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Introduction
▼
Non-alcoholic fatty liver disease (NAFLD) is a 
hepatic manifestation of metabolic syndrome 
that is prevalent in 20–30 % of adults worldwide 
[3, 9, 31]. Non-alcoholic steatohepatitis (NASH) is 
a severe form of NAFLD that can progress to cir-
rhosis or hepatocellular carcinoma. Therefore, 
early treatment is important to prevent progres-
sion from NAFLD to NASH.
Several treatments for NAFLD have been sug-
gested [34], but regimens differ among individu-
als. For example, since increases in body weight 
and insulin resistance induce NAFLD, changes in 
lifestyle are important for treating this disease 
[18, 26, 28, 30]. Both aerobic and resistance types 
of exercise comprise effective lifestyle interven-
tion for NAFLD [19, 21, 33]. The effects of aerobic 
exercise have been investigated in patients with 
NAFLD [19, 21, 33], but less is known about those 
of resistance exercise on NAFLD [2, 14, 35]. Halls-
worth et al. discovered that a resistance exercise 
program comprising biceps curls, calf raises, tri-
ceps press, chest press, seated hamstring curls, 
shoulder press, leg extension and lateral pull-
down improves NAFLD independently of changes 

in body weight [14]. These findings were unique 
because NAFLD improved without a loss of body 
weight. In contrast, Bacchi et al. found that resist-
ance and aerobic types of training are equally 
effective in reducing hepatic fat content among 
patients with type-2 diabetes and NAFLD [2]. 
Their resistance exercise program involving the 
major muscle groups required exercise equip-
ment for chest press, shoulder press, vertical 
traction, leg press, leg extensions, leg curls and 
abdominal crunches; and free weights for biceps, 
and abdominals. Moreover, Lee et al. demon-
strated that either aerobic or resistance exercise 
can reduce abdominal fat and intrahepatic lipid 
in obese adolescent boys [24]. Although both 
resistance training and aerobic exercise can 
reduce hepatic fat content and improve insulin 
sensitivity, defined training methods, specialized 
equipment and a specific environment, such as a 
gym, are usually required. The effects of both 
types of exercise are restricted by poor compli-
ance, and thus a simple, convenient and safe 
exercise program is important for treating 
NAFLD. Therefore, we evaluated the effects of 
push-ups and squats in patients with NAFLD.
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Abstract
▼
To date, only limited evidence has supported the 
notion that resistance exercise positively impacts 
non-alcoholic fatty liver disease. We evaluated 
the effects of resistance exercise on the meta-
bolic parameters of non-alcoholic fatty liver dis-
ease (NAFLD) in 53 patients who were assigned 
to either a group that performed push-ups and 
squats 3 times weekly for 12 weeks (exercise 
group; n = 31) or a group that did not (control; 
n = 22). Patients in the control group proceeded 
with regular physical activities under a restricted 
diet throughout the study. The effects of the 
exercise were compared between the 2 groups 

after 12 weeks. Fat-free mass and muscle mass 
significantly increased, whereas hepatic steatosis 
grade, mean insulin and ferritin levels, and the 
homeostasis model assessment-estimated insu-
lin resistance index were significantly decreased 
in the exercise group. Compliance with the resist-
ance exercise program did not significantly cor-
relate with patient background characteristics 
such as age, sex, BMI and metabolic complica-
tions. These findings show that resistance exer-
cise comprising squats and push-ups helps to 
improve the characteristics of metabolic syn-
drome in patients with non-alcoholic fatty liver 
disease.
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Methods
▼
Participants
All protocols were approved by the Ethics Committee of Watari 
Hospital and Fukushima Medical University School of Medicine 
(Fukushima, Japan). All patients provided written informed con-
sent to participate in the study, which conformed to the ethical 
standards of Sports and Exercise Science Research [15]. The 
diagnosis of NAFLD was based on the Asia-Pacific Working Party 
guidelines for NAFLD [8]. The exclusion criteria comprised evi-
dence of other liver diseases such as chronic hepatitis C, chronic 
hepatitis B, autoimmune hepatitis, primary biliary cirrhosis and 
alcoholic liver disease ( > 20 g of alcohol/day), consumption of 
weight-loss agents, corticosteroids, tamoxifen, herbal medicines 
and anti-diabetic agents (patients with type-2 diabetes mellitus 
who were stable for  > 6 months without additional drugs 
included), heart or kidney disease and other preexisting medical 
conditions that might prevent participation in the exercise pro-
gram. Among 60 patients who agreed to participate in this study, 
5 and 2 were excluded due to protocol violations and missing 
data, respectively. The remaining 53 patients were assigned to a 
group that performed resistance exercise or a control group.

Procedure
Resistance exercise
The patients were educated about resistance exercise comprising 
push-ups and squats at the beginning of the study ( ●▶  Fig. 1a, b). 
The exercise group performed 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 
and recorded their compliance with the regimen.

Controls
The control group was educated about dietary restrictions and 
encouraged to participate in regular physical activities according 
to 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 [26].

Outcome measurements
Total body weight and composition were measured using a 
DC-320 bioelectrical impedance analyzer (Tanita Corporation, 
Tokyo, Japan). Body mass index (BMI) was calculated by dividing 
body weight (kg) by height (m2). Venous blood samples were 
collected in the morning after an overnight fast. Levels of aspar-
tate aminotransferase (AST, IU/L), alanine aminotransferase (ALT, 
IU/L), gamma-glutamyl transpeptidase (γ-GTP, IU/L), high-den-
sity lipoprotein cholesterol (HDL-C, mg/dL), low-density lipo-
protein cholesterol (LDL-C, mg/dL), triglyceride (TG, mg/dL), 
fasting plasma glucose (FPG, mg/dL) and plasma insulin (µU/mL) 
were determined using standard methods. Insulin resistance 
was calculated according to the homeostasis model assessment-
estimated insulin resistance (HOMA-IR) index using the follow-
ing formula: HOMA-IR = FPG (mg/dL) × fasting plasma insulin 
(µU/mL)⁄405
Hepatic steatosis was assessed according to Saadeh et al. using 
LOGIQ 7 (GE Health Care, Piscataway, NJ, USA) and Pro Sound 
alpha-7 ultrasonographs (Hitachi-Aloka Medical Ltd., Tokyo, 
Japan) [29] and graded according to the severity of echogenicity. 
Grade 1 included a slight diffuse increase in fine echoes in liver 
parenchyma, with normal visualization of the diaphragm and 
intrahepatic vessel borders; Grade 2 a moderate diffuse increase 

Fig. 1 Resistance exercise program. a Squats. 
The patient stands with feet positioned about 2 
fists wider than the shoulders with the toes turned 
slightly outward. The patient will slowly sit down 
over a period of 9–10 s until the posterior surface 
of the thigh is parallel to the floor and maintain 
this position for 1–2 s. Immediately thereafter, 
the patients will rapidly stand upright. The back 
should be kept straight to prevent lumbago. This 
series of movements should proceed under natural 
breathing rhythms. b Push-ups. The knees and the 
palms of splayed hands are placed on the floor. 
The elbows will slowly bend for 9–10 s to bring 
the chest close to the floor. This position should 
be maintained for 1–2 s and then the patient will 
straighten the elbows by pushing against the floor 
and immediately return to the original position 
while breathing naturally. The back should remain 
flat during this exercise.
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in fine echoes with slightly impaired visualization of intrahe-
patic vessels and diaphragm; and Grade 3 an obvious increase in 
fine echoes with poor or obscured visualization of intrahepatic 
vessel borders, diaphragm and posterior right liver lobe.

Statistical analyses
Results are expressed as means ± standard deviation (SDs). Dif-
ferences between the 2 groups were analyzed using Mann-
Whitney U tests. After tests for normal distribution, significant 
within-group differences between before and after 12 weeks 
were determined using paired Student’s t-tests. Treatment 
group × time interactions were assessed using two-way 
(group × time) repeated measures ANOVA. Dichotomous variables 
were compared using the χ2 test. Correlations between variables 
were measured using Pearson’s correlation coefficient. P < 0.05 
was considered to indicate statistically significant differences.

Results
▼
Between January 2012 and September 2013, 53 patients (female, 
n = 34) with NAFLD were assigned to 12 weeks of resistance 
exercise (n = 31) or lifestyle counseling (n = 22; controls).  
 ●▶  Table 1 summarizes the clinical characteristics of the patients. 
The 2 groups were matched for baseline values and metabolic 
complications ( ●▶  Table 1, 3).
None of the patients in the exercise group developed severe 
adverse events during the study period.
Compliance with the resistance exercise program was 67.2 %, 
and it did not significantly correlate with patient age and BMI. 
However, age and compliance were positively correlated. A weak 
negative correlation was also observed between BMI and com-
pliance. There was no significant difference in compliance by 
patient sex. Compliance rates between patients with and with-
out metabolic complications also did not significantly differ 
( ●▶  Table 2).
There was a significant time-by-treatment interaction in fat-free 
mass (p = 0.014) and muscle (p = 0.024). Fat-free mass (45.1 ± 10.2 
vs. 45.4 ± 10.1 kg, p = 0.018) significantly increased in the exer-

Table 1 Patient characteristics.

Characteristic Control 

(n = 22)

Resistance exercise 

(n = 31)

P

sex (male/female) 10/12 9/22 0.348
age (y) 51.4 ± 14.8 55.5 ± 13.2 0.343
body weight (kg) 72.8 ± 13.1 72.0 ± 12.2 0.787
body mass index 28.2 ± 4.2 28.5 ± 3.1 0.454
diabetes mellitus (n) 8 9 0.791
dyslipidemia (n) 18 21 0.407
hypertension (n) 5 14 0.165
Values are expressed as means ± SD. Data were statistically analyzed using Mann-
Whitney U test and χ2 tests

Table 2 Exercise program compliance rate and patient factors.

Patient factors Rate of compliance (r) P

age 0.2288 0.208
body mass index  − 0.2429 0.180

n Rate of compliance (%) P *  

male 9 61.3 ± 27.5 0.519
female 22 71.8 ± 29.0
diabetes mellitus Yes

No
9
22

61.1 ± 28.3
71.4 ± 28.7

0.520

dyslipidemia Yes
No

21
10

68.2 ± 28.4
68.9 ± 29.7

0.729

hypertension Yes
No

15
16

64.2 ± 28.5
72.3 ± 28.8

0.763

Values are expressed as means ± SD; r, correlations between variables measured 
using Pearson’s correlation coefficient. * Mann-Whitney U test

Table 3 Changes in physical and clinical parameters after 12 weeks of resistance exercise.

Control Resistance exercise Time × treatment 

interaction (p)Baseline 12 weeks p Baseline 12 weeks p

body weight (kg) 72.8 ± 13.1 72.5 ± 12.6 0.309 72.0 ± 12.2 71.7 ± 11.5 0.323 0.855
body mass index (kg/m2) 28.2 ± 4.2 28.1 ± 3.9 0.406 28.5 ± 3.1 28.4 ± 2.9 0.254 0.921
body fat (kg) 25.3 ± 6.9 25.2 ± 6.4 0.800 26.9 ± 6.1 26.3 ± 5.6 0.013 0.186
fat free mass (kg) 47.6 ± 11.2 47.3 ± 10.8 0.212 45.1 ± 10.2 45.4 ± 10.1 0.018 *  0.014 †
muscle (kg) 45.0 ± 10.7 44.7 ± 10.3 0.192 42.6 ± 9.8 42.8 ± 9.6 0.055 0.024 †
muscle/body weight (%) 61.5 ± 7.2 61.4 ± 6.9 0.803 58.9 ± 6.9 59.5 ± 6.5 0.024 0.108
AST (IU/L) 48.0 ± 25.4 42.5 ± 14.9 0.216 45.2 ± 25.1 38.1 ± 18.4 0.042 0.077
ALT (IU/L) 78.5 ± 47.6 71.0 ± 38.4 0.243 75.1 ± 61.3 56.3 ± 49.7  < 0.001 0.158
ALP (IU/L) 236.1 ± 71.8 234.0 ± 78.0 0.776 274.5 ± 91.9 256.1 ± 91.1 0.222 0.257
γGTP (IU/L) 67.0 ± 40.6 59.1 ± 28.4 0.137 48.7 ± 32.6 43.9 ± 34.1 0.099 0.470
LDL-C (mg/dL) 158.1 ± 32.2 145.2 ± 34.8 0.026 *  125.3 ± 29.2 126.4 ± 27.4 0.691 0.016 †
HDL-C (mg/dL) 53.1 ± 14.0 52.0 ± 13.9 0.521 55.8 ± 18.0 57.7 ± 25.5 0.608 0.455
triglyceride (mg/dL) 175.9 ± 86.6 169.3 ± 85.9 0.748 139.3 ± 84.9 145.1 ± 88.4 0.565 0.125
ferritin (ng/dL) 182.5 ± 193.0 164.6 ± 110.0 0.503 206.0 ± 202.9 174.8 ± 202.5 0.036 0.632
blood glucose (mg/dL) 113.2 ± 25.4 112.3 ± 25.0 0.737 111.6 ± 17.2 108.7 ± 15.5 0.090 0.503
insulin (μU/mL) 11.8 ± 5.4 11.3 ± 5.6 0.616 13.4 ± 8.1 11.3 ± 4.6 0.041 0.128
HOMA-IR 3.1 ± 1.4 3.1 ± 1.7 0.888 3.8 ± 2.8 3.1 ± 1.5 0.042 0.163
HbA1c (%) 6.1 ± 0.9 6.1 ± 1.0 0.392 6.0 ± 0.6 6.0 ± 0.7 0.224 0.713
hepatic steatosis 2.00 ± 0.60 2.05 ± 0.58 0.427 1.77 ± 0.80 1.53 ± 0.64 0.004 *  0.007 †
Values are expressed as means ± SD. Severity of hepatic steatosis graded according to criteria of Saadeh et al. [15]. Significant within-group differences between before and 
after 12 weeks were determined using paired Student’s t-tests. Treatment group × time interaction were assessed using two-way (group × time) repeated measures ANO-
VA. * Significant differences between baseline and after 12 weeks (p < 0.05). † Significant differences time × treatment interaction (p < 0.05). ALP, alkaline phosphatase; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; γ-GTP, gamma-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model 
assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol
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cise group after 12 weeks. We also found a significant time by 
treatment interaction in hepatic steatosis grade (p = 0.007). 
Moreover, hepatic steatosis grade (1.77 ± 0.80 vs. 1.53 ± 0.64, 
p = 0.004) significantly decreased in the exercise but not in the 
control group ( ●▶  Table 3). Mean levels of fat-free mass 
( − 0.24 ± 0.88 vs. 0.30 ± 0.67 kg, p = 0.011) and muscle 
( − 0.24 ± 0.82 vs. 0.25 ± 0.70 kg, p = 0.024) significantly increased 
in the exercise, compared with the control group. The grade of 
hepatic steatosis (0.05 ± 0.26 vs.  − 0.24 ± 0.43 p = 0.012) signifi-
cantly decreased in the exercise compared with the control 
group ( ●▶  Table 4). The grade of hepatic steatosis also signifi-
cantly decreased in patients with diabetes (n = 9) in the exercise 
(0.13 ± 0.44 vs.  − 0.50 ± 0.50 p = 0.023) compared with the control 
(n = 8) group. Changes in the ratio of muscle to body weight cor-
related with exercise compliance (r = 0.336, p = 0.060).
There was a significant time-by-treatment interaction in levels 
of low-density lipoprotein cholesterol (LDL-C) (p = 0.016). The 
levels of LDL-C significantly decreased in the control (158.1 ± 32.2 
vs. 145.2 ± 34.8 mg/dL, P = 0.026) ( ●▶  Table 3). Mean values for fer-
ritin (− 18.0 ± 117.6 vs.  − 31.2 ± 77.8 ng/mL, P = 0.004), insulin 
(− 0.46 ± 3.80 vs. − 2.03 ± 5.28 μU/mL, P < 0.001) and the HOMA-IR 
index (− 0.03 ± 1.07 vs.  − 0.70 ± 1.81, P < 0.001) were significantly 
decreased in the exercise compared with the control group 
( ●▶  Table 4).
Mean levels of AST, ALT and LDL-C did not significantly change in 
patients with diabetes in the control (n = 8) and exercise (n = 9) 
groups at 12 weeks. Changes in ALT levels (r =  − 0.258, p = 0.155) 
and the HOMA-IR index (r =  − 0.236, p = 0.193) weakly and nega-
tively correlated with changes in the muscle: body weight ratio 
in the exercise group.

Discussion
▼
Lifestyle changes are basic management tools for NAFLD 
[18, 26, 28, 30, 33]. Furthermore, weight loss is a confirmed ther-
apy for NAFLD [30]. Exercise is a lifestyle therapy, and its effects 
on weight loss, liver fat reduction and insulin sensitivity in 
patients with NAFLD have been described in detail [19, 21, 33]. 
However, aerobic exercise might be a difficult therapeutic 
modality for NAFLD because of poor patient compliance and the 
longer duration required for aerobic exercise to decrease hepatic 

steatosis [6, 12]. Resistance exercise requires low cardiorespira-
tory demand, is sustainable, and is acceptable to patients 
[13, 23]. However, only a few studies have found that resistance 
exercise has value as a treatment for NAFLD [2, 14, 35]. Resist-
ance exercise has no side effects in such patients and the 
reported compliance is also good [2, 14]. However, resistance 
exercise might be less accessible than aerobic exercise because 
of a requirement for specialized equipment and specific exercise 
methods. In fact, others have reported the value of various types 
of resistance exercise using weight machines for patients with 
NAFLD [2, 14]. Squats and push-ups that use body weight as a 
load are simple resistance exercises that affect muscle strength 
[7, 22, 25]. Therefore, we selected these simple exercises and 
confirmed their value as NAFLD therapy. This is the first study to 
show that resistance exercise can improve NAFLD equally well 
when applied using either body weight alone or various machines. 
This finding implied that specific equipment is not required to 
improve NAFLD. Moreover, our patients exercised at home and at 
will. These situations are more advantageous for exercise compli-
ance than previous resistance training programs. Compliance did 
not significantly differ between individuals with and without 
metabolic complications in the present study, although compli-
ance among obese patients remained low. Therefore, the exercise 
resistance program described herein should prove useful for 
patients with NAFLD regardless of circumstance.
Resistance exercise upregulates the expression of glucose trans-
porter type 4 (GLUT4), glycogen synthase (GS), and total GS 
activity in skeletal muscle. Consequently, whole-body glucose 
metabolism increases [10, 17]. Resistance exercise decreases 
liver fat and its mediators without decreasing body weight or fat 
mass in patients with NAFLD [2, 14]. Moreover, hybrid training 
(muscle stimulated by electrical means and by voluntary con-
traction) decreases steatosis and insulin resistance in patients 
with NAFLD in concert with a decrease in body weight or fat 
mass [20]. The effects of resistance exercise in the present study 
were at least partially due to an increase in muscle mass. In fact, 
mean muscle mass significantly increased in the exercise com-
pared with the control group. Moreover, changes in HOMA-IR 
weakly and negatively correlated with changes in the ratio of 
muscle to body weight.
Contracting skeletal muscle functions as an endocrine organ 
that produces and releases myokines, which influence metabo-
lism in other tissues and organs [27]. Hybrid training decreases 
hepatic steatosis and insulin resistance independently of 
increases in muscle mass [20]. Therefore, myokine signaling can 
be a mediator of resistance exercise effectiveness in patients 
with NAFLD [11]. Kawaguchi et al. reported a decrease in serum 
levels of interleukin-6 (IL-6), which is the first myokine to appear 
in serum after hybrid training [20]. Thus, the effects of resist-
ance exercise might be explained by these 2 mechanisms, 
although serum IL-6 levels did not significantly differ before and 
after resistance exercise in the present study (6.2 ± 12.1 vs. 
7.5 ± 17.1 pg/mL, P = 0.519). Plasma levels of IL-6 are directly 
related not only to exercise intensity but also to other factors 
[32]. Hence, the amount of resistance exercise might not have 
been sufficient to induce significant changes in IL-6 levels in the 
present study.
This study had limitations. Firstly, body composition and liver 
fat were respectively analyzed using bioelectrical impedance 
and ultrasonography (US), which is the most popular and mini-
mally invasive method of detecting fatty liver disease. The sensi-
tivity of US to detect fat infiltration is low when fatty changes 

Table 4 Induced changes after 12 weeks of resistance exercise.

∆ Control Resistance exercise p

body fat (kg)  − 0.08 ± 1.49  − 0.58 ± 1.23 0.263
fat free mass (kg)  − 0.24 ± 0.88 0.30 ± 0.67 0.011 * 
muscle (kg)  − 0.24 ± 0.82 0.25 ± 0.70 0.024 * 
muscle/body 
weight (%)

 − 0.08 ± 1.45 0.53 ± 1.23 0.056

AST (IU/L)  − 5.6 ± 20.6  − 7.1 ± 18.6 0.371
ALT (IU/L)  − 7.5 ± 29.1  − 18.8 ± 28.0 0.108
LDL-C (mg/dL)  − 13.0 ± 24.7 1.1 ± 14.8 0.047 * 
ferritin (ng/dL)  − 18.0 ± 117.6  − 31.2 ± 77.8 0.004 * 
insulin (μU/mL)  − 0.46 ± 3.80  − 2.03 ± 5.28  < 0.001 * 
HOMA-IR  − 0.03 ± 1.07  − 0.70 ± 1.81  < 0.001 * 
hepatic steatosis 0.05 ± 0.26  − 0.24 ± 0.43 0.012 * 
∆, change in variable between baseline and 12 weeks later. Differences between 
groups analyzed using Mann-Whitney U test. * Significant differences between 
control vs. resistance exercise (p < 0.05)
ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL-C, low-density 
lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance
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are  < 30 % [5, 16]. Saadeh et al. and Celle et al. independently 
reported a positive association between fat content determined 
by liver histology and US findings [4, 29]. However, US has sev-
eral issues such as technical difficulties with scanning obese 
patients and the subjective judgments of operators [29]. There-
fore evaluation using magnetic resonance imaging, computed 
tomography, or liver biopsy is required to precisely measure 
body composition and liver fat. Secondly, this preliminary study 
sampled a small patient cohort and neither diet nor physical 
activities were evaluated. Therefore, with the exception of fat-
free mass, muscle, hepatic steatosis grade, ferritin levels, insulin 
levels, and the HOMA-IR index, significant differences were not 
identified between the exercise and control groups. Moreover, 
we could not confirm a significant improvement in patients with 
diabetes mellitus, although this might be associated with low 
compliance or the effects of anti-diabetic drugs. In the future, a 
randomized large-scale study is required to confirm the value of 
simple resistance exercise as a treatment for NAFLD.
We concluded that resistance exercise comprising push-ups and 
squats is simple, safe, and effective for patients with NAFLD. 
Therefore, this exercise program might complement NAFLD 
treatment regimens for patients who find aerobics or other 
types of resistance exercises challenging.
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