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Abstract 

Background & aims: Exercise is a first-line therapy for patients with 

non-alcoholic fatty liver disease (NAFLD). We sought to 1) summarize effective 

aerobic and resistance exercise protocols for NAFLD and 2) compare the effects 

and energy consumption of aerobic and resistance exercises. 

Methods: A literature search was performed using PubMed, Web of Science, 

and Scopas to January 28, 2016. From a total of 95 articles, 23 studies including 

24 aerobic and 7 resistance exercise protocols were selected for the summary of 

exercise protocols. Twelve articles including 13 aerobic and 4 resistance 

exercise protocols were selected for the comparative analysis. 

Results: For aerobic exercise, the median effective protocol was 4.8 metabolic 

equivalents (METs) for 40 min/session, 3 times/week for 12 weeks. For 

resistance exercise, the median effective protocol was 3.5 METs for 45 

min/session, 3 times/week for 12 weeks. Aerobic and resistance exercise 

improved hepatic steatosis. No significant difference was seen in the duration, 

frequency, or period of exercise between the two exercise groups; 

however, %VO2max and energy consumption were significantly lower in the 

resistance than in the aerobic group (50 [45-98] vs. 28 [28-28]%, P = 0.0034; 

11,064 [6,394-21,087] vs. 6,470 [4,104-12,310] kcal/total period, P = 0.0475). 

Conclusions: Resistance exercise improves NAFLD with less energy 

consumption. Thus, resistance exercise may be more feasible than aerobic 

exercise for NAFLD patients with poor cardiorespiratory fitness or for those who 

cannot tolerate or participate in aerobic exercise. These data may indicate a 

possible link between resistance exercise and lipid metabolism in the liver. 
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Key Point Box 

� Both aerobic and resistance exercise reduce hepatic steatosis in 

non-alcoholic fatty liver disease (NAFLD) with similar frequency, duration, 

and period of exercise (40-45 min/session 3 times/week for 12 weeks); 

however, the 2 forms of exercise have different characteristics. 

� Intensity and energy consumption were significantly lower for resistance 

than for aerobic exercise. 

� Resistance exercise may be more feasible than aerobic exercise for NAFLD 

patients with poor cardiorespiratory fitness or for those who cannot tolerate 

or participate in aerobic exercise. 
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Introduction 

Exercise is a first-line therapy for patients with various chronic diseases 

[1, 2]. It results not only in an increase in energy consumption and muscle 

strength, but also an improvement of arthritis and depression [2]. These 

pleiotropic effects are thought to be beneficial for patients with metabolic 

syndrome, including for non-alcoholic fatty liver disease (NAFLD), its hepatic 

manifestation. The latter is a risk factor for the development of diabetes mellitus, 

cardiovascular disease, cirrhosis, and hepatocellular carcinoma [3, 4]. Since 

there are no approved pharmacotherapies for NAFLD, exercise is a cornerstone 

for the management of patients with NAFLD [5, 6]. Both aerobic and resistance 

exercises improve several health outcomes in patients with NAFLD [5, 6]; 

however, they have different characteristics. 

Aerobic exercise, such as walking and cycling is a low-cost 

non-pharmacological intervention, irrespective of place, and available to the vast 

majority of the general public. A feature of aerobic exercise is higher energy 

consumption during the exercise session. Aerobic exercise reduces body weight 

as well as other variables associated with NAFLD, such as hemoglobin A1c, 

resting blood pressure, and serum cholesterol levels [7]. On the other hand, 

aerobic exercise causes fatigue and discomfort, leading to poor long-term 

compliance. Since it requires high cardiorespiratory fitness, such exercise can 

itself be detrimental to those with cardiovascular disease [8]. 

Resistance exercise is any form of exercise that causes the muscles to 

contract against external resistance with the expectation of increasing muscular 

strength, mass and bone density. Resistance exercise also improves 
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dyslipidemia, hypertension, and insulin resistance [8-10]. One feature of 

resistance exercise is that it improvements metabolic parameters with less 

energy consumption [11]. Thus, resistance exercise may be more feasible for 

subgroups of patients with NAFLD, particularly those with poor cardiorespiratory 

fitness or those who are overweight and cannot tolerate or participate in aerobic 

fitness [4]. However, resistance exercise might be less accessible than aerobic 

exercise because of the requirement for specialized equipment and specific 

exercise methods. 

Informative reviews regarding exercise prescription for NAFLD have 

been published, highlighting that both aerobic and resistance exercise can 

improve NAFLD [5, 6, 12-19]. However, the most effective exercise protocol, 

such as the required frequency, intensity, and duration of aerobic and resistance 

exercises for the improvement of NAFLD remains unclear. Moreover, given the 

high prevalence of cardiovascular diseases in NAFLD [20], the choice of 

exercise type in relation to exercise energy consumption has not been 

compared. 

Hence, the aims of this systematic review were to first summarize the 

required frequency, intensity, and duration of aerobic and resistance exercise 

required for improvement of hepatic steatosis in NAFLD. Additionally, we 

compared the therapeutic effects on hepatic steatosis between aerobic and 

resistance exercise regimens with regard to energy consumption. 
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Materials and Methods 

Data Sources 

A search of the published literature was performed using the PubMed, 

Web of Science, and Scopas databases to January 28, 2016. 

 

Search Terms 

The following search terms were used to identify potential articles: 

non-alcoholic steatohepatitis OR nonalcoholic steatohepatitis OR fatty liver OR 

NAFLD OR NASH; aerobic exercise OR aerobic training OR walking OR jogging 

OR treadmill OR running OR swimming; resistance exercise OR resistance 

training OR muscle exercise OR muscle training; patients OR subjects in 

combination with the Boolean operators AND and OR by 2 study investigators 

(R.H. and T.K.). The title and abstract of studies identified in the search were 

independently reviewed by 2 authors (R.H. and T.K.) to exclude studies that did 

not answer the research questions of interest. References within each report 

that met the selection criteria were manually searched for other potentially 

relevant studies. All relevant abstracts and full text peer reviewed articles 

published in English were collected for analysis. 

 

Inclusion and Exclusion Criteria 

Articles were selected if they met the following inclusion criteria: (1) 

study design: randomized controlled trial, non-randomized controlled clinical trial, 

before and after clinical trial, or observational cohort study; (2) study issue: the 

effects of therapeutic exercise on hepatic steatosis in patients with NAFLD; (3) 
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exercise type: aerobic or resistance exercise; (4) study subjects: patients with 

NAFLD diagnosed by a combination of biochemical examinations and liver 

biopsy or abdominal imaging including ultrasonography, computed tomography, 

and magnetic resonance (MR) imaging. Studies were excluded if they (1) were 

not original research (systematic review, narrative review, commentary, or 

editorial), (2) were case reports or conference abstracts, (3) did not provide 

sufficient data for this study, (4) were animal studies, or (5) were non-English 

literature. 

To identify factors associated with an improvement in NAFLD, we 

combined aerobic and resistance exercise protocols. The combined database 

was analyzed by multivariate stepwise analysis and also using a decision tree 

algorithm. 

In a comparative analysis between aerobic and resistance exercise, 

studies that did not provide body weight before initiation of therapeutic exercise 

were excluded, because body weight data is required to estimate energy 

consumption. To match the duration and period between aerobic and resistance 

exercises, exercises with a duration of less than 20 min or a period of less than 1 

week or more than 12 weeks were excluded. 

 

Quality assessment of the included studies 

 The quality of included studies was independently assessed by two 

authors (R.H. and T.K.). Non-randomized and randomized controlled studies 

were assessed by the criteria formulated by the Cochran Effective Practice and 

Organization of Care group [21]. Before-after studies were assessed based on 
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the Quality Assessment Tool for Before-After (Pre-Post) Studies With No Control 

Group developed by National Institutes of Health [22]. Case-control studies were 

assessed by the Newcastle-Ottawa scale [23]. 

 

Estimation of Energy Consumption of Exercise 

To compare the effects of exercise on hepatic steatosis among the 

studies, the energy consumption of exercise was estimated by the following 

formula: Energy consumption of exercise (kcal) = exercise intensity (metabolic 

equivalents; METs) × exercise time (hours) × body weight (kg) [24]. In this review, 

the mean body weight and mean exercise time of each study were used. 

Exercise intensity was converted to METs based on a previous report [24]. 

 

Conversion of different measures of relative exercise intensity into percentage 

maximum oxygen consumption (%VO2max) 

 The equation used to determine the energy consumption of exercise can 

bias the results of studies designed to evaluate the effects of frequency, duration, 

and intensity of physical activity on specific health outcomes in clinical studies. 

Therefore, different measures of relative exercise intensity such as percentage 

of heart rate reserve were converted into %VO2max based on The American 

College of Sports Medicine’s Guidelines for Exercise Testing and Prescription 

[25] and %VO2max was used a comparator across studies. 

 

Statistical Analysis 

Data are expressed as the number, median (range), or mean ± standard 
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deviation. Nonparametric comparisons were made using the Wilcoxon 

signed-rank test (JMP Pro12, SAS Institute Inc., Cary, NC, USA). To identify 

factors associated with the improvement of NAFLD, multivariate stepwise 

analysis and a decision tree algorithm were employed as previously described 

[26, 27]. The level of statistical significance was set at P < 0.05. 
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Search Results 

We identified 84 articles using the pres-specified search criteria. Eleven 

additional reports were identified from the article references (Figure 1). There 

was no duplication in the reports; therefore a total of 95 articles were screened. 

We removed 72 articles for the following 6 reasons: different topic (n = 25), no 

hepatic imaging assessment (n = 20), review article (n = 11), non-interventional 

study (n = 9), basic study (n = 6), and a mixture of aerobic and resistance 

exercise (n = 1). As a result, 23 reports including 24 aerobic and 7 resistance 

exercise protocols were employed for Review 1, which summarized the required 

frequency, intensity, and duration of aerobic and resistance exercises for the 

improvement of hepatic steatosis in NAFLD (Figure 1). In addition, factors or 

profiles associated with an improvement in NAFLD were investigated. In the next 

phase, a further 12 articles were removed because of insufficient information 

regarding the estimation of exercise energy consumption (n = 8) and the 

duration and period of exercise (n = 4). Thus, 12 articles including 13 aerobic 

and 4 resistance exercise protocols were employed for Review 2, comparing 

the %VO2max, energy consumption and therapeutic effects of aerobic versus 

resistance exercise for NAFLD (Figure 1). 

 

Quality of the included studies 

 The quality of the included studies are summarized in Supplementary 

Tables 1 - 3. The quality of non-randomized and randomized controlled trials was 

moderate to high. The most common reason for high risk was that participants in 

the intervention group could not be blinded (Supplementary Table 1). The quality 
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of before-after studies was fair to good. The common reasons for high risk were 

the following two issues: 1) outcome measures were not taken multiple times 

before and after the intervention, and 2) the intervention was not conducted at a 

whole hospital or community level (Supplementary Table 2). The quality of the 

case-control studies was 5/9. The most common reasons for high risk were lack 

of community controls and non-blinded interview to cases and controls 

(Supplementary Table 3). 

 

Systematic Review 1; Frequency, intensity, and duration of exercise for 

improvement of hepatic steatosis in NAFLD 

1. Aerobic Exercise 

There were 24 exercise protocols in 18 articles that assessed the effect of 

aerobic exercise on hepatic steatosis by abdominal imaging including abdominal 

ultrasonography or MR spectroscopy. The patients’ characteristics, exercise 

protocols, and results are summarized in Table 1 and 2. A decrease in hepatic 

steatosis was seen in 91.7% (22/24) of the protocols from 17 studies (total 

number of patients; n = 582). In the 22 exercise protocols, the median age was 

48 years and median body mass index (BMI) 30.9 kg/m2. The frequency of 

exercise was 3 times per week in all studies. Median METs, duration, and 

exercise period were 4.8 METs, 40 min, and 12 weeks, respectively. The median 

protocol was consistent with the 2008 US Physical Activity Guidelines for Adults, 

which recommends the accumulation of 120 minutes of moderate intensity 

activity accumulated most days of the week [28]. 

With aerobic exercise, changes in BMI and serum alanine 
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aminotransferase (ALT) levels were -0.7 kg/m2 and -10 IU/L (Table 2). Nine of 22 

protocols (40.9%) showed an improvement in hepatic steatosis without 

significant weight loss. MR spectroscopy was performed in 10 protocols (n=169) 

and demonstrated a median decrease in intrahepatic lipid of 2.65%. 

Most of the 22 exercise protocols investigated the effect of conventional 

aerobic exercise, such as walking or cycling with a constant intensity. However, 

Hallsworth et al. [29] recently examined a new type of aerobic exercise, 

high-intensity interval training (HIIT), in patients with NAFLD. HIIT is an aerobic 

exercise consisting of high-intensity bouts of exercise and recovery periods as 

follows: a 5-min warm up at a very light intensity followed by 5 intervals of cycling 

at a very hard intensity interspersed with 3-min recovery periods and followed by 

a 3-min cool down after the last interval. HIIT can provide comparable or greater 

benefits to cardiorespiratory fitness than continuous moderate-intensity exercise 

of a longer duration. In the study, 12 patients enrolled in a cycle 

ergometer-based HIIT protocol for 30-40 min sessions 3 times per week for 12 

weeks [29]. HIIT reduced 2 kg of whole body fat mass, 10 IU/L of serum ALT and 

2.8% of hepatic lipids by MR spectroscopy. Although HIIT is not suitable for 

NAFLD patients with cardiovascular complications, it may be suitable for 

patients who have insufficient time for exercise. 

 Although the majority of studies showed an improvement in hepatic 

steatosis by aerobic exercise, 2 protocols showed no significant change. In the 

study by Fealy et al., 13 participants performed 60 min of supervised aerobic 

exercise (treadmill walking) at 80-85% of maximum heart rate (approximately 5.5 

METs) [30]. The median MET and duration of exercise in this study was higher 
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and longer than that in the other 23 protocols. However, the period of exercise 

was only 7 consecutive days, shorter than that in the other 23 protocols. In 

another study by Keatng et al, the “placebo group” performing 5-minute low 

intensity (approximately 3.5 METs) cycling exercise demonstrated no 

improvement in hepatic steatosis. However, the other 3 active intervention 

groups expending 4.8-5.5 METs reduced hepatic steatosis. Oh et al. reported a 

significant correlation between the volume of aerobic exercise and the degree of 

decrease in steatosis [31]. Thus, very short or low intensity exercise may be 

insufficient for improving hepatic steatosis. In fact, estimated exercise energy 

consumption was 3,861.6 kcal/total period and 634.9 kcal/total period in the 

studies by Fealy et al. [30] and Keating et al. [32], respectively (data not shown). 

In contrast, the median estimated exercise energy consumption was 11,064 

(range: 6,394-2,1087) kcal/total period in an effective aerobic exercise protocol 

(Figure 3F). Although the minimum requirement of exercise energy consumption 

for improvement of NAFLD remains unclear, 6,394 kcal/total period of aerobic 

exercise is the lowest reported exercise energy consumption for improvement of 

NAFLD [32]. 

 

2. Resistance Exercise 

 There were 7 protocols in 7 studies that assessed the effect of 

resistance exercise on hepatic steatosis by abdominal imaging including 

ultrasound or MR spectroscopy. The protocols and the results are summarized in 

Table 3 and 4. A reduction of hepatic steatosis was seen in 85.7% (6/7) of the 

protocols including 5 randomized controlled trials (total number of patients; n = 
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116). Among the 7 protocols, the median age was 49.2 years and median BMI 

was 30.6 kg/m2. The frequency of exercise was 3 times per week in all studies. 

Median METs, duration, and period of exercise were 3.5 METs, 45 min, and 12 

weeks, respectively. 

With resistance exercise, changes in BMI and serum ALT levels were 

-0.35 kg/m2 and -5.3 IU/L (Table 4). Among the 7 protocols, 3 (50%) 

demonstrated an improvement in hepatic steatosis without significant weight 

loss. MR spectroscopy was performed in 3 studies and showed a decrease in 

levels of intrahepatic lipids by 13%, 2%, and 12%, respectively. 

Most of the studies used weight machines with specialized environment 

and equipment. However, Takahashi et al. evaluated the effect of a simple, 

convenient and safe resistance exercise program [33]. Squats and push-ups that 

use body weight as a load are simple resistance exercises that affect muscle 

strength. The authors evaluated the effects of push-ups and squats with a 

protocol of 3 sets of 10 push-ups and 3 sets of 10 squats at 1-min intervals per 

set over a period of 20-30 min 3 times per week for 12 weeks. They found a 

significant interaction with increased muscle mass and a decrease in ALT level 

and a decrease in hepatic steatosis as evaluated by ultrasonography [33]. These 

findings imply that specific equipment is not necessarily required to improve 

hepatic steatosis by resistance exercise. 

 One study by Slentz et al. [34] demonstrated no improvement in hepatic 

steatosis by resistance exercise. There was no marked difference in age, 

exercise duration, frequency of exercise, and energy consumption per exercise 

between that study and the other 6 others. Although it remains unclear why 
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resistance exercise failed to improve hepatic steatosis, the resistance exercise 

program by Slentz et al. lasted 32 weeks and subjects showed a significant 

increase in body weight. On the other hand, the median exercise period for the 

other 6 studies was 12 weeks. Although the effects of long-term resistance 

exercise remain unclear, it is evident that 12-week resistance exercise improves 

steatosis in patients with NAFLD. 

According to previous reports, general resistance exercise consists of 3 

sets of 8-12 repetitions, 3 times per week. In order to increase exercise energy 

consumption, it is recommended to use 7 to 8 different types of weight training 

exercises targeting the major muscles, including the pectoralis major, latissimus 

dorsi, gluteus maximus, quadriceps femoris, and hamstring muscles (e.g. chest 

press, shoulder press, vertical traction, leg press, leg extension, leg curl, 

abdominal crunch, and bicep curl). Moreover, we noticed that changes in BMI 

after resistance exercise were only -0.35 kg/m2 (versus -0.7 kg/m2 for aerobic 

regimens), and 50% (3/6) of reports demonstrated an improvement in steatosis 

independent of body weight reduction. These findings indicate that the 

therapeutic characteristics of resistance exercise may be different from that of 

aerobic exercise in patients with NAFLD. 

 

3. Factors and profiles associated with the improvement of NAFLD 

 To identify factors associated with the improvement of NAFLD, we 

combined the 24 aerobic protocols and the7 resistance exercise protocols. 

Patient characteristics are summarized in Table 5. In a multivariate stepwise 

analysis, there was a tendency towards an improvement in NAFLD with sex 
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(male ratio; Odds ratio -8.2, 95% CI -28.3 to 0.33, P=0.06); however, none of the 

factors were significantly associated with improvement of NAFLD. Since 

complex interactions of these risk factors may underlie the improvement in 

NAFLD, we also performed a decision tree analysis to identify profiles 

associated with an improvement in NAFLD. 

 The decision-tree algorithm is an exploratory technique of data-mining 

that represents a series of rules for classification by identifying priorities based 

on automated analysis [26, 27]. The decision-tree algorithm was created with 

two variables: sex and type of exercise. Male ratio was selected as the variable 

for the initial split with a cut-off value of 42%. Type of exercise (aerobic exercise 

or resistance exercise) was selected as the second split. In studies with a male 

ratio ≥ 42%, 95% (19/20) of protocols showed an improvement of NAFLD. In 

contrast, 81.8% (9/11) of protocols showed an improvement of NAFLD in studies 

with a male ratio < 42%. In addition, in protocols with a male ratio ≥ 42%, all 

protocols showed an improvement of NAFLD by aerobic exercise (Group1 in 

Figure 2). On the other hand, in protocols with a male ratio < 42%, all protocols 

showed an improvement of NAFLD by resistance exercise (Group4 in Figure 2). 

These data suggest that there is a sex difference in the effectiveness of exercise 

on the improvement of NAFLD. Furthermore, to improve NAFLD, aerobic and 

resistance exercise may be recommended for male and female patients, 

respectively. Moreover, age was not detected as a factor associated with the 

improvement of NAFLD, suggesting that exercise is effective regardless of age. 

 

Review 2; Comparison of the therapeutic effects on hepatic steatosis and 
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exercise energy consumption between aerobic and resistance exercise 

Several studies investigated the difference between aerobic and 

resistance exercises with respect to the improvement in hepatic steatosis. 

However, which exercise is suitable for patients with NAFLD remains 

controversial. A standard measurement of exercise is energy consumption (kcal) 

estimated by exercise intensity (METs), exercise time (hours), and body weight 

(kg) [24]. Therefore, we next compared the therapeutic effects on hepatic 

steatosis and exercise energy consumption of aerobic and resistance exercise. 

There was no significant difference between the aerobic and resistance 

exercise groups in age, sex, baseline body weight, baseline BMI, or the number 

of studies that included diet consultation (Table 6). There was no significant 

difference in changes in BMI, serum ALT levels or intrahepatic lipids between the 

aerobic and resistance exercise groups (Table 6), indicating that both regimens 

improved NAFLD equally. For exercise-related variables, there was no 

significant difference in duration, frequency, or period of exercise between the 

aerobic and resistance exercise groups (Figure 3 A-C). However, in the 

resistance exercise group, the %VO2max and METs of exercise were 

significantly lower (Figure 3 D and E), and energy consumption (kcal/exercise) 

tended to be lower than in the aerobic exercise group (Figure 3 F). Similarly, total 

energy consumption (kcal/total period) was significantly lower in the resistance 

exercise group than that in the aerobic exercise group (Figure 3 G). We also 

performed a comparative analysis between aerobic and resistance exercise by 

using studies that employed 1HMR spectroscopy as an outcome measurement. 

As shown in Supplementary Table 4, no significant difference was seen for 
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changes in intrahepatic lipid, exercise duration, exercise frequency, and exercise 

period. However, %VO2max and METs were significantly lower in the resistance 

exercise group compared to that in the aerobic exercise group (Supplementary 

Table 4). These data indicate that aerobic and resistance training improves 

NAFLD through different mechanisms. 

Moderate aerobic exercise is exceptionally difficult in a subset of NAFLD 

patients such as those who are morbidly obese, incapacitated or bedridden 

individuals, elderly patients, or those with other mobility-limiting comorbidities. 

Resistance exercise also has risks for such NAFLD patients; however, low 

intensity exercise may offer a therapeutic option to patients with NAFLD who are 

debilitated by comorbid illnesses. There are advantages and disadvantages of 

resistance exercise, and physicians should consider the aspects that may limit a 

person's ability to participate in lifestyle modification such as motivation, access 

to gym facilities, and physical limitations. 

 

Mechanisms by which aerobic and resistance exercise may improve hepatic 

steatosis 

It is well documented that aerobic exercise causes lipolysis in various 

tissues including adipose tissues [35, 36], leading to acetyl-CoA production 

through up-regulation of β-oxidation. Acetyl-CoA is metabolized to protons in the 

tricarboxylic acid cycle, resulting in adenosine triphosphate production in the 

electron transport system of mitochondria [36]. Aerobic exercise also 

up-regulates uncoupling protein-1 and peroxisome proliferator-activated 
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receptor γ, leading to lipolysis in adipose tissues [37-41]. In addition, Aghapour 

et al. have demonstrated that aerobic exercise decreases serum levels of 

resistin in postmenopausal women with hypertension [42]. Moreover, Haus et al. 

have reported that aerobic exercise increases serum levels of high molecular 

weight adiponectin in patients with NAFLD [43]. Nikseresht et al. also showed 

that aerobic exercise increases serum adiponectin levels [44]. Taken together, 

aerobic exercise may improve NAFLD thorough activation of lipolysis, 

up-regulation of uncoupling protein-1 and peroxisome proliferator-activated 

receptor γ, and alteration of adipocytokines (Figure 4). 

Resistance exercise in contrast improves hepatic steatosis with less 

energy consumption. Why resistance exercise improves hepatic steatosis 

remains unclear; however, a possible explanation is a muscle fiber type-specific 

alteration by resistance exercise. Muscle fibers are classified into 2 major types 

(type I and type II) based on their energy metabolism [45]. A feature of type I 

fibers is slow oxidative, while type II fibers have fast glycolytic metabolism [45]. 

Verdijk et al. reported resistance exercise causes hypertrophy of type II but not 

type I fibers in elderly men [46]. Moreover,a Gallagher et al. reported that 

resistance exercise increases glucose transporter 4 expression in type II fibers in 

healthy men, a change not seen in type I fibers [47]. In addition, Oh et al. 

demonstrated that resistance but not aerobic exercise, up-regulates key 

molecules of intracellular insulin sensitivity including AMP-activated protein 

kinase and caveolins in type II muscle fibers of 50 week-old rats [48]. Thus, 

resistance exercise may change muscle characteristics, leading to an 
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improvement of hepatic steatosis through up-regulation of glycolysis and 

amelioration of insulin resistance (Figure 4). 

Another possible mechanism for resistance exercise-induced 

improvement of NAFLD is organ-to-organ interaction. Skeletal muscles are able 

to interact with other organs by secreting cytokines or peptides called “myokines” 

[49, 50]. Irisin is an exercise-induced myokine that increases 

thermogenesis-related energy consumption through the browning of 

subcutaneous adipocytes [51]. In addition, irisin has been reported to modulate 

lipid metabolism in hepatocytes. Recombinant irisin inhibits the palmitic 

acid-induced increase in master regulators of lipogenesis, including sterol 

regulatory element-binding protein-1c and lipogenic enzymes such as fatty acid 

synthase in hepatocytes [52]. Overexpression of irisin improves hepatic 

steatosis in obese mice [53]. In patients with NAFLD, serum irisin levels are 

reported to be lower than that in healthy individuals [54]. Recently, Kim et al. 

investigated the effects of aerobic and resistance exercises on circulating irisin 

levels and demonstrated that the circulating irisin level was significantly 

increased in the resistance exercise but not in the aerobic exercise group [55], 

indicating that the former is specifically linked to lipid metabolism in the liver. 

Thus, a possible reason why resistance exercise improves NAFLD despite lower 

energy consumption may be a muscle-liver crosstalk through which irisin inhibits 

lipogenesis in hepatocytes (Figure 4). 

 

Limitations 

Validity of the outcome measurement 



  

Hashida R et al. 23 

 This systematic review included 10 protocols that used ultrasonographic 

steatosis as the outcome. Other studies employed 1HMR spectroscopy or CT for 

the evaluation of steatosis, and, therefore, the outcome measurement was 

heterogenous across the reports. Although comparisons of changes in hepatic 

steatosis between aerobic and resistance exercise by using studies that only 

utilised 1HMR spectroscopy showed similar results as for the whole analysis, the 

number of studies were small and further validation is required. 

 

The impact of exercise on hepatic fibrosis 

Changes in hepatic fibrosis, rather than steatosis, is an important 

outcome prognostically for patients with NAFLD. There were 3 studies which 

evaluated the effects of exercise on hepatic fibrosis by repeated biopsy. Two 

studies, by Ueno et al. [56] and Bhat et al. [57] showed no significant 

improvement of hepatic fibrosis. However, the third study by Vilar Gomez E et al. 

[58] showed a significant improvement of hepatic fibrosis after a lifestyle 

intervention that combined both diet and exercise components. The patients’ 

characteristics and exercise protocols were similar among the 3 studies. Thus, it 

is still unclear if exercise is able to improve hepatic fibrosis. 

 

Head-to-head comparisons between aerobic and resistance exercise 

 There were only 3 studies which undertook a head-to-head comparison 

between aerobic and resistance exercise for hepatic steatosis. Although Slentz 
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et al. [34] demonstrated that aerobic exercise is more effective than resistance 

exercise for improving hepatic steatosis, Bacchi et al. [59] and Shamsoddini et al. 

[60] demonstrated that both were equally effective. Thus, it remains 

controversial as to which type of exercise is more beneficial for patients with 

NAFLD and caution needs to be exercised in interpreting the current data. 

 

The impact of high- vs. Low-volume resistance training programs on hepatic 

steatosis. 

The median protocol for resistance exercise was based on a small 

number of protocols, and the duration and intensity were largely fixed. Further, 

no study has investigated changes in hepatic steatosis by different intensities of 

resistance exercise, nor how to effectively and safely deliver resistance exercise 

programs to patients with NAFLD. These aspects therefore represent an unmet 

research need.  

 

Conclusion 

 Based on this systematic review, resistance exercise improves NAFLD 

with less energy consumption and, therefore, may be more feasible than aerobic 

exercise for NAFLD patients with poor cardiorespiratory fitness or for those who 

cannot tolerate or participate in aerobic exercise. In addition, these data suggest 

a possible link between resistance exercise and lipid metabolism in the liver. The 

muscle-liver axis may be important in elucidating the pathogenesis of NAFLD 
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and for drug development. 
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Figure legends 

Figure 1. A flow chart summarizing article identification and selection for the 

systematic review. Abbreviation: NAFLD, Non-alcoholic fatty liver disease 

 

Figure 2. Decision-tree algorithm for improvement of NAFLD. The exercise 

protocols were classified according to the indicated cut-off value for male ratio or 

type of exercise. The pie graphs indicate the proportion of exercise protocols 

with improvement of NAFLD (white) or protocols with no improvement (black). 

Abbreviation: NAFLD, non-alcoholic fatty liver disease 

 

Figure 3. Comparisons of exercise protocol and energy consumption between 

aerobic and resistance exercise. (A) Exercise duration, (B) Frequency of 

exercise, (C) Exercise period, (D) METs, (E) Energy consumption/exercise, and 

(F) Energy consumption/total period. Data are expressed as median (range). 

Nonparametric comparisons were made using the Wilcoxon signed-rank test. 

The level of statistical significance was set at P < 0.05. Abbreviation: METs, 

metabolic equivalents. 

 

Figure 4. A scheme of different mechanisms for the improvement of NAFLD 

between aerobic and resistance exercises. Abbreviations: NAFLD, non-alcoholic 

fatty liver disease; UCP-1, uncoupling protein-1; PPARγ, peroxisome 

proliferator-activated receptor γ; GLUT4, glucose transporter 4; AMPK, 

AMP-activated protein kinase. 
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Table 1. Characteristics of aerobic exercise protocols 

Protocol 

number 
Author name Study design n Age (year) Female/male BMI Body weight (kg) 

Dietary 

counseling 

1 Ueno T et al. Non-randomized controlled trial 15 39.0 7/8 31.0  83.0  Yes 

2 Chen SM et al. Non-randomized controlled trial 16 40.1 6/10 30.2  83.3  Yes 

3 
 

Non-randomized controlled trial 23 36.0 7/16 30.7  85.3  No 

4 Kantartzis K et al. Before-after study 50 47.4 22/28 31.5  N/A Yes 

5 Johnson NA et al. Randomized controlled trial 12 49.1 N/A 32.2  94.4  No 

6 Vilar Gomez E et al. Randomized controlled trial 30 49.0 14/16 31.5  82.4  Yes 

7 Slentz CA et al. Randomized controlled trial 48 49.5 26/22 30.4  88.5  No 

8 Sullivan S et al. Randomized controlled trial 12 48.6 8/4 37.1  N/A No 

9 Bhat G et al. Non-randomized controlled trial 45 40.1 8/37 26.7  N/A Yes 

10 Bacchi E et al. Randomized controlled trial 14 55.6 10/4 30.5  N/A Yes 

11 Haus JM et al. Before-after study 17 54 N/A 34.4  100.2  No 

12 Khaoshbaten M et al. Non-randomized controlled trial 45 35.6 16/29 28.9  84.2  No 

13 Yoshimura E et al. Randomized controlled trial 12 61.0 11/4 27.3  68.6  Yes 

14 Oh S et al. Case-control study 40 52.6 0/40 29.4  86.1  Yes 

15 
 

Case-control study 42 49 0/42 28.8  82.9  Yes 

16 
 

Case-control study 87 51.9 0/87 29.2  84.3  Yes 

17 Keating SE et al. Non-randomized controlled trial 12 44.2 6/6 36.3  103.0  No 

18 
 

Non-randomized controlled trial 12 45.5 7/5 33.9  96.1  No 

19 
 

Non-randomized controlled trial 12 45.6 9/3 31.3  88.8  No 

20 Hallsworth K et al. Randomized controlled trial 12 54.0 N/A 31.0  90.0  No 

21 Shamsoddini A et al. Randomized controlled trial 10 39.7 0/10 28.1  85.7  No 

22 Lee S et al Randomized controlled trial 16 15.2 0/16 33.6  106.5  Yes 

Median (ranges) or sum of the effective protocols 582 48 (15.2-61.0)  157/387 30.9 (26.7-37.1) 85.9 (68.6-106.5) 11 

23 Fealy CE et al. Before-after study 13 58.0 N/A 35.2  100.3  No 

24 Keating SE et al. Randomized controlled trial 12 39.1 9/3 32.2  90.7  No 
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Table 1. Continue 

Exercise duration (min) Frequency of exercise (days/week) METs Exercise Period (week) Reference 

40 5 4.8 12  [56] 

60 2 5.5 10  [61] 

60 2 5.5 10  [61] 

N/A N/A 4.8 35  [62] 

37.5 3 5.5 4  [63] 

40 5 4.8 24  [58] 

39 3 5.5 32  [34] 

44.8 5 4.8 16  [64] 

30 5 5.5 24  [57] 

60 3 4.8 16  [59] 

55 7 5.5 1  [43] 

30 3 7.3 12  [65] 

60 5 4.8 12  [66] 

14.5 3 4.8 12  [31] 

30.9 3 4.8 12  [31] 

58.5 3 4.8 12  [31] 

37.5 3 5.5 8  [32] 

70 4 4.8 8  [32] 

37.5 3 4.8 8  [32] 

35 3 7 12  [29] 

45 3 4.8 8  [60] 

60 3 5.5 12  [67] 

40 (14.5－70) 3 (2-7) 4.8 (4.8-7.3) 12 (1-35)   

60 7 5.5 1  [30] 

5 3 3.5 8  [32] 

Note. Data are expressed as median or number. Abbreviations, BMI, body mass index; METs, metabolic equivalents; N/A, not applicable. 
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Table 2. Results of aerobic exercise protocols 

Protocol 

number 

Improvement 

of hepatic 

steatosis 

Assessment modality 

for hepatic steatosis 

Main finding for 

improvement of hepatic 

steatosis 

Changes 

in BMI 

Changes in body 

weight (kg) 

Significant 

Weight loss 

Changes 

in ALT 

Changes in 

intrahepatic lipid 

(%) evaluated by 

1
HMR spectroscopy 

Refer

ence 

1 Yes Liver biopsy 
About 20% reduction of 

hepatic steatosis 
-3.0 N/A Yes -56.0 N/A [56] 

2 Yes Ultrasonography 

0.44 point reduction of 

ultrasound score (scale 

of 0 [none] to 3 [severe]) 

-1.6 -5.2 No -15.4 N/A [61] 

3 Yes Ultrasonography 

0.61 point reduction of 

ultrasound score (scale 

of 0 [none] to 3 [severe]) 

-0.4 -1.41 No -3.3 N/A [61] 

4 Yes 
1
HMR spectroscopy 

About 5% reduction of 

hepatic steatosis 
-1.6 N/A Yes -12.9 -4.6 [62] 

5 Yes 
1
HMR spectroscopy 

21% reduction of hepatic 

steatosis 
-0.1 -0.3 No -2.8 -21.0 [63] 

6 Yes Liver biopsy 
2.25 point reduction in 

NAFLD activity score 
-3.5 -8.7 Yes -19.0 N/A [58] 

7 Yes 
Computed 

tomography 

-1.5 HU reduction in 

hepatic attenuation 
N/A -2 Yes -4.3 N/A [34] 

8 Yes 
1
HMR spectroscopy 

10.3% reduction of 

hepatic steatosis 
0.0 -0.2 No -6.3 -10.3 [64] 

9 Yes Liver biopsy 
2.0 point reduction in 

NAFLD activity score 
-1.3 N/A Yes -46.5 N/A [57] 

10 Yes 
1
HMR spectroscopy 

10% reduction of hepatic 

steatosis 
-0.7 N/A Yes 0.4 -10.0 [59] 

11 Yes 
1
HMR spectroscopy 

0.7% reduction of 

hepatic steatosis 
0.1 0.2 No N/A -0.7 [43] 
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12 Yes Ultrasonography 
An improvement of liver 

echogenicity 
-0.9 -2.1 Yes -17.6 N/A [65] 

13 Yes 
Computed 

tomography 

0.13 increase in 

liver-to-spleen ratio 
-2.0 -5 Yes N/A N/A [66] 

14 Yes Ultrasonography 23.2% reduction of CAP -1.9 -5.5 Yes -8.2 N/A [31] 

15 Yes Ultrasonography 23.2% reduction of CAP -3.4 -9.9 Yes -13.5 N/A [31] 

16 Yes Ultrasonography 31.8% reduction of CAP -3.7 -10.9 Yes -11.7 N/A [31] 

17 Yes 
1
HMR spectroscopy 

2.4% reduction of 

hepatic steatosis 
-0.5 -1.3 No 1.0 -2.4 [32] 

18 Yes 
1
HMR spectroscopy 

2.6% reduction of 

hepatic steatosis 
-0.5 -1.4 No 3.5 -2.5 [32] 

19 Yes 
1
HMR spectroscopy 

0.8% reduction of 

hepatic steatosis 
0.2 0.1 No -0.3 -0.8 [32] 

20 Yes 
1
HMR spectroscopy 

2.8% reduction of 

hepatic steatosis 
-0.5 -1.4 Yes -10.0 -2.8 [29] 

21 Yes Ultrasonography 

0.9 point reduction of 

ultrasound score (scale 

of 0 [none] to 3 [severe]) 

0.6 -1.8 No -12.5 N/A [60] 

22 Yes 
1
HMR spectroscopy 

1.9% reduction of 

hepatic steatosis 
-0.3 -0.04 Yes N/A -1.9 [67] 

Median (ranges) or sum of the effective protocols 
-0.7 

(-3.7-0.6) 

 -1.6 

(-10.9- 0.2) 

59.1% 

(13/22) 

-10 

(-56-4) 

-2.65 

(-21--0.7) 
 

24 No 
1
HMR spectroscopy 

0.7% reduction of 

hepatic steatosis 
0.1 +0.1 No -5.9 -0.7 [30] 

25 No 
1
HMR spectroscopy 

1.1% increase of hepatic 

steatosis 
0.7 +0.1 No -8.0 1.1 [32] 

Note. Data are expressed as median or number. Abbreviations, BMI, body mass index; ALT, alanine aminotransferase; HMR, hydrogen In vivo magnetic 

resonance; CAP, controlled attenuation parameter, N/A, not applicable. 
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Table 3. Characteristics of resistance exercise protocols 

Protocol 

number 
Author name Study design n Age (year) Female/male BMI 

Body weight 

(kg) 

Dietary 

counseling 

1 Hallsworth K et al. Randomized controlled trial 11 52.0 N/A 32.3 96.1 No 

2 Lee S et al Randomized controlled trial 16 14.6 0/16 34.5 97.7 yes 

3 Bacchi E et al. Randomized controlled trial 17 56.0 5/12 28.8 N/A yes 

4 Zelber-Sagi S et al. Randomized controlled trial 31 46.3 15/16 30.8 N/A No 

5 Takahashi A et al. Non-randomized controlled trial 31 55.5 22/9 28.5 72 No 

6 Shamsoddini A et al. Randomized controlled trial 10 45.9 0/10 30.6 92.2 No 

 Median (ranges) or sum of the effective protocols 116 49.2(14.6-56) 42/63 30.6 (28.5-34.5) 94 (72-98) 2 

7 Slentz CA et al. Randomized controlled trial 52 49.7 30/22 30.5 88.6 No 

Note. Data are expressed as median or number. Abbreviations: BMI, body mass index; METs, metabolic equivalents; N/A, not applicable. 
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Table 3. Continue 

  
Exercise duration (min) Frequency of exercise (days/week) METs 

Exercise Period 

(week) 
Reference 

53 3 3.5 8 [8] 

60 3 3.5 12 [67] 

N/A 3 3.5 16 [59] 

40 3 3.5 12 [68] 

25 3 3.8 12 [33] 

45 3 3.5 8 [60] 

45 (25-60) 3 3.5 (3.5-3.8) 12 (8-16)   

53 3 3.5 32 [34] 
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Table 4. Results of resistance exercise protocols 

Protocol 

number 

Improvement 

of hepatic 

steatosis 

Assessment modality 

for hepatic steatosis 

Main finding for 

improvement of hepatic 

steatosis 

Changes in 

BMI 

Changes in 

body weight 

(kg) 

Significant 

Weight loss 

Changes 

in ALT 

Changes in intrahepatic 

lipid (%) evaluated by 

1
HMR spectroscopy 

Refere

nce 

1 Yes 
1
HMR spectroscopy 

1.8% reduction of hepatic 

steatosis 
0 0 No 0 -1.8% [8] 

2 Yes 
1
HMR spectroscopy 

2.0% reduction of hepatic 

steatosis 
-0.6 -0.6 Yes N/A -2% [67] 

3 Yes 
1
HMR spectroscopy 

12.0% reduction of 

hepatic steatosis 
-0.6 N/A Yes -5.33 -12% [59] 

4 Yes Ultrasonography 
0.25 reduction of 

hepato-renal index 
-0.1 N/A No -5.3 N/A [68] 

5 Yes Ultrasonography 

0.24 point reduction of 

ultrasound score (scale 

of 0 [none] to 3 [severe]) 

-0.1 N/A No -18.8 N/A [33] 

6 Yes Ultrasonography 

0.6 point reduction of 

ultrasound score (scale 

of 0 [none] to 3 [severe]) 

-0.7 -2.1 Yes -14.7 N/A [60] 

Median (ranges) or sum of the effective protocols 
-0.35 

(-0.7-0) 

-1.35  

(-0.6- -2.1) 
50% (3/6) 

-5.3 

(-18.8-0) 
-12% (-2 - -13%) 

 

7 No 
Computed 

tomography 

-0.4 HU reduction in 

hepatic attenuation 

(not significant) 

0.7 0.7 Yes -2.8 -0.4 [34] 

  

Note. Data are expressed as median (range) or number. Abbreviations: BMI, body mass index; ALT, alanine aminotransferase; HMR, hydrogen In vivo magnetic 

resonance; N/A, not applicable. 
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Table 5. Patients’ characteristics combined aerobic and resistance exercise 

 Variable 

Number of protocols 

(number of articles) 
31 (24) 

Number of enrolled subjects 775 

Age (years old) 48.6 (14.6-61) 

Sex (Male; %) 54.5 (25-100) 

BMI 31 (27-37) 

Body weight (kg) 88.6 (69-107) 

Dietary counseling (Yes) 43.8% (13/31) 

Type of exercise 

(aerobic exercise/resistance exercise) 
25/7 

Exercise duration (min) 41.2 (5-70) 

Frequency of exercise (days/week) 3 (2-7) 

VO2max 48 (28-98) 

METs 4.8 (3.5-7.3) 

Exercise period (week) 12 (1-35) 

Changes in BMI -0.5 (-3.7-0.7) 

Changes in body weight (kg) -1.4 (-10.9-0.7) 

Changes in ALT level -8 (-56-4) 

Changes in Intrahepatic lipids (%) -2 (-21-1.1) 

 
Note. Data are expressed as median (range) or number. Abbreviations: VO2 max, maximal oxygen 

consumption; METs, metabolic equivalents; BMI, body mass index; ALT, alanine aminotransferase. 
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Table 6. Comparisons of patients’ characteristics and changes in hepatic steatosis between 
aerobic and resistance exercise 

 Aerobic exercise Resistance exercise P 

Number of protocols 

(number of articles) 13 (9) 4 (4)  

Number of enrolled 

subjects 314 68  

Age (years old) 44.2 (15.2-61) 52.0 (45.9-55.5) 0.1064 

Sex (Male; %) 63.45 100 0.6018 

BMI 31 (27-36) 32 (29-25) 0.4190 

Body weight (kg) 85 (69-107) 94 (72-98) 0.4953 

Dietary counseling (Yes) 46.2% (6/13) 25.0% (1/4) 0.4522 

Changes in BMI -1 (-4-1) -0.5 (-1-0) 0.4106 

Changes in ALT level -12 (-56-4) -15 (-19-0) 0.5325 

Changes in Intrahepatic 

lipids (%) -2 (-3-0) -7.5 (-13- -2) 0.3150 

 
Note. Data are expressed as median (range) or number. Abbreviations: BMI, body mass index, ALT, alanine 

aminotransferase. 

 



  




