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Abstract

Background: Exercises and L-carnitine supplementation are effective for liver function.
Objectives: The purpose of this study was to compare effect of circuit resistance training and l-carnitine supplementation on body
Composition and Liver Function in men with non-alcoholic fatty liver disease (NAFLD).
Methods: In this semi-experimental study, 40 men with NAFLD were selected through purposive sampling and were randomly
assigned to one of four groups includes: (1) resistance training, (2) supplement, (3) combined (exercise- supplement) and (4) control.
Circuit resistance training was performed for 12 weeks, three sessions per week, with a training intensity of 40% - 80% maximum
one-repetition. In the combined and supplementation group, 10 mg L-carnitine supplement per kg body weight was consumed
daily with three main meals. To analyze the data, dependent t-test and one-way analysis of variance were used at P ≤ 0.05.
Results: After exercise, there was a significant decrease in body mass index and body fat percentage in the resistance training group
and combined (exercise-supplement) group when compared to the control and supplementation groups. There was also a signifi-
cant decrease in the level of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in the intervention groups includ-
ing exercise, supplement, and combined (exercise-supplement) groups compared to the control group. The percentage of changes
in AST and ALT was significantly higher in the combined group than in the training and supplement groups.
Conclusions: According to the findings of this study, circuit resistance and complementary L-carnitine training are effective for
improving liver function. This improvement was more evident in the combination of training and L-carnitine supplementation,
and these shifts are independent of changes in body composition.
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1. Background

Non-alcoholic fFatty liver disease (NAFLD) is one of
the most common diseases in the world that affects most
obese, inactive people and those with type 2 diabetes (1).
This disease is described by elevated triglyceride levels,
liver enzymes, some inflammatory biomarkers, and liver
steatosis (2). The incidence rate of this disease in Asia is 12%
- 24%. In Iran, the prevalence of NAFLD and liver steatosis
varies between 2.9% and 7.1% (3). NAFLD is known as a pro-
gressive metabolic disease potentially damaging the liver,
which exposes patients to advanced liver failure. Given the
multifactorial nature of this disease and the progression
of this chronic disease, the results of NAFLD treatment are
difficult. According to the relationship between insulin re-
sistance and oxidative stress on liver damage, it can be the

basis for fat accumulation and disease progression. Drug
therapy, e.g., with metformin, is associated with increased
insulin sensitivity (4). In their meta-analyzes, Musso et
al. stated that most studies were conducted to reduce in-
sulin resistance and decrease cardiovascular risk factors
and that weight loss and lifestyle change could prevent
disease progression (5). NAFLD treatment is based on nu-
tritional control, medical treatment, and physical activity
(2). Much research has focused on the effects of medicines
and non-pharmaceutical interventions on this disease. Al-
though the definitive treatment for this disorder has not
yet been found, researchers have proposed lifestyle change
and a combination of adequate diet and physical activity to
prevent and treat this illness (6).

Over the past decades, physical activity has been a key
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contributor to the control of NAFLD along with medical
therapy. Studies have shown that various exercise proto-
cols are effective in reducing the prevalence and improve-
ment of some metabolic functions of the liver (7). Research
has shown that exercise training is one of the effective fac-
tors in body composition and active people have a lower
percentage of body fat (PBF) than passive people (8). On
the other hand, people who do not have the opportunity
to attend sports places, as well as those who, despite hav-
ing exercises, do not see a change in their PBF or have ex-
cessive expectations for their body fat, consider the use of
fat burning supplements and the use of these compounds
is increasingly on the rise; among these supplements is L-
carnitine. L-carnitine is an active form of carnitine in the
body that is prescribed and consumed orally (9).

Engel et al. mentioned in a study that low levels of
L-carnitine in human muscle fibers are in a relationship
with obesity and fat stores and they described it as a new
syndrome (10). Also, Karlic and Lohninger showed that
L-carnitine deficiency could lead to obesity by reducing
fat oxidation and accumulation of fatty acids and triglyc-
erides in adipose tissues (11). However, in some studies, the
role of this supplement in fat burning and weight loss was
not confirmed (12-14). L-carnitine is a quaternary ammo-
nium compound that biosynthesizes lysine and methion-
ine amino acids. This is performed in the liver and kidneys
and stored in skeletal muscles, brain, heart, and sperm.
Carnitine is essential for the transfer of fatty acids from
cytosol to mitochondria (13). In fat metabolism, Acetyl-
CoA is bound to carnitine by carnitine acetyltransferase I
in the mitochondrial membrane. The carnitine acetyl pro-
duced by carnitine-acetylcarnitine translocase is transmit-
ted to the mitochondria and eventually converted to acetyl
coenzyme A by acetylcarnitine transferase II in the inter-
nal membrane of the mitochondria; thus, carnitine is re-
released to the cytosol (15). Several studies have shown that
L-carnitine supplementation significantly reduces the per-
centage of body fat (16). Dayanandan et al. showed that us-
ing L-carnitine reduced lipid peroxidation, improved the
antioxidant status, and was effective in liver function im-
provement (9). Also, several studies have shown that L-
carnitine supplementation can reduce the levels of alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) enzymes (17, 18), which indicates the complementary
role of carnitine in hepatic function improvement.

Considering that carnitine plays an important role in
the metabolism of fats and lipolysis and because of its
availability, low cost, and complications for those who are
seeking weight loss, the use of this supplement has found
a high prevalence (9). On the other hand, one of the usual
recommendations for physical fitness improvement (16)
and hepatotoxicity (6) is the exercise.

2. Objectives

The purpose of this study was to compare the effects of
exercise and L-carnitine supplementation, alone or in com-
bination, on body composition and ALT/AST liver enzymes
in obese men with NAFLD.

3. Methods

3.1. Sample Selection

In the present semi-experimental study, 40 obese men
with NAFLD were selected by purposeful sampling. Then,
using a random number table, they were assigned to one
of four groups includes: (1) resistance training, (2) supple-
ment, (3) combined (exercise- supplement) and (4) con-
trol. After a phone call, the sampling was done through
targeted sampling from among volunteers who had en-
tered the study. The study design was explained to volun-
teers in private interviews and face-to-face meetings. Eligi-
ble volunteers were selected by a physician after signing
consent forms. The study protocol and its ethical consid-
erations were approved by the Abadan Islamic Azad Uni-
versity (grant No. 18144). A researcher-made questionnaire
was used to gather demographic data such as age, marital
status, education, history of the disease, and physical activ-
ity status.

The Inclusion criteria included BMI of 30 - 35 kg/m2, in-
active lifestyle (no physical activity in the past six months),
liver fat levels of 1 - 3 grade, non-smoking, non-acute cardio-
vascular disease, respiratory diseases, and musculoskele-
tal and skeletal disorders. The exclusion criteria included
receiving any other intervention except for the interven-
tion intended in this study implemented by the investiga-
tor and susceptibility or allergy to L-carnitine.

3.2. Anthropometric Indices

The height of subjects was measured without shoes
and with a perfectly smooth and forward-looking body.
The height of each person was measured in centimeters us-
ing the SECA Stadiometer. Weight (kg) was measured using
the SECA scale with minimum possible clothing. To mea-
sure the body mass index (kg/m2), weight (kg) was divided
by squared height and BMI was calculated using the follow-
ing formula: BMI = weight (kg)/height2 (m). To estimate
the percentage of body fat, the 3-SITE SKINFOLD (chest, Ab-
dominal, and thigh) measurements were performed using
the Jackson-Pollack (1978) formula (19, 20), as follows:

Body Density = 1.10938 - (0.0008267× sum of chest, ab-
domen, and thigh skinfolds in mm) + (0.0000016× square
of the sum of chest, abdomen, and thigh) - (0.0002574 ×
age)

Percentage of Body Fat = (4.95/BD – 4.5) × 100
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3.3. Biochemical Indices

For liver enzymes, blood samples were taken in the fast-
ing state. Serum alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) were measured by photomet-
ric assay (Bionik kit, sensivity: 1 unit per liter). To prevent
the acute effect of exercise on liver enzymes, the measure-
ments were made one day before the start of the study and
two days after the last session of the study.

3.4. Research Plan

At the pretest (one day before the intervention), the
measurements were performed following the standard
methods. Then, interventional training and consump-
tion of L-carnitine were performed in the target groups.
Finally, a posttest was performed two days after the 12-
week intervention. The control group did not receive any
intervention related to exercise and nutrition by the re-
searcher. The control subjects were asked to inform the re-
searcher if they were doing regular exercises or using non-
prescriptive pharmaceutical and non-pharmaceutical sup-
plements and to exit them in research if necessary.

3.5. Complementary Intervention

The subjects in the L-carnitine group and resistance +
L-carnitine group consumed 10 mg of L-carnitine supple-
ments per kilogram of body weight with main daily meals
(16).

3.6. Exercise Training Protocol

Resistance training (Tables 1 and 2) was done in circles
for 12 weeks, three sessions per week, and each exercise
session was determined based on previously defined cir-
cles and movements. In order to achieve the principle of
training variation and reduce the uniformity of exercises,
as well as to strengthen the muscles in different angles, the
training exercises were performed in a circular manner,
and at each training station, a muscle with a similar station
was different in other periods, in order to comply with the
principle of exercise diversity for the subjects to be studied.
Resistance training programs recommend trying to prac-
tice all major muscle groups in 8 to 10 exercises per session
(21). Accordingly, the resistance training included three cir-
cles with nine stations per circle. Maximal strenght was
calculated with respect to a maximum frequency using the
Brzyski formula and the weight selection was based on the
percentage of one repetition maximum (1 RM). However,
the repetition of movements in each set was reduced in
proportion to the increased intensity of training (practice
load).

3.7. Statistical Methods

Descriptive statistics, including mean and standard de-
viation, were used in this study. Paired sample t-test and
one-way ANOVA test were used for intra-group compar-
isons. Furthermore, in the case of a significant one-way
ANOVA test, Bonferroni’s post hoc test was used to find the
significant pairs. All statistical analyses were performed
using SPSS version 22 software at a significance level of P
< 0.05.

4. Results

Table 3 summarizes the age, height, weight, body mass
index, and fatty liver level of the subjects.

Table 4 summarizes the results of the t-test and
one-way ANOVA to compare intra-group and inter-group
changes in BMI and PBF and shows statistically significant
differences in BMI and PBF (P < 0.001). Bonferroni post
hoc test showed that there was a significant difference in
BMI between the exercise and combined training groups
compared to the control and supplementation groups (P
< 0.001), but there was no significant difference between
the resistance and combination training groups (P = 0.667)
and the supplementation and control groups (P = 0.61). In
a paired study of changes in PBF, the results showed that
there was a significant difference between the exercise and
combined training groups compared to supplementation
and control groups (P < 0.001), but there was no signifi-
cant difference between the exercise and combined groups
(P = 0.822) and the supplementation and control groups (P
= 0.413).

Table 5 summarizes the results of t-test and one-
way ANOVA to compare the intra-group and inter-group
changes in serum AST and ALT enzymes. The results of sta-
tistical analysis showed a significant difference in the per-
centage of changes in AST and ALT (P < 0.001). Bonferroni
post hoc test was used to find the location of the difference.
The results showed that there was a significant difference
between the exercise group, L-carnitine, and combination
groups, and the control group (P < 0.001, P = 0.001, and P
= 0.003, respectively). There was also a significant differ-
ence between the combined and the exercise and supple-
mentation groups (P = 0.001 and P < 0.001, respectively),
but there was no significant difference between the exer-
cise and supplementation groups (P = 0.997). There was a
significant difference in the ALT changes between the resis-
tance training, L-carnitine, and combination groups, and
the control group (P = 0.003, P = 0.002, P = 0.001, and P <
0.001, respectively). There was also a significant difference
between the combined group and the exercise and supple-
mentation groups (P = 0.017 and P = 0.010, respectively),
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Table 1. Resistance Group Training Courses and Stations

Circuit A Circuit B Circuit C

Incline dumbbell press Barbell bench press Chest fly

Shrug Barbell shoulder press Lateral raise

Dumbbell row Cable pull-down Rowing machine

Concentration curls Ez-bar curl Barbell curl

Dumbbell triceps extension Barbell triceps extension Triceps pushdown

Leg extension Leg press Lying leg curls

Standing calf raises Seated calf raises Calf by leg press

Crunches Sit-up Knee-hip raise on parallel bars

Back extension Screw back Side dumbbell

Table 2. Twelve-week Circuit Resistance Training

Week Frequency Circuit Repeat Intensity, 1RM Rest Rest Type

Between
Movements, s

Between Circuits,
min

Between
Movements

Between Circuits

1 - 2 3 A B 15 - 20 40 - 50 40 - 60 3-5 Inactive, (walking
and light activities)

Inactive, (walking
and light activities)

3 - 4 3 A B 15 - 20 50 - 60 40 - 60 3-5

5 - 6 3 A B C 12 - 15 60 - 70 40 - 60 3-5

7 - 8 3 A B C 12 - 15 60 - 70 40 - 60 3-5

9 - 10 3 A B C 10 - 12 70 - 80 40 - 60 3-5

11 - 12 3 A B C 10 - 12 70 - 80 40 - 60 3-5

Table 3. Demographic Characteristics of Subjectsa

Groups Age, y Height, cm Weight, kg BMI, kg/m2 Fatty Liver, Level

Exercise 37.30 ± 2.87 167.90 ± 3.81 92.45 ± 3.61 32.83 ± 1.86 2.03 ± 0.23

L-carnitine 37.80 ± 3.33 168.21 ± 5.21 94.40 ± 3.83 33.45 ± 2.51 1.98 ± 0.28

Combined 38.40 ± 3.17 170.52 ± 4.81 93.80 ± 3.84 32.27 ± 1.05 2.11 ± 0.37

Control 37.10 ± 3.07 169.09 ± 4.53 92.74 ± 3.43 32.33 ± 1.91 1.96 ± 0.31

Abbreviation: BMI, body mass index.
aValues are expressed as mean ± SD.

but there was no significant difference between the exer-
cise and supplementation groups (P = 0.997).

5. Discussion

In the present study, there were significant decreases
in body composition (BMI and PBF) and ALT/AST serum en-
zymes after resistance training when compared to the con-
trol group. According to Nunes et al. (22), after 16 weeks of
resistance training, there was a significant decrease in PBF
of healthy female volunteers. Moradi Kolardeh et al. (23)
also showed a significant decrease in ALT and AST serum en-
zymes of NAFLD patients after 12 weeks of resistance train-

ing. Nikseresht et al. (24) also reported a significant de-
crease in the BMI and PBF of healthy obese men after 12
weeks of resistance training. Eslami et al. (25) confirmed
the role of exercises in reducing BMI and liver fat percent-
age. Ghahramanloo et al. (26) reported a significant de-
crease in fat mass of non-trained men after eight weeks of
resistance training. But, several studies have reported con-
tradictory results. For example, Mohammad-Rahimi and
Attarzadeh-Hosseini (27) did not report a significant dif-
ference in ALT and AST serum enzymes after aerobic train-
ing in women with type 2 diabetes. The possible reason
for differences in the outcome may be the differences in
subjects’ characteristics such as sex and diabetes status
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Table 4. Anthropometric Changes in Research Groups

Variable/Groups Pretest Posttest t P Value Percentage Changes F P Value

BMI, kg/m2 18.094 < 0.001

Exercise 32.83 ± 1.86 32.09 ± 1.79 5.772 < 0.001 -2.25

L-carnitine 33.45 ± 2.51 33.29 ± 2.58 0.931 0.376 -0.47

Combined 32.27 ± 1.05 31.32 ± 1.10 9.029 < 0.001 -2.95

Control 32.33 ± 1.91 32.68 ± 1.79 -2.348 0.043 1.11

PBF % 31.035 < 0.001

Exercise 29.86 ± 1.51 28.07 ± 1.48 7.630 < 0.001 -5.98

L-carnitine 30.30 ± 1.35 30.26 ± 1.58 0.125 0.903 -0.11

Combined 30.21 ± 1.17 28.11 ± 1.06 9.889 < 0.001 -6.91

Control 30.68 ± 1.73 31.14 ± 1.58 -2.187 0.056 1.56

Abbreviations: BMI, body mass index; PBF, percentage of body fat.

Table 5. ALT and AST Changes In Research Groups

Variable/Groups Pretest Posttest t P Value Percentage Changes F P Value

AST, U/L 24.140 <0.001

Exercise 37.50 ± 4.35 31.90 ± 3.84 6.952 < 0.001 -14.26

L-carnitine 32.20 ± 5.75 26.60 ± 4.50 6.159 < 0.001 -17.03

Combined 34.40 ± 4.12 23.40 ± 5.50 11.524 < 0.001 -32.59

Control 29.00 ± 3.03 29.30 ± 2.71 0.238 0.817 -0.25

ALT, U/L 17.092 < 0.001

Exercise 47.20 ± 5.07 39.60 ± 4.95 7.501 < 0.001 -16.04

L-carnitine 43.60 ± 6.06 36.10 ± 4.56 7.243 < 0.001 -16.88

Combined 44.50 ± 4.09 31.40 ± 6.26 9.189 < 0.001 -29.71

Control 38.80 ± 3.97 38.50 ± 5.50 0.210 0.839 -0.55

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

between Mohammad-Rahimi and Attarzadeh-Hosseini re-
search and the current study. Also, the exercise protocol
in the present study included circuit resistance training
that was different from the aerobic training in the study by
Mohammad-Rahimi and Attarzadeh-Hosseini.

Bacchi et al. (28) reported a significant decrease in BMI
and PBF after four months of resistance training and aer-
obic exercise, but did not report significant differences in
the ALT and AST serum enzymes in women with type 2 di-
abetes. This is while in this study, both body composition
and ALT/AST enzymes improved. One of the reasons for the
difference in results is the difference in subjects’ charac-
teristics, such as diabetes status, or the differences in the
training program, which was a circuit resistance training
exercise in the present study rather than classic resistance
training in Bacchi et al. research.

One of the most important factors affecting liver
hemostasis is the level of physical activity. Longitudinal re-

search suggests that those who are prone to fatty liver, such
as obese or diabetic patients, will suffer from liver enzyme
disorders in the case of low physical activity (6). There-
fore, physical activity can be one of the factors affecting the
improvement of liver function. Regarding the association
of energy consumption with exercise and physical activity,
the exercise is one of the most useful and inexpensive ways
to prevent or treat liver problems and lifestyle changes,
physical activity, and exercise can reduce weight and im-
prove liver enzymes (6). Generally, the longitudinal and
systematic research findings indicate that exercises are ef-
fective in improving hepatic steatosis and metabolic ab-
normalities in NAFLD (29).

The results of this study also indicated the role of cir-
cuit resistance exercise as an effective training method for
improving body composition and decreasing ALT and AST
serum enzymes as the signs of liver function. In the sup-
plement group, after a period of L-carnitine use, the ALT
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and AST serum enzymes were significantly lower than in
the control group. Demiroren et al. (18) reported the pro-
tective role of L-carnitine in liver fibrosis in a laboratory
study. Malaguarnera et al. (17) also reported a significant re-
duction in ALT and AST serum enzymes after 24 weeks of L-
carnitine supplementation in non-alcoholic steatohepati-
tis patients. The results of the current study are in line with
the findings of this research. However, there was no sig-
nificant difference in body composition (BMI and PBF) af-
ter L-carnitine supplementation between the intervention
group and the control group.

However, Haghighi et al. (16) in a study conducted in
2010, after a period of L-carnitine consumption, reported a
significant reduction in PBF of middle-aged men that was
not consistent with the results of the present study, pos-
sibly due to the difference in subjects’ characteristics or
other intervening factors, including diet, which was not
controlled in our study and it is considered a research con-
straint. In the combined group, after a resistance training
course with L-carnitine, there was a significant decrease in
ALT and AST serum enzymes and improvements in body
composition (significant decreases in BMI and PBF) when
compared to the control group. Haghighi et al. (16) inves-
tigated the effect of aerobic exercise with L-carnitine sup-
plementation and showed a significant reduction in the
PBF of active overweight middle-aged men, which is con-
sistent with the results of the present study. Several stud-
ies have shown that L-carnitine supplementation acceler-
ates fat oxidation in overweight subjects (16, 30, 31). In fact,
the regular use of carnitine increases plasma and intracel-
lular concentration of carnitine and results in increased
fat oxidation and gradually decreased body fat stores (11,
16). In a study, Lofgren et al. (14) reported no difference be-
tween the L-carnitine supplementation group or placebo
and aerobic training and high-protein diet intake group in
terms of body weight, body massindex, fat percentage, and
waist-to-hip ratio. In the present study, L-carnitine supple-
mentation alone did not show a significant difference in
body composition, but there was a significant difference
between the combination group and the control group. It
shows the role of physical activity in improving body com-
position. Also, in the combination group, the changes in
liver enzymes were significantly higher. It seems that re-
sistance training and L-carnitine complementary together
have a more consistent effect on improving liver function
and these changes are independent of body composition
changes. Considering that one of the factors affecting the
production of fatty liver is insulin resistance, Malaguarn-
era et al. (17) reported a reduction in insulin resistance
after taking L-carnitine supplementation. It is likely that
changes in liver enzymes in L-carnitine supplementation
groups are due to a decrease in insulin resistance that was

not measured in this study; thus, it is another limitation of
our research.

Comparing the methods of intervention on the
body composition, the exercise group and combination
exercise-supplement group, a significant reduction was
observed in BMI and PBF in comparison with the control
and L-carnitine supplementation groups. In other words,
to improve body composition, L-carnitine supplementa-
tion did not have a significant effect and the intervention
exercise was needed to do so. Comparing the methods
of intervention concerning liver enzymes, although all
three interventions were saliently effective, changes in the
combination group were significantly higher than those
of resistance and L-carnitine complimentary groups, sug-
gesting the interactive role of L-carnitine supplementation
and resistance training to improve hepatic enzymes.

Regarding the results, it can be said that both exercise
training and L-carnitine supplements are effective in im-
proving liver enzymes in NAFLD patients. Also, the com-
bination of exercise training and L-carnitine supplementa-
tion can have more efficacy than any single method. There-
fore, in the treatment program for patients with non-fatty
liver, special attention should be paid to physical activity
and active lifestyle.

5.1. Strengths, Limitations and Suggestions

The present study, due to the low sample size, has
constraints in the generalization of its results. Since the
present study recruited obese men with NAFLD, we should
be cautious about generalizing the results to other popula-
tions. In the present study, for the first time, the combina-
tion of exercise training and of L-carnitine supplementa-
tion was applied to change body composition and liver en-
zymes in NAFLD patients and the results showed improve-
ments in the symptoms of the disease in all three inter-
vention groups, especially in the combination group of ex-
ercise and L-carnitine supplements. Therefore, it can be
said that the combination of exercise and nutritional in-
terventions can be effective in the treatment of NAFLD. Re-
garding the fact that sports exercises include many vari-
ables such as exercise volume, exercise intensity, dominant
energy system, etc., which can affect the results, it is sug-
gested that further research be done in this regard.

Acknowledgments

The present study is a result of a research project
registered at the Abadan Branch, Islamic Azad University,
Abadan, Iran (The comparison of the effect of resistance
training and supplementation of L-carnitine alone and in
combination on body composition and hepatic enzymes

6 Jundishapur J Chronic Dis Care. 2019; 8(4):e90213.

http://jjchronic.com


Mohammadi F et al.

in obese men). It is worth noting that this research was
funded by Abadan Branch, Islamic azad University, Abadan,
Iran. The authors thank all people who contributed to this
project.

Footnotes

Authors’ Contribution: Study concept and design:
Akbar Ghalavand, Farzad Mohammadi, and Mojtaba De-
laramnasab; acquisition of data: Akbar Ghalavand; anal-
ysis and interpretation of data: Akbar Ghalavand; draft-
ing of the manuscript: Akbar Ghalavand, Farzad Mo-
hammadi, and Mojtaba Delaramnasab; critical revision of
the manuscript for important intellectual content: Akbar
Ghalavand, Farzad Mohammadi, and Mojtaba Delaram-
nasab; statistical analysis: Akbar Ghalavand; administra-
tive, technical, and material support: Akbar Ghalavand,
Farzad Mohammadi; study supervision: Farzad Moham-
madi.

Conflict of Interests: There were no conflict of interests.

Ethical Approval: The study protocol and its ethical con-
siderations were approved by the Abadan Islamic Azad Uni-
versity.

Funding/Support: The present research is a result of a
research project registered at Abadan Islamic Azad Univer-
sity No.:18144.

References

1. Yilmaz Y, Younossi ZM. Obesity-associated nonalcoholic fatty liver
disease. Clin Liver Dis. 2014;18(1):19–31. doi: 10.1016/j.cld.2013.09.018.
[PubMed: 24274862].

2. Bellentani S. The epidemiology of non-alcoholic fatty liver dis-
ease. Liver Int. 2017;37 Suppl 1:81–4. doi: 10.1111/liv.13299. [PubMed:
28052624].

3. Dehghan P, Miwechi M, Izadi E, Mohammadi F, Sohrabi MR. [Compar-
ison of physical activity and body mass index in patients with and
without non-alcoholic fatty liver disease].CommunHealth. 2016;2(1):1–
8. Persian.

4. Angulo P. Nonalcoholic fatty liver disease. N Engl J Med.
2002;346(16):1221–31. doi: 10.1056/NEJMra011775. [PubMed: 11961152].

5. Musso G, Cassader M, Rosina F, Gambino R. Impact of current treat-
ments on liver disease, glucose metabolism and cardiovascular risk
in non-alcoholic fatty liver disease (NAFLD): A systematic review and
meta-analysis of randomised trials. Diabetologia. 2012;55(4):885–904.
doi: 10.1007/s00125-011-2446-4. [PubMed: 22278337].

6. Thoma C, Day CP, Trenell MI. Lifestyle interventions for the treatment
of non-alcoholic fatty liver disease in adults: A systematic review.
J Hepatol. 2012;56(1):255–66. doi: 10.1016/j.jhep.2011.06.010. [PubMed:
21723839].

7. Russell-Guzmán JA, Karachon L, Gacitúa TA, Freundlich A, Poblete-
Aro CE, Rodrigo R. Role of exercise in the mechanisms ameliorating
hepatic steatosis in non-alcoholic fatty liver disease. Sport Sci Health.
2018;14(3):463–73. doi: 10.1007/s11332-018-0459-9.

8. Bradbury KE, Guo W, Cairns BJ, Armstrong ME, Key TJ. Association
between physical activity and body fat percentage, with adjust-
ment for BMI: A large cross-sectional analysis of UK Biobank. BMJ

Open. 2017;7(3). e011843. doi: 10.1136/bmjopen-2016-011843. [PubMed:
28341684]. [PubMed Central: PMC5372047].

9. Dayanandan A, Kumar P, Panneerselvam C. Protective role of L-
carnitine on liver and heart lipid peroxidation in atherosclerotic rats.
J Nutr Biochem. 2001;12(5):254–7. doi: 10.1016/S0955-2863(00)00151-0.
[PubMed: 11382542].

10. Engel AG, Angelini C. Carnitine deficiency of human skeletal muscle
with associated lipid storage myopathy: A new syndrome. Science.
1973;179(4076):899–902. doi: 10.1126/science.179.4076.899. [PubMed:
4687787].

11. Karlic H, Lohninger A. Supplementation of L-carnitine in ath-
letes: Does it make sense? Nutrition. 2004;20(7-8):709–15. doi:
10.1016/j.nut.2004.04.003. [PubMed: 15212755].

12. Villani RG, Gannon J, Self M, Rich PA. L-Carnitine supplementation
combined with aerobic training does not promote weight loss in
moderately obese women. Int J Sport Nutr ExercMetab. 2000;10(2):199–
207. doi: 10.1123/ijsnem.10.2.199. [PubMed: 10861338].

13. Brass EP. Supplemental carnitine and exercise. Am J Clin Nutr.
2000;72(2 Suppl):618S–23S. doi: 10.1093/ajcn/72.2.618S. [PubMed:
10919968].

14. Lofgren IE, Herron KL, West KL, Zern TL, Brownbill RA, Ilich JZ, et
al. Weight loss favorably modifies anthropometrics and reverses
the metabolic syndrome in premenopausal women. J Am Coll Nutr.
2005;24(6):486–93. doi: 10.1080/07315724.2005.10719494. [PubMed:
16373945].

15. Knottnerus SJG, Bleeker JC, Wust RCI, Ferdinandusse S, I. Jlst L, Wijburg
FA, et al. Disorders of mitochondrial long-chain fatty acid oxidation
and the carnitine shuttle. Rev Endocr Metab Disord. 2018;19(1):93–106.
doi: 10.1007/s11154-018-9448-1. [PubMed: 29926323]. [PubMed Central:
PMC6208583].

16. Haghighi AH, Foroughian M, Hamedi Nia M. [The effect of 6 weeks of
aerobic training and l-carnitine supplement on body fat percent and
serum lipid profiles in active men]. J Sport Biosci. 2010;2(7):41–58. Per-
sian.

17. 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(6):1338–45.
doi: 10.1038/ajg.2009.719. [PubMed: 20068559].

18. Demiroren K, Dogan Y, Kocamaz H, Ozercan IH, Ilhan S, Ustundag B, et
al. Protective effects of L-carnitine, N-acetylcysteine and genistein in
an experimental model of liver fibrosis.Clin ResHepatol Gastroenterol.
2014;38(1):63–72. doi: 10.1016/j.clinre.2013.08.014. [PubMed: 24239319].

19. Jackson AS, Pollock ML. Practical assessment of body composition.
Phys Sportsmed. 1985;13(5):76–90. doi: 10.1080/00913847.1985.11708790.
[PubMed: 27463295].

20. Ghalavand A, Motamedi P, Delaramnasab M, Khodadoust M. The ef-
fect of interval training and nettle supplement on glycemic control
and blood pressure in men withtype 2 diabetes. Int J Basic Sci Med.
2017;2(1):33–40. doi: 10.15171/ijbsm.2017.08.

21. Ghalavand A, Shakerian S, Zakerkish M, Shahbazian H, Monazam NA.
[The effect of resistance training on anthropometric characteristics
and lipid profile in men with type 2 diabetes referred to Golestan Hos-
pital]. Jundishapur Sci Med J. 2015;13(6):709–20. Persian.

22. Nunes PR, Barcelos LC, Oliveira AA, Furlanetto Junior R, Martins FM,
Orsatti CL, et al. Effect of resistance training on muscular strength
and indicators of abdominal adiposity, metabolic risk, and inflam-
mation in postmenopausal women: Controlled and randomized clin-
ical trial of efficacy of training volume. Age (Dordr). 2016;38(2):40.
doi: 10.1007/s11357-016-9901-6. [PubMed: 26984105]. [PubMed Central:
PMC5005909].

23. Moradi Kolardeh B, Azarbayjani M, Piri M, Matin M. [Effect of cur-
cumin supplementation and resistance training in patients with
nonalcoholic fatty liver disease]. J Med Plants. 2016;4(60):161–72. Per-
sian.

Jundishapur J Chronic Dis Care. 2019; 8(4):e90213. 7

http://dx.doi.org/10.1016/j.cld.2013.09.018
http://www.ncbi.nlm.nih.gov/pubmed/24274862
http://dx.doi.org/10.1111/liv.13299
http://www.ncbi.nlm.nih.gov/pubmed/28052624
http://dx.doi.org/10.1056/NEJMra011775
http://www.ncbi.nlm.nih.gov/pubmed/11961152
http://dx.doi.org/10.1007/s00125-011-2446-4
http://www.ncbi.nlm.nih.gov/pubmed/22278337
http://dx.doi.org/10.1016/j.jhep.2011.06.010
http://www.ncbi.nlm.nih.gov/pubmed/21723839
http://dx.doi.org/10.1007/s11332-018-0459-9
http://dx.doi.org/10.1136/bmjopen-2016-011843
http://www.ncbi.nlm.nih.gov/pubmed/28341684
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372047
http://dx.doi.org/10.1016/S0955-2863(00)00151-0
http://www.ncbi.nlm.nih.gov/pubmed/11382542
http://dx.doi.org/10.1126/science.179.4076.899
http://www.ncbi.nlm.nih.gov/pubmed/4687787
http://dx.doi.org/10.1016/j.nut.2004.04.003
http://www.ncbi.nlm.nih.gov/pubmed/15212755
http://dx.doi.org/10.1123/ijsnem.10.2.199
http://www.ncbi.nlm.nih.gov/pubmed/10861338
http://dx.doi.org/10.1093/ajcn/72.2.618S
http://www.ncbi.nlm.nih.gov/pubmed/10919968
http://dx.doi.org/10.1080/07315724.2005.10719494
http://www.ncbi.nlm.nih.gov/pubmed/16373945
http://dx.doi.org/10.1007/s11154-018-9448-1
http://www.ncbi.nlm.nih.gov/pubmed/29926323
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6208583
http://dx.doi.org/10.1038/ajg.2009.719
http://www.ncbi.nlm.nih.gov/pubmed/20068559
http://dx.doi.org/10.1016/j.clinre.2013.08.014
http://www.ncbi.nlm.nih.gov/pubmed/24239319
http://dx.doi.org/10.1080/00913847.1985.11708790
http://www.ncbi.nlm.nih.gov/pubmed/27463295
http://dx.doi.org/10.15171/ijbsm.2017.08
http://dx.doi.org/10.1007/s11357-016-9901-6
http://www.ncbi.nlm.nih.gov/pubmed/26984105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5005909
http://jjchronic.com


Mohammadi F et al.

24. Nikseresht M, Rajabi H, Nikseresht A. The effects of nonlinear resis-
tance and aerobic interval training on serum levels of apelin and
insulin resistance in middle-aged obese men. Tehran Univ Med J.
2015;73(5):375–83.

25. Eslami L, Rahmaninia F, Nakhostin Roohi B. [The effect of 12 week vi-
tamin E supplementation and regular physical activity on selected
liver enzymes of non-alcoholic fatty liver patients]. Sport Physiol.
2014;6(23):69–82. Persian.

26. Ghahramanloo E, Midgley AW, Bentley DJ. The effect of concurrent
training on blood lipid profile and anthropometrical characteristics
of previously untrained men. J Phys Act Health. 2009;6(6):760–6. doi:
10.1123/jpah.6.6.760. [PubMed: 20101919].

27. Mohammad-Rahimi GR, Attarzadeh-Hosseini SR. [The effect of aer-
obic training and diet on lipid profile and liver enzymes in obese
women with type II diabetes]. Daneshvar Med. 2014;21(108):41–50. Per-

sian.
28. Bacchi E, Negri C, Targher G, Faccioli N, Lanza M, Zoppini G, et al.

Both resistance training and aerobic training reduce hepatic fat con-
tent in type 2 diabetic subjects with nonalcoholic fatty liver disease
(the RAED2 Randomized Trial). Hepatology. 2013;58(4):1287–95. doi:
10.1002/hep.26393. [PubMed: 23504926].

29. Whitsett M, VanWagner LB. Physical activity as a treatment of non-
alcoholic fatty liver disease: A systematic review. World J Hepatol.
2015;7(16):2041–52. doi: 10.4254/wjh.v7.i16.2041. [PubMed: 26261693].
[PubMed Central: PMC4528277].

30. Lurtz R, Fischer R. Carnitine as supporting agent in weight loss in adi-
posity. Med J Nat Ther. 1998;39(1).

31. Alesci S, De Martino MU, Kino T, Ilias I. L-Carnitine is a modulator of
the glucocorticoid receptor alpha. AnnN Y Acad Sci. 2004;1024:147–52.
doi: 10.1196/annals.1321.012. [PubMed: 15265779].

8 Jundishapur J Chronic Dis Care. 2019; 8(4):e90213.

http://dx.doi.org/10.1123/jpah.6.6.760
http://www.ncbi.nlm.nih.gov/pubmed/20101919
http://dx.doi.org/10.1002/hep.26393
http://www.ncbi.nlm.nih.gov/pubmed/23504926
http://dx.doi.org/10.4254/wjh.v7.i16.2041
http://www.ncbi.nlm.nih.gov/pubmed/26261693
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4528277
http://dx.doi.org/10.1196/annals.1321.012
http://www.ncbi.nlm.nih.gov/pubmed/15265779
http://jjchronic.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Sample Selection
	3.2. Anthropometric Indices
	3.3. Biochemical Indices
	3.4. Research Plan
	3.5. Complementary Intervention
	3.6. Exercise Training Protocol
	Table 1
	Table 2

	3.7. Statistical Methods

	4. Results
	Table 3
	Table 4
	Table 5

	5. Discussion
	5.1. Strengths, Limitations and Suggestions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

