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ABSTRACT

Objectives and Study Background: Non-alcoholic fatty liver disease
(NAFLD) is a common disorder characterized by fat accumulation in the
liver, which can lead to serious complications. Currently, there are no
approved pharmacological treatments for NAFLD; however, lifestyle
changes, including exercise, have emerged as a promising therapeutic
intervention. This systematic review aims to evaluate the effects of
various types of exercise on NAFLD.

Review Methods and Data Sources: Relevant articles were searched
from various databases, including SID, Irandoc, Medline, PubMed, and
Google Scholar, using keywords such as "fatty liver," "aerobic exercise,"
"resistance training," and their combinations. Selected articles were
assessed based on predetermined inclusion and exclusion criteria, and
relevant data were extracted.

Findings: From an initial 140 relevant articles, 22 studies were included
after removing duplicates, conducting thorough full-text screening, and
reviewing predefined criteria. Endurance (aerobic) exercises reduced
plasma levels of ceramide and increased pentraxin-3 (PTX-3) levels. A
significant reduction in liver enzyme levels ALT and AST was observed
in men with NAFLD. Resistance training also contributed to improved
liver function and increased muscle strength in postmenopausal women
with NAFLD. Combined exercises had a positive impact on the lipid
profile of NAFLD patients, although aerobic exercises showed more
pronounced benefits. The intensity and duration of exercise were also
important, with moderate-intensity aerobic training (55-75% HRmax) for
45 minutes three times a week yielding positive results. The number of
weekly exercise sessions was positively correlated with reduced liver fat
content.

Conclusion: Various types of exercise, particularly aerobic and resistance
training, can have a positive impact on managing NAFLD. The intensity,
duration, and type of exercise should be tailored to the individual
characteristics of the patient. Exercise is recommended as an important
non-pharmacological therapeutic strategy for managing NAFLD.

Keywords: Non-alcoholic fatty liver disease, aerobic exercises,
endurance training, resistance training, liver enzymes.
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Extended Abstract

Introduction:

Metabolic dysfunction-associated fatty liver disease (MAFLD) is a chronic condition
characterized by fat accumulation in the liver and impaired metabolic functionl. Formerly known
as non-alcoholic fatty liver disease (NAFLD), it was redefined in October 2020 based on
guidelines from the Asia-Pacific Association for the Study of the Liver. The new MAFLD
definition relies on the presence of hepatic steatosis, confirmed via liver biopsy or imaging, along
with blood biomarkers, and one of the following three criteria: overweight/obesity, type 2 diabetes,
or metabolic dysfunction. This new definition emphasizes the pathogenesis of MAFLD and shifts
study endpoints, excluding alcohol consumption, which was a distinction in NAFLD. MAFLD
affects approximately a quarter of the global population and is not only associated with liver
inflammation, fibrosis, and malignant tumors but is also frequently accompanied by various
metabolic disorders leading to serious conditions such as gout, type 2 diabetes, hypertension, and
atherosclerosis, imposing a significant burden on public health and community economies.
Therefore, the need for an effective approach to combat this condition is urgently felt. To date,
there is no approved treatment for MAFLD, and patient management is primarily based on
promoting a healthy lifestyle, including appropriate diet and exercise, aiming for weight reduction.
Sedentary behavior has not yet reached an agreed definition and usually refers to sitting time. In
contrast, physical activity refers to any movement that requires energy. Physical fitness includes a
set of characteristics that indicate the body's tolerance for activity and can be measured through
specific tests. Exercise refers to planned, structured, and repetitive physical activity that involves
specific intensity, frequency, and duration. Exercise intensity can be graded based on metabolic
equivalents (METSs); one MET is equivalent to the amount of oxygen consumed while sitting at
rest and equals 3.5 milliliters of oxygen per kilogram of body weight per minute. Also, one MET
is equivalent to 1 kilocalorie per kilogram of body weight per hour. For example, walking at a
speed of 4.8 kilometers per hour is equivalent to 3 METSs, while running at a speed between 6.4 to
8 kilometers per hour reaches 7 METSs. Activities known as light exercise typically consume
between 1.1 to 3.9 METSs of energy, while moderate exercises consume between 4 to 6 METS, and
vigorous or heavy exercises require more than 6 METSs of energy. Another method for assessing
physical activity intensity is using VO2max, which represents the body's maximum capacity to
consume oxygen in liters per minute (L/min). An activity that requires 40 to 60 percent of VO2max
is considered moderate, while activities that require at least 60 percent of VO2max are considered
intense. Consequently, the aim of this systematic review was to comprehensively examine and
evaluate the impact of different types of exercise (aerobic, resistance, endurance, and combined)
on fatty liver status and related indicators. This study aimed to collect, analyze, and synthesize the
evidence available in scientific literature to provide a better understanding of the role and
mechanism of action of each of these exercises in improving or controlling fatty liver disease and
provide guidance for designing effective exercise programs in this field.

Methodology:

In this systematic review study, a precise and structured search strategy was used to
comprehensively investigate the impact of aerobic, resistance, endurance, and combined exercises
on fatty liver. Initially, relevant keywords including "fatty liver,” "aerobic exercise,” "resistance
training,” "endurance training,” "combined training," "physical activity," and "exercise" were
identified and defined. These keywords were then combined using Boolean operators (AND, OR)
to search credible databases such as SID, Irandoc, Medline, PubMed, Magiran, Google Scholar,
Noor Mags, and Civilica. For instance, combinations like "fatty liver" AND "aerobic exercise" or
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("aerobic exercise” OR "resistance training” OR "endurance training" OR "combined training")
AND "fatty liver" were utilized. The search timeframe was limited to the recent 10 years (from
2014 to the present), and precise inclusion and exclusion criteria were considered for selecting
articles. Articles were required to include studies that directly examined the impact of the exercises
of interest on fatty liver, while review articles, animal studies, and non-English or Persian articles
were excluded from the study. Following the search, the related articles were evaluated based on
abstracts and full texts, and the required data including the type, intensity, and duration of exercise,
participant characteristics, and results regarding fatty liver indicators were extracted. After
collection, duplicates were manually removed by comparing titles and abstracts. Then, two
researchers independently reviewed the titles and abstracts and assessed the remaining articles
based on predefined inclusion and exclusion criteria. In case of disagreement, a third researcher
made the final decision. Finally, the required information from the selected studies was extracted
and summarized using a table designed in Excel software. The quality of the selected studies was
evaluated using standard tools such as the PRISMA checklist.

Findings:

The present systematic study, with an initial search in various databases, found 140 relevant
articles on aerobic, resistance, and combined training on fatty liver. After that, duplicate cases
were manually removed by comparing titles and abstracts, which led to an initial evaluation of 100
articles. These articles underwent a precise full-text screening, and 32 articles were selected for
further review according to predetermined criteria. However, 14 articles were excluded because
they did not provide the original data (systematic reviews or meta-analyses), did not comply with
the quality assessment standards, or presented unclear results on resistance training or reported
combined data. Finally, 22 articles met all the entry criteria and were included in the systematic
review. The process of selecting articles was carried out in accordance with PRISMA guidelines
and is depicted in Figure 1. Figure 1 Ultimately, twenty-two studies were included in this
systematic review, all of which were randomized and controlled trials (RCTs). These studies used
a pre-test and post-test design, including a control group to effectively evaluate the impact of
aerobic, resistance, and combined exercises on fatty liver. The number of participants in these
studies varied, from 8 to 103 people, reaching a total of 780 participants. This significant sample
size increases the reliability of the findings and allows a more comprehensive analysis of the
effects of training interventions. Table 1 provides details of the selected studies. Table 1... 4-
Discussion NAFLD is a common disease characterized by the accumulation of fat in the liver. This
disease can lead to cirrhosis, liver failure, and liver cancer. Currently, there is no approved drug
treatment for NAFLD, but lifestyle changes, including exercise, have emerged as a promising
therapeutic intervention.

Discussion:

1-4- Types of exercises and their effects on NAFLD Numerous studies have examined the effects
of different types of exercise on NAFLD. Endurance exercises, also known as aerobic exercises,
have been shown to reduce plasma ceramide levels and increase plasma pentraxin-3 (PTX-3)
levels in men with NAFLD. These changes may help improve the condition of patients with
NAFLD by reducing inflammation and regulating liver fat metabolism. In addition, aerobic
exercise is associated with a significant reduction in liver enzyme levels ALT and AST in men
with NAFLD1. Ghamarchehreh et al. (2019) also showed that aerobic exercises are more effective
than resistance exercises in improving the blood lipid profile of the elderly with NAFLD and can
play a role in the management of this disease. On the other hand, resistance exercises have also
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shown their benefits in the management of NAFLD. Clarde et al. (2017) found that non-linear
resistance training can help improve liver function and increase muscle strength in postmenopausal
women with NAFLD. Similarly, Sadeghi et al. (2019) showed that TRX training can act as an
effective intervention in improving liver fat content and reducing serum levels of liver enzymes in
men with NAFLD. Recent studies have also examined the combined effects of aerobic and
resistance exercises. These combined exercises can also have a positive impact on the lipid profile
of patients with NAFLD, but the results showed that more positive effects were observed from
aerobic exercises. Overall, the available evidence suggests that aerobic exercises can have a
positive effect on the blood lipid profile of the elderly and this effect may be due to increased
physical activity and weight loss, which leads to lower LDL and higher HDL levels.... 2-4-
Intensity and duration of exercise The intensity and duration of exercise also play an important
role in determining its effectiveness in the management of NAFLD. Mahmoudi et al. (2018) used
a training program including running on a treadmill with an intensity of 55 to 75 percent of
maximum heart rate (HRmax) for 45 minutes, three times a week1. Ghamarchehreh et al. (2019)
also used an aerobic exercise program including three 45-minute sessions per week with an
intensity of 55-75% of heart rate reserve (HRR)1. Vonchai et al. (2021) found that the number of
weekly exercise sessions was positively associated with reduced liver fat content (r = 0.52; P =
0.001), and exercise training three sessions or more per week independently reduced liver fat
accumulation regardless of weight loss. In addition to the type, intensity and duration of exercise,
other factors may also affect its effectiveness in the management of NAFLD. These factors include
gender, age, race, and underlying health status. For example, Park et al. (2019) found that the
Silverrobics training program had no positive effect on liver enzymes, but given its positive effects
on glucose metabolism, it may play an important role in preventing liver diseases. Mahmoudi et
al. (2018) examined plasma changes in ceramide and pentraxin-3 (PTX3) after eight weeks of
endurance training in men with non-alcoholic fatty liver disease (NAFLD). In this study, 34
patients with NAFLD were randomly divided into two groups: endurance training group (n=17)
and control group (n=17). The training program included running on a treadmill with an intensity
of 55 to 75 percent of maximum heart rate (HRmax) for 45 minutes, three times a week. Fasting
blood samples were collected before the start and at the end of the eighth week. The results showed
that plasma ceramide levels decreased significantly in the endurance training group (p=0.013), and
there was also a significant difference between the two groups after the end of the period
(p=0.002). In contrast, plasma PTX3 levels increased significantly in the endurance training group
(p=0.001) and there was also a significant difference between the two groups (p=0.01). These
results show that eight weeks of endurance training leads to increased PTX3 levels and decreased
ceramide levels in men with NAFLD. Overall, the findings of Mahmoudi et al.'s research show
that endurance exercises can have a positive effect on plasma ceramide and PTX3 levels. These
changes may help improve the condition of patients with NAFLD by reducing inflammation and
regulating liver fat metabolism. Therefore, endurance exercises can be considered as an effective
intervention for the management of non-alcoholic fatty liver disease. Various studies have
examined the impact of exercise on inflammatory and metabolic markers. For example, Shams al-
Dini et al. showed that eight weeks of aerobic exercise leads to a significant decrease in the values
of liver enzymes ALT and AST in men with NAFLD. In another study, similar effects of endurance
exercises on resistin levels and other inflammatory markers were observed. These results suggest
that endurance exercises can improve the metabolic status of patients with NAFLD by reducing
inflammatory factors and increasing anti-inflammatory factors such as PTX3. Bagheri et al. (2023)
examined the effects of a 16-week high-protein diet combined with resistance or concurrent
training on body composition, muscle strength, function, and liver markers in men. The study
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included 48 men with an average age of 26 years and a body mass index of 25.6 kg/m2 who
performed four resistance training sessions per week for 16 weeks while consuming protein at a
rate of 1.6 g per kg of body weight. Various assessments including endurance, vertical jump and
pull-up were performed before, during and after the intervention. The results showed that all
functional criteria, including lean mass, muscle strength and power, increased significantly after
the intervention in all groups. However, the peak power increase in the RT2 group was greater
than the RT1 and CT1 groups (p< 0.05). VO2max also increased significantly in both CT groups
(p=0.001). The selection of biochemical indicators of kidney and liver function also had a
significant increase in the RT2 and CT2 groups (p< 0.05), but no significant difference was
observed between the groups (p> 0.05). In general, the conclusion of this study shows that except
for peak power, a daily intake of 1.6 grams of protein per kilogram of body weight seems to be
sufficient to maximize lean mass, muscle strength, function and aerobic capacity in both RT and
CT groups and does not affect markers of kidney and liver function. This suggests that this amount
of protein is tolerable for healthy young adults. Ghamarchehreh et al. (2019) conducted a study to
investigate the effect of eight weeks of aerobic and resistance training on the blood lipid profile of
elderly patients with NAFLD. In this study, 39 elderly patients with NAFLD were randomly
divided into three groups: aerobic training group (AG, n=13), resistance training group (RG, n=13)
and control group (CG, n=13). The AG group participated in an eight-week aerobic training
program consisting of three 45-minute sessions per week with an intensity of 55-75% of heart rate
reserve (HRR). The RG group also participated in a similar resistance training program with an
intensity of 70-50% of one repetition maximum (1RM). The blood lipid profile of patients was
evaluated initially and after eight weeks. The results of this study showed that there was no
difference between the two groups at the beginning. However, after eight weeks, cholesterol and
LDL decreased in the aerobic training group with p=0.02 and respectively. Also, HDL improved
following aerobic exercise (p=0.008). Instead, neither aerobic nor resistance exercises had an
effect on triglycerides (TG). Overall, this study concludes that aerobic exercise is more effective
than resistance training in improving the blood lipid profile of elderly patients with NAFLD and
can play a role in the management of this disease. The conclusion of this study shows that aerobic
exercises can have a positive effect on the blood lipid profile of the elderly with NAFLD. The
reason for this effect may be due to increased physical activity and weight loss, which leads to
lower LDL and higher HDL levels. Also, these findings are consistent with other research showing
that sports activities can act as an effective intervention for the management of metabolic and liver
diseases. The study by Hosseini et al. (2020) showed that combined exercises (aerobic and
resistance) can also have a positive effect on the lipid profile of patients with NAFLD, but the
results showed that more positive effects were observed from aerobic exercises. Compared to the
results of Ghamarchehreh et al., the findings of these studies indicate the positive effect of physical
activity on the lipid profile, although the exact results may vary depending on the type of exercise
and demographic characteristics. In general, the available evidence suggests that aerobic exercises
can have a positive effect on the blood lipid profile of the elderly and this effect may be due to
increased physical activity and weight loss, which leads to lower LDL and higher HDL levels.
Clarde et al. (2017) examined the effect of this type of exercise on the levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma
glutamyl transferase (GGT), total bilirubin and platelet count in women with fatty liver. In this
study, 23 postmenopausal women between 60 and 71 years of age with non-alcoholic fatty liver
were randomly divided into two groups: a non-linear resistance training group (12 people) and a
control group (11 people). The training group performed resistance exercises with different
intensities for 12 weeks, 3 sessions per week, while the control group continued their normal lives.
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Before and after the 12-week period, blood samples were taken from the participants and liver
enzyme levels were measured. The results of this study showed that after 12 weeks of non-linear
resistance training, ALT (p=0.013) and AST (p=0.000) levels decreased significantly in the
training group, while no significant change was observed in the control group (p>0.05). ALP,
GGT, total bilirubin and platelet counts did not change significantly in either group. Also, muscle
strength improved significantly in the resistance training group (p=0.000). Overall, the results of
this study show that non-linear resistance training can help improve liver function and increase
muscle strength in postmenopausal women with non-alcoholic fatty liver. Sadeghi et al. (2019)
examined the effect of eight weeks of total body resistance training on liver function in patients
with NAFLD. In this study, 22 men with NAFLD were randomly divided into two groups: the
TRX training group (11 people) and the control group (11 people). The TRX group performed
three sessions per week for eight weeks, and each.

Conclusion:

Exercise is recommended as an important non-pharmacological therapeutic strategy for managing
NAFLD. Various types of exercise, particularly aerobic and resistance training, can have a positive
impact on managing this disease. The intensity, duration, and type of exercise should be tailored
to the individual characteristics of the patient.
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