) in the experimen-
tal group than in the control group. By T1 after the start 
of treatment, a range of clinical symptoms, such as nau-
sea, bitter taste in the mouth, bowel disorders, and pain 
in the upper right abdomen, completely disappeared 
in group 2 subjects who received L-carnitine therapy. 
After analyzing the dynamics of the main clinical NASH 

Table 4 The dynamics of changes in carbohydrate metabolism 
observed during the course of treatment in patients with 
nonalcoholic steatohepatitis and concomitant obesity, 
mean ± SD
Parameter Group T0 of 

treatment
T1 after 
the start of 
treatment

T2 after 
the start of 
treatment

Fasting 
glucose, 
mmol/L

1 5.77 ± 0.13* 5.63 ± 0.14* 5.25 ± 0.08**

2 5.81 ± 0.15* 5.08 ± 0.09**/*** 4.96 ± 0.05**/***

2-hour 
post-
prandial 
glucose, 
mmol/L

1 9.01 ± 0.32* 8.57 ± 0.24* 7.80 ± 0.14*/**

2 9.05 ± 0.24* 7.96 ± 0.16* 7.31 ± 0.10**/***

Insulin, µU/
mL

1 23.10 ± 2.41* 18.86 ± 2.33* 16.2 ± 1.32*

2 23.15 ± 2.35* 15.17 ± 1.48*/** 10.02 ± 0.55**/***

HOMA-IR 1 3.02 ± 0.12* 2.47 ± 0.18 * 2.10 ± 0.15*/**

2 3.03 ± 0.14* 1.82 ± 0.08 
*/**/***

1.29 ± 0.07**/***

Note: ** – the difference is significant compared to the pretreatment value 
(P < 0.05); *** – the difference is significant compared to the posttreatment 
value obtained for group 1 subjects (P < 0.05)
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symptoms, we found that therapy involving L-carnitine 
was more effective than therapy involving essential phos-
pholipids. These findings were supported by the fact 
that group 2 subjects, who were treated with L-carni-
tine, had their pain syndrome, bitter taste in the mouth, 
and bowel disorders completely resolved by T1, with a 
smaller number of patients complaining of generalized 
weakness, heaviness in the right hypochondrium, and 
flatulence, although some patients with NASH did not 
have these symptoms. As of T2 after the start of treat-
ment, there were more cases of persisting generalized 
weakness (24.4%), moderate heaviness in the right hypo-
chondrium (20%), flatulence (13.3%), and bitter taste in 
the mouth (8.9%) among group 1 subjects, who received 
essential phospholipids, than among group 2 subjects, 
who received L-carnitine. These data are consistent with 
the results of other studies that investigated the effects of 
L-carnitine on the clinical course of NASH [5, 36–38].

During the therapy of nonalcoholic fatty liver disease 
with L-carnitine, similar to any other medication, there 
may be potential side effects. However, overall, L-car-
nitine is considered a safe drug with a low potential for 
adverse reactions. Despite this, some possible side effects 
associated with L-carnitine intake include the following:

Gastrointestinal disorders: Diarrhea, nausea, vomiting, 
abdominal pain, or other symptoms related to the diges-
tive system may occur. However, these symptoms are 
usually mild and temporary.

Allergic reactions: Some individuals may experience 
allergic reactions to L-carnitine, such as skin rash, itch-
ing, and facial or laryngeal edema. If allergic symptoms 
occur, immediate discontinuation of L-carnitine intake 
and consultation with a physician is advised.

Rare side effects: In rare cases, dizziness, headache, 
increased nervousness, or insomnia may be observed.

The inclusion of phospholipids in the group 1 diet 
is due to a direct connection of the phospholipids with 
L-carnitine. L-carnitine therapy causes an increase in the 
level of phospholipids [37, 56]. Thus, the patients who did 
not receive L-carnitine but took phospholipids had an 
initially high level of it. The results of the study confirmed 
that L-carnitine was more effective than essential phos-
pholipids in terms of liver function normalization, as evi-
denced by the levels of bilirubin, ALT, AST, ALP, GGT, 
and thymol turbidity. Administration of L-carnitine in 
patients with NASH and concomitant obesity exerted the 
strongest effect on the elimination of cytolytic syndrome 
by T1 after the start of treatment, with normal values 
achieved by T2. A more pronounced effect of L-carnitine 
on cytolysis syndrome (compared to the effect induced 
by essential phospholipids) is evidenced by a statistically 
significant intergroup difference (P < 0.05) in the activities 
of ALT and AST in the comparison groups. This posi-
tive effect of L-carnitine can be due to its cytoprotective 

action exhibited through L-carnitine involvement in the 
synthesis of phospholipids, which are the main compo-
nents of cell membranes, such as hepatocytes [5, 37]. The 
results obtained in this study are consistent with those 
reported by other investigators who have also shown the 
efficacy of L-carnitine for managing cytolytic syndrome 
[5, 36, 38, 39].

A decrease in the levels of GGT and ALP confirmed 
the positive effect of L-carnitine on the management of 
cholestasis syndrome. In particular, there was a statisti-
cally significant decrease in the activities of ALP and 
GGT at T1 after the start of treatment with L-carnitine, 
with complete normalization of the ALP and GGT lev-
els by T2. Essential phospholipids turned out to be less 
effective in managing cholestasis syndrome: a statistically 
significant decrease in the activities of ALP and GGT was 
observed only after a 90-day treatment course. In addi-
tion, the GGT level measured at this time point was still 
outside the normal range.

The study also found that the anti-inflammatory effect 
of L-carnitine therapy was more pronounced than that 
of essential phospholipids. This statement was evidenced 
by a decrease in thymol turbidity test values on days 30 
and 90 after the start of treatment and the presence of a 
statistically significant intergroup difference (P < 0.05). 
These data are consistent with other studies dedicated 
to the investigation of the effects of L-carnitine on liver 
function tests [5, 39–41, 57, 58].

An analysis of the changes in blood lipids over the 
course of treatment (Table  3) revealed a positive effect 
of the prescribed therapies in both comparison groups. 
However, the therapy involving L-carnitine turned out to 
be more effective, as evidenced by the presence of a sta-
tistically significant intergroup difference for a decrease 
in the blood levels of TC, TG, LDL, and AI on T2 after 
the start of treatment, coupled with a statistically sig-
nificant increase in the content of anti-atherogenic HDL 
(P < 0.05). Thus, this indicates a lipid-lowering effect 
of L-carnitine. Used in combination with simvastatin, 
L-carnitine contributed to the optimization of the blood 
lipid spectrum by T1, and blood lipid levels were almost 
normalized by T2. These results show that L-carnitine 
can enhance the lipid-lowering effect of simvastatin. This 
effect of L-carnitine is due to its participation in the early 
stages of energy metabolism and lipid catabolism. Its role 
is the cytoplasmic synthesis of fatty acids since L-car-
nitine acts as a ‘shuttle’ in the reverse transfer of short-
chain acyl groups into hepatocyte cytoplasm across the 
mitochondrial membrane [5, 37–39, 59].

The changes in the glycemic profile observed during 
the course of treatment in patients with NASH and con-
comitant obesity suggest that L-carnitine has a more sig-
nificant positive effect on carbohydrate metabolism than 
essential phospholipids (Table 4). This is evidenced by a 
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significant decrease (P < 0.05) in fasting and postpran-
dial glucose, decreased insulin levels, and a decrease in 
the HOMA-IR index by T1 after the start of treatment 
with L-carnitine. Meanwhile, there was only a tendency 
toward a decrease in patients receiving essential phos-
pholipids (P > 0.05), with a statistically significant dif-
ference between the comparison groups (P < 0.05). Such 
a positive effect of L-carnitine therapy on carbohydrate 
metabolism and IR syndrome has a reason. Thus, L-car-
nitine, participating in the transportation of free fatty 
acids across the mitochondrial membrane and their oxi-
dation in the mitochondrial respiratory chain followed 
by energy release, has a positive effect on the metabolic 
processes occurring in cells, such as hepatocytes. These 
effects are a reduction in the liver and muscle concentra-
tions of free fatty acids, an increase in the receptor sensi-
tivity to insulin, and a reduction in hyperglycemia. These 
data are consistent with those obtained by other authors 
who studied the effects of L-carnitine on carbohydrate 
metabolism [37–39, 41, 59, 60]. NASH has a close con-
nection to other factors, such as high uric acid levels. In 
addition, NASH can also significantly increase the car-
diometabolic burden on a patient’s condition starting 
from childhood [61–63].

Study strengths and limitations
Strengths
The extensive use of random patient sampling for the for-
mation of study groups reduces the likelihood of biases 
or distortions resulting from the patient assignment.

The utilization of a control group and an experimental 
group allows for the comparison of results and the assess-
ment of treatment effectiveness.

The study conducted over 90 days enables the evalua-
tion of the long-term effects of therapy using L-carnitine.

The research findings demonstrate a significant 
improvement in blood lipid profiles, reduction in clinical 
and biochemical symptoms of non-alcoholic steatohepa-
titis, and improvement in carbohydrate metabolism.

Limitations
The study has a limited number of participants (90 
patients), which may restrict the generalizability of the 
results to the broader population.

The absence of long-term follow-up after the comple-
tion of the 90-day therapy limits the understanding of 
long-term outcomes and effects of L-carnitine.

There is a lack of comparison with other treatment 
methods or placebo control, which may restrict the abil-
ity to assess the relative effectiveness of L-carnitine.

Conclusions
A 90-day L-carnitine therapy in patients with nonal-
coholic steatohepatitis and obesity improves clinical 
symptoms, reduces liver markers (ALT by 3.3 times, 
AST by 3.0 times), decreases cholestasis markers 
(γ-glutamyltransferase by 2.2 times, ALP by 2.06 times), 
and reduces mesenchymal inflammation (thymol test 
by 3.3 times). It also positively affects blood lipids (total 
cholesterol decreases by 1.53 times, triglycerides by 2.2 
times, low-density lipoproteins by 1.9 times, athero-
genic index by 2.8 times, and increases antiatherogenic 
high-density lipoproteins by 1.47 times). Additionally, it 
improves carbohydrate metabolism, with fasting glucose 
decreasing by 14.6%, postprandial glucose by 19.1%, insu-
lin by 2.3 times, and HOMA-IR index by 2.35 times, indi-
cating reduced insulin resistance. More studies, including 
one by Malaguarnera et al. [31], support the clinical use 
of L-carnitine, and our paper contributes to the evidence 
database.

Prospects for further research
In the future, researchers may focus on the investigation 
of the features of cytokine homeostasis in patients with 
nonalcoholic steatohepatitis and concomitant obesity 
depending on the steatosis degree, the stage of liver fibro-
sis, and the degree of obesity. Additionally, studies may 
cover the development of methods for the management 
of related disorders.

List of Abbreviations
ALT  Alanine aminotransferase
AST  Aspartate aminotransferase
BMI  Body mass index
EASL  European Association for the Study of the Liver
EASL  European Association for the Study of the Liver
EASO  European Association for the Study of Obesity
EMA  European Medicines Agency
FDA  Food and Drug Administration
GH  Growth hormone
HCC  Hepatocellular carcinoma
IR  Insulin resistance
NAFLD  Nonalcoholic fatty liver disease
NASH  Nonalcoholic steatohepatitis
TT  Turbidity test
VLDL  Very-low-density lipoproteins
WHO  World Health Organization

Acknowledgements
The authors are grateful to anonymous reviewers whose comments and 
suggestions have significantly improved the quality of the article.

Authors’ contributions
Conceptualization, N.Z. and R.A.; methodology, C.L. and V.S.; software, C.L.; 
validation, R.A. and V.S.; formal analysis, N.Z. and V.S.; investigation, V.S.; 
resources, N.Z. and V.S.; data curation, C.L.; writing - original draft preparation, 
C.L.; writing - review and editing, N.Z. and R.A.; visualization, C.L.; supervision, 
R.A.; project administration, N.Z.; funding acquisition, R.A. All authors have read 
and agreed to the published version of the manuscript.

Funding
The authors received no financial support for the research, authorship, and/or 
publication of this article.



Page 10 of 11Zakharova et al. Lipids in Health and Disease          (2023) 22:101 

Data Availability
Data will be available on request to Raisa Aringazina.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee of West 
Kazakhstan Marat Ospanov Medical University (Protocol No. 334). The study 
was conducted in accordance with the rules of the Declaration of Helsinki. All 
subjects gave written informed consent before participation.

Consent for publication
All subjects gave written informed consent before participation.

Received: 16 May 2023 / Accepted: 30 June 2023

References
1. Welsh JA, Karpen S, Vos MB. Increasing prevalence of nonalcoholic fatty 

liver disease among United States adolescents, 1988–1994 to 2007–2010. J 
Pediatr. 2013;162:496–500e1. https://doi.org/10.1016/j.jpeds.2012.08.043.

2. Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev Gastroenterol 
Hepatol. 2013;10:686–90. https://doi.org/10.1038/nrgastro.2013.171.

3. Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology 
and natural history of non-alcoholic fatty liver disease and non-alcoholic 
steatohepatitis in adults. Aliment Pharmacol Ther. 2011;34:274–85. https://
doi.org/10.1111/j.1365-2036.2011.04724.x.

4. Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, et al. The 
diagnosis and management of non-alcoholic fatty liver disease: practice 
Guideline by the American Association for the study of Liver Diseases, Ameri-
can College of Gastroenterology, and the american Gastroenterological Asso-
ciation. Hepatology. 2012;55:2005–23. https://doi.org/10.1002/hep.25762.

5. Alavinejad P, Zakerkish M, Hajiani E, Hashemi SJ, Chobineh M, Moghaddam 
EK. Evaluation of L-carnitine efficacy in the treatment of nonalcoholic fatty 
liver disease among diabetic patients: a randomized double blind pilot study. 
J Gastroenterol Hepatol Res. 2016;5:2191–5.

6. López-Velázquez JA, Silva-Vidal KV, Ponciano-Rodríguez G, Chávez-Tapia NC, 
Arrese M, Uribe M, et al. The prevalence of nonalcoholic fatty liver disease in 
the Americas. Ann Hepatol. 2014;13:166–78. PMID: 24552858.

7. Deboer MD, Wiener RC, Barnes BH, Gurka MJ. Ethnic differences in the link 
between insulin resistance and elevated ALT. Pediatrics. 2013;132:e718–26. 
https://doi.org/10.1542/peds.2012-3584.

8. Babusik P, Bilal M, Duris I. Nonalcoholic fatty liver disease of two ethnic 
groups in Kuwait: comparison of prevalence and risk factors. Med Princ Pract. 
2012;21:56–62. https://doi.org/10.1159/000331591.

9. Al-hamoudi W, El-Sabbah M, Ali S, Altuwaijri M, Bedewi M, Adam M, et al. 
Epidemiological, clinical, and biochemical characteristics of saudi patients 
with nonalcoholic fatty liver disease: a hospital-based study. Ann Saudi Med. 
2012;32:288–92. https://doi.org/10.5144/0256-4947.2012.288.

10. Gujral UP, Pradeepa R, Weber MB, Narayan KM, Mohan V. Type 2 diabe-
tes in South Asians: similarities and differences with white caucasian 
and other populations. Ann N Y Acad Sci. 2013;1281:51–63. https://doi.
org/10.1111/j.1749-6632.2012.06838.x.

11. Gao X, Fan JG. Diagnosis and management of non-alcoholic fatty liver dis-
ease and related metabolic disorders: consensus statement from the Study 
Group of Liver and Metabolism, Chinese Society of Endocrinology. J Diabetes. 
2013;5:406–15. https://doi.org/10.1111/1753-0407.12056.

12. Li Z, Xue J, Chen P, Chen L, Yan S, Liu L, et al. Prevalence of nonalcoholic fatty 
liver disease in mainland of China: a meta-analysis of published studies. J 
Gastroenterol Hepatol. 2014;29:42–51. https://doi.org/10.1111/jgh.12428.

13. Eguchi Y, Hyogo H, Ono M, Mizuta T, Ono N, Fujimoto K, et al. Prevalence 
and associated metabolic factors of nonalcoholic fatty liver disease in 
the general population from 2009 to 2010 in Japan: a multicenter large 
retrospective study. J Gastroenterol. 2012;47:586–95. https://doi.org/10.1007/
s00535-012-0533-z.

14. Farrell GC, Wong VW, Chitturi S. NAFLD in Asia–as common and important 
as in the West. Nat Rev Gastroenterol Hepatol. 2013;10:307–18. https://doi.
org/10.1038/nrgastro.2013.34.

15. Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, Younossi Z, et al. 
Nonalcoholic steatohepatitis is the second leading etiology of liver disease 
among adults awaiting liver transplantation in the United States. Gastroen-
terology. 2015;148:547–55. https://doi.org/10.1053/j.gastro.2014.11.039.

16. Lazo M, Hernaez R, Eberhardt MS, Bonekamp S, Kamel I, Guallar E, et al. 
Prevalence of nonalcoholic fatty liver disease in the United States: the Third 
National Health and Nutrition Examination Survey, 1988–1994. Am J Epide-
miol. 2013;178:38–45. https://doi.org/10.1093/aje/kws448.

17. Younossi ZM, Stepanova M, Negro F, Hallaji S, Younossi Y, Lam B, et al. Nonal-
coholic fatty liver disease in lean individuals in the United States. Medicine. 
2012;91:319–27. https://doi.org/10.1097/MD.0b013e3182779d49.

18. Smits MM, Ioannou GN, Boyko EJ, Utzschneider KM. Non-alcoholic fatty liver 
disease as an independent manifestation of the metabolic syndrome: results 
of a US national survey in three ethnic groups. J Gastroenterol Hepatol. 
2013;28:664–70. https://doi.org/10.1111/jgh.12106.

19. Schneider AL, Lazo M, Selvin E, Clark JM. Racial differences in nonalcoholic 
fatty liver disease in the U.S. population. Obesity. 2014;22:292–9. https://doi.
org/10.1002/oby.20426.

20. Blachier M, Leleu H, Peck-Radosavljevic M, Roudot-Thoraval F. The burden of 
liver disease in Europe: a review of available epidemiological data. J Hepatol. 
2013;58:593–608. https://doi.org/10.1016/j.jhep.2012.12.005.

21. Lee WG, Wells CI, McCall JL, Murphy R, Plank LD. Prevalence of diabetes in 
liver cirrhosis: a systematic review and meta-analysis. Diabetes Metab Res 
Rev. 2019;35:e3157. https://doi.org/10.1002/dmrr.3157.

22. Mittal S, El-Serag HB, Sada YH, Kanwal F, Duan Z, Temple S, et al. Hepato-
cellular carcinoma in the absence of cirrhosis in United States Veterans is 
associated with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol. 
2016;14:124–31e1. https://doi.org/10.1016/j.cgh.2015.07.019.

23. Tarantino G, Crocetto F, Di Vito C, Creta M, Martino R, Pandolfo SD, et al. 
Association of NAFLD and insulin resistance with non metastatic bladder 
cancer patients: a cross-sectional retrospective study. J Clin Med. 2021;10:346. 
https://doi.org/10.3390/jcm10020346.

24. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global 
epidemiology of nonalcoholic fatty liver disease: meta-analytic assessment of 
prevalence, incidence, and outcomes. Hepatology. 2016;64:1388–9. https://
doi.org/10.1002/hep.28431.

25. Marengo A, Jouness RIK, Bugianesi E. Progression and natural history of non-
alcoholic fatty liver disease in adults. Clin Liver Dis. 2016;20:313–24. https://
doi.org/10.1016/j.cld.2015.10.010.

26. Sanyal AJ, Friedman SL, McCullough AJ, Dimick-Santos L, American Associa-
tion for the Study of Liver Diseases, United States Food and Drug Administra-
tion. Challenges and opportunities in drug and biomarker development 
for nonalcoholic steatohepatitis: findings and recommendations from an 
American Association for the study of Liver Diseases-U.S. Food and Drug 
Administration Joint Workshop. Hepatology. 2015;61:1392–405. https://doi.
org/10.1002/hep.27678.

27. Musso G. Non-alcoholic steatohepatitis: emerging molecular targets and 
therapeutic strategies. Nat Rev Drug Discov. 2016;15:249–74. https://doi.
org/10.1038/nrd.2015.3.

28. Kozlitina J, Smagris E, Stender S, Nordestgaard BG, Zhou HH, Tybjærg-Hansen 
A, et al. Exome-wide association study identifies a TM6SF2 variant that con-
fers susceptibility to nonalcoholic fatty liver disease. Nat Genet. 2014;46:352–
6. https://doi.org/10.1038/ng.2901.

29. Luo F, Smagris E, Martin SA, Vale G, McDonald JG, Fletcher JA, et al. Hepatic 
TM6SF2 is required for lipidation of VLDL in a pre-golgi compartment in 
mice and rats. Cell Mol Gastroenterol Hepatol. 2022;13:879–99. https://doi.
org/10.1016/j.jcmgh.2021.12.008.

30. Luo F, Oldoni F, Das A. TM6SF2: a novel genetic player in nonalcoholic fatty 
liver and cardiovascular disease. Hepatol Commun. 2022;6:448–60. https://
doi.org/10.1002/hep4.1822.

31. Negi CK, Babica P, Bajard L, Bienertova-Vasku J, Tarantino G. Insights into the 
molecular targets and emerging pharmacotherapeutic interventions for 
nonalcoholic fatty liver disease. Metab Clin Exp. 2022;126:154925. https://doi.
org/10.1016/j.metabol.2021.154925.

32. Ratziu V, de Ledinghen V, Oberti F, Mathurin P, Wartelle-Bladou C, Renou 
C, et al. A randomized controlled trial of high-dose ursodesoxycholic acid 
for nonalcoholic steatohepatitis. J Hepatol. 2011;54:1011–9. https://doi.
org/10.1016/j.jhep.2010.08.030.

https://doi.org/10.1016/j.jpeds.2012.08.043
https://doi.org/10.1038/nrgastro.2013.171
https://doi.org/10.1111/j.1365-2036.2011.04724.x
https://doi.org/10.1111/j.1365-2036.2011.04724.x
https://doi.org/10.1002/hep.25762
https://doi.org/10.1542/peds.2012-3584
https://doi.org/10.1159/000331591
https://doi.org/10.5144/0256-4947.2012.288
https://doi.org/10.1111/j.1749-6632.2012.06838.x
https://doi.org/10.1111/j.1749-6632.2012.06838.x
https://doi.org/10.1111/1753-0407.12056
https://doi.org/10.1111/jgh.12428
https://doi.org/10.1007/s00535-012-0533-z
https://doi.org/10.1007/s00535-012-0533-z
https://doi.org/10.1038/nrgastro.2013.34
https://doi.org/10.1038/nrgastro.2013.34
https://doi.org/10.1053/j.gastro.2014.11.039
https://doi.org/10.1093/aje/kws448
https://doi.org/10.1097/MD.0b013e3182779d49
https://doi.org/10.1111/jgh.12106
https://doi.org/10.1002/oby.20426
https://doi.org/10.1002/oby.20426
https://doi.org/10.1016/j.jhep.2012.12.005
https://doi.org/10.1002/dmrr.3157
https://doi.org/10.1016/j.cgh.2015.07.019
https://doi.org/10.3390/jcm10020346
https://doi.org/10.1002/hep.28431
https://doi.org/10.1002/hep.28431
https://doi.org/10.1016/j.cld.2015.10.010
https://doi.org/10.1016/j.cld.2015.10.010
https://doi.org/10.1002/hep.27678
https://doi.org/10.1002/hep.27678
https://doi.org/10.1038/nrd.2015.3
https://doi.org/10.1038/nrd.2015.3
https://doi.org/10.1038/ng.2901
https://doi.org/10.1016/j.jcmgh.2021.12.008
https://doi.org/10.1016/j.jcmgh.2021.12.008
https://doi.org/10.1002/hep4.1822
https://doi.org/10.1002/hep4.1822
https://doi.org/10.1016/j.metabol.2021.154925
https://doi.org/10.1016/j.metabol.2021.154925
https://doi.org/10.1016/j.jhep.2010.08.030
https://doi.org/10.1016/j.jhep.2010.08.030


Page 11 of 11Zakharova et al. Lipids in Health and Disease          (2023) 22:101 

33. Tarantino G, Balsano C, Santini SJ, Brienza G, Clemente I, Cosimini B, et al. It 
is high time physicians thought of natural products for alleviating NAFLD. Is 
there sufficient evidence to use them? Int J Mol Sci. 2021;22:13424. https://
doi.org/10.3390/ijms222413424.

34. Likitnukul S, Thammacharoen S, Sriwatananukulkit O, Duangtha C, 
Hemstapat R, Sunrat C, et al. Short-term growth hormone administration 
mediates hepatic fatty acid uptake and de novo lipogenesis gene expres-
sion in obese rats. Biomedicines. 2023;11:1050. https://doi.org/10.3390/
biomedicines11041050.

35. Bai Y, Li T, Liu J, Wang Y, Wang C, Ju S et al. Aerobic exercise and vitamin E 
improve high-fat diet-induced NAFLD in rats by regulating the AMPK path-
way and oxidative stress. Eur J Nutr. 2023; in press. https://doi.org/10.1007/
s00394-023-03179-9.

36. Malaguarnera M, Gargante MP, Russo C, Antic T, Vacante M, Malaguarnera 
M, et al. L-carnitine supplementation to diet: a new tool in treatment of 
nonalcoholic steatohepatitis–a randomized and controlled clinical trial. Am J 
Gastroenterol. 2010;105:1338–45. https://doi.org/10.1038/ajg.2009.719.

37. Asadi M, Rahimlou M, Shishehbor F, Mansoori A. The effect of l-carnitine 
supplementation on lipid profile and glycaemic control in adults with car-
diovascular risk factors: a systematic review and meta-analysis of randomized 
controlled clinical trials. Clin Nutr. 2020;39:110–22. https://doi.org/10.1016/j.
clnu.2019.01.020.

38. Vidal-Casariego A, Burgos-Peláez R, Martínez-Faedo C, Calvo-Gracia F, Valero-
Zanuy M, Luengo-Pérez LM, et al. Metabolic effects of L-carnitine on type 2 
diabetes mellitus: systematic review and meta-analysis. Exp Clin Endocrinol 
Diabetes. 2013;121:234–8. https://doi.org/10.1055/s-0033-1333688.

39. Mohammada A, Mohd-Yusofa B-N, Hanipahc ZN, Mohd Redzwan S, Yusof LM, 
Khosroshahi MZ, et al. The effects of carnitine supplementation on clinical 
characteristics of patients with non-alcoholic fatty liver disease: a systematic 
review and meta-analysis of randomized controlled trials. Complement Ther 
Med. 2020;48:102273. https://doi.org/10.1016/j.ctim.2019.102273.

40. Bae JC, Lee WY, Yoon KH, Park JY, Son HS, Han KA, et al. Improvement of non-
alcoholic fatty liver disease with carnitine-orotate complex in type 2 diabetes 
(CORONA): a randomized controlled trial. Diabetes Care. 2015;38:1245–52. 
https://doi.org/10.2337/dc14-2852.

41. Somi MH, Fatahi E, Panahi J, Havasian MR, Judaki A. Data from a random-
ized and controlled trial of LCarnitine prescription for the treatment for 
non-alcoholic fatty liver disease. Bioinformation. 2014;10:575–9. https://doi.
org/10.6026/97320630010575.

42. Su C, Chang C, Chou C, Wu Y-HS, Yang K-T, Tseng J-K, et al. L-carnitine 
ameliorates dyslipidemic and hepatic disorders induced by a high-fat diet 
via regulating lipid metabolism, self-antioxidant capacity, and inflamma-
tory response. J Funct Foods. 2015;15:497–508. https://doi.org/10.1016/j.
jff.2015.04.007.

43. Grandi M, Pederzoli S, Sacchetti C. Effect of acute carnitine administration 
on glucose insulin metabolism in healthy subjects. Int J Clin Pharmacol Res. 
1997;17:143–7. PMID: 9526175.

44. Gildeeva G, Belostotsky A. Pharmacovigilance in Russia: current state of 
affairs, challenges, and prospects. Curr Med Res Opin. 2017;33:2161–6. 
https://doi.org/10.1080/03007995.2017.1336082.

45. Gil’deeva GN, Yurkov VI. Microemulsions as potential bases for formulating 
modern transdermal therapeutics. Pharm Chem J. 2018;52:550–2. https://doi.
org/10.1007/s11094-018-1858-6.

46. Puskarich MA, Jennaro TS, Gillies CE, Evans CR, Karnovsky A, McHugh CE, et 
al. Pharmacometabolomics identifies candidate predictor metabolites of 
an L-carnitine treatment mortality benefit in septic shock. Clin Transl Sci. 
2021;14:2288–99. https://doi.org/10.1111/cts.13088.

47. American Association for the Study of Liver Diseases. Practice Guidelines. 
2018. https://www.aasld.org/practice-guidelines. Accessed 12 Mar 2023.

48. Nasr P, Ignatova S, Kechagias E, Ekstedt M. Natural history of nonalcoholic 
fatty liver disease: a prospective follow-up study with serial biopsies. Hepatol 
Commun. 2017;2:199–210. https://doi.org/10.1002/hep4.1134.

49. Chen J, Su Y, Su X, Luo F. Remnant cholesterol has a non-linear asso-
ciation with non-alcoholic fatty liver disease. Diabetes Res Clin Pract. 
2023;201:110733. https://doi.org/10.1016/j.diabres.2023.110733.

50. Sorrentino P, Tarantino G, Perrella A, Micheli P, Perrella O, Conca P. A 
clinical-morphological study on cholestatic presentation of nonalcoholic 
fatty liver disease. Dig Dis Sci. 2005;50:1130–5. https://doi.org/10.1007/
s10620-005-2719-1.

51. Yu L, Liu Y, Wang S, Zhang Q, Zhao J, Zhang H, et al. Cholestasis: exploring 
the triangular relationship of gut microbiota-bile acid-cholestasis and the 
potential probiotic strategies. Gut Microbes. 2023;15(1):2181930. https://doi.
org/10.1080/19490976.2023.2181930.

52. Röschinger W, Muntau AC, Duran M, Dorland L, IJlst L, Wanders RJ, et al. 
Carnitine-acylcarnitine translocase deficiency: metabolic consequences of an 
impaired mitochondrial carnitine cycle. Clin Chim Acta. 2000;298(1–2):55–68. 
https://doi.org/10.1016/s0009-8981(00)00268-0.

53. van der Han JH, Gross JJ, Gerber V, Bruckmaier RM. Disturbed bovine mito-
chondrial lipid metabolism: a review. Vet Q. 2017;37(1):262–73. https://doi.org
/10.1080/01652176.2017.1354561.

54. Mahjoubin-Tehran M, De Vincentis A, Mikhailidis DP, Atkin SL, Mantzoros 
CS, Jamialahmadi T, et al. Non-alcoholic fatty liver disease and steatohepa-
titis: state of the art on effective therapeutics based on the gold standard 
method for diagnosis. Mol Metab. 2021;50:101049. https://doi.org/10.1016/j.
molmet.2020.101049.

55. Shved MI, Tsuglevich LV, Heryak SM, Prokopovich OA. (2019). Effectiveness 
of metabolic therapy in patients with acute coronary syndrome (ACS)-
myocardial infarction (MI) with disfunctional liver conditions. Pharma Innova 
J. 2019;8(2):200–4.

56. Nagao B, Kobayashi A, Yamazaki N. Effects of L-carnitine on phospholipids 
in the ischemic myocardium. Japanese Heart J. 1987;28:243–51. https://doi.
org/10.1536/ihj.28.243.

57. Fathizadeh H, Milajerdi A, Reiner Ž, Kolahdooz F, Asemi Z, et al. The effects of 
L-carnitine supplementation on glycemic control: a systematic review and 
meta-analysis of randomized controlled trials. Excli J. 2019;18:631–43. https://
doi.org/10.17179/excli2019-1447.

58. Aringazina RA, Akhmetova GK, Sharipova GM. The effectiveness of hepabene 
in the treatment of chronic liver diseases. Russ J Gastr Hep Colopr. 2005;15:68.

59. Aringazina RA, Bekkuzhina NA, Sharipova GM. Essential phospholipids in 
the treatment of patients with chronic hepatitis. Russ J Gastr Hep Colopr. 
2010;20:71.

60. Smirnova IG, Gildeeva GN, Kukes VG. Optical isomerism and biological activ-
ity of pharmaceutical preparations. Mosc Univ Chem Bull. 2012;67:95–102. 
https://doi.org/10.3103/S002713141203008X.

61. Goldner D, Lavine JE. Nonalcoholic fatty liver disease in children: unique con-
siderations and challenges. Gastroenterology. 2020;158:1967–83e1. https://
doi.org/10.1053/j.gastro.2020.01.048.

62. Di Bonito P, Pacifico L, Licenziati MR, Maffeis C, Morandi A, Manco M, et al. 
Elevated blood pressure, cardiometabolic risk and target organ dam-
age in youth with overweight and obesity. Nutr Metabol Cardiovasc Dis. 
2020;30:1840–7. https://doi.org/10.1016/j.numecd.2020.05.024.

63. Di Bonito P, Valerio G, Licenziati MR, Miraglia Del Giudice E, Baroni MG, 
Morandi A, et al. High uric acid, reduced glomerular filtration rate and 
non-alcoholic fatty liver in young people with obesity. J Endocrinol Investig. 
2020;43:461–8. https://doi.org/10.1007/s40618-019-01130-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.3390/ijms222413424
https://doi.org/10.3390/ijms222413424
https://doi.org/10.3390/biomedicines11041050
https://doi.org/10.3390/biomedicines11041050
https://doi.org/10.1007/s00394-023-03179-9
https://doi.org/10.1007/s00394-023-03179-9
https://doi.org/10.1038/ajg.2009.719
https://doi.org/10.1016/j.clnu.2019.01.020
https://doi.org/10.1016/j.clnu.2019.01.020
https://doi.org/10.1055/s-0033-1333688
https://doi.org/10.1016/j.ctim.2019.102273
https://doi.org/10.2337/dc14-2852
https://doi.org/10.6026/97320630010575
https://doi.org/10.6026/97320630010575
https://doi.org/10.1016/j.jff.2015.04.007
https://doi.org/10.1016/j.jff.2015.04.007
https://doi.org/10.1080/03007995.2017.1336082
https://doi.org/10.1007/s11094-018-1858-6
https://doi.org/10.1007/s11094-018-1858-6
https://doi.org/10.1111/cts.13088
https://www.aasld.org/practice-guidelines
https://doi.org/10.1002/hep4.1134
https://doi.org/10.1016/j.diabres.2023.110733
https://doi.org/10.1007/s10620-005-2719-1
https://doi.org/10.1007/s10620-005-2719-1
https://doi.org/10.1080/19490976.2023.2181930
https://doi.org/10.1080/19490976.2023.2181930
https://doi.org/10.1016/s0009-8981(00)00268-0
https://doi.org/10.1080/01652176.2017.1354561
https://doi.org/10.1080/01652176.2017.1354561
https://doi.org/10.1016/j.molmet.2020.101049
https://doi.org/10.1016/j.molmet.2020.101049
https://doi.org/10.1536/ihj.28.243
https://doi.org/10.1536/ihj.28.243
https://doi.org/10.17179/excli2019-1447
https://doi.org/10.17179/excli2019-1447
https://doi.org/10.3103/S002713141203008X
https://doi.org/10.1053/j.gastro.2020.01.048
https://doi.org/10.1053/j.gastro.2020.01.048
https://doi.org/10.1016/j.numecd.2020.05.024
https://doi.org/10.1007/s40618-019-01130-6

	The efficacy of L-carnitine in patients with nonalcoholic steatohepatitis and concomitant obesity
	Abstract
	Introduction
	Scientific relevance

	Materials and methods
	Sampling
	Study design
	Therapeutic methods
	Inclusion and exclusion criteria
	Tests and biochemical methods for assessing the functional status of the liver
	Statistical analyses
	Ethics approval

	Results
	The results of taking drugs in groups 1 and 2
	The main biochemical indicators of liver function
	The blood lipid spectrum
	Carbohydrate metabolism

	Discussion
	Study strengths and limitations
	Strengths


	Limitations
	Conclusions
	Prospects for further research

	References


