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Abstract

Background: Owing to the decrease in the level of physical activity in today’s world, it seems that weight gain and fat mass are
among the most important causes of non-alcoholic fatty liver disease. Studies have also reported the beneficial effects of regular
and long-term aerobic exercise on disease prevention. Therefore, the present study aimed to investigate the effect of high-intensity
interval training (HIIT) on serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in active and inac-
tive women.
Methods: In this quasi-experimental applied study, 40 female students purposefully selected (20 active and 20 inactive) based on
availability who were divided into the passive group (n = 10 in the training group and n = 10 in the control group) and the active
group (n = 10 in the training group and n = 10 in the control group). Then the training groups performed the selected HIIT for 6
weeks and three sessions per week. The levels of research variables were measured in the serum pretest and post-test.
Results: The findings showed HIIT decreased ALT serum levels in the active training group (P = 0.03, MD = 3.50) and inactive training
group (P = 0.002, MD = 5.30) compared to the active control group; however, there was no significant difference in terms of AST levels
in the research groups (P = 0.46, F = 0.86).
Conclusions: It seems that HIIT independently of weight changes and body mass index can decrease ALT in active and inactive
women.
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1. Background

The prevalence of obesity is spreading around the
world and the well-being and health problems are increas-
ing due to it. In addition, studies have shown that obesity
and overweight are the leading cause of fatty liver disease
(1). Non-alcoholic fatty liver disease (NAFLD) is also known
to be a worldwide health problem that is closely linked to
metabolic disorders, sedentary lifestyle, and poor diet, and
researchers believe that obesity, overweight, and increased
body mass index (BMI) are among the most important risk
factors for fatty liver disease (2, 3).

Regarding the importance of liver tissue in
metabolism, this vital organ seems to have a large number
of different enzymes. Nonetheless, given the importance
of measuring the health and damage of this tissue in
addition to increasing levels of lipid profile and BMI, the
most important plasma enzymes that indicate damage
to this tissue have been reported as alanine aminotrans-
ferase (ALT or SGPT) and aspartate aminotransferase (AST

or SGOT) (4). Increased levels of these two markers along
with elevated levels of low-density lipoproteins (LDL),
very-low-density lipoproteins (VLDL), triglycerides (TG),
cholesterol, and increased body fat mass (BMI) appear to
indicate acute liver failure and hepatocellular carcinoma
(5). However, 10 to 15% of the general population with fatty
liver may indicate normal levels of liver enzymes (6). So
far, many therapeutic approaches have been suggested
for the prevention and treatment of liver disease, but
high costs, the length of treatment, and the side effects of
these treatments have always been a major challenge of
providing a solution to those who are at risk for fatty liver
disease (7).

It seems that therapeutic strategies such as control of
nutritional behavior and physical exercise can be effective
in reducing the prevalence of the disease as well as improv-
ing the metabolic functions of the liver (8). Physical exer-
cise is useful for controlling obesity in children and adults,
and since most patients with nonalcoholic fatty liver are
obese, the treatment of obesity by physical activity may re-
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duce the risk of developing fatty liver (9).
Although studies have reported the positive impact of

physical activity on risk markers for fatty liver disease, the
type, intensity, and duration of exercise that may play the
most beneficial roles are not yet fully understood (7). It
has been reported in some studies that continuous train-
ing had no significant effect on the reduction of liver en-
zymes in obese women (4), but eight weeks of aerobic and
resistance exercise training reduced alkaline phosphatase
(ALP) levels in men with NAFLD (10); also, some researchers
have suggested that interval and resistance training both
improve liver enzyme levels and lipid profile in men with
NAFLD (7); in addition, eight weeks of interval training de-
creased the alanine aminotransferase in obese boys, but
had no significant effect on their ALP and AST levels (11).

In general, a weight loss training program emphasizes
performing at least 30-minute bouts of consistent and con-
tinuous training, which have little effect on the body fat
content. Since in interval training, there is an inclusion of
rest periods or a decrease in the activity between repeated
bouts of training, interval training may be a better option
than continuous training for weight loss, fat percentage
and improvement of fat profile that are closely linked to
liver enzymes (11).

2. Objectives

Considering the importance of prevention of NAFLD
and its relation to physical activity, it seems that compar-
ing the type of exercise training in individuals with differ-
ent activity levels suggests a suitable solution for prevent-
ing liver damage due to life modernization. Therefore, the
present study was carried out to investigate the effect of
high-intensity interval training (HIIT) on BMI and liver en-
zymes in the active and inactive women.

3. Methods

In this quasi-experimental applied study, initially, a
statement for participation in the present study was in-
stalled in important places of Islamic Azad University of Be-
hbahan Branch and girls’ dormitories; then in a meeting,
all the aims and areas of research, including the risks and
benefits, were described to all those who were willing to
participate in the research. The inclusion criteria were no
history of specific illnesses such as diabetes, hypertension,
etc., no smoking, and no specific drug consumption, and
the exclusion criteria were unwillingness of a subject to
participate in the research, participating in physical activ-
ity other than the present research protocol, or performing
physical activity by control as well as absence more than

three sessions from the training sessions. To select the sub-
jects, their physical activity was assessed using the short
form of the International Physical Activity Questionnaire
(IPAQ) and based on IPAQ, active (score above 10) and inac-
tive (score between 5 - 7) subjects were separated (12). Sub-
sequently, 20 inactive individuals with inclusion criteria
were selected purposefully and divided into training (n =
10) and control (n = 10) groups and 20 active individuals
with inclusion criteria were selected purposefully and di-
vided into the training (n = 10) and control (n = 10) groups.

Afterward, the initial evaluations were obtained and
6 cc of blood from the left brachial vein of each subject
in the pretest was taken at the laboratory at 8:00 to 9:00
a.m.; the training groups then performed HIIT for 6 weeks
and 3 sessions per week. Then 48 hours after the last train-
ing session, blood samples and demographic characteris-
tic measurements were again obtained in completely sim-
ilar conditions of the pre-test. Blood samples were then
transferred to the laboratory at the earliest possible time
and ALT and AST levels were measured using Pars Azmoon
kit; also CRP was measured using Iranian Biotechnic kit via
enzymatic photometry by Hitachi 911 device.

3.1. High-Intensity Interval Training (HIIT) Protocol

The subjects in the experimental group performed the
training protocol in a 20 m distance marked by three cones
for six weeks and three sessions per week. At the beginning
of the training protocol, the subjects ran at the maximum
speed from the starting point (cone number one) to cone
number two (path A), then returned and ran 20 m at the
maximum speed in the opposite direction to cone number
three (path B). Finally, they returned and ran to the starting
point (cone 1) at the maximum speed (path C) until the 30-
second training protocol was completed and repeated the
training protocol following a 30-second rest period.

The training progressed by increasing the number of
30-second repetitions from four sets per session in the first
and second weeks to five sets per session in the third and
fourth weeks and six sets per session in the fifth and sixth
weeks. Before each training protocol, the subjects warmed
up for five minutes at each training session and cooled
for five minutes at the end of each training session (in-
cluding running and brief stretching and elasticity move-
ments). The training protocol was based on the 40-m shut-
tle (back and forth) test at the maximum speed, which is a
valid test for anaerobic performance evaluation. The maxi-
mum heart rate formula (HRmax = 220-age) was used to de-
termine the intensity of the training, and in all stages of
HIIT, the intensity was above 90% of HRmax, which was cal-
culated separately for each subject (13).
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3.2. Statistical Analysis

For descriptive statistics, mean and standard deviation
were used. Also, for inferential analysis of research find-
ings, dependent sample t-test, one-way ANOVA and LSD
post hoc test were used in SPSS software version 22; the
significance level was considered ≤ 0.05 for all statistical
analyses.

4. Results

Table 1 presents the mean and standard deviation (SD)
of the demographic characteristics of the study. The re-
sults of one-way ANOVA test showed that there were no sig-
nificant differences in weight levels of the research groups
(P = 0.39, F = 1.02).

The results of Paired-sample t-test to examine post-test
changes in comparison to pre-test showed no significant
difference in terms of BMI (P = 0.19, t = -1.39) (Figure 1), WHR
(waist to hip ratio) (P = 0.17, t = 1.47) (Figure 2), AST (P = 0.40,
P = -0.87) (Figure 3), and ALT (P = 0.09, t = -1.85) (Figure 4) in
the active control group post-test and pre-test.

Post-test levels of BMI (P = 0.81, t = 0.23) (Figure 1), WHR
(P = 0.16, t = -1.49) (Figure 2), AST (P = 0.73, t = 0.34) (Figure
3) and ALT (P = 0.57, t = -0.58) (Figure 3) showed no signif-
icant difference with the pre-test levels in the active train-
ing group; BMI levels (P = 0.16, t = -1.50), WHR (P = 0.09, t =
-1.84), AST (P = 0.33, t = -0.03) and ALT (P = 0.22, t = 1.30) in the
inactive control group did not change significantly in the
post-test compared to the pretest; BMI levels (P = 0.52, t =
0.65), WHR (P = 0.99, t = 0.01), AST (P = 0.23, t = 1.26), and ALT
(P = 0.25, t = 1.20) in the inactive training group post-test
were not significantly different from pre-test.

To examine the effect of HIIT on the research variables,
the results of one-way analysis of variance (ANOVA) in Ta-
ble 2 showed no significant difference in BMI (P = 0.35, F
= 1.11) and AST (P = 0.46, F = 0.86) levels in the research
groups; however, there was a significant difference in WHR
(P = 0.03, F = 3.22) and ALT (P = 0.01, F = 3.78) levels in the
study groups.

To examine the place of differences in the research
groups, the results of LSD test showed that WHR was sig-
nificantly lower in the inactive control group than the con-
trol group (P = 0.005, M = -0.057). However, there was no
significant difference in WHR levels in the active control
group compared to the active training group (P = 0.07, M
= -0.035) and the inactive training group (P = 0.29 and M
= -0.020). Also, there was no significant difference in WHR
levels in the active training group compared to the inactive
control group (P = 0.25, M = -0.022) and the inactive train-
ing group (P = 0.43, M = 0.015). There was also no signifi-
cant difference in WHR levels in the inactive training and

inactive control groups (Figure 2). On the other hand, ALT
levels in the active control group were significantly higher
than the active training group (P = 0.03, M = 3.50), and in-
active training group (P = 0.002, M = 5.30). However, there
was no significant difference in ALT levels of active and in-
active control groups (P = 0.12, M = 2.50). The levels of ALT
in the active training group were not significantly differ-
ent from the inactive control group (P = 0.85, M = 0.018)
and the inactive training group (P = 0.73, M = 1.80). There
was also no significant difference in ALT levels between the
inactive training and inactive control groups (P = 0.59, M =
2.80) (Figure 4).

5. Discussion

The liver is a vital organ to modulate and clean the
body of toxins and waste materials and generally estab-
lish homeostasis. It seems that the most common causes
of fatty liver disease in adolescents and young people can
be weight gain, fat content, impaired lipid metabolism.
It appears that the decrease in physical activity can be as-
sociated with a decrease in insulin sensitivity and an in-
crease in fat deposition in the abdomen and organs, re-
sulting in an increase in fat intake by the liver. Following
these events and saturation of liver cells with fat, this tis-
sue encounters fibrosis. On the other hand, these events
are increased with elevating the levels of AST and ALT en-
zymes. It seems that when the amount of blood supply
to the liver tissue is impaired, the liver cells are disrupted,
the enzymes expel and increase in plasma (14). Nonethe-
less, the results of the present study show that the levels
of ALT in the active control group are significantly higher
than the active training and inactive training groups. This
indicates that eight weeks of HIIT reduce ALT levels in ac-
tive and inactive individuals. Researchers have mentioned
in their studies that weight loss through lifestyle modifi-
cations, including calorie restriction and regular physical
activity, has been recognized as a treatment approach for
NAFLD (15); however, given the insignificant effect of inter-
val training on BMI, increased participation in physical ac-
tivity, independent of weight changes, may decrease liver
fat and serum aminotransferase levels in individuals with
fatty liver problems (9, 15). It is not unlikely that rapid
weight loss may exacerbate the disease (15).

Studies show that exercise increases insulin sensitiv-
ity, changes in the skeletal muscle receptors, increases
the expression of glucose transporter regulators, and sub-
sequently, increases AMP, glycogen synthetase, and lipid
metabolism, which result in increased liver tissue activity
to be involved in providing energy to the skeletal muscle
through lipolysis (15). Studies of the effects of endurance
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Figure 1. Changes of BMI in the pre-test and post-test in the study groups (mean ± SD)
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Figure 2. Changes of WHR in the pre-test and post-test in the study groups (mean ± SD)
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Table 1. The Demographic Characteristics of the Studied Subjectsa

Group Active Control Active Training Inactive Control Inactive Training P Value

Age, y 23.00 ± 3.19 21.70 ± 2.49 21.30 ± 3.33 22.00 ± 3.01 0.07

Weight, kg 56.78 ± 10.66 63.12 ± 8.56 57.64 ± 11.28 59.18 ± 10.28 0.39

Height, m 1.59 ± 0.80 1.60 ± 0.05 1.61 ± 0.09 1.60 ± 0.06 0.86

aValues are expressed as mean ± SD.

Table 2. The Effects of HIIT on Liver Enzymes in Active and Inactive Women

Variable Sum of Squares df Mean of Squares F P Value

BMI 0.93 3 0.13 1.11 0.35

10.09 36 0.28

11.03 39

WHR 0.017 3 0.006 3.22 0.03

0.066 36 0.002

0.082 39

AST 104.60 3 34.86 0.86 0.46

1449.40 36 40.26

1554.00 39

ALT 146.67 3 48.89 3.78 0.01

465.10 36 12.91

611.77 39

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; WHR, waist to hip ratio.
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Figure 3. Changes of AST in the pre-test and post-test in the study groups (mean ± SD)

activities on liver enzymes have reported conflicting re-
sults, for example, in line with the present study, eight
weeks of continuous training reduced ALP levels in men
with NAFLD (10). In addition, some researchers have sug-

gested that interval, resistance, and aerobic training re-
sulted in improved liver enzyme levels and lipid profile in
men with NAFLD (7, 14). These studies were in line with
the present study to reduce ALT. It seems that the duration
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Figure 4. Changes of ALT in the pre-test and post-test in the study groups (mean ± SD)

of training is an effective factor in the improvement of fat
profile and subsequently, the reduction of ALT, which may
be a reason for these studies’ consistency with the present
study. Eight weeks of endurance training decreased ALT
and AST serum levels in overweight patients with fatty liver
(16, 17). Furthermore, although eight weeks of interval
training reduced ALT in obese boys, no significant effect
was evident in ALP and AST reduction (11).

In spite of the consistency of the results of these two
studies in the reduction of ALT, it seems that differences
in baseline levels, physical activity and age of the sub-
jects were factors in the inconsistency of these results with
those of the present study; 12 weeks of continuous training
had a significant effect on weight and ALT serum changes
in patients with obesity (18) and NAFLD (19). In another
study, to examine the effects of acute physical exercise
training, six hours after exercise Harris et al., observed
a significant increase in ALT and AST in rats running on
treadmills at high-intensity (80% of maximal oxygen con-
sumption (VO2max) until exhaustion (20). Therefore, it can
be stated that in one-session and high-intensity exercise
training, because the exercise itself damages the cells, so
it causes an increase in the levels of ALT and AST enzymes,
a trend that is less pronounced in long-term exercises (21).

Given the common effect of obesity and exercise train-
ing on cytokines affecting hepatic inflammation, it seems
that one of the limitations of the present study is the
lack of the measurement of some inflammatory factors
and their association with aminotransferases. It is, there-
fore, recommended that future studies of inflammatory

agents should be measured along with liver enzymes. Also,
given the effect of adiponectin on the lipolysis pathway,
one of the limitations of the present study seems to be the
lack of measurement of some adiponectin, leptin and ALP.
Therefore, it is suggested that in future studies these fac-
tors should be considered along with the variables of the
present study.

5.1. Conclusions

Although HIIT had no significant effect on AST serum
levels in active and inactive women, it appears that HIIT can
significantly reduce the ALT, as well as these changes, ap-
pear to be independent of BMI and WHR index. Therefore,
conducting further studies is suggested to obtain more
comprehensive information.
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