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Abstract: This study seeks to evaluate the effects of a reversal of sedentary lifestyles on the
improvement of metabolic profiles in patients with NAFLD. The PubMed, Cochrane Library,
Web of Science, and CNKI databases were searched up to May 15, 2021. Ten randomized
controlled trials on changes in the sedentary lifestyle of patients with NAFLD were included in
the analysis. Data from self-controlled case arms of randomized controlled trials investigating
sedentary lifestyle alterations were extracted, and the effect size was reported as the MD

and 95% CI. A total of 455 participants in 10 studies met the selection criteria. The results
showed that changing a sedentary lifestyle can significantly improve ALT [MD = 4.35 (U/L),
95% Cl: 0.53, 8.17], CHOL [MD = 0.31 (mmol/L], 95% CI: 0.19, 0.43], TG [MD = 0.22 (mmol/L],
95% Cl: 0.10~0.34], LDL-C [MD = 0.30 (mmol/L}, 95% Cl: 0.02, 0.57], fasting blood glucose
[MD = 0.17 ([mmol/L}, 95% CI: 0.03, 0.31], insulin [MD = 3.23 (pmol/LJ, 95% CI: 1.37~5.08],
and HOMA-IR levels (MD = 0.39, 95% Cl: 0.15, 0.63). Changing sedentary lifestyle can also
significantly improve body mass index (BMI) [MD = 1.12 (kg/m?), 95% Cl: 0.66, 0.58], body

fat (%) [MD = 0.34 (%), 95% CI: 0.13, 0.55] and VO,,.., levels [MD = -4.00 (mL/kg/min}, 95%
Cl: -5.93, -2.06]. No differences in AST or GGT were noted before or after lifestyle changes.
Altering a sedentary lifestyle to a lifestyle with regular exercise can slightly improve the
levels of liver enzymes, blood lipids, blood glucose, insulin resistance, and body mass index in

NAFLD patients.
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Introduction

Nonalcoholic fatty liver disease (NAFLD), which
has been renamed metabolic associated fatty liver
disease (MAFLD), has become the most preva-
lent chronic liver disease, affecting 26% of adults
worldwide.»> The natural history of NAFLD
demonstrates that the progression from the benign
stage of simple steatosis to the progressive form of
nonalcoholic steatohepatitis (NASH) with/with-
out fibrosis is accompanied by worsening metabo-
lism, such as weight gain, hyperlipidemia, and
hyperglycemia. This phenomenon contributes to

increased risk of and death due to diabetes and
atherosclerotic cardiovascular disease.?* Recently,
it has been reported that 10-30% of NAFLD
patients have NASH, and up to 25% of patients
have significant liver fibrosis.?> Moreover, 1-2% of
NAFLD patients have a more severe form of liver
disease (cirrhosis, liver dysfunction and/or hepato-
cellular carcinoma).35

A sedentary lifestyle is defined as insufficient
energy expenditure and less than 1.5 metabolic
equivalents (METsSs) due to low levels of physical
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activity.® Population-based studies have demon-
strated a dose-responsive association between the
prevalence of NAFLD and sedentary time even
after adjusting for obesity and other metabolic
confounders.”® Moreover, given that no recog-
nized pharmacotherapy is available for first-line
treatment, lifestyle adjustment remains a critical
component of the management of NAFLD and is
recommended by guidelines from major socie-
ties.»* However, most studies reporting the ben-
eficial effect of lifestyle intervention focused on
NAFLD subjects overall, where the effects were
similar among the subgroup with a sedentary life-
style. The contribution of training types, intensity,
and duration after changing sedentary behavior to
exercise training remained undefined. This infor-
mation is of particular clinical importance given
that the previous meta-analysis including all
NAFLD patients could potentially underestimate
the beneficial effect of changing sedentary life-
styles.10 Identifying the metabolic benefit of
changing sedentary lifestyle would be of clinical
benefit because it may provide evidence to esti-
mate whether the extent of physical activity would
be sufficient to control metabolic abnormalities.

This study aimed to systematically review all
self-controlled case series from randomized con-
trolled trials evaluating the therapeutic effect of
transition from a sedentary lifestyle to regular
physical exercise to evaluate the effects of modi-
fying lifestyle via exercise in patients with a
confirmed sedentary lifestyle. A review of self-
controlled case series may provide optimal evi-
dence of therapeutic effects in the management
of NAFLD.

Methods

The meta-analysis was designed, performed, and
reported in accordance with the PRISMA state-
ment!! and Cochrane manual guidelines.!2

Data sources and search strategy

This systematic review and meta-analysis design
was registered in the PROSPERO registry, and the
PROSPERO ID is 253581. We searched the
PubMed, Cochrane Library, Web of Science, and
China National Knowledge Infrastructure (CNKI)
databases for randomized controlled trials investi-
gating a change in the sedentary lifestyle of patients
with NAFLD. The retrieval time was from the
establishment of each database to May 15, 2021,

and the references of the included literature were
manually searched. The following search terms
were used: MAFLD, NAFLD, NASH, metabolic-
related fatty liver disease, nonalcoholic fatty liver
disease, nonalcoholic steatohepatitis, fatty liver,
liver steatosis and hepatic steatosis, sedentary life-
style, training, exercise, aerobic exercise, aerobic
training, resistance exercise, resistance training,
behavior, lifestyle, random controlled trial, ran-
dom, and controlled trial.

Study inclusion and exclusion criteria

The inclusion criteria of the literature were rand-
omized controlled trials with subjects who were
confirmed to have NAFLD. The study population
had a sedentary lifestyle before the trial, which
was defined as physical activity less than 2 times/
week for less than 20 minutes per session!314 or
less than 60 minutes/week of moderate intensity
activity.!> The intervention measures were chang-
ing sedentary lifestyles and regular physical exer-
cise. The data of the control group were obtained
before the change in sedentary lifestyle. The out-
come measures included liver function tests [ala-
nine  aminotransferase (ALT), aspartate
aminotransferase (AST), y-glutamyl transpepti-
dase (GGT)], blood lipids [total cholesterol
(CHOL), triglycerides (TG), low-density lipo-
protein—cholesterol (LDL-C)], glucose metabo-
lism [fasting blood glucose (FBQG), fasting insulin,
and homeostasis model assessment of insulin
resistance (HOMA-IR)], and body mass index
[BML, body fat (%), VO,,eal -

The exclusion criteria for studies were the follow-
ing: a diagnosis of NAFLD that did not meet the
requirements; literature of investigation, descrip-
tion, or review; unclear experimental data or orig-
inal data could not be obtained directly from the
literature; and lack of statement of obtaining a
signed informed consent.

Data extraction and quality assessment

Two researchers (Q.Q.M. and J.Z.Y.) indepen-
dently screened and extracted data and evaluated
the quality of the literature. The data that were
consistent after cross checking between screening
and extraction were included in the analysis, and
those that were inconsistent were included after
discussion with a third researcher. The basic infor-
mation extracted included the name of the first
author, year of publication, country, type of trial
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design, intervention measures, follow-up time,
monitoring indicators, NAFLD diagnosis method,
and primary outcome. The extracted data included
the mean, SD, and sample size of the relevant
measures before and after the intervention. If
essential information was missing, we contacted
the author to obtain the missing information. This
study included two types of interventions in the lit-
erature as two independent studies in the analysis.

Risk assessment of literature bias

According to the bias risk assessment tool recom-
mended in the Cochrane 5.1 systematic review
manual, Software Review Manager 5.3 was used
to generate the quality assessment chart. The
Cochrane bias risk assessment tool was used to
evaluate the quality of the included literature.
The evaluation included the generation of ran-
dom sequences, allocation concealment, bias
(blinding of the subjects and interveners as well as
blinding of the result evaluators), incomplete
result data, selective result reports, and other
sources of bias. There were seven items in six cat-
egories. According to the overall assessment of
bias risk, the literature was classified as high qual-
ity, general quality and low quality.

Statistical analysis

Data consolidation, heterogeneity testing, forest
mapping, and subgroup analyses were performed
using Software Review Manager Version 5.3.
Sensitivity analyses were performed using Stata
12.0 software. The data were extracted as con-
tinuous variables, and the mean difference (MD)
and 95% confidence interval (CI) were selected
as the effect scales to merge the effect quantities.
If I2<50% (p>0.1), there was no statistical
evidence for severe heterogeneity or the hetero-
geneity was small. If I2= 50% (p>0.1), the het-
erogeneity was high.

In our analysis, there were different intervention
arms originating from a same study that were
treated as separate studies, despite them being
correlated. We performed a meta-analysis on all
studies and subgroup analyses on different inter-
vention groups. Because the value of a heteroge-
neity investigation is questionable when there are
few studies, we used a random effects analysis for
all studies, and we further performed sensitivity
analyses by leaving out each study in turn to verify
the robustness of the conclusions.

Results

Study characteristics and quality evaluation

A total of 902 articles were retrieved, and after
reading abstracts and excluding repeated articles,
203 articles were obtained. A total of 190 nonrand-
omized controlled trials and studies of nondiag-
nosed NAFLD patients were excluded. After
further reading, three articles were excluded.
Finally, 10 articles were included in the analysis.
The specific screening process is shown in Figure 1.
The included information was compared with
seven items of the Cochrane systematic review.
Figure 2 shows that six studies had a low risk of
bias in random sequence generation, five studies
had a low risk of selection bias in information
reported in allocation concealment, all studies
had a high risk of bias because they were not
blinded in participants or personnel, and all stud-
ies had a low risk of bias in incomplete outcome
data and selective reporting. This experiment was a
self-controlled study that focused on the changes in
various indicators after the experimenter changed
the sedentary lifestyle. This research did not involve
blinded trials.

Basic characteristics of included studies

A total of 455 patients with NAFLD participated
in and completed the included studies. Among
them, three studies compared laboratory values
before and after the intervention of aerobic exer-
cise, six studies compared values before and after
the intervention of aerobic exercise combined with
resistance exercise, and one study compared val-
ues before and after the intervention of resistance
exercise. Magnetic resonance imaging (MRI) and
other imaging methods were used in all studies
to confirm that the subjects had NAFLD. The
therapeutic effect of lifestyle change was evaluated
by measuring liver function indices (ALT, AST,
and GGT), blood lipids (CHOL, TG, and LDL-
C), glucose metabolism (FBG, insulin, and
HOMA-IR) and body mass index [BMI, body fat
(%), and VO, before and after the subjects
changed from a sedentary lifestyle to a lifestyle
with regular exercise. The basic characteristics of
the included studies are shown in Table 1.

Effects of sedentary lifestyle changes on liver
enzyme parameters

ALT, AST, and GGT are important biochemical
indicators of liver function. Of the included
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Figure 1. Flowchart of the study selection process.

studies, 8, 5, and 4 studies reported data on ALT,
AST, and GGT, respectively. The meta-analysis
showed that compared with a sedentary lifestyle,
an exercise lifestyle could improve ALT levels
[MD = 4.35 (U/L), 95% CI: 0.53, 8.17] (Figure
3(a)). Regarding GGT and AST levels, the effect
was not significant [MD = 0.41 (U/L), 95% CI:
-2.56, 3.39 and MD = 8.06 (U/L), 95% CI:
—1.20, 17.33] (Figure 3(b) and (c)).

According to further classification of the exercise
intervention duration, the subgroup analysis
showed that patients with regular exercise for
more than 12 weeks exhibited significant improve-
ments in ALT levels [MD = 5.54 (U/L), 95%
CI: 0.34, 10.75], but no significant improvements
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in AST or GGT levels. When the total time of
change to an active lifestyle was less than 12 weeks,
ALT, AST, and GGT levels did not improve sig-
nificantly (Supplementary Figure 1A, B and C).

Effects of sedentary lifestyle changes on blood
lipid parameters

In the included literature, seven studies reported
data on CHOL and TG levels for the blood lipid
parameters, and three studies reported LDL-C
levels. No significant heterogeneity in CHOL or
TG levels (all I? < 50%) was noted, but signifi-
cant heterogeneity in LDL-C (I? > 50%) was
evident. Compared with a sedentary lifestyle, a
regular exercise lifestyle can improve CHOL
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Figure 2. Methodological quality and risk of bias of the included trials.

[MD = 0.31 (mmol/L), 95% CI: 0.19, 0.43],
TG [MD = 0.22 (mmol/L), 95% CI: 0.10, 0.34]
and LDL-C levels [MD = 0.30 (mmol/L), 95%
CI: 0.02, 0.57] (Figure 4(a)—(c)).

Regarding the duration of exercise intervention,
the results of the subgroup analysis showed that
patients with regular exercise could significantly
improve the levels of CHOL [MD = 0.29
(mmol/L), 95% CI. 0.15, 0.43; MD = 0.39
(mmol/L), 95% CI: 0.09, 0.69] and TG
[MD = 0.20 (mmol/L), 95% CI: 0.06, 0.34;
MD = 0.29 (mmol/L), 95% CI: 0.05, 0.52] with
exercise durations of both more than and less
than 12weeks (Supplementary Figure 2A and B).

Effects of sedentary lifestyle changes on blood
glucose metabolism parameters

Eight, six and six studies reported data on FBG,
insulin, and HOMA-IR levels, respectively.
The heterogeneity among FBG, insulin, and

HOMA-IR studies was not significant (I2 < 50%).
Meta-analysis showed that compared with a sed-
entary lifestyle, a regular exercise lifestyle could
improve FBG [MD = 0.17 (mmol/L), 95% CI:
0.03, 0.31], insulin [MD = 3.23 (pmol/L), 95%
CI:1.37,5.08] and HOMA-IRlevels (MD = 0.39,
95% CI: 0.15, 0.63) (Figure 5(a)—(c)).

The subgroup analysis showed that compared
with a sedentary lifestyle, aerobic therapy alone
could significantly improve FBG levels
[MD = 0.13 (mmol/L), 95% CI: 0.02, 0.24]
(Supplementary Figure 3A). According to further
classification of the exercise intervention dura-
tion, the subgroup analysis showed that patients
with regular exercise for more than 12weeks
could significantly improve the levels of FBG
[MD = 0.15 (mmol/L), 95% CI: 0.03, 0.26] and
HOMA-IR (MD = 0.33, 95% CI: 0.06, 0.60),
and HOMA-IR (MD = 0.63, 95% CI: 0.08,
1.19) could be improved with less than 12 weeks
of exercise (Supplementary Figure 3B and C).
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Figure 3. Meta-analysis of the effects of a sedentary lifestyle and training on hepatic enzyme parameters of NAFLD: (a) ALT (U/L],
(b) AST (U/L), and (c] GGT (U/L).

Effects of sedentary lifestyle changes on body
mass index

In total, nine, seven, and four studies reported
data on BMI, body fat (%), and VO, respec-
tively. No significant heterogeneity was noted
between studies reporting BMI and body fat (%)
(I2 < 50%), but significant heterogeneity was
noted between studies reporting VO,
(I2 = 83%). The meta-analysis showed that com-
pared with a sedentary lifestyle, a regular exercise
lifestyle could improve BMI [MD = 1.12 (kg/m?),
95% CI: 0.66, 1.58], body fat (%) [MD = 0.34
(%), 95% CI: 0.13, 0.55], and VO, levels

[MD = -4.00 (mlL/kg/min), 95% CI. —5.93,

—2.06] (Figure 6(a)—(c)).

The subgroup analysis showed that compared
with a sedentary lifestyle, aerobic therapy alone
could significantly improve BMI levels
[MD = 1.05 (kg/m?), 95% CI: 0.51, 1.60]
(Supplementary Figure 4A).The subgroup analy-
sis also showed that patients with regular exercise
for both more than and less than 12weeks could
significantly improve FBG [MD = 1.03 (kg/m?),
95% CI: 0.51, 1.56; MD = 1.38 (kg/m?), 95%
CI: 0.45, 2.30] and VO, levels [MD = —4.19
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Sedentary lifestyle Training Mean Difference Mean Difference

(a) CHOL(mmol/L)
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Figure 4. Meta-analysis of sedentary lifestyle and training serum lipid parameters of NAFLD: (a] CHOL (mmol/L), (b) TG (mmol/L)},

and (c) LDL-C (mmol/L).

(mL/kg/min), 95% CI. —-7.20, —-1.18; MD =
-3.83 (mL/kg/min), 95% CI: -5.60, —2.07]
(Supplementary Figure 4B and C).

Impact of relevant and independent studies on
results

We conducted a subgroup analysis based on
whether the studies came from a same article.
Studies were considered to be correlated if they
came from the same article. The subgroup analy-
sis was not conducted for studies with less than
three articles. Meta subgroup analysis showed
that correlated and independent studies were
consistent with the overall meta-analysis results

Sedentary lifestyle  Training

among ALT, BMI, and VO,,,. In CHOL, TG,
and FBG, the results from independent studies
were consistent with the overall meta-analysis
results, but correlated studies were inconsistent
with the overall results. This may be due to differ-
ent sample sizes or research methods, which
needed further research (Supplemental Figure 5).

Sensitivity analysis and publication bias

We performed a sensitivity analysis to examine
the stability of the pooled result. With the removal
of individual studies from each analysis, the sig-
nificance of the pooled results remained signifi-
cantly consistent (Figure 7). Funnel plots of liver
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(a) FBG(mmol/L) Sedentary lifestyle Training Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random,95% Cl Year IV, Random, 95% CI
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Figure 5. Meta-analysis of sedentary lifestyle and training on glucose metabolism parameters of NAFLD: (a) FBG (mmol/L]},
(b) Insulin (pmol/L), and (c] HOMA-IR.

function, blood lipids, blood glucose, and body
mass index were generated to test publication
bias (Figure 8). The research points of blood glu-
cose and blood lipid metabolism were generally
symmetrical, and the possibility of publication
bias was low. Funnel plots of ALT and AST indi-
cated that there might be publication bias (Figure
8(a) and (b)).

Discussion
Our meta-analysis results showed that changing
an existing sedentary lifestyle to one with regular

exercise significantly improved the levels of ala-
nine aminotransferase, total cholesterol, triglycer-
ides, LDL-C, fasting blood glucose, insulin,
insulin resistance, BMI, and VO,,,.. An exercise
intervention duration longer than 12weeks can
significantly improve liver function, blood glu-
cose, and lipid metabolism in NAFLD patients.

Hepatic manifestations of lipotoxicity may pre-
sent as nonalcoholic steatohepatitis with liver
injuries presenting as high levels of ALT, AST,
and GGT. It has been described that normaliza-
tion of liver injury markers was associated with
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Figure 6. Meta-analysis of sedentary lifestyle and training on BMI, Body fat (%) and VO, levels of NAFLD. (a) BMI (kg/m?), (b] Body
fat (%), and (c] VO,peqy (ML/kg/min).

improvements in metabolic abnormalities.?> Our
findings further support that changing a seden-
tary lifestyle to one with regular exercise in
patients with NAFLD can improve ALT but not
GGT or AST liver enzyme levels, suggesting a
potential limited beneficial impact on NASH and
related metabolic abnormalities. One study exam-
ined the association between physical activity and
NAFLD. In a recent paper from a Chinese
NAFLD cohort with the majority of patients

undergoing lifestyle modification, the rate of
GGT normalization was lower than that of ALT
in those with concurrent abnormal ALT and
GGT levels, and GGT normalization was associ-
ated with good control of weight and insulin
resistance and considered a more reliable marker
of NASH improvements.?> Moreover, our sub-
group comparison also confirmed that only those
with intervention durations lasting for greater
than 12months would present improvement.
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Figure 7. Sensitivity analysis of the included trials. (a) ALT (U/L), (b) AST (U/L), (c] GGT (U/L], (d) CHOL (mmol/L), (e) TG
(mmol/L), (f) LDL-C (mmol/L), (g) FBG (mmol/L), (h) Insulin (pmol/L], (i) HOMA-IR, (j) BMI (kg/m2), (k) Body fat (%), and (U
VOypearlmL/kg/min).
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Figure 8. Funnel plot of publication bias of the included trials: (a) ALT (U/L], (b) AST (U/L), (c) GGT (U/L), (d) CHOL (mmol/L}, (e) TG
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Therefore, our results emphasized that exercise Serum lipid parameters, including TG, CHOL,
training may only play a mild protective role in and LDL-C, have been identified as the predomi-
NAFLD with a sedentary lifestyle, and this asso- nant mediators of atherosclerosis.?> Importantly,
ciation requires at least a 1-year period.?* our study shows that changing a sedentary lifestyle
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to a regular exercise lifestyle can significantly
reduce all the above lipid levels despite varied
types of training methods and durations.1%15
Although a statistically significant effect of lower-
ing lipids in our meta-analysis results was found in
the current research, the magnitude of the
improvement by exercise treatments appears to be
relatively small with values of 0.31 mmol/LL. CHOL
[95% CI: 0.19, 0.43], 0.22 mmol/LTGs [95% CI:
0.10, 0.34], and 0.30mmol/L. LDL-C [95% CI:
0.02, 0.57] from the pooled results. The pooled
results also demonstrated that an even longer
physical activity intervention of more than
3 months had no significant effect on lipid metab-
olism. This finding was inconsistent with reports
from a previous meta-analysis including patients
with NAFLD not restricted to a sedentary lifestyle
showing that long exercise durations correlated
with better improvement effects of blood lipids.10
This finding needs to be further clarified by
including more large randomized controlled
trials (RCTs) given that only 4 RCT studies with
training over 12months were included for
assessments.

As one of the most important pathogenic and
metabolic comorbidity drivers, insulin resistance
promoted progression to impaired glucose toler-
ance, type 2 diabetes mellitus (T2DM) and ath-
erosclerosis in NAFLD patients. A previous
meta-analysis demonstrated that sport training
programs were effective in improving insulin
resistance in overweight or obese individuals with
decreased HOMA-IR (standardized mean differ-
ence =-0.34 [-0.49, -0.18], p»<0.0001,
12=48%, 37 study).? Our results also showed
that exercise can reduce insulin resistance esti-
mated by HOMA-IR in patients with NAFLD.
Several studies from Asia have found a dose—
response relationship between weight loss and the
improvement of steatohepatitis.?’” Even when
body weight was reduced by only 3-5%, the liver
histology of 40% of patients with NAFLD
improved by varying degrees,?’ thereby counter-
acting hepatic and whole-body insulin resistance.

Study limitations

Our research has several limitations. First, the
total number of included studies was small given
that the literature review identified only a limited
number of RCTs. Second, the majority of the
population included in this study was Caucasian,

and the conclusions may not be applicable to the
Asian population. Third, the data were extracted
from secondary outcomes instead of at the indi-
vidual level, which may cause some potential
unknown biases. Fourth, in our analysis, different
intervention groups from the same study were
regarded as independent studies, but we did not
fully involve the impact of this correlation on the
results. Another issue that arises with analyzing
many different outcomes and subgroups is
inflated type I errors. The probability of obtaining
at least one spurious statistically significant
result was dramatically increased based on the
number of tests that were performed in this
meta-analysis.

Conclusions

In conclusion, changing a sedentary lifestyle to a
lifestyle with regular exercise can significantly
improve liver function, blood lipids, blood glu-
cose, insulin resistance, and BMI in patients with
NAFLD, but the extent of the improvements is
moderate. The improvements in liver function,
blood glucose, and lipid metabolism may depend
on the duration of persistent training. In the
future, we need to conduct larger and longer-
term prospective randomized controlled trials to
determine the long-term benefits and effects of a
regular exercise lifestyle on patients with NAFLD.
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