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Absract
Aim: To evaluate the effects of physical exercise in patients with
NAFLD.

Methods: We searched standard databases including PubMed,
Cochrane Library, EMBASE, et. al. up to Feb. 2014 to obtain relevant
literatures. The Standard Mean Differences (SMD) with 95%
confidence interval (95% CI) was calculated to estimate the effects.

Results: ALT levels of patients before and after exercise so
significantly reduced that liver function returned to positive (SMD
-0.40, 95% CI -0.75~ -0.05, P = 0.03). The significant differences
observed between the experimental and control groups showed that
exercise can effectively lower fasting blood glucose in patients with
NAFLD (SMD -0.33, 95% CI -0.64 ~ -0.02, P=0.04).
Conclusion: Exercise did not change body weight, but did
improve liver enzymes and blood glucose levels in patients diagnosed
with non-alcoholic fatty liver disease.
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Core Tip

Non-Alcoholic Fatty Liver Disease (NAFLD) has been
reported to be associated with the incidence of other chronic
liver diseases, diabetes and atherosclerosis. However, lifestyle
change has significance in the improvement and rehabilitation of
patients. The aim of this meta-analysis was to evaluate the effects
of physical exercise in patients with NAFLD.

Introduction

Non-Alcoholic Fatty Liver Disease (NAFLD) is a metabolic
stress-induced liver disorder closely related to insulin resistance
and genetic susceptibility. NAFLD is characterized by excessive
fat deposition in liver cells and includes three types: Simple
Fatty Liver (SFL), Non-Alcoholic Steatohepatitis (NASH) and its
related cirrhosis [1]. According to the investigation by Lazo et al.,
the average prevalence rate of NAFLD in adults is approximately
10 to 30%, and up to 25% of patients develop cirrhosis within a
decade [2,3]. In Europe and other developed countries, NAFLD
may affect the incidence of other chronic liver diseases, diabetes
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and atherosclerosis, and can lead directly to decompensate
cirrhosis. NAFLD can endanger patients’ health and lives [46]. Therefore, the identification of an effective intervention to
improve patient quality of life has great significance.

However, most of the drugs administered for NAFLD, such
as the cholesterol-lowering drugs, statins, and antioxidants,
hepatoprotective drugs and insulin-sensitizing agents, have
pharmacological toxicity resulting in side effects. In recent
years, Oza, et al. [7], concluded that lifestyle changes including
moderate aerobic exercise has significance in the improvement
and rehabilitation of patients. Researchers worldwide have
conducted a number of studies on the effects of exercise; however,
large-scale trials have not been carried out due to limitations on
the prevalence of NAFLD [8-11]. Therefore, in the present study
we performed a meta-analysis of Randomized Controlled Trials
(RCTs) to evaluate the effects of physical exercise in patients with
NAFLD.

Methods

Data sources and searches
Relevant literature was obtained using standard databases
including PubMed, Cochrane Library, EMBASE, CINAHL, Web
of Science, and Science Citation Index (updated to Sep. 2015),
and was limited to human studies published in English with a
search strategy using the Medical Subject Headings (MeSH) and
text key words“exercise”, “non-alcoholic fatty liver disease”,
and “randomized controlled trial”. We also performed a
comprehensive manual search of all references from primary or
review articles and abstracts to identify valuable studies.

Study selection

Studies included in this meta-analysis conformed to the
following inclusion criteria:
1. Experimental design: RCTs on the effects of exercise in
patients with NAFLD;

2. Experimental subject: patients with a diagnosis of NAFLD
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for more than one year identified according to the American
Gastroenterological Association [12];
3. Experimental process: the study included a control group,
moderate exercise intensity (exercise of more than 20 min, more
than twice a week), reported data on liver biochemical markers
and
4. Subjects were excluded due to long-term alcohol
consumption (more than 20g/ d).

Data abstraction and quality assessment

Data abstraction was independently performed by two
investigators (Jingjing Li and Fan Wang) using a standardized
data abstraction tool based on the Cochrane Handbook for
Systematic Reviews of Intervention and any differences were
resolved by consensus or by the third investigator (Kan Chen).
The following information was extracted from each article: name
of the first author, year of publication, sample size, exercise
intensity and period, method of data collection and method used
to deal with missing data, basic parameters (age, sex and body
mass index, BMI) and liver biochemistry (alanine transaminase,
ALT; aspartate aminotransferase, AST) before and after exercise,
and adverse events. Exercise should be as aerobic.

Methodological quality of the studies was assessed by the
Consolidated Standards of Reporting Trials (Consort statement)
[13]. The studies included in the meta-analysis were evaluated
using the 22-stem criteria for RCTs in order to maintain the
high quality of the literature using scientific evaluation for RCT
design. Each item received 1 score, and studies with a score of
more than 18 were considered high quality. Two researchers
evaluated the studies which were included in the meta-analysis
when a consensus was reached. The meta-analysis was carried
out according to the Cochrane Handbook of Systematic Reviews
consistent with PRISMA guidelines [14].

Statistical Analyses

RevMan 5.2 (The Nordic Cochrane Centre, The Cochrane
Collaboration, 2012) was used to analyze the extracted data.
The Odds Ratio (OR) with 95% Confidence Intervals (CI) for
continuous data was evaluated. Dispersion extent was evaluated
using the Standard Mean Difference (SMD). When the original
literature did not report SMDs, they were assessed by other
literature data. During assessment of data heterogeneity, when
P values were > 0.10 and an I2 value was < 50%, the fixed effects
model was used, otherwise a random effects model was used [15].
For in-depth study of the clinical heterogeneity of the results, we
established a subgroup analysis as each study reported slightly
different source data and target results. Data heterogeneity may
lead to an exaggerated effect and if all blind inclusions lead to
increased internal validity this could reduce the credibility of the
analysis. We also used funnel plots to determine publication bias
to increase data availability to the highest degree.

Results

Study characteristics
We searched 186 papers from the above-mentioned

Copyright:
© 2015 Guo et al.

databases, and following strict selection, 5 papers were
included in the study (Figure 1) [8,9,11,16,17]. These studies
included patients with NAFLD enrolled in RCTs with a doubleblind physical exercise intervention and reported liver function
indices including ALT and AST. The selected papers also included
data on liver histopathology. The basic characteristics and quality
scores of the selected studies are shown in Table 1. Patient
age ranged from 15 to 60years with a different number of patients
in each study. Exercise intensity was moderate and mainly aerobic
exercise. The duration of treatment in each study was different
and ranged from1 week to 6 months. According to Table 1 the
duration of treatment ranged from 2 weeks to 6 months, and the
results were used as an effective reference range.

Meta-Analysis
BMI

Five trials [8,9,11,16,17] which included 187 patients
reported changes in body weight using BMI as the
standard. Heterogeneity (P = 0.01, I2 = 69%) was high, but in
the moderate range. Significant clinical heterogeneity was
observed, however changes in the data may have been due
to patient age and different BMIs. Therefore, the random effects
model was used. No statistically significant difference in BMI was
found in patients with NAFLD following exercise (SMD -0.17,
95% CI -0.75 ~ 0.41, P = 0.57; Figure 2).

ALT level

A total of four trials [8,9,11,12] reported ALT level change
before and after exercise. Analysis of the results using a
fixed effects model synthesis was not statistically significant
heterogeneity (P = 0.33, I2 = 12%), and the description of the
experimental results is homogeneous. We calculated the value
of their combined effect to find that there was statistically
significant between the experimental group and the control. The
differences indicated that ALT levels of patients before and after
exercise so significantly reduced that liver function returned to
positive (SMD -0.40, 95% CI -0.75 ~ -0.05, P = 0.03; Figure 3).

Fasting glucose

Nonalcoholic fatty liver disease is often seen in patients with
diabetes due to metabolic disorders; therefore, we evaluated
fasting blood glucose reported in four trials [8,9,15,16] which
helped us to recognize NAFLD as a standard indicator for glucose
determination. We found that in170 patients, fasting blood
glucose testing showed no heterogeneity (P = 0.46, I2 = 0%). The
combined effect can be a better representation of the overall level.
The significant differences observed between the experimental
and control groups showed that exercise can effectively lower
fasting blood glucose in patients with NAFLD (SMD -0.33, 95% CI
-0.64 ~ -0.02, P = 0.04; Figure 4).

Sensitivity Analyses

Changes in blood glucose and ALT in patients with NAFLD
suggested that the patient’s condition improved following
exercise; however, the significance of BMI requires further
investigation. Re-validation of the five studies showed that
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Figure 1: Trial identification, inclusion and exclusion.
Table 1: Characteristics of the studies included in the meta-analysis.
Source

George, 2009 [8]
Eckard, 2013 [10]
Sullivan, 2012 [11]
Hallsworth, 2011 [16]
Wang, 2008 [17]

Score
20
21
19
20
20

Age
(years)
47
51
58
57
15

Sample
Size
72
20
18
21
57

BMI
kg/m2
31.7
33.3
35.2
32.3
28.5

Fasting glucose
(mmol/L)
5.8
5.9
6.2
6.3
NR

ALT/AST
67.2/43.6
64.1/39.9
39.7/NR
60.6/NR
148.4/89.4

Duration of
treatment
3 months
6 months
4 months
2 weeks
1 month

Figure 2: BMI in patients suffered with nonalcoholic fatty liver disease.

Figure 3: ALT level in patients with nonalcoholic fatty liver disease.
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Figure 4: Fasting blood glucose in patients with nonalcoholic fatty liver disease.

patient age in one study was lower than that in the other studies,
thus a meta-analysis of the results did not rule out inaccuracies.
This study was excluded and the other four studies were analyzed
again, and no change in BMI heterogeneity (P = 0.73, I2 = 0%) was
noted. These results indicated that the data were not statistically
significant and were still consistent with the above-mentioned
conclusions (SMD 0.12, 95% CI -0.47 ~ -0.7, P = 0.7).

significantly improved liver function. However, some researchers
believe that intensive exercise raises oxygen tolerance, in addition
to increased consumption of oxygen [23,24]. Therefore, an anoxic
environment is formed in the body and recovery of liver function
is unfavorable. This study was performed to confirm existing
research results, and included a large sample size to evaluate the
effects of exercise on liver function and blood sugar levels.

Funnel plot asymmetry of the meta-analysis results showed
the presence of slight publication bias which was caused by the
sample size and treatment effect (Figure 5).

In this study, we conducted rigorous screening to ensure the
inclusion criteria were fair. The selected randomized controlled
trials were chosen due to their strict design and evaluation
results. Two of these studies were small heterogeneous
trials and assessment indicators met the requirements of the
combined effect, thus can be combined in large sample sizes
for statistical analysis to draw accurate conclusions. However,
greater heterogeneity for BMI, analyzed by re-assessment
methods, may have included age as a major factor causing these
differences. Sensitivity analysis showed a low heterogeneity and
a meaningful combined effect when one trial, which resulted
in large differences but negative results, was excluded. Slight
asymmetry in the funnel plots showed publication bias related
to the sample size.

Publication Bias

Discussion

Due to improvements in living standards, fatty liver caused
by obesity, diabetes, hyperlipidemia, and metabolic syndrome
has increased and Non-Alcoholic Fatty Liver Disease (NAFLD)
is a threat to human health. Worldwide research on this disease
has significantly increased in the past few years and researchers
are working to resolve this issue [18-21]. However, identification
of the optimal treatment for NAFLD is a slow process due to
the complexity of the disease. Many patients are faced with the
transition from hepatitis to cirrhosis and even complete liver
failure. Statins and insulin sensitizer therapy administered during
this stage of the disease are ineffective [22]. Generic drugs with
hepatic and renal toxicity can cause damage to other organs in
addition to the liver. Eckard et al. [9], found that healthy lifestyle
changes including diet, exercise, and daily vitamin supplements

Description of research quality

Analysis of results

Patients after a short period of moderate exercise showed
no obvious bias in BMI which illustrated that weight loss was
not obvious when a normal diet was consumed. Meaningful

Figure 5: Funnel plots for the meta-analysis.
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reductions in ALT and the glycemic index were observed.
Although this effect did not fully explain the improvements in
liver function and blood lipid levels, the differences between
the exercise group and the control group showed satisfactory
changes to some extent. The main symptoms in NAFLD patients
include bloating, gas and other liver disorders, and elevated
blood sugar which can also lead to elevated blood lipids and a
burden on the liver associated with treatment [25,26]. Delays in
treatment can result in fat deposition in the liver. The present
study found that exercise increased the activity of glycogen
synthase, and affected sequestration of fatty acids and the glucose
cycle in order to reduce the process of de novo lipogenesis [8,27].
Aerobic exercise stimulated the synthesis of triglycerides and
reduced the deposition of fatty acid and its metabolites in the
liver, and prevented the progression of liver fibrosis [11,28].

Clinical significance

Currently, the concept of a healthy lifestyle to minimize
damage to the immune system due to drug therapy has great
significance [29]. Exercise is widely performed by healthy
individuals; however, most patients require bed rest and are
unable to benefit from the positive effects of scientific and
standardized exercise until they are well. Although this study
did not explain the relationship between weight loss and
improvement in related diseases, it is thought that exercise
is closely related to disease. In clinical practice, professionals
should actively promote a reasonable exercise program and
urge patients to take part in a progressive exercise program to
encourage the recovery of patients in an economical and effective
way.

Limitations of this study

Although these five studies were high-quality randomized
controlled trials, some limitations existed. For example: (1)
Although we performed the meta-analysis to obtain a large
sample size, the results were limited and further investigations
are required; (2) It is difficult to achieve consistent baseline
parameters due to differences in the populations studied, thus
these differences should be compared to assess the effect on
outcome. However, slight inaccuracies may exist due to the
different measurement methods used. A subsequent study
should standardize baseline parameters to determine the
accurate effects of physical activity; and (3) the assessment of
patients using non-uniform standards resulted in a few combined
indicators which showed little improvement following exercise.
In addition to the assessment of enzymatic and biochemical
changes, personal feelings and psychological quality of life should
also be used as evaluation criteria [30]. Therefore, SDS scores
for depression and anxiety in patients should be included for a
comprehensive evaluation of the extent of disease in patients.
In summary, exercise did not change body weight, but did
improve liver enzymes and blood glucose levels in patients
diagnosed with non-alcoholic fatty liver disease and indicated the
significant importance of exercise in improving patients’ health.
Changes in oxygen resistance, lipid levels and liver enzyme levels
improved liver histopathology and delayed disease progression
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to cirrhosis. Moreover, reduced cost and self-addressed exercise
therapy, facilitated self-treatment of patients, to some extent.
Of course, drug treatment is also necessary combined with
a reasonable diet and moderate aerobic exercise to control
weight, blood sugar, cholesterol and promote reversal of
liver histopathology [31-34]. Therefore, we recommend that
patients with NAFLD undergo regular aerobic exercise to reduce
complications.
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