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ABSTRACT

Background and Objectives: Nonalcoholic fatty liver disease is the most common
chronic liver disorder and is also currently considered as the hepalic manifestation of
melabolic syndrome. Regular exercise lraining may decrease fally liver disease
complications, although its impact is not yel clear. This study aimed Lo evaluate the effects
of six weeks of aerobic training on liver enzymes and other factors contributing to metabolic
syndrome in young inactive women.

Methods: In this quasi-experimental study, 37 inactive overweight women were
randomly divided into an experimental and a control group. The experimental one
participated in a controlled aerobic training program (5-minute interval walking) at 65-90%
maximum heart rate for 6 weeks, 45-90 minutes per session and 4 sessions per week. Blood
samples were laken following 12 hours of fasting, both before and after the training
program.

Results: The levels of aspartate aminotransierase and alkaline phosphatase decreased
in both groups. Alanine aminotransferase level, weight and waist circumference were
significanily decreased in the experimental group following the 6-week exercise {raining
(P<<0.05). High-density lipoprotein concentration was significantly increased in both groups.
Gamma-glutamyl transferase level was decreased in the experimental group, but increased in
the control group. The results showed no significant difference in the basic proiile of
participants, liver enzymes concentration and lipid profile between the experimental and
control group.

Conelusion: Six weeks of aerobic training may help prevent hepatic damage through
decreasing serum levels of liver enzymes, anthropometric factors and some metabolic
syndrome factors associated with nonalcoholic fatty liver disease.
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INTRODUCTION

Metabolic syndrome refers to a set of risk
factors that increase the risk of cardiovascular
disease, type 2 diabetes and chronic kidney
disease (1, 2). According to the American
Heart Association and the National Heart,
Lung, and Blood Institute reports in 2005,
metabolic syndrome is defined based on the
existence of three or more of the following
indications: (1) abdominal obesity (waist
circumference greater than 88 cm in women
and 102 cm in men); (2) increased blood
triglycerides (TGs) (more than 150 mg/dl); (3)
decreased High-Density Lipoprotein-
Cholesterol (HDL-C) concentration (less than
40 mg/dl in men and 50 mg/dl in women); (4)
increased blood pressure (>130 mmHg systolic
and >85 mmHg diastolic or hypertension
medication); and fasting blood glucose
disorder or diabetes medication (3). It is
demonstrated that most of the above
indications are accompanied by nonalcoholic
fatty liver disease (NAFLD) (4), the most
common chronic liver disorder (5). Currently,
NAFLD is often regarded as the hepatic
manifestation of metabolic syndrome(6).While
the prevalence of NAFLD is estimated to be
about 14-34% in Europe, Asia and America
over the past few years(7, 8), it affects 3-24%
of the Iranian population(9). Recent studies
have shown the association of NAFLD with
metabolic  syndrome,  obesity, physical
inactivity and elevation of other risk factors [
body mass index (BMI), Waist-to-hip ratio,
alanine aminotransferase (ALT) concentration,
aspartate aminotransferase  (AST), lipid,
lipoprotein] (10,11). AST, ALT, alkaline
phosphatase (ALP), and Gamma-glutamyl
transferase (GGT) are among the most
commonly used enzymes to indicate liver
damage (12, 13). Although high plasma levels
of liver enzymes such as ALP, ALT and AST
are associated with NAFLD, metabolic
syndrome, fatty liver and increased liver
enzyme activity even at normal concentrations
may predict these diseases (14-16). Nikroo et
al studied the effect of diet and aerobic
training on serum ALT levels in NAFLD
patients. The participants performed aerobic
training (walking, jogging and running) at 55-
60% heart rate reserve for eight weeks and
three sessions per week. The result of the
mentioned study showed significant serum
ALT level changes within the group of
patients under aerobic training with diet and
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no significant  difference in  serum
aminotransferase levels between the test
groups (17). According to Bashiri et al., the
type, duration and intensity of exercise
training may affect liver enzyme activity (18).
Thus, liver cell membranes are likely to be
damaged in endurance exercises (19, 20).
Although endurance and resistance training
may lead to increased liver enzyme level and
liver damage (21,22), interval aerobic training
is considered as a preventive approach to
reduce the risk of NAFLD by decreasing body
weight, cholesterol, blood TGs and liver
enzymes particularly ALT and AST (23,24).
Walking is considered an appropriate activity,
as it can be practiced by a large number of
people, with no additional cost and low risk of
injury (25, 26). In this study, a specific type of
aerobic training was designed to be applicable
to inactive and overweight people, in the form
of 5-minute interval walking. This study aimed
to investigate the impact of the 5-minute
interval walking on the NAFLD predicting
factors and some factors associated with
metabolic syndrome. This may help develop
appropriate training protocols for people at
risk.
MATERIAL AND METHODS

The study population consisted of female
students aged 20-28 years, studying at the
Golestan  University, Iran. A  quasi-
experimental method with pre- and post-test
approach was implemented, as well as a
training and a control group. After obtaining
the required permits from the University and
ethical approval for this research project, 37
inactive and overweight (25<BMI<29.9)
volunteers were participated in this study. The
participants were then randomly assigned into
a training (n=18) and a control group (n=19)
(Table 1). Liver enzymes and lipid profiles
were measured via enzymatic method using
Pars Azmoon Kit. The aerobic training
protocol consisted of 6- week aerobic training
with 4 sessions per week. The subjects
performed training at 65-75% maximum heart
rate (MHR) with one repetition for 45 minutes
in the first week; 65-75% MHR with two
repetitions for 90 minutes in the second week;
75-85% MHR with one repetition for 45
minutes in the third week; 75-85% MHR with
two repetitions for 90 minutes the fourth week;
85-95%MHR with one repetition for 45
minutes in the fifth week; and 85-95% MHR



with two repetitions for 90 minutes in the sixth
week. In order to adjust the training load, the
number of repetitions and training intensity
were increased every alternate week so that
aerobic training intensity was increased by
10% fortnightly. Aerobic training consisted of
5-minute warm-up including walking, gentle-
to-quick stretching, static and dynamic
stretching, 35-70 minutes of main exercises
including 5-minute interval walking with 2-
minute rest intervals, and 5 minutes of cool-
down exercises including walking as well as
static and dynamic stretching exercises while
sitting and lying on the back (27). The
participants were instructed on how to control
their heart rate, count and perform walking
exercises three days before the start of the
training protocol. In every training session, the
trainees performed the initial warm-up
followed by 5-minute walking. Then, they did
2 minutes of active rest by gentle walking and
simple exercises. In the same manner, they did
5 bouts of 5-minute walking training. The
participants took 5 minutes of inactive rest
between the bouts in the session when they
repeated 5 bouts of 5-minute training twice.
They took 5 minutes of inactive rest between
the two sets. MHR was measured using the
following equation: MHR=206-(0.88xage), in
order to adjust the training intensity and while-
training heart rate (28). MHR was calculated
for all participants and then they were
instructed to do training at their 65-95% MHR.
The control group, however, were asked not to
do any exercise training during the training
program. The data were analyzed using SPSS
(version 19) software. The obtained data were
described using mean and standard deviation.
Kolmogorov-Smirnov and Levene's tests were
performed to examine the normality of data
and homogeneity of variances, respectively.
Paired and independent t-tests were used for
within-group and between-group comparisons,
respectively. The level of statistical
significance was set at P<0.05. The exclusion
criteria were as follows: pregnhancy, breast
feeding, professional exercise training,
smoking, alcohol and drug abuse, acute or
chronic liver disease (i.e. fatty liver, viral
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hepatitis and cirrhosis), taking any medication
for more than two weeks just prior to or within
three months before the study (e.g. hormonal,
antidepressant and antipsychotic medicines), a
weight gain/loss diet within three months prior
to the study, any endocrine disorder affecting
the weight (e.g. Cushing's syndrome, thyroid
disorders, diabetes, congenital  adrenal
hyperplasia, renal and cardiac diseases), a
history of abdominal surgery, drug-induced
fatty liver due to medications such as
corticosteroids, androgens, synthetic estrogens,
Tamoxifen and vitamin A. The subjects were
thoroughly examined by a physician and then
informed of the research conditions. After
obtaining written informed consent from all
the participants and before the start of the
study, anthropometric indices such as height,
weight, waist and hip circumferences of the
subjects were measured. To this end, weight at
fasting was measured with the subjects
wearing the least possible clothing and no
shoes, using a Secaanalog scale with an
accuracy of 500 g. The subjects’ height was
measured barefoot in the standing upright
position with their heel and calf tangent to the
wall, using a Seca wall-mounted stadiometer
with an accuracy of 0.5 cm. BMI was
measured using the following equation: weight
(kg)/squared height (m?). Waist circumference
was measured at the narrowest abdominal
section between the last rib and the iliac bone
with the subjects at an upright posture with
relaxed abdominal muscles, using a tape
measure. Hip circumference was measured at
the largest hip area. Waist-to-hip ratio (WHR)
was measured by dividing waist circumference
to hip circumference. The subjects were
instructed to avoid exercise training within 24
hours prior to blood sampling and to have a
small meal at the previous night. Blood
samples were taken following 12-14 hours of
fasting both before the start of the training
protocol and 48 hours after the last training
session. Both the control and training groups
attended the examiner at Dr. Balkhi
Pathological Laboratory at 7:30 A.M. Blood
samples were obtained (10 ml) and then the
samples were centrifuged at 1500-2000 rpm
for 10 minutes to separate serum and measure
blood parameters.

Table 1- Demographic characteristics of subjects. Subject of the two test groups were similar in terms of age,
height, weight and BMI (P> 0.05).

Group Number Age (yr) Height (cm) Weight (kg) BMI (kg/m?)
Training 18 22.42+2.16 160+5.58 71.25+7.93 28.28+3.76
Control 19 21.94+1.39 161.78+7.08 72.65+11.58 27.71+3.65

Total 37 22.18+1.81 160.89+6.35 71.95+9.81 28.00+3.16
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Table 2- Mean and standard deviation of the research variables before and after 6 weeks of aerobic training

The results showed no significant
difference in weight, age, height and BMI
between the control and experimental
participants (P>0.05) (Tablel). ALP, ALT and
AST concentrations as well as weight and
waist circumference significantly decreased in
the training group following 6 weeks of
exercise training (P<0.05). However, there was
no significant difference between the groups
regarding these variables. HDL-C
concentration significantly increased in the
training group following the 6-week exercise
training, while no significant difference was
observed between the control and training
group. AST, ALT and GGT serum levels as
well as hip circumference and BMI were
decreased, but TGs increased in the training
cases following the six weeks of exercise
training (P>0.05). However, the results
revealed no significant difference between the
two groups regarding these variables. Unlike
the control subjects (P<0.05), WHR value did
not change in the experimental participants
following the six weeks of aerobic training.
Moreover, there was no significant difference
in WHR between the two tested groups
(Table2).
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Variables Groups Before training After training Sig. Sig.
(dependent t) (independent t)

Weight (kg) Control 72.65+11.58 72.35+11.89 0.488 0.319
Training 71.25+7.93 70.43+8.02 0.006*

BMI (kg/m?) Control 27.71£3.65 27.61+3.88 0.516 0.182
Training 28.28+3.76 27.52+2.92 0.116

Control 95.10+9.04 94.26+8.81 0.053 0.605
Waist(cm) Training 94.78+6.89 94.2146.59 0.069

Hip (cm) Control 107.05+6.72 106.94+6.94 0.761 0.142
Training 105.47+5.64 104.68+5.45 0.018*

WHR (Ratio) Control 0.88+0.05 0.88+0.05 0.031* 0.066
Training 0.89+0.05 0.89+0.04 0.660

TG (mg/dL) Control 75.10+£23.86 70.63+27.64 0.145 0.345
Training 84.94+53.35 89.52+45.74 0.617

HDL-C(mg/dL) Control 39.10+11.32 48.78+9.99 0.001* 0.177
Training 36.15+11.03 50.57+8.26 0.000*

AST(U/L) Control 24.05+3.80 18.10+7.15 0.000* 0.579
Training 23.89+6.39 16.84+5.60 0.000*

ALT(U/L) Control 20.21+16.35 17.47+15.01 0.560 0.679
Training 17.84+12.55 12.94+7.64 0.049*

AST/ALT(Ratio) Control 1.55+0.64 1.46+0.59 0.544 0.895
Training 1.62+0.61 1.51+0.51 0.294

ALP(U/L) Control 206.89+79.16 179.52+51.01 0.004* 0.651
Training 202.42+72.70 170.15+£65.47 0.000*

GGT(U/L) Control 12.31+6.60 13.52+11.49 0.424 0.383
Training 16.05+8.68 15.47+8.22 0.681

* Statistical significance(P<0.05)
RESULTS DISCUSSION

The findings showed that six weeks of aerobic
training (5-minute interval training) decreased
serum levels of liver enzymes, weight and BMI
and improved the risk factors of metabolic
syndrome (increased HDL-C level). Several
studies have reported a decreased liver enzyme
level following various aerobic activities (29-
32). Consistent with our findings, Farzanegi et
al reported that 6 weeks of aerobic training
decreased ALT, AST and ALP enzymes but
did not affect lipid levels (33).Davoodi et al.
also observed that eight weeks of aerobic
training at 50-70% VO2max could
significantly decrease the serum levels of ALT
and AST in male patients with fatty liver
disease (5). Abd EI- Kader et al. claimed that
aerobic training significantly decreased ALT,
ALP, AST and GGT concentrations, in
agreement with the results of the present study
(34). The decreased weight and liver enzyme
levels following the 6 weeks of aerobic
training in this study may be related to
increased consumption of these enzymes,
elimination of their secretion-inducing factors
or weight loss. In addition to the positive
adjustment of antioxidant defense, aerobic
training may induce greater decrease in ALT



and AST levels by decreasing oxidative stress
and inflammation (24, 35). In the present
study, it is likely that rest-intervals between
training bouts helped reduce liver stress in
young women. According to Hany, 12 weeks
of aerobic training without energy restriction
reduces liver enzymes. Regular exercise
training decreases the enzymes
transferringamino  acids, which in turn
decreases protein decomposition and helps
preserve body fat mass (36). Contrary to our
findings, Khorshidi et al., reported that 10
weeks of aerobic training exerted no
significant effect on ALP serum concentrations
(37). Devries et al showed that endurance
training for 12 weeks did not induce a
significant change in ALT levels (38).
Moreover, the results of a study on the effect
of swimming training on liver enzymes in
young women, who underwent the training
protocol at 65-85% MHR for 8 weeks, 3
sessions per week, and 60-90 minutes per
session, showed no significant change in AST
and ALT levels (39). Skenderi et al found that
liver and muscular injuries following 246 km
continuous running led to increased serum
ALT and AST (40). Although it is expected
that regular exercise training should decrease
liver enzymes, Tartibian et al., reported
significant increase in ALP following 9 weeks
of aerobic training (41). Barzegarzadeh and
Dabidy-Roshan also reported a significant
increase in ALP, ALT and AST concentrations
in female rats following 6 and 12 weeks of
continuous and interval training on treadmill
(42). These findings’ inconsistencies may be
due to differences in individual characteristics
such as subjects’ age, physical fitness and
higher baseline of normal levels for ALP,
AST, GGT and ALT enzymes in the subjects.
In other words, the type of sport activities
exerts variable effects on secretory and
metabolic systems, which may account for the
inconsistency  between the present and
previous findings. Environmental factors such
as climate, weather, temporal and spatial
conditions of the training venue, as well as
environmental stimuli such as stress and
excitations may also affect the results.
Consistent with the results of this study, a
review study cited a decrease in AST/ALT
ratio compared with the baseline levels,
following 3 months of aerobic training (43).
Still, a study has shown that resistance and
aerobic training does not induce a significant
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change in AST/ALT ratio (43). Another study
showed that muscular training lead to
increased AST/ALT ratio (44), which is
inconsistent  with  our findings. The
inconsistency in these findings may be
associated with different exercise intensity,
type and duration, as well as the subjects’
health condition. Apparently, TG concentration
slightly increased in the training group while it
slightly decreased in the control group. Bizheh
et al. reported that BMI and TG significantly
decreased in the experimental subjects
following three months of aerobic training at
75-85% MHR (45). Variations in the TG level
may be associated with (lipoprotein lipase)
LPL response to exercise training. LPL is one
of the enzymes, adjusting lipoproteins and
decomposing TGs in  triglyceride-rich
lipoproteins. On the other hand, studies suggest
that the decreased hepatic lipase is inhibited
following regular aerobic training. Thus, the
generation of VLDL and LDL triglycerides is
decreased. In this study, HDL-C concentration
was significantly increased in both groups. A
complex mechanism is involved in HDL-C
increase following exercise training. Enzymes
such as LPL, HL and CEPT play an important
role in HDL-C concentration alterations.
Plasma is the main cause of variations in HDL-
C concentration through hydrolysis of TGs.
Increased HDL-C concentration following
exercise training may be related to decreased
CETP concentration or activity. CEPT is
responsible to carry lipids in HDL-C molecule
and other lipoproteins and is reported to
decrease  following  exercise  training.
Decreased CEPT allows slowed down HDL-C
catabolism (increased half-life), which results
in increased HDL-C concentration (46).
Increased HDL-C concentration reduces the
risk of NAFLD and metabolic syndrome.
Lifestyle modification coupled with weight
loss and exercise training may be considered as
the basic treatments. It is reported that regular
exercise training provides a shield against liver
injuries, inflammation, and hepatic fibrosis
through suppression of macrophages filtration
(33). Studies have shown that 6 weeks of
aerobic training leads to a significant decrease
in BMI of the experimental subjects, with no
significant change in lipid profile between the
experimental and control groups. Consistent
with the mentioned findings, the results of this
study showed a greater decrease in BMI and
weight in the experimental subjects compared
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with the controls, following the 6 weeks of
exercise training (33). In a study on obese
adolescents with NAFLD and their comparison
with healthy obese adolescents, equal levels of
serum TGs and free fatty acids were reported
in both groups while lower HDL-C
concentration was observed in the obese
adolescents with NAFLD (47). The results of
this study represented that weight (P<0.05),
waist circumference, and hip circumference
(P<0.05) decrease in both the control and
experimental groups following 6 weeks of
aerobic training with no change observed in
WHR. Meanwhile, Cox et al reported that a
significant change might not be observed in the
body composition by solely relying on physical
exercise without a diet (48). However, short-
term aerobic training (interval walking)
effectively contributed to weight loss in
overweight women in the present research. The
findings of Bi et al. study, suggested that BMI,
waist-to-hip ratio, serum total triglycerides,
serum total cholesterol, ALT, AST, and GGT
values are all higher in the NAFLD group than
in the control group. For moderate and severe
NAFLD patients, the ALT, AST and GGT
values were significantly increased, high
density lipoprotein cholesterol was decreased,
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