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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) is a growing health problem and a serious risk factor for other diseases such
as diabetes and heart disease.
Objectives: The aim of this study was to investigate the effects of eight-week total body resistance exercises (TRX) on liver functional
parameters in patients with NAFLD.
Methods: In this semi-experimental study, 22 men with NAFLD were randomly divided into TRX training (n = 11) and control (n = 11)
groups. The TRX group participated in a TRX training program for eight weeks (three sessions per week, 60 minutes per session). The
body composition, anthropometric indices, liver fat content, and serum levels of alanine aminotransferase (ALT), aspartate amino-
transferase (AST), and alkaline phosphatase (ALP) were measured by the enzymatic method before and after the training period.
Results: After TRX training, the liver fat content in the TRX group was significantly lower than in the control group (P = 0.001).
Furthermore, the serum levels of ALT, AST and ALP significantly decreased in the TRX group, compared to the controls (P < 0.05). In
addition, TRX training significantly reduced body weight, body mass index (BMI), fat percentage, and waist-to-hip ratio (P < 0.05),
while no significant changes were observed in the control group (P > 0.05).
Conclusions: TRX training could be effective in improving liver fat content and reducing the serum levels of liver enzymes in men
with NAFLD and can play a role in the management of this condition.
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1. Background

Along with the increasing prevalence of obesity and
other non-communicable diseases in the world such as
heart diseases, diabetes (type 2), and metabolic syndrome,
the prevalence of nonalcoholic fatty liver disease (NAFLD)
is on a growing trend (1, 2). The prevalence of the disease is
approximately 25% - 35% in Western countries and 19% - 32%
in Asian societies (3). NAFLD comprises a wide spectrum
of liver damages, ranging from simple steatosis to cirrho-
sis and hepatocellular carcinoma (4). On the other hand,
NAFLD causes high health costs because of its close rela-
tionship with other diseases and lack of specific and suc-
cessful treatments.

NAFLD is recognized by the elevated levels of liver
enzymes like alanine amino transferase (ALT), aspartate
amino transferase (AST), and alkaline phosphatase and in-

creased fat in liver cells (5).

Although the pathogenesis of NAFLD and determi-
nants of its severity have not been fully elucidated, ev-
idence suggests that sedentary lifestyle, obesity, and in-
sulin resistance are among the most important NAFLD risk
factors (6). So far, few pharmacological treatments have
been proposed for NAFLD, including drugs increasing in-
sulin sensitivity, drugs reducing fat content, and antiox-
idant drugs for fatty liver; nevertheless, because of their
high costs and side effects, their persistent use is not rec-
ommended (7). Currently, lifestyle changes, including di-
etary modifications and physical activity, are the most im-
portant treatment suggestions for patients with NAFLD (6,
8). In this regard, exercise training is an important com-
ponent of NAFLD treatment, as approved by the American
Gastroenterological Association (9).

Evidence suggests that exercise training, especially
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when associated with weight loss, can improve liver func-
tion and insulin resistance (10). Total body resistance exer-
cises (TRX) is an effective training method, which has been
highlighted in recent years. TRX involves suspension train-
ing allowing individuals to utilize body weight resistance
while performing exercises involving multiple movement
planes, muscle groups and joints. Generally, TRX training
is performed by a cache or a rope, and the body weight
is used for resistance (11-13). In this training method, an-
gels and mobility are challenging issues (14). Most studies
around TRX are focused on physical fitness factors and the
effect of these exercises on various physiological factors in
different individuals is not clearly identified.

In a study, Smith et al. reported that eight-week TRX
training in healthy adults with the average age of about 40
years improve the metabolic heart disease indicators such
as body fat, waist circumference, and blood pressure (15).

2. Objectives

According to our investigations, there is a lack of ro-
bust evidence regarding the effect of TRX on liver func-
tional parameters in patients with NAFLD. Therefore, it is
still unclear whether these exercises have any effects on the
liver fat content and enzyme levels of ALT, AST, and ALP in
men with NAFLD. Considering the increasing prevalence
of NAFLD, the widespread acceptance of TRX training, and
limited information as to the effects of this type of exercise
on the characteristics of NAFLD, we aimed at investigating
the effects of eight weeks of TRX training on the liver fat
content and liver enzymes of men with NAFLD.

3. Methods

3.1. Patients andMethods

In this semi-experimental study with a pretest-posttest
control group design, the statistical population consisted
of male NAFLD patients from Qazvin, Iran. The study pro-
tocol conforms to the ethical guidelines of the 1975 Decla-
ration of Helsinki as reflected in a priori approval by the
institution’s human research committee. All the research
stages were approved by the Ethics and Research Commit-
tee of Allame Gazvini University. The subjects was recruited
by advertising in medical and administrative centers. The
study samples included 22 men with NAFLD (31 - 49 years).
The main inclusion criterion was the diagnosis of steato-
sis grade 1 or higher (> 5% triglyceride), which was con-
firmed via ultrasonography with an acceptable diagnostic
accuracy. On the other hand, the exclusion criteria were as
follows: genetic, metabolic, and endocrine diseases, alco-
hol consumption, cardiovascular and respiratory diseases,

use of lipid-lowering drugs or dietary supplements, and
lack of regular exercise in the past six months. Overall, the
subjects were not suffering from other diseases except for
NAFLD.

The sample size was determined based on previous
studies through the single proportion formula at 95% con-
fidence level and margin of error of 5% (16).

(1)n =
z2(1−α

2 )
p (1− p)

d2

A total of 20 eligible candidates were selected through
purposive sampling. Before the study, a full description
was presented to the subjects about the study implemen-
tation and protocols. Next, a consent form, a health ques-
tionnaire, and a 24-hour dietary recall were completed by
the participants. All the principles of ethical human re-
search were considered in this study. The subjects were
aware of all aspects of the research and could withdraw
from the project at any time. The subjects were advised
not to change their normal diet (in some cases, we tried to
control their diet using a 24-hour dietary recall), although
it was not possible to completely control their diet dur-
ing the study. The participants were randomly divided into
two homogeneous groups of TRX (n = 11) and control (n =
11) based on the pretest results.

3.2. TRX Training Protocol

Before starting the research period, the training group
were familiarized with the movements during two ses-
sions. Then, the repetition maximum number was tested.
This test was performed every two weeks in order to inves-
tigate the progress rate of the subjects and to implement
the overload principle. To apply the overload principle,
the repetition number of movements was begun from 70
percent of repetition maximum number in the first week
and then it reached to 100 percent of repetition maximum
number in the eighth week. The TRX protocol included
60 minutes of exercise, that is, 10 minutes of warm-up,
40 minutes of TRX training, and 10 minutes of cool down,
three times a week for eight weeks (Table 1).

The TRX training program is designed and chosen in a
way that most of the upper and lower extremities are in-
volved. These exercises include TRX plank on elbows, TRX
T deltoid fly, TRX chest press, TRX high row, TRX triceps
press, TRX biceps curl, TRX squat, and TRX hip press (17, 18).
In order to uniformize the movements, the speed of per-
forming movements in all the subjects was standardized
as shots per second by a metronome, and the movements
were performed in a way that the joints had full range of
motion. It should be noted that the control group did not
engage in any other sports activities or exercises during
the study.
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Table 1. Details of the Total Body Resistance Exercise (TRX) Training Protocol Used in This Study

Variables
Week of Training

1 2 3 4 5 6 7 8

Exercise number 8 8 8 8 8 8 8 8

Set number 3 3 3 3 3 3 3 3

Rest between exercises (s) 90 90 90 90 90 90 90 90

Rest between sets (s) 60 60 60 60 60 60 60 60

Intensity (repetition maximum number, %) 70 70 80 80 90 90 100 100

3.3. Anthropometric Indices and Body Composition

One week before the study, the participants visited
the Sports Sciences Laboratory of Imam Khomeini Inter-
national University in Qazvin to be familiarized with the
study tools and methods. Some anthropometric and
body composition indices were measured before the train-
ing period and 48 hours after the final TRX training ses-
sion. The participants’ height was also measured using
a Seca scale (Germany) with 0.01 accuracy. Moreover, the
waist and hip circumferences were measured using a tape
measure, and then, the waist-to-hip ratio was calculated.
Weight and body fat percentage were also calculated based
on bioelectrical impedance analysis, using a body compo-
sition analyzer (ZEUS 9.9, Korea) according to the manufac-
turer’s guidelines.

3.4. Hepatic Fat Content and Liver Enzymes

The hepatic fat content and serum levels of liver en-
zymes were measured before the training period and 48
hours after the final TRX training session. Liver fat con-
tent was examined using an ultrasound system (Medison
SonoAce X8, Korea). Ultrasonography was performed by
an expert at the Advanced Medical Imaging Center after
at least five hours of fasting. Hepatic steatosis was graded
from one to three: grade I (mild), a slight increase in
echogenicity; grade II (moderate), a moderate increase in
echogenicity; and grade III (severe), a significant increase
in echogenicity (19).

To determine the serum levels of liver enzymes, includ-
ing ALT, AST, and ALP, blood samples were collected from
the antecubital vein after 8 - 12 hours of fasting. The col-
lected blood sample was poured into a test tube containing
an anticoagulant. Then, the blood sample was centrifuged,
and the separated serum was stored at -70°C until further
analysis. The levels of ALT and AST enzymes were evalu-
ated using quantitative detection kits (Pars Azmoon, Iran),
based on the kinetic VV method in an Advia 1200 system
(USA) according to the International Federation of Clini-
cal Chemistry and Laboratory Medicine (IFCC) standards.

Also, the level of ALP enzyme was determined using a quan-
titative diagnostic kit (Bionic) based on the photometric
method according to the German Society for Biochemistry
standards in an Advia 1200 system (USA).

3.5. Statistical Analysis

After data collection, the normal distribution of the
data was evaluated by Shapiro-Wilk test. For descriptive
statistics, mean and standard deviation were calculated.
Paired t-test was used to examine intra-group differences,
while Independent t-test was performed for inter-group
differences. The significance level was set at 0.05, and all
the statistical analyses were performed in SPSS software
version 18.0 (SPSS, Inc. Chicago, Illinois, USA).

4. Results

Shapiro-Wilk test was first used to examine the normal
distribution of the data in different groups. The results in-
dicated that the collected data had a normal distribution,
and the curve of the sample was assumed to be normal (P >
0.05). The anthropometric characteristics and body com-
position of the participants before and after TRX training
are presented in Table 2. The findings showed that eight
weeks of TRX training caused a significant reduction in the
body weight, body mass index (BMI), fat percentage, and
waist-to-hip ratio of middle-aged men with NAFLD, while
no significant changes were observed in the control group
(Table 2).

Also, the results showed that the liver fat content,
which was evaluated via ultrasonography, significantly de-
creased in the TRX group after eight weeks of training,
whereas no significant change was observed in the control
group (Figure 1). In this way, the degree of liver steatosis
in the training group decreased by about 40%. Moreover,
there was a significant difference between the TRX and con-
trol groups with respect to the posttest liver fat content (P
= 0.001) and range of liver enzyme changes (P = 0.002).

Regarding the level of liver enzymes, the results
showed that all the three enzymes, namely, AST, ALT, and
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Table 2. Characteristics of Subjects Before and After Eight Weeks of Total Body Resistance Exercise (TRX) Training in the Two Groupsa

Variables
Control (N = 11) TRX (N = 11)

Pretest Posttest ∆ P Valueb Pretest Posttest ∆ P Valueb

Age, y 39.30 ± 4.64 - - - 42.3 ± 4.76 - - -

Height, cm 173.40 ± 4.81 - - - 172.2 ± 4.23 - - -

Weight, kg 82.10 ± 7.44 82.50 ± 7.47 0.4 ± 0.84 0.16 78.8 ± 11.55 74.51 ± 11.2 -4.29 ± 0.72* < 0.001

BMI, kg/m2 27.39 ± 3.40 27.52 ± 3.41 0.13 ± 0.28 0.18 26.54 ± 3.55 25.09 ± 3.37 -1.45 ± 0.27* 0.02

Body fat, % 23.68 ± 2.32 23.74 ± 2.31 0.06 ± 0.18 0.34 23.95 ± 4.38 22.21 ± 3.63 -1.74 ± 0.51* 0.001

WHR, ratio 0.91 ± 0.01 0.91 ± 0.01 0.003 ± 0.006 0.39 0.93 ± 0.04 0.90±0.03 -0.03±0.01* 0.01

Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio.
aValues are expressed as mean ± SD.
bP < 0.01, significant difference between control and TRX Training.

ALP, significantly reduced in the TRX group after eight
weeks of training, while no significant changes were ob-
served in the control group (Table 3). The serum levels of
ALT, AST, and ALP enzymes in the TRX group reduced by
about 7%, 10%, and 4%, respectively. Also, there was a signifi-
cant difference between the TRX and control groups in the
posttest serum levels of AST, ALT, and ALP and the range of
enzyme changes (Table 3).

5. Discussion

Considering the importance of physical activity in the
treatment of patients with NAFLD, it is essential to iden-
tify the most effective exercises for these patients. The
present study was conducted to investigate the effect of
eight weeks of TRX training on the liver fat content and
liver enzymes of middle-aged men with NAFLD. The results
indicated that eight weeks of TRX training significantly re-
duced the liver fat content (decreased liver steatosis grade)
in middle-aged men with NAFLD, and the degree of liver
steatosis in the training group decreased by about 40%. The
reduction of liver fat content was associated with a signifi-
cant decline in the serum levels of ALT, AST, and ALP follow-
ing eight weeks of TRX training. The serum levels of ALT,
AST, and ALP enzymes in the TRX group reduced by about
7%, 10%, and 4%, respectively.

TRX is a resistance training method and body’s weight
is used as resistance (13). The evidence indicates that TRX
training, similar to traditional resistance exercises, in ad-
dition to improvement of muscle strength lead to the im-
provement of body composition index, endurance, coordi-
nation, flexibility, and cardiovascular fitness (20). Pastucha
at el. in a review article suggested that TRX exercises, in
addition to enhancing muscle strength and joint stiffness,
also improve lung capacity (21). Thus, it seems that TRX is
counted as a cardiovascular exercise besides its resistance
nature. Most of the previous studies that used aerobic or

resistance exercises indicated that these exercises have a
positive impact on the reduction of liver’s fat content and
liver enzymes.

Houghton et al. showed that such exercises for 12 weeks
lead to the reduction of liver fat and liver enzymes such as
ALT and AST in patients suffering from NAFLD (22). Further-
more, Takahashi et al. suggested that the resistance exer-
cises for 12 weeks lead to significant reduction in the degree
of liver steatosis and liver enzymes such as ALT and AST in
patients suffering from NAFLD (23). Haus et al. reported
that even shorter workouts can improve liver fat content
in patients with NAFLD, which can reduce the risk of NAFLD
progress (24). According to our investigations, there is not
strong evidence as to the effect of TRX on the liver func-
tional parameters in patients with NAFLD. Therefore, it is
still unclear whether these exercises have any effects on
the liver fat content and levels of ALT, AST, and ALP in men
with NAFLD. The present study is one of the first studies to
investigate the effects of eight-week total TRX on the liver
functional parameters in patients with NAFLD. Although
the exact mechanism of improvement of liver’s fat content
and liver enzymes after exercise, specially resistance exer-
cises, have not been clearly identified yet, it seems that TRX
exercises improve the liver factors in patients with NAFLD
through some mechanisms related to endurance exercises
in addition to some mechanisms related to resistance exer-
cises. Resistance exercises lead to up-regulated GLUT4 pro-
tein expression, glycogen synthase, and total glycogen syn-
thase activity in skeletal muscles. Therefore, the glucose
metabolism of the whole body increases (25, 26). Further-
more, Oh et al. reported that resistance exercises lead to
the upregulation of the intracellular key molecules such
as AMPKs and caveolins in type II muscle fibers (27). There-
fore, it is probable that TRX improve the degree of fatty
liver and reduce the liver enzymes through changes in
muscle characteristics.
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Table 3. Liver Enzyme Changes Before and After Eight Weeks of Total Body Resistance Training Exercise (TRX) Training in the Two Groupsa

Variables
Control (N = 11) TRX (N = 11)

Pretest Posttest ∆ Pretest Posttest ∆

ALT (U/L) 31.30 ± 5.90 31.70 ± 6.78 0.40 ± 1.26 36.50 ± 7.53 33.90 ± 8.76b , c -2.6 ± 1.02c

AST (U/L) 23.80 ± 3.01 24.20 ± 2.89 0.40 ± 0.84 25.8 ± 4.32 23.1 ± 5.21b , c -2.7 ± 1.11c

ALP (U/L) 157.55 ± 53.41 157.77 ± 69.60 0.22 ± 2.27 161.43 ± 37.47 154.67 ± 41.83b , c -6.76 ± 4.08c

Abbreviations: ALP, alkaline phosphatase; ALT, alanine amino transferase; AST, aspartate amino transferase.
aValues are expressed as mean ± SD.
bP < 0.01, significant difference between pre and post.
cP < 0.05, significant difference between control and TRX Training.
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Figure 1. Hepatic fat content in the control and (total body resistance exercise) TRX groups before and after eight weeks TRX training. *P < 0.05, significant difference between
pre and post; 6=P < 0.01, significant difference between control and TRX training.

According to the results of the presented study, TRX
lead to 40% reduction in the liver’s fat content. This fat re-
duction occurred besides weight and fat mass reduction in
the TRX training group. Along with the presented study,
some previous studies indicated that resistance exercises
lead to reduction in liver fat content even without weight
and fat mass reduction in patients with NAFLD (7, 28). Com-
bination exercises such as TRX can reduce hepatic steato-
sis and insulin resistance independent of increase in mus-
cle mass (29). Skeletal muscle contraction during TRX can
act as an endocrine organ and produce and release myoki-
nases such as irisin that affect the metabolism of other tis-
sues and organs.

According to some evidence, irisin moderates lipid
metabolism in liver cells (30). However, Polyzos et al.
reported that the serum levels of irisin in patients with
NAFLD are lower than in healthy individuals (31). In the
same vein, Kim et al. investigated the effect of resistance
and aerobic exercises on the serum levels of irisin and

suggested that the serum level of irisin significantly in-
creased in the resistance exercise group (32). A muscle-liver
crosstalk may be the probable reason for the reduction of
liver’s fat content and serum levels of ALT, AST and ALP en-
zymes in TRX training group.

The present study has certain limitations which need
to be addressed. First, considering the main inclusion cri-
teria of our study, the sample size was limited; therefore,
further research with a larger sample size is needed to in-
crease the external validity of our findings. Second, in our
study, ultrasonography was used rather than liver biopsy,
which is the gold standard for measuring fatty liver (33)
based on the guidelines of the American Association for
the Study of Liver Disease (AASLD). Although the diagnostic
accuracy of ultrasound is about 93% when liver steatosis is
greater than 33%, its sensitivity reduces if liver steatosis is
below 30% (34, 35). It should be noted that liver biopsy is
an invasive and costly technique, and most patients are re-
luctant to undergo biopsy due to the possible side effects.
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Third, although the subjects were advised not to change
their normal diet (in some cases, we tried to control their
diet using a 24-hour dietary recall), it was not possible to
fully control their diet during the study; therefore, con-
sumption of some foods, such as coffee, tea, soy, and vita-
min A and E supplements, might have affected our results.

5.1. Conclusions

According to our results, TRX training can be effective
in improving liver fat content and reducing the serum lev-
els of ALT, AST, and ALP in men with NAFLD; therefore, TRX
training can be used as a therapeutic approach for these
patients. The positive effects of this particular type of ex-
ercise program can be interesting for physicians, patients
and designers of training programs. However, further re-
search is necessary to confirm our findings.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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