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Abstr act

Background:   Exercise therapy is effective and recommended for non-al-
coholic fatty liver disease (NAFLD) based on the efficacy of hepatic fat re-
duction. However, the efficacies of exercise therapy are based on short-
term intervention. Moreover, no reports have examined whether significant 
reductions in serum levels of alanine aminotransferase (ALT) are achieved 
with exercise therapy in patients with NAFLD. The aim of this study is to 
assess the effects of simple resistance exercise for 24 weeks in NAFLD.
Methods:   59 patients with NAFLD were assigned to a resistance ex-
ercise group (n = 28) or a control group (n = 31). The resistance exercise 
group performed 2 exercises (push-ups and squats) 3 times a week on 
nonconsecutive days for a trial periods of 24 weeks. Patients in the con-
trol group proceeded with regular physical activities under a restricted 
diet throughout the study. The effects of exercise were compared be-
tween groups after 24 weeks.
Results:   Mean ALT level, homeostasis model assessment-estimated 
insulin resistance index and hepatic steatosis grade were all decreased 
in the resistance exercise group. Changes in ALT levels correlated neg-
atively with changes in muscle:body weight ratio in the exercise group.
Conclusion:   These data demonstrate that 24 weeks of simple resistance 
exercise comprising squats and push-ups represents an effective treatment 
for NAFLD.

Introduction
Exercise is an important treatment for both non-alcoholic fatty liver 
disease (NAFLD) and metabolism-associated diseases. Exercise 
therapies are generally classified as aerobic or resistance type, and 
both are recommended as standard therapies for diabetes mellitus 
[22]. The effects of aerobic exercise have been established based 
on many studies [12, 13, 23], so only aerobic exercises are recom-
mended in the Japanese clinical guidelines for NAFLD and non-al-
coholic steatohepatitis (NASH) [22]. However, some recent studies 
have reported the efficacy of resistance exercise in patients with 
NAFLD [2, 9, 24].

Resistance exercise can comprise many methods to train mus-
cles and generally needs training instruments. In fact, at least 8 dif-
ferent types of training methods have been applied to patients with 
NAFLD [2, 9, 24]. We recently reported that a simple non-instru-
mental resistance exercise, using body weight as a load, helps to 

improve the characteristics of metabolic syndrome in patients with 
NAFLD [19]. Moreover, compliance with the simple resistance ex-
ercise program did not significantly correlate with patient back-
ground characteristics such as age, sex, body mass index (BMI) and 
metabolic complications. These facts imply that a simple resistance 
exercise program might offer advantages over other types of re-
sistance exercise using training instruments in maintaining exer-
cise adherence.

Plasma alanine aminotransferase (ALT) levels are often used as 
a screening marker for NAFLD. Some studies have shown that the 
presence of diabetes or insulin resistance is associated with higher 
ALT levels [3, 8, 15]. Moreover, Maximos et al. recently revealed that 
liver fat and adipose tissue insulin resistance are major factors as-
sociated with elevated levels of plasma aminotransferases in NAFLD 
[14]. Although resistance exercise improves metabolic parameters, 
including liver adiposity, improvement of liver enzymes through 
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resistance exercise has not yet been confirmed, including in our 
own report [2, 9, 19, 24]. The short-term nature of continued re-
sistance exercise may be one reason for this lack of change, as pre-
vious studies have involved relatively short periods of exercise of 
about 8–16 weeks. We therefore evaluated the effects of push-ups 
and squats continued for 24 weeks in patients with NAFLD.

Methods
Participants
The diagnosis of NAFLD was based on the Asia-Pacific Working 
Party guidelines for NAFLD [6]. Exclusion criteria comprised: evi-
dence of other liver diseases such as chronic hepatitis C, chronic 
hepatitis B, autoimmune hepatitis, primary biliary cirrhosis or al-
coholic liver disease ( > 20 g of alcohol/day); consumption of 
weight-loss agents, corticosteroids, tamoxifen, herbal medicines 
or anti-diabetic agents (patients with metabolic complications who 
were stable for  > 6 months without additional drugs included); or 
heart or kidney disease or other preexisting medical conditions that 
might prevent participation in the exercise program. Among the 
69 patients who agreed to participate in this study, 10 were exclud-
ed due to protocol violations or missing data or loss to follow-up. 
The remaining 59 patients were assigned to a group that performed 
resistance exercise or a control group. All 59 patients had a seden-
tary lifestyle before the study intervention period. The flowchart 
for patient selection is shown in ▶Fig. 1. In the present study, con-
trols added to the cohort that we previously reported [19].

All protocols were approved by the ethics committees of Watari 

Hospital and Fukushima Medical University School of Medicine 
(Fukushima, Japan). All patients provided written informed con-
sent to participate prior to enrollment in the study, which con-
formed to the ethical standards of sports and exercise science re-
search [10].

Procedures
Resistance exercise group
Patients in the exercise group were educated about resistance ex-
ercise comprising push-ups and squats at the beginning of the 
study. They then performed 3 sets of 10 push-ups and 3 sets of 10 
squats with a 1-min interval between each set over a period of 
20–30 min, and recorded their compliance with the regimen. De-
tailed methods have been shown in our previous report [19].

Controls
The control group was educated about dietary restrictions and en-
couraged to participate in regular physical activities in accordance 
with the American Gastroenterological Association for NAFLD [1] 
and the Physical Activity of Health Promotion guidelines recom-
mended by the Ministry of Health, Labor and Welfare of Japan [16].

Outcome measures
Total body weight and composition were measured using a DC-320 
bioelectrical impedance analyzer (Tanita Corporation, Tokyo, 
Japan). BMI was calculated by dividing body weight in kilograms by 
the square of the height in meters without using a bioelectrical im-

▶Fig. 1	 Participant flow diagram in the present study. NAFLD, non-alcoholic fatty liver disease

NAFLD (n = 69)

Assigned to control
(n = 33)

Failed data acquisition
(n = 2)

Analyzed (n = 28) Analyzed (n = 31)

Discontinued
(moving, n = 1, lost interest n = 2)

Excluded for criteria (n = 5)

Enrolled subjects (n = 64)

Assigned to resistance exercise
(n = 31)
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pedance analyzer. Venous blood samples were collected in the 
morning after an overnight fast. Levels of aspartate aminotrans-
ferase (AST), ALT, γ-glutamyl transpeptidase, high-density lipopro-
tein cholesterol, low-density lipoprotein cholesterol, triglyceride, 
fasting plasma glucose (FPG) and plasma insulin were determined 
using standard methods. Insulin resistance was calculated accord-
ing to the homeostasis model assessment-estimated insulin resist-
ance (HOMA-IR) index using the following formula: HOMA-IR = FPG 
(mg/dL) × fasting plasma insulin (µU/mL)/405.

Hepatic steatosis was assessed according to the methods of Saa-
deh et al. using LogiQ 7 software (GE Health Care, Piscataway, NJ) 
and ultrasonography (US) on a ProSound Alpha 7 system (Hi-
tachi-Aloka Medical, Tokyo, Japan) [18], then graded according to 
the severity of echogenicity. Grade 1 included a slight, diffuse in-
crease in fine echoes in liver parenchyma, with normal visualization 
of the diaphragm and intrahepatic vessel borders; Grade 2 showed 
a moderate, diffuse increase in fine echoes with slightly impaired 
visualization of intrahepatic vessels and diaphragm; and Grade 3 
depicted an obvious increase in fine echoes with poor or obscured 
visualization of the intrahepatic vessel borders, diaphragm and pos-
terior right liver lobe.

Statistical analyses
Results are expressed as mean ± standard deviation. Differences be-
tween groups were analyzed using the Mann-Whitney U test. After test-
ing for a normal distribution, significant within-group differences be-
tween before and after 24 weeks were determined using paired Stu-
dent’s t-tests. Treatment group × time interactions were assessed using 

2-way (group × time) repeated-measures ANOVA. Dichotomous varia-
bles were compared using the χ2 test. Correlations between variables 
were measured using Pearson’s correlation coefficient or Spearman’s 
rank correlations when variables were not normally distributed. Values 
of P < 0.05 were considered indicative of significant differences.

Results
Between January 2012 and September 2014, 59 patients (female, 
n = 42) with NAFLD were assigned to receive either 24 weeks of re-
sistance exercise (n = 28) or lifestyle counseling (n = 31; controls). 
▶Table 1 summarizes the clinical characteristics of the patients. 
The 2 groups were almost matched for baseline characteristics, 
with the exception of ALP and hemoglobin A1c levels and preva-
lence of hypertension (▶Table 1). No patients in the exercise group 
developed severe adverse events during the study period. Compli-
ance with the resistance exercise program was 71.7 %, and did not 
correlate significantly with patient background characteristics such 
as age, sex, BMI or metabolic complications.

A significant time-by-treatment interaction was evident be-
tween body weight (p = 0.013) and BMI (p < 0.001). Moreover, a 
significant time-by-treatment interaction was also seen between 
ALT levels and HOMA-IR. ALT levels (76.9 ± 63.4 vs. 59.3 ± 49.2, 
p = 0.003) and HOMA-IR (4.0 ± 2.9 vs. 3.1 ± 1.6, p = 0.025) were sig-
nificantly decreased with exercise, but not in the control group. We 
also found a significant time-by-treatment interaction in hepatic 
steatosis grade (p = 0.021). Moreover, hepatic steatosis grade 
(2.00 ± 0.82 vs. 1.55 ± 0.71, p = 0.001) was significantly decreased 
with exercise, but not in the control group (▶Table 2).

▶Table 1   Baseline characteristics of study subjects.

Characteristic Control (n = 31) Resistance exercise (n = 28) P

Sex (male/female) 9/22 8/20 0.969

Age (year) 52.9 ± 15.4 56.7 ± 12.0 0.362

Body weight (kg) 72.0 ± 14.4 70.7 ± 11.7 0.785

BMI (kg/m2) 28.4 ± 3.9 28.3 ± 3.2 0.834

AST (IU/L) 44.1 ± 21.7 46.5 ± 25.7 0.710

ALT (IU/L) 67.4 ± 39.3 76.9 ± 63.4 0.982

ALP (IU/L) 223.8 ± 78.9 261.4 ± 94.4 0.025

γ-GTP (IU/L) 51.6 ± 24.7 51.3 ± 33.5 0.7

LDL-C (mg/dL) 129.3 ± 43.1 127.5 ± 29.2 0.933

HDL-C (mg/dL) 54.0 ± 15.2 54.8 ± 17.4 0.482

Triglycerides (mg/dL) 165.1 ± 97.8 143.3 ± 86.8 0.527

Ferritin (ng/dL) 160.5 ± 170.7 213.0 ± 207.8 0.191

Blood glucose (mg/dL) 107.7 ± 20.4 113.8 ± 16.4 0.082

Insulin (μU/mL) 19.3 ± 22.1 13.6 ± 8.4 0.513

HOMA-IR 5.6 ± 8.2 4.0 ± 2.9 0.846

HbA1c ( %) 5.8 ± 0.7 6.1 ± 0.6 0.024 * 

Hepatic steatosis (score) 2.34 ± 0.82 2.00 ± 0.82 0.090

Diabetes mellitus (cases) 5 9 0.191

Dyslipidemia (cases) 23 17 0.269

Hypertension (cases) 5 14 0.005 * 

Values are expressed as means ± SD. Statistical analysis was conducted using Mann-Whitney U test and χ2 test.  * Significant differences between 
control and resistance exercise group (p < 0.05). BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline 
phosphatase; γ-GTP, gamma-glutamyl transpeptidase; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 
HOMA-IR, homeostasis model assessment of insulin resistance
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Changes in ALT levels (r =  − 0.374, p = 0.049) correlated nega-
tively with changes in the muscle:body weight ratio in the exercise 
group (▶Fig. 2). Changes in HOMA-IR (r =  − 0.362, p = 0.060) 

showed a weak, negative correlation with changes in the mus-
cle:body weight ratio. Moreover, changes in ALT levels (r = 0.375, 
p = 0.052) displayed a weak, positive correlation with changes in 
hepatic steatosis grade. No significant association was seen be-
tween changes in ALT and HOMA-IR (r = 0.148, p = 0.443) in the 
overall exercise group, but a positive correlation was identified 
(r = 0.556, p = 0.013) in the exercise group without diabetes melli-
tus (n = 19).

Discussion
This is the first study to find that simple resistance exercise achieved 
significant reductions in ALT levels after 24 weeks. This was accom-
panied by decreases in HOMA-IR and liver adiposity. Exercise has 
been established as a representative lifestyle therapy in NAFLD 
based largely on aerobic exercise, but the efficacy of resistance ex-
ercise in NAFLD has recently been reported [2, 9, 19, 24]. Halls-
worth et al. first reported that resistance exercise improved NAFLD 
through reductions in liver lipid levels and improved insulin sensi-
tivity [9]. Moreover, Bacchi et al. revealed resistance exercise as 
useful along with aerobic exercise in NAFLD with type 2 diabetes 
[2]. Resistance exercise offers advantages over aerobic exercise in 
terms of the low cardiorespiratory demand. On the other hand, 
specialized equipment and specific exercise methods might make 
resistance exercise less accessible than aerobic exercise. However, 
we recently reported that simple resistance exercises comprising 

▶Table 2   Changes in physical and clinical parameters after 24 weeks of resistance exercise.

Control Resistance 
exercise

Time × treatment interaction (p)

Baseline 24 weeks p Baseline 24 weeks p

Body weight (kg) 72.0 ± 14.4 72.7 ± 14.6 0.044 *  70.7 ± 11.7 70.1 ± 11.2 0.125 0.013 †

BMI (kg/m2) 28.4 ± 3.9 28.7 ± 3.8 0.040 *  28.3 ± 3.2 28.0 ± 3.1 0.058  < 0.001 †

Body fat (kg) 26.7 ± 7.2 27.1 ± 7.4 0.304 26.4 ± 6.2 26.3 ± 6.8 0.892 0.486

Muscle (kg) 43.5 ± 10.8 43.7 ± 11.0 0.649 41.9 ± 9.5 42.1 ± 9.2 0.375 0.848

Muscle/Body weight ( %) 59.4 ± 6.8 59.3 ± 7.2 0.715 59.1 ± 7.1 59.9 ± 6.8 0.022 0.077

AST (IU/L) 44.1 ± 21.7 45.3 ± 18.5 0.778 46.5 ± 25.7 40.0 ± 20.6 0.048 0.165

ALT (IU/L) 67.4 ± 39.3 74.2 ± 44.0 0.241 76.9 ± 63.4 59.3 ± 49.2 0.003 *  0.004 †

ALP (IU/L) 230.1 ± 69.2 240.9 ± 70.3 0.168 261.4 ± 94.4 264.7 ± 79.3 0.844 0.659

γ-GTP (IU/L) 51.7 ± 25.1 56.1 ± 27.1 0.103 51.2 ± 32.8 48.8 ± 33.4 0.250 0.100

LDL-C (mg/dL) 132.4 ± 40.5 136.2 ± 47.5 0.316 127.5 ± 29.2 124.0 ± 30.9 0.376 0.180

HDL-C (mg/dL) 54.0 ± 15.2 52.7 ± 13.5 0.469 54.8 ± 17.4 52.4 ± 14.2 0.108 0.644

Triglycerides (mg/dL) 143.3 ± 86.8 151.4 ± 92.3 0.557 162.9 ± 96.8 171.1 ± 113.4 0.479 0.994

Ferritin (ng/dL) 160.5 ± 170.7 156.1 ± 120.1 0.836 191.5 ± 174.7 150.1 ± 117.5 0.013 0.175

Blood glucose (mg/dL) 105.3 ± 16.2 106.2 ± 14.4 0.938 113.8 ± 16.4 109.4 ± 12.8 0.045 0.096

Insulin (μU/mL) 13.8 ± 7.7 17.5 ± 17.4 0.449 13.6 ± 8.4 11.1 ± 4.6 0.040 0.084

HOMA-IR 3.6 ± 2.1 3.9 ± 2.5 0.407 4.0 ± 2.9 3.1 ± 1.6 0.025 *  0.020 †

HbA1c ( %) 5.8 ± 0.7 5.9 ± 0.6 0.579 6.0 ± 0.6 6.0 ± 0.7 0.261 0.205

Hepatic steatosis 2.40 ± 0.81 2.29 ± 0.77 0.184 2.00 ± 0.82 1.55 ± 0.71 0.001 *  0.021 †

Values are expressed as means ± SD. Severity of hepatic steatosis graded according to criteria of Saadeh et al.  [17]. Significant within-group differenc-
es between before and after 24 weeks were determined using paired Student’s t-tests. Treatment group × time interaction were assessed using 2-way 
(group × time) repeated measures ANOVA.  * Significant differences between baseline and after 24 weeks (p < 0.05). † Significant differences 
time × treatment interaction (p < 0.05). BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase; γ-GTP, gamma-glutamyl transpeptidase; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 
HOMA-IR, homeostasis model assessment of insulin resistance

▶Fig. 2	  Association between change in muscle:body weight ratio 
and absolute change in ALT after 24 weeks of resistance exercise. 
∆ = variable after exercise − variable before exercise. Pearson’s corre-
lation coefficient (r) was used to determine correlations.
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squats and push-ups helped to improve the characteristics of met-
abolic syndrome in patients with NAFLD in the same way as tradi-
tional resistance exercises using equipment [19].

Physicians often pay attention to the risk of NASH or NAFLD in-
dicated by the risk of elevated plasma ALT levels. In fact, the use of 
serum ALT levels is recommended in the initial screening for NAFLD 
in obese youth by current guidelines [5]. Maximos et al. recently 
revealed that the elevation of plasma ALT is mainly due to adipose 
tissue insulin resistance and liver triglyceride content [14]. Improv-
ing ALT is therefore one of the therapeutic targets in NAFLD. Ueno 
et al. first demonstrated improvement of serum aminotransferase 
levels and liver histology in NAFLD using a combination of aerobic 
exercise and dietary restrictions [21]. Although little research has 
demonstrated reductions in liver fat in NAFLD due to aerobic exer-
cise per se [12], few reports have demonstrated significant chang-
es in ALT levels after intervention using aerobic exercise. Thomp-
son et al. reported that 6 months of aerobic exercise significantly 
decreased serum levels of ALT in middle-aged men [20], but no 
other reports have shown significant ALT reductions on resistance 
exercise. This study is thus the first to mention significant reduc-
tions achieved through resistance training. The major reason for 
the significant reduction in ALT was probably the relatively long du-
ration of exercise intervention. Previous studies have largely been 
short-term interventions, not only for aerobic exercise but also for 
resistance exercise. We likewise could not find any significant re-
duction in ALT after 12 weeks of intervention using the same re-
sistance exercise. In fact, Thomson et al. confirmed that ALT took 
longer to change and showed significant reductions after 6 months 
of aerobic exercise intervention, but not with 3 months of inter-
vention [20]. Moreover, exercise intensity and baseline ALT levels 
might be associated with the lack of significant changes in ALT lev-
els. In the present study, baseline serum ALT levels were higher than 
those in previous reports.

Contracting skeletal muscle stimulates muscle glucose uptake 
by glucose transporter type 4 (GLUT4) in addition to insulin [11]. 
Resistance exercise upregulates GLUT 4 expression in skeletal mus-
cle, thus leading to a whole-body increase in glucose metabolism 
[7]. The present study confirmed a weak negative correlation be-
tween changes in HOMA-IR and muscle:body weight ratio. More-
over, a significant negative correlation was seen between changes 
in ALT and muscle:body weight ratio in the present study. The in-
crease in muscle:body weight ratio was one reason for the efficacy 
of resistance training in the present study. Skeletal muscle has also 
recently been attracting attention as an endocrine organ that pro-
duces and releases myokines [17]. Myokines such as irisin and in-
sulin-like growth factor 1 play roles in glycolipid metabolism, and 
may thus have contributed to the improvements in NAFLD in the 
present study.

The efficacy of exercise therapy depends on the sustainability 
or maintenance of exercise. Squats and push-ups are simple resist-
ance exercises requiring no specific equipment and compliance 
does not correlate with patient background characteristics [19]. 
Our exercise program (push-ups and squats) could thus have con-
tributed to the good results in the present study through the rela-
tively long-term sustainability of exercise.

This study has some limitations. We did not monitor physical 
activity and food intake. Therefore, the differences in food intake 
might affect the results. Moreover, the efficacy of exercise therapy 
per se is often argued in effects of dietary modification. However, 
we confirmed a significant increase in muscle:body weight ratio in 
the exercise group, reflecting the effects of resistance exercise. 
Moreover, changes in muscle:body weight ratio correlated nega-
tively with changes in ALT levels. This reflects improvement of gly-
colipid metabolism by a resistance exercise-induced decrease of 
ALT levels and liver triglyceride content. In addition, a direct bene-
fit of exercise therapy often provides a practical intervention tar-
get beyond weight loss [12]. There was also no significant change 
in body weight seen in the exercise group in the present study. 
These findings are consistent with our results reflecting the effica-
cy of exercise therapy per se.

Another limitation was that liver adiposity was analyzed on US, 
as the most popular and minimally invasive method of detecting 
fatty liver disease. Although Saadeh et al. [18] and Celle et al. [4] 
independently reported positive associations between fat content 
as determined by liver histology and US, this latter modality in-
volves several issues such as technical difficulties in scanning obese 
patients and the subjective judgment of the operator [18]. How-
ever, we confirmed a weak positive correlation between changes 
in ALT levels and the grade of hepatic steatosis. This finding was 
presumably associated with the fact that plasma ALT elevations re-
flect increasing liver fat content [14]. Evaluation of liver fat using 
US in the present study was thus justifiable. Third, the sample size 
was small and not randomized. In the future, a randomized, larg-
er-scale, longer-term study is required to confirm the value of sim-
ple resistance exercise as a treatment for NAFLD.

In conclusion, the results of this trial demonstrate for the first 
time that 24 weeks of simple resistance comprising squats and 
push-ups are effective in reducing ALT in patients with NAFLD. Our 
data indicate that this program can provide benefits for the man-
agement of NAFLD.
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