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Efficacy of aerobic and resistance exercises in improving visceral
adipose in patients with non-alcoholic fatty liver: a meta-analysis

of randomized controlled trials

Die Wirksamkeit von aerobem Bewegungs- und
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bei Patienten mit nichtalkoholischer Fettleber: Eine Meta-Analyse
randomisierter, kontrollierter Studien
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ABSTRACT

Background Non-alcoholic fatty liver disease (NAFLD) is a
common chronic disease that can cause liver deterioration if
insufficiently diagnosed and untreated. The verification of

whether exercise interventions improve liver enzymes and
lipid and glucose parameters is scant.

Aim We conducted this systematic review and meta-analysis
to examine the efficacy of aerobic and resistance exercise
interventions in patients with NAFLD.

Methods We searched the related studies in the PubMed,
Embase, Cochrane Library, and Web of Science databases.
We screened 1129 articles published before September 1,
2021, based on the inclusion and exclusion standards, after
which 17 articles with a total of 1168 participants were finally
included. The indices of liver enzymes and lipid and glucose
metabolism were gathered and examined by Stata SE.
Results The outcomes suggested that aerobic and resistance
exercise can markedly improve the parameters of liver en-
zymes, blood lipids, and glucose, and especially visceral adi-
pose tissue (weighted mean different [WMD]=-8.3at 95%
Cl [-11.59 to -5.00], p<0.0001), in patients with NAFLD.
Conclusion This study demonstrated that aerobic and resist-
ance exercises positively affect NAFLD treatment. To further
quantify the effects on patients with NAFLD, a more specific
and uniform exercise program should be proposed.

ZUSAMMENFASSUNG

Hintergrund Die nicht-alkoholische Fettlebererkrankung
(NAFLD) ist eine haufige chronische Erkrankung, die bei un-
zureichender Diagnose und unzureichender Behandlung zu
einer Verschlechterung der Leberwerte fiihren kann. Es gibt
nur wenige Studien, die belegen, dass Sport die Leberenzym-
werte sowie die Lipid- und Glukoseparameter verbessert.

Ziel In dieser systematischen Ubersichtsarbeit und Meta-Ana-
lyse wurde die Wirksamkeit von aerobem Bewegungs- und
Widerstandstraining bei Patienten mit NAFLD untersucht.

Methoden Wir recherchierten in den Datenbanken PubMed,
Embase, Cochrane Library und Web of Science die entspre-
chenden Studien. Anhand der Ein- und Ausschlusskriterien
wurden insgesamt 1129 Artikel, die vor dem 1. September
2021 veroffentlicht worden waren, gescreent und schlussend-
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lich 17 Artikel mit insgesamt 1168 Teilnehmern eingeschlos-
sen. Die Werte der Leberenzyme sowie des Lipid- und Gluko-
sestoffwechsels wurden erfasst und mit Stata SE untersucht.
Ergebnisse Die Ergebnisse legen nahe, dass aerobes Bewe-
gungs- und Widerstandstraining bei Patienten mit NAFLD die
Werte der Leberenzyme, der Blutfette und des Blutzuckers
und insbesondere des viszeralen Fettgewebes deutlich ver-
bessern knnen (WMD =-8,3 bei 95% Cl [-11,59 bis -5,00],
p<0,0001).

Schlussfolgerung Diese Studie hat gezeigt, dass aerobes
Bewegungs- und Widerstandstraining eine positive Rolle bei
der Behandlung von NAFLD spielen. Um die Auswirkungen
auf Patienten mit NAFLD besser quantitativ beurteilen zu
konnen, sollte ein spezifischeres und einheitlicheres Trainings-
programm angeboten werden.

Schliisselwérter Nicht-alkoholische Fettlebererkrankung,
aerobes Bewegungstraining, Widerstandstraining, randomi-
sierte kontrollierte Studie, Meta-Analyse

Introduction

Non-alcoholic fatty liver disease (NAFLD) is currently the primary
cause of chronic liver disease in the United States and Europe, with
a global prevalence of approximately 25% [1]. It is a metabolic
syndrome that can cause obesity, insulin resistance, type 2 diabe-
tes (T2DM), hypertension, and so on. The progression of NAFLD to
non-alcoholic steatohepatitis, liver cirrhosis, and liver cancer will
increase the incidence of complications and the disease’s mortal-
ity, thus increasing the burden on the economy and society [2].
Several cohort studies have shown that cardiovascular disease
accounts for the significant contribution to death in patients with
NAFLD [3]. Therefore, early clinical intervention is particularly
vital. However, no effective treatment has been proposed so far.
Some studies have pointed out that NAFLD can be treated by
increasing satiety, performing weight loss surgery, reducing intes-
tinal energy intake, and using treatments for antioxidation, anti-
inflammation, antifibrosis, and so on [4]. However, the above
treatment methods are unclear, and some procedures are incon-
venient for the patient or may have side effects. Besides, in long-
term treatment, drug-induced liver injury and side effects on
other organs cannot be ruled out.

Lifestyle interventions, including aerobic exercise and resist-
ance exercise, are beneficial to NAFLD and T2DM [5]. They can
reduce intrahepatic fat content, increase the B-oxidation of fatty
acids, induce liver protective autophagy, overexpress peroxisome
proliferator-activated receptor y (PPAR-y), reduce hepatocyte
apoptosis, increase insulin sensitivity, and improve non-alcoholic
fatty liver [6]. The 2017 AASLD guidelines indicate that early
drug intervention only works in patients with non-alcoholic stea-
tohepatitis and fibrosis confirmed by liver biopsies, and exercise
can reduce liver steatosis in adult patients with NAFLD [7].
Although several meta-analyses have been published to illustrate
the effects of exercise on patients with NAFLD [8, 9, 10, 11, 12],
there is no article to summarize as many of the latest articles as
possible and evaluate the effect of exercise on visceral adipose
tissue. Therefore, this meta-analysis was conducted to analyze
the efficacy of aerobic and resistance exercise in patients with
NAFLD.
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Materials and Methods

Literature search

The medical subject heading (MeSH) and related entry terms
were applied in Web of Science, PubMed, Embase, and Cochrane
Library. We list the key to PubMed here, and the access to the rest
of the database can be found in the supplementary materials (S1).
We researched it under Title/Abstract in PubMed Advanced
Retrieval. The brief expression is as follows: (non-alcoholic fatty
liver disease OR NAFLD OR fatty liver, nonalcoholic OR nonalco-
holic steatohepatitis OR steatohepatitis, nonalcoholic) AND (exer-
cises OR physical activity OR acute exercise OR isometric exercises
OR aerobic exercise OR exercise training) AND (randomized
controlled trial [RCT] OR randomized OR placebo). We selected
articles published before September 1, 2021, according to the
above keyword search.

Inclusion and exclusion criteria

The 2 authors (Ao and Zheng) independently browsed the
retrieved articles through the title and abstract and then screened
the articles according to the following inclusion and exclusion
criteria. If there was disagreement about inclusion, another
researcher (LX Fu) was the arbitrator to decide.” The inclusion
criteria were as follows: (1) the selected articles were RCTs; (2) pa-
tients were adults diagnosed with NAFLD; (3) the experimental
group received either aerobic exercise alone or aerobic exercise
with resistance exercise; and (4) the data were presented as the
mean * standard deviation (SD). By contrast, the exclusion criteria
were (1) pregnant or juvenile; (2) a lack of details even if the
authors were emailed; and (3) no control group was used.
Because the primary intervention measure in this paper was to
evaluate the effect of exercise therapy on patients with NAFLD, if
the frequency and mode of exercise were clearly defined, the
sample size may be reduced, so the above conditions were not
further limited.

Data extraction

Two authors (LX Fu and WY Zhang) scanned the subjects and
abstracts of all potential articles independently. They extracted
the number, age, and region of patients, period of intervention,
design of the study, and date of publication. Then the authors
extracted the outcome indicators such as transaminase, blood
glucose (Glu), visceral fat content, and so on. For insufficient or
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

Identification of studies via databases and registers ]
Records removed before

Records identified from PubMed screening:

186, Embase306, Web of Duplicate records removed (n

Sciences 264 and the Cochrane > =735)

Library 373: Records marked as ineligible
Databases (n = 1129) by automation tools (n=21)
Registers (n=0) Records removed for other

reasons (n =120)
h 4
r—
Records excluded reading the
Records screened | title and abstract(n=213)
(n=253)
b
Reports sought for retrieval »| Reports not retrieved
(n = 40) | (n=20)
v
Reports assessed for eligibility »| Reports excluded:
(n=20) Lack of original data (n=2)

Exercise treatment as control
group (n =1)

Y

(n=17)
Reports of included studies
(n=17)

—
g Studies included in review
—

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the
total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by
automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www .prisma-statement.org/

» Fig. 1 PRISMA flow diagram representing the different phases of this study.
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unclear data, the study was excluded if the corresponding authors
could not be reached.

Evaluation of bias

Zhang and Ao evaluated the risk of bias based on the Cochrane
Handbook for Systematic Reviews of Interventions. If there was
any difference between the 2 scores, it was resolved through dis-
cussion [13]. There were 6 points used to evaluate the quality of
each study (random sequence generation, allocation conceal-
ment, blinding, incomplete outcome data, selective reporting,
and other bias), and the consequences of assessment were illu-
strated in the form of low risk of bias, unclear risk of bias, or high
risk of bias.

Statistical analysis

We used Stata SE (version 12.0) to test the continuous variables in
this meta-analysis. Each study’s mean difference and SD were ex-
tracted and transformed for the intervention and control groups
to calculate the effect sizes for each outcome parameter. The
data in the form of the mean + SE were transferred to mean + SD
by the following formula: mean,nge = mean (end) — mean (start);

SD = SE x v (n: number of patients)

and SD¢hange =V (SD (start)? + SD (end)? - (2R x SD (start) x SD
(end)), the r (correlation coefficient) = 0.5 [13]. If the reported re-
sults were different from other studies in terms of dimensions and
measurement methods, we adopted the standard mean differ-
ence (SMD) to summarize the data; otherwise, the outcomes are
presented in the form of the weighted mean difference (WMD)
with 95% confidence interval (Cl). The random-effects model
and 95 % prediction interval (PI) were only used when 12250 %
and p<0.1; in other cases, the fixed-effects model was used. The
results were statistically significant when WMD/SMD had a gap of
0 (p<0.05); however, they were negative when WMD/SMD was
close to 0 (p>0.05). In addition, subgroup analyses of the geogra-
phical region (Europe, Asia, and North America) and intervention
period (<16 weeks and > 16 weeks) were investigated to examine
the heterogeneity between studies.

Results

Study features

We collected 1129 published articles from 4 databases in the first
online search, and we selected a total of 20 studies according to
the inclusion and exclusion criteria. Three articles were deleted,
including 2 studies that lacked original data and 1 that took exer-
cise intervention as the control group, and so 1168 patients in
17 articles were finally included. The flow diagram is shown in
» Fig. 1. Among the involved RCTs, 3 trials were performed in
China [14, 15, 16], 6 in the UK [17, 18, 19, 20, 21, 22], 2 in Saudi
Arabia [23, 24], 1 in the USA [25], 2 in Italy [26, 27], 2 in Iran [28,
29], and 1 in Israel [30], The general exercise frequency of selec-
ted studies was 35 times a week, the longest duration was

1648

48 weeks, and the shortest was 8 weeks. The basic characteristics
of the involved studies are shown in » Table 1.

Quality assessment

We evaluated each study for the risk of bias based on 6 points of
assessment (> Table 2). Due to the different qualities of each
study, the assessment of 6 points was also unequal. The vast
majority of enrolled studies were evaluated as low risk of bias,
while the remaining portion is marked as unclear in » Table 2:
only 3 trials were considered unclear for random sequence
generation [20, 22, 28], 6 for allocation concealment [17, 21, 25,
26, 28, 29], 7 for blinding [16, 18, 19, 22, 25, 27, 28], and 1 for
free of other bias [23].

The effect of aerobic and resistance exercise
on weight and BMI

We analyzed body weight and BMI (> Fig. 2) in patients with
NAFLD. Because the heterogeneity is small, we chose the fixed
effect model. Exercise treatment reduced weight by 1.87 kg
(95% Cl [-2.43 to -1.32], p<0.0001, I> =0.0 %) and reduced BMI
by 0.38 (95 % CI [-0.57 to -0.18], p<0.0001, I =0.0 %).

The effect of aerobic and resistance exercise on liver
enzymes

This meta-analysis shows that aerobic and resistance exercise can
reduce alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST), but the effect on y-glutamyl transferase (GGT) was
not statistically significant. Exercise reduced the ALT level by
3.29 (U/L) (95% CI [-4.60 to -1.97], p<0.0001, 12 =0.0 %) and
AST (WMD=-1.50at 95% Cl [-2.42 to -0.58], p=0.00T,
12 =24.1%), yet GGT showed less significance (WMD =-2.12 at
95% Cl [-4.49 to 0.25], p=0.079, 1> =0.0%). The above conclu-
sions will be shown in » Fig. 3, » Fig.4, » Fig. 5.

The effect of aerobic and resistance exercise on lipid
metabolism

We analyzed cholesterol (TC), triglycerides (TG), intrahepatic tri-
glycerides, and visceral adipose tissue. Considering the different
units of TC and TG in the included study, we adopted SMD to sum-
marize the data. It is worth noting that the heterogeneity of TC
and TG is significant, so we adopted the random effect model
and calculated the 95% PI. The outcomes implied that the pa-
tients in the exercise group had lower TC (SMD=-0.30at 95% Cl
[-0.52 to —0.09], 95% PI [-0.98 to 0.38], p=0.005, 12 =59.8 %)
and TG (SMD=-0.30at 95% CI [-0.54 to -0.07], 95% PI [-1.16
to 0.55], p=0.012, 12 =70.6 %). Furthermore, exercise treatment
reduced the visceral adipose tissue level by -8.30cm? (95% Cl
[-11.59 to -5.00], p<0.0001, 1> =44.8 %), intrahepatic triglycer-
ides (WMD=-2.36at 95% Cl [-4.43 to -0.30], p=0.025,
12 =0.0%) (» Fig.6, » Fig. 7). Through sensitivity analysis, we
concluded that the heterogeneity of TC mainly comes from
3 studies [23, 24, 29]; after deleting these studies, the hetero-
geneity (12 index) decreased from 59.8 % to 1.0 %, and the overall
effects still exhibited significant differences. Also, 2 studies [23,
24] exhibited significant heterogeneity in TG compared with other

FulLetal. Efficacy of aerobic... Z Gastroenterol 2022; 60: 1644-1658 | © 2022. The Author(s).



» Table 2 Risk of bias.

Study Random Allocation
sequence concealment
generation

Houghton D, 2017 L L

Abdelbasset WK 2019 L L

Abdelbasset WK 2020 L L

Jia GY 2018 L L

Shojaee-Moradie F, 2016 u L

Hallsworth K, 2015 L L

Sullivan S, 2012 L U

Pugh CJ, 2013 U L

Pugh CJ, 2014 L U

Zelber-Sagi S, 2014 L L

Shamsoddini A, 2015 u u

Cuthbertson DJ, 2016 L u

Zhang HJ, 2016 L L

Cheng S, 2017 L L

Eckard C, 2013 L u

Hoseini Z, 2020 L u

Franco I, 2021 L L

L: low risk of bias; U: unclear of bias

studies; the heterogeneity decreased significantly after the dele-
tion of these 2 studies. From another point of view, because of the
different intervention times and population regions in the study,
we found that they could significantly affect the effect by meta-
regression, p<0.05. Based on this conclusion, the subgroup
analyses were carried out based on the intervention period
(=16 weeks and > 16 weeks) and region of patients (Europe,
Asia, and North America). In all subgroups analyses, the hetero-
geneity of TC decreased only in > 16 weeks of treatment duration
times (SMD=-0.16at 95% CI [-0.29 to -0.03], p=0.020,
12 =0.0%). and decreased in Europe group (SMD=0.03at 95% Cl
[-0.27 to -0.33], p=0.849, 1> =0.0 %); and the heterogeneity of
TG decreased only in the Europe group (SMD=-0.14at 95% Cl
[-0.46 to -0.17], p=0.375, I> = 26.0 %), and different intervention
cycles have no effect. Even so, these results could not explain all
sources of heterogeneity.

The effect of aerobic and resistance exercise
on glucose metabolism

The parameters of this section included Glu, insulin, and HOMA-IR
(» Fig. 8, » Fig.9, » Fig. 10). Given the different units of the
above indicators, the SMD was used to summarize the Glu, insulin,
and HOMA-IR data. Random effect model and heterogeneity in
Glu were detected. Aerobic and resistance exercise reduced Glu
(SMD =-0.26 at 95 % CI [-0.45 to -0.07], 95% Pl [-0.84 to 0.31]
p=0.006, 1> =51.8%) and HOMA-IR (SMD=-0.36at 95% Cl

FuLetal. Efficacy of aerobic... Z Gastroenterol 2022; 60: 1644-1658 | © 2022. The Author(s).

Blinding Incomplete Selective Free of
outcome data reporting other bias
u L L L
L L L L
L L L U
L L L L
U L L L
U L L L
U L L L
L L L L
L L L L
L L L L
U L L L
L L L L
U L L L
L L L L
L L L L
L L L L
u L L L

[-0.49 to -0.23], p<0.0001, I1>=46.4 %). However, there was no
significant statistical difference in insulin (p=0.243). Sensitivity
analysis showed that the heterogeneity was mainly due to the
source of Hoseini’s study [29], and the I? index decreased from
51.8% to 21.5% after deleting this article. Nevertheless, meta-
regression did not suggest that regional distribution and interven-
tion cycle were the source of heterogeneity, p>0.05. So no
further subgroup analysis was performed.

Publication bias

To evaluate publication bias, Egger’s test was constructed for BMI
(p=0.088), weight (p=0.845), ALT (p=0.247), AST (p=0.131),
TC (p=0.217), TG (p=0.264), Glu (p=0.609), and HOMA-IR
(p=0.361), which included more than 10 trials. The outcomes
were deemed to show no publication bias.

Discussion

NAFLD is a chronic liver disorder that affects approximately 24 %
of the adult population worldwide [31]. Therefore, we aimed to
investigate the beneficial impact of aerobic and resistance exer-
cise among patients with NAFLD. Our study outcomes suggested
that aerobic and resistance exercise can significantly improve liver
enzymes, serum and intrahepatic lipid levels, Glu metabolism
levels, and BMI and weight. NAFLD is commonly accompanied by
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BMI

Study

WMD (95% CI) Weight %

Houghton D (2017)

Abdelbasset WK (2019

—1.00 (-5.87, 3.87) 0.16

Abdelbasset WK (2020)

Jia GY (2018)
Jia GY (2018)
Shojaee—Moradie F (2016)

Hallsworth K (2015)

-2.50 (-5.79, 0.79) 0.35
—2.70 (-5.80, 0.40) 0.39
-0.86 (-1.52, -0.20) 8.67
-0.53 (-1.21, 0.15) 8.11

—1.00 (-3.83, 1.83) 0.47

-0.50 (-4.10, 3.10) 0.29

Sullivan 5 (2012)

—0.10 (—4.84, 4.64) 0.17

Pugh CJA (2013)
Pugh CJA (2014)

1.00 (—4.64, 2.64) 0.2%

Zelber-5Sagi 5 (2014)
Shamsoddini A (2015)
Shamsoddini A (2015)

Cuthbertson D] (20186)

Franco I (2021)
Franco I (2021)
Overall {I-squared = 0.0%, p= 0.464)

Overall effect: z= 3.80 p < 0.0001

—-1.00 (-4.58, 2.58) 0.30
-0.25 (-0.47, -0.03) 77.42

0.10 (-3.03, 3.23) 0.39

0.00 (-2.85, 2.85) 0.46

-0.80 (-3.99,2.39)  0.37
-2.58 (-4.24, -0.92) 1.38

1
I
1
1
Zahra Hoseini (2020) —_—,—
1
|
[
1

+ 1.02 (-1.86, 3.90) 0.46

0.29 (-3.06, 3.64) 0.34

-0.38 (-0.57, -0.18) 100.00

1
-5.87

I
5.87

Favours experimental ’ Favours control
Weight
Study
D WMD (95% CI) Weight %
]
Houghton D (2017) : 0.00 (—11.39, 11.39) 0.24
Jia GY (2018) + —2.40 (—4.63, —-0.17) 6.15
Jia GY (2018) - 1 -1.48 (-3.70, 0.74) 6.25
Shojaee—Moradie F (2016) . E —-4.60 (-11.25, 2.05) 0.70
Hallsworth K (2015) :- —1.40 (—11.31, 8.51) 0.31
Pugh CJA (2013) :: -1.20 (-18.65, 16.25) 0.10
Pugh CJA (2014) E‘ -1.10 (-16.29, 14.09) 0.13
Shamsoddini A (2015) : —-1.10 (-10.72, 8.52) 0.33
Shamsoddini A (2015) :- —1.40 (—13.52, 10.72) 0.21
Cuthbertson D] (2016) + : -5.20 (-19.40, 9.00} 0.15
Zhang H1 (2016) - -1.50 (-2.37, -0.63)  40.39
Zhang H] (2016) - —2.08 (-2.96, —1.20) 39.61
Cheng S (2017) — —1.20 (—6.54, 4.14) 1.08
Carly Eckard (2013) E -+ 2.60 (-1.83, 7.03) 1.56
Zahra Hoseini (2020) —— E —6.30(-9.63, —2.97) 2.78
Qverall (I-sguared = 0.0%, p= 0.523) @ —1.87(-2.43, —-1.32) 100.00
Overall effect: z= 6.61 p <0.0001 E
T It T
-19. 4 0 194

Favours experimental

Favours control

» Fig.2 Forest plot of the meta-analysis comparing the experimental and control groups in terms of anthropometric parameters.
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ALT

Study
o] WMD (95% CI) Weight %
Houghton D {2017} - X 5.00 (-29.02, 39.02) 0.15
Abdelbasset WK (2019) —— —6.00 (-9.23, -2.77) 16.54
Abdelbasset WK (2020) | . -5.60 (—8.54, —2.26) 15.41
Jia GY (2018) L —— ~1.40 (~5.00, 2.20) 13.30
Jia GY (2018) -2.71 (—6.00, 0.58) 15.92
Shojaee—Moradie F (2016) — -4.50 (-19.53, 10.53)  0.76
1
Hallsworth K (2015) —_— -14.00 (-34.02, 6.02)  0.43
Sullivan S (2012) - -11.90 (-34.28, 10.48) 0.34
Pugh CIA {2013) . -5.00 (-43.77,33.77) 0.1
1
Pugh CJ4 (2014) ; 0.10 (-31.66, 31.86) 0.17
Zelber-Sagi S (2014) e -0.20 (~6.25, 5.85) 4.70
Shamsoddini A (2015) —-6—:— -13.80 (-27.83,0.23) 0.87
1
Shamsoddini A (2015) —_— -16.00 (-33.41, 1.41) 0.57
Cuthbertson D] (2016) _;_..— 0.00 (-19.25, 19.25) 0.46
Zhang HI (2016) —— -0.90 (-4.54, 2.74) 12.98
Zhang HI (2016) —_— 1.40 (=5.07, 2.27) 12.76
Cheng S (2017) —— -3.00 (-9.31, 3.31) 4.32
Eckard C (2013) - :‘ —-17.50 (—47.88, 12.88) 0.19
Overall (I-squared = 0.0%, p = 0.486) Q -3.29 (-4.60, -1.97) 100.00
Owverall effect: z= 4.91 p < 0.0001 :
H
T T
-47.9 0 47.9

Favours experimental

Favours control

» Fig.3 Forest plot of the meta-analysis comparing the experimental and control groups in terms of ALT.

AST
Study
(]

Houghten D (2017) m——F

Jia GY (2018) )
Jia GY (2018)

Shojaee—Moradie F (2016)

Hallsworth K (2015)

Pugh CJA (2013)

Pugh CIA (2014)
Zelber—Sagi 5 (2014)

Shamsoddini A (2015}

Shamsoddini A (2015)

Cuthbertson D7 (2016)

Zhang HI (2016) —_—

Zhang HI (2016) ==

Cheng 5 (2017)

Eckard C (2013) -

1
1
Overall (I-sgquared = 24.1%, p = 0.187) o
Overall effect: z= 3.19 p = 0.001 :
i
i

WMD (95% CI) Weight %

5.00 (-12.81, 22.81)
—1.55(-3.63,0.53
—2.54 (—4.82, —0.26)
—4.80 (—-12.72, 3.12)
~7.00 (~17.86, 3.86)
—5.00 (-25.97, 15.97)
—1.60 (—22.79, 19.59)
—0.08 (—3.68, 3.52)
—8.40 (—15.04, —1.76)
—4.70 (—17.80, 8.40)
0.00 (-11.87, 11.87)
=1.20 {-3.07, 0.67)
0.50 (-1.41, 2.41)
-7.20 (-11.83, -2.57)
—5.50 (-22.19, 11.19)
—1.50 (—2.42, —0.58)

0.19
0.19
6.55
1.93

0.60

24.18
23.27

3.96

100.00

T
-26 0

Favours experimental

T
26

Favours control

> Fig.4 Forest plot of the meta-analysis comparing the experimental and control groups in terms of AST.
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# Thieme

GGT
Study
D WMD (95% CI) Weight%
'
Houghton D (2017) ; - 7.00 (-38.42, 52.42) 0.27
Jia GY (2018) —_— —4.78 (—10.84, 1.28) 15.30
Jia GY (2018) _— ~5.05 (—10.88, 0.78) 16.54
Shojaee—Moradie F (2016) + - —-14.00 (-34.18, 6.18) 1.38
Hallsworth K (2015) — -9.00 (-36.44, 18.44) 0.75
Pugh CIA (2013) . - 11.00 (-22.73, 44.73)  0.49
1
1
Pugh CJA (2014) : 1.20 (—48.44, 50.84) 0.23
1
Zelber-Sagi S (2014) —— -6.60 (13,91, 0.71) 10.52
1
Cuthbertson DJ (2016) 4+ - -12.00 (-34.69, 10.69) 1.09
Zhang HJ (2016) —— 1.30 (-3.76, 6.36) 22.00
Zhang HJ (2016) —_— -1.00 (—-6.13, 4.13) 21.38
Cheng S (2017) — 3.80 (-3.68, 11.28) 10.04
1
Overall (I-squared = 0.0%, p = 0.481) -2.12 (—4.49, 0.25) 100.00
Overall effect: z= 1.76 p = 0.079 |
:
T 1 T
—52.4 0 52.4

Favours experimental

Favours control

» Fig.5 Forest plot of the meta-analysis comparing the experimental and control groups in terms of GGT.

T2DM [32], cardiovascular disease, and chronic kidney diseases,
so we did not exclude articles that included patients with NAFLD
with other complications.

Due to their ability to improve multiple physiological impair-
ments, aerobic and resistance exercises have been applied for
chronic diseases at similar frequencies [33, 34, 35]. Studies have
suggested that a higher frequency improves chronic inflamma-
tion, calories burned, and cardiovascular health [36, 37, 38].
Among the selected studies, the exercise frequencies of patients
in the experimental group were 3-5 times/week, and subgroup
analysis of exercise frequency was not performed. Although its
advantages include its low-cost nonpharmacological nature, low
trauma, and ease of implementation, 3 studies reported the side
effect of arthralgia during the intervention, which was caused by
excessive exercise [15, 16, 30]. Regarding the type of interven-
tion, aerobic exercise (walking, jumping rope, biking, etc.) con-
sumes more energy, is more effective for fat loss, and requires
less fitness equipment; however, its requirement of high cardio-
respiratory fitness and persistence may make it not beneficial for
patients with poor cardiopulmonary function [39]. On the other
hand, resistance exercise can enhance muscular strength, muscle
mass, and bone density and improve metabolic parameters with
less energy consumption [40]. Therefore, resistance exercise is
more practicable in patients with NAFLD with poor cardiopulmon-
ary function. In this meta-analysis, subgroups of intervention
types were not performed for combined aerobic and resistance
exercise in experimental groups. The number of included trials of
>16 weeks was far less than the number of trials <16 weeks,
which may have contributed to the less significant subgroup anal-
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ysis. Previous studies suggested the beneficial impact of exercise
on ALT, AST, Glu, TG, and so on. On these bases, our study also
included the latest published articles and analysis of visceral
adipose tissue. In this meta-analysis, the changes of liver enzyme
index, Glu and lipid metabolism, and visceral adipose tissue can
reflect the benefit of an exercise intervention to NAFLD patients.
Among them, the reason for the slight decrease in the value of
liver enzymes may be that the baseline indicators of the patients
included are not high, but overall, it is still meaningful.

There are still some limitations of this study, and the findings
should be interpreted cautiously. Firstly, the risk of bias evaluated
may be subjective. The primary intervention in this study is exer-
cise therapy; although the trials were performed in a blinded man-
ner, the unclear risk of bias was also hard to avoid. Thus, some
“unclear of bias” was changed to “low risk of bias” in the blinding
item of risk of bias, which may influence the whole analysis. Fur-
thermore, the exercise assessment may have been greater than
the actual amount of exercise performed due to the unblinding
measurement in studies. Moreover, 1/3 of the trials were per-
formed in the UK; we cannot rule out that regional factors lead
to the research bias. Besides, the bias may be in 4 trials conducted
by 2 authors in 2 consecutive years [20, 21, 23, 24]. While this
study included more experiments than previously published ana-
lyses, some subgroup analyses still lacked correct conclusions due
to the relatively small sample quantities. Studies by Shojaee-
Moradie et al. and Hallsworth et al. have shown that exercise can
not only reduce liver enzymes but also improve diastolic cardiac
function [18, 22]. Unfortunately, the included studies also exclud-
ed people with poor general conditions, and there were few stud-
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Cholesterol

Study

o} SMD (95% CI) Weight %
L}

Houghton D (2017) —_— -0.38 (-1.19, 0.43)  4.61

Abdelbasset WK (2019) —_— -1.43 (-2.21, -0.65) 4.81
1

Abdelbasset WK (2020) —_——— ! 1.20 (-1.97, -0.43) 4.91

Jia GY (2018) et ~0.18 (~0.40, 0.04)  11.71
1

Jia GY (2018) e -0.25 (-0.47, -0.02) 11.70

Shojase—Moradie F (2016) —4‘:—— -0.41 (-1.18, 0.36) 4,92
1}

Hallsworth K (2015) — 0.09 (-0.73, 0.91) 4.53

Sullivan S (2012) _— -0.55 (-1.55, 0.44)  3.42
1}

Pugh CJ (2013) -+ -0.24 (-1.43, 0.96)  2.60
L}

Pugh CJ (2014) _ 0.00 (—0.88, 0.88) 4.10
1

Zelber—Sagi 5 (2014) —_— -0.61 (-1.11, -0.11) 7.72
1}

Zhang HJ (2016) —_— -0.12 (~0.45,0.21)  10.19
] .

Zhang H] (2016) —— 0.06 (~0.27, 0.40) 10.14
'

Hoseini Z (2020) —_— ! -1.81 (-2.86, —0.75) 3.14
1}

Franco I (2021) —_——— 0.28 (-0.40, 0.96) 5.74
[}

Franco I (2021) T 0.46(-0.21,1.13) 578

Overall (I-squared = 59.8%, p = 0.001) —@-— -0.30 (-0.52, -0.09) 100.00

with estimated predictive interval ! (—0.98, 0.38)

Overall effect: z= 2.78 p =0.005 :

NOTE: Weights are from random effects analysis !

T T
-2.86 V] 2.86
Favours experimental Favours control

Triglycerides

Study

jis] SMD (95% CI) Weight %
1

Houghton D (2017) —_— -0.85 (-1.69, —0.01) 4.36

Abdelbasset WK (2019) —_— E -2.04 (-2.90, -1.17) 4.23
L}

Abdelbasset WK (2020) —_— ' -1.84 (-2.69, -0.99) 4.31
1

Jia GY (2018) - -0.23 (-0.46, —0.01) .94

Jia GY (2018) —— -0.25 (-0.48, —0.03) B8.93

Shojase-Moradie F (2016) —-t—;—- ~0.68 (~1.46, 0.10) 4,70
I

Hallsworth K (2015) —_— -0.31 (-1.13, 0.52) 4.45
I

Sullivan S (2012) —{-\ﬁ-— =0.12 (-1.10, 0.86) 363

Pugh CJ (2013) - 0.68 (-0.55,1.91)  2.68
L}

Pugh CJ (2014) ———— 0.54 (—0.36, 1.44) 4.04
L}

Zelber—-5agi 5 (2014) —-Q-:—- -0.44 (-0.93, 0.06) 6.80

Cuthbertson D] (2016) —_—— -0.19 (-0.75, 0.38)  6.23

Zhang H] (2016) - 0.20 (=0.13, 0.53) 8.17

Zhang HJ (2016) 0.11 (-0.22, 0.45) B.14

Cheng 5 (2017) 0.18 (—0.45, 0.80) 5.79

Hoseini Z (2020) -1.28 (-2.25, -0.31) 3.67

Franco 1 (2021) 0.15 (-0.52, 0.83) 5.43

Franco 1 (2021) -0.08 (—0.74, 0.58) 5.50

Overall (I-squared = 70.6%, p = 0.000) —0.30 (-0.54, -0.07) 100.00

with estimated predictive interval
Overall effect: z= 2.52 p =0.012

NOTE: Weights are from random effects analysis

(=1.16, 0.55)

I
=29

Favours experimental

» Fig.6 Forest plot of the meta-analysis comparing the experimental and control groups in terms of cholesterol and triglycerides.
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& Thieme

Visceral adipose

Study
(s} WMD (95% CI) Weight %
Houghton D (2017) " -36.00 (-92.73, 20.73) 0.34
Abdelbasset WK (2019) —— —-15.50 (-24.40, —-6.60) 13.72
Abdelbasset WK (2020) + -8.80 (-17.95, 0.35) 12.99
Jia GY (2018) —— —-10.05 (-17.25, —2.85) 20.97
Jia GY (2018) —_— -8.65 (-16.00, -1.30)  20.14
Hallsworth K (2015 : I —-12.00 (-53.55, 29.55 0.63
Zhang HJ (2016) E —_— 4.20 (-4.11, 12.51) 15.74
Zhang H] (2016) —_— -10.60 (-18.98, -2.22) 1547
Overall (I-squared = 44.8%, p= 0.080) O —8.30 (-11.59, -5.00) 100.00
Overall effect: z= 4.93 p <0.0001 :
i
T — T
=92.7 0 92.7
Favours experimental Favours control

Intrahepatic triglycerides

Study

D WMD (95% CI) Weight %

Houghton D (2017) -— -3.00 (-8.30, 2.30)  15.13

Abdelbasset WK (2019) —Io—— —2.20 (—5.40, 1.00) 41.61

Abdelbasset WK (2020) _— -2.30 (-5.44, 0.84) 43.27

Overall (I-squared = 0.0%, p = 0.967)

Overall effect: z= 2.25 p =0.025

—2.36 (—-4.43, —0.30) 100.00

T
Is.3 b 83
Favours experimental Favours control

» Fig.7 Forest plot of the meta-analysis comparing the experimental and control groups in terms of visceral adipose and intrahepatic triglycerides.

ies on exercise frequency and intensity, so we did not conduct a
subgroup analysis, which may not be conducive to individualized
therapy. Finally, more articles are needed to analyze and study the
above contents in the future to benefit patients with NAFLD.

In summary, our study suggested that aerobic and resistance
exercise improved lipids, Glu, liver function, and other indicators
in patients with NAFLD, and especially had visceral adipose-lower-
ing effects, which is of great significance to the treatment of
NAFLD. This result is not found in other articles. Further studies

are needed to determine the effects of long durations of interven-
tion, different geographical regions, and the safety of physical
activity.
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Glucose

Study
D SMD (95% CI)  Welght %
Houghtan D (2017) —;-4]-— ~0.06 (~0.86,0.74)  3.98
Abdelbasset WK (2019) _'Q'—i— =0.70 (-1.41, 0.02) 4.66
Jia GY (2018) - -0.34 (-0.56, —0.11) 1191
Jia GY (2018) -o:- 0.38 (~0.61, ~0.16) 11.89
Shojaee—Moradie F (2016) —é—'!— 0.14 (-0.62, 0.50) 4.28
Hallsworth K (2015) L -0.13(-0.95, 0.68)  3.85
Pugh CJ (2013) —d:—— -0.31(-1.51,0.89) 2.11
Pugh CJ (2014) —_— 0.60 (-1.50,0.30) 3.33
Zelber—Sagi S (2014) ——e— 0.28 (-0.21, 0.78) 7.22
Cuthbertson D (2016) —o:--— 0.00 {-0.57, 0.57) 6.23
Zhang HJ (2016) o ~0.18 (-0.51, 0.15) 9.5
Zhang H] (2016) 4-0-—- -0.03(-0.35,0.31) 9.8
Cheng S (2017) —q—é— -0.75 (-1.39, —0.10) 5.33
Eckard C (2013) — 0.99 (-1.93, -0.05) 3.13
Hoseinl Z (2020) — -2.58 (-3.80, —1.37) 2.04
Franco I (2021 ) — 0.13 (~0.55, 0.80) 5.05
Franco 1 (2021 ) ——— 0.04(-0.62,0.70)  5.15
Overall (I-squared = 51.8%, p = 0.007) —@-— ~0.26 (~0.45, -0.07) 100.00
with estimated predictive interval : (—0.84, 0.31)
QOverall effect: z= 2.73 p =0.006 :
MNOTE: Weights are from random effects analysis :
T T
-38 0 3.8
Favours experimental Favours contral
» Fig. 8 Forest plot of the meta-analysis comparing the experimental and control groups in terms of glucose.

Insulin

Study

1D SMD (95% CI) Weight %

Houghton D (2017)

Shojase—Moradie F (2016) & +

N

Hallsworth K (2015)

Pugh CJ (2014)

Zelber—5agi 5 (2014)

Cuthbertson D] (2016)

Cheng 5 (2017)

Eckard C (2013)

Hoseini Z (2020)

Overall (I-squared = 0.0%, p = 0.636)

Overall effect: z= 1.17 p =0.243

—0.20 (-1.00, 0.60)

—-0.83 (-1.62, —-0.03)

-0.39 (—1.22, 0.44)

0.13 (-0.75, 1.01)

0.19 (-0.30, 0.68)

-0.26 (-0.83, 0.31)

—0.03 (-0.65, 0.59)

0.04 (-0.84, 0.92)

—-0.39 (-1.27, 0.50)

-0.14 (-0.37, 0.09)

8.50

8.71

8.01

7.04
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100.00

|
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> Fig.9 Forest plot of the meta-analysis comparing the experimental and control groups in terms of insulin.
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# Thieme

HOMA-IR
Study
D SMD (95% CI) Weight%

|
Houghton D (2017) e —0.44 (-1.25, 0.37) 2.54
Abdelbasset WK (2019) ———-p-—»:t—- -0.62 (-1.33, 0.09) 3.31
Abdelbasset WK (2020) —qi—- -0.66 (-1.39, 0.06) 3.18
Jia GY (2018) —_—— -0.45 (-0.68, —0.23) 32.64
Jia GY (2018) —0— -0.48 (-0.70, —0.25)  32.45
Hallsworth K (2015) v: -0.38 (-1.20, 0.45) 2.45
Pugh C1 {2014) : 0.19 (-0.69, 1.07) 2.14
Zelber—Sagi S (2014) i —_— 0.32 (-0.17, 0.81) 6.86
Cuthbertson D] (2016) —-;-—— -0.36 (-0.93, 0.21) 5.14
Hoseini Z (2020) + E -1.09 (-2.04, -0.14)  1.87
Franco I (2021) i——o— 0.38 (—0.30, 1.06) 3.63
Franco I (2021) —i——‘— 0.12 (-0.54, 0.78) 3.79
Overall (I-squared = 46.4%, p = 0.039) <> -0.36 (-0.49, -0.23)  100.00
Overall effect: z= 5.44 p <0.0001 E

i

| ; T

—-2.04 o
Favours experimental

2.04
Favours control

» Fig. 10 Forest plot of the meta-analysis comparing the experimental and control groups in terms of HOMA-IR.
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Search strategies

Web Of Science

#1 TS=(nonalcoholic fatty liver disease OR non alcoholic fatty
liver disease OR NAFLD OR nonalcoholic fatty liver disease OR
fatty liver, nonalcoholic OR fatty livers, nonalcoholic OR liver, non-
alcoholic fatty OR livers, nonalcoholic fatty OR nonalcoholic fatty
liver OR nonalcoholic fatty livers OR nonalcoholic steatohepatitis
OR nonalcoholic steatohepatitides OR steatohepatitides, nonalco-
holic OR steatohepatitis, nonalcoholic )

#2 TS =(exercise OR exercises OR physical activity activities,
physical OR activity, physical OR physical activities OR exercise,
physical OR exercises, physical OR physical exercise OR physical
exercises OR acute exercise OR acute exercises OR exercise, acute
OR exercises, acute OR exercise, isometric OR exercises, isometric
OR isometric exercises OR isometric exercise OR exercise, aerobic
OR aerobic exercise OR aerobic exercises OR exercises, aerobic OR
exercise training OR exercise trainings OR training, exercise OR
trainings, exercise)

#3 TS = (randomized OR randomized controlled trial)

#4 #1 AND #2 AND #3

Cochrane Library

#1 MeSH descriptor: [non-alcoholic fatty liver disease] explode all
trees
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#2 (non alcoholic fatty liver disease):ti,ab,kw OR (NAFLD):ti,ab,
kw OR (nonalcoholic fatty liver disease):ti,ab,kw OR (fatty liver,
nonalcoholic):ti,ab,kw OR (fatty livers, nonalcoholic):ti,ab,kw OR
(liver, nonalcoholic fatty):ti,ab,kw OR (livers, nonalcoholic fatty):
ti,ab,kw OR (nonalcoholic fatty liver):ti,ab,kw OR (nonalcoholic
fatty livers):ti,ab,kw OR (nonalcoholic steatohepatitis):ti,ab,kw
OR (nonalcoholic steatohepatitides):ti,ab,kw OR (steatohepati-
tides, nonalcoholic):ti,ab,kw OR (steatohepatitis, nonalcoholic):
ti,ab,kw

#3 #1 OR #2

#4 MeSH descriptor: [Exercise] explode all trees

#5 (exercises):ti,ab,kw OR (physical activity):ti,ab,kw OR
(activities, physical):ti,ab,kw OR (activity, physical):ti,ab,kw OR
(physical activities):ti,ab,kw OR (exercise, physical):ti,ab,kw OR
(exercises, physical):ti,ab,kw OR (physical exercise):ti,ab,kw OR
(physical exercises):ti,ab,kw OR (acute exercise):ti,ab,kw OR
(acute exercises):ti,ab,kw OR (exercise, acute):ti,ab,kw OR (exer-
cises, acute):ti,ab,kw OR (exercise, isometric):ti,ab,kw OR (exerci-
ses, isometric):ti,ab,kw OR (isometric exercises):ti,ab,kw OR (iso-
metric exercise):ti,ab,kw

#6 #4 OR #5

#7 #3 AND #6

Embase

#1 ‘nonalcoholic fatty liver’/exp

#2 ‘non alcoholic fatty liver disease’:ab,ti or ‘NAFLD:ab,ti or
‘nonalcoholic fatty liver disease’:ab,ti or ‘fatty liver, nonalcoholic’:
ab,ti or ‘fatty livers, nonalcoholic’:ab,ti or ‘liver, nonalcoholic
fatty’:ab,ti or ‘livers, nonalcoholic fatty’:ab,ti or ‘non-alcoholic fatty
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liver disease’:ab,ti or ‘nonalcoholic fatty livers’:ab,ti or ‘non-
alcoholic steatohepatitis’:ab,ti or ‘nonalcoholic steatohepatitides’:
ab,ti or ‘steatohepatitides, nonalcoholic’:ab,ti or ‘steatohepatitis,
nonalcoholic:ab,ti

#3 #1 OR #2

#4’exercise’[exp

#5’exercises’:ab,ti OR ‘physical activity’:ab,ti OR ‘activities,
physical’:ab,ti OR ‘activity, physical’:ab,ti OR ‘physical activities’:
ab,ti OR ‘exercise, physical’:ab,ti OR ‘exercises, physical’:ab,ti OR
‘physical exercise’:ab,ti OR ‘physical exercises’:ab,ti OR ‘acute
exercise’:ab,ti OR ‘acute exercises’:ab,ti OR ‘exercise, acute’:ab,ti
OR ‘exercises, acute’:ab,ti OR ‘exercise, isometric’:ab,ti OR ‘exer-
cises, isometric’:ab,ti OR ‘isometric exercises’:ab,ti OR ‘isometric
exercise’:ab,ti OR ‘exercise, aerobic’:ab,ti OR ‘aerobic exercise’:
ab,ti OR ‘aerobic exercises’:ab,ti OR ‘exercises, aerobic’:ab,ti OR
‘exercise training’:ab,ti OR ‘exercise trainings’:ab,ti OR ‘training,
exercise’:ab,ti OR ‘trainings, exercise’:ab,ti

#6 #4 OR #5

#7 ‘randomized controlled trial’:ab,ti OR ‘randomized’:ab,ti OR
‘placebo’:ab,ti

#8 #3 AND #6 AND #7

Funding

The National Science and Technology Major Project of China
(20172X10202203-00720172X10202203-008)

Acknowledgement

This research was supported by the National Science and Technology
Major Project of China (20172X10202203-007; 2017ZX10202203-008).

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Younossi Z, Anstee QM, Marietti M et al. Global burden of NAFLD and
NASH: trends, predictions, risk factors and prevention. Nat Rev Gastro-
enterol Hepatol 2018; 15: 11-20. doi:10.1038/nrgastro.2017.109

Cotter TG, Rinella M. Nonalcoholic fatty liver disease 2020: the state of
the disease. Gastroenterology 2020; 158: 1851-1864. doi:10.1053/
j.gastro.2020.01.052

Targher G, Byrne CD, Tilg H. NAFLD and increased risk of cardiovascular
disease: clinical associations, pathophysiological mechanisms and pharma-
cological implications. Gut 2020; 69: 1691-1705. doi:10.1136/gutjnl-2020-
320622

Neuschwander-Tetri BA. Therapeutic landscape for NAFLD in 2020. Gastro-
enterology 2020; 158: 1984-1998.e3. doi:10.1053/j.gastr0.2020.01.051

Parry SA, Hodson L. Managing NAFLD in type 2 diabetes: the effect of
lifestyle interventions, a narrative review. Adv Ther 2020; 37: 1381-1406.
doi:10.1007/s12325-020-01281-6

Farzanegi P, Dana A, Ebrahimpoor Z et al. Mechanisms of beneficial effects
of exercise training on non-alcoholic fatty liver disease (NAFLD): roles of
oxidative stress and inflammation. Eur | Sport Sci 2019; 19: 994-1003.
doi:10.1080/17461391.2019.1571114

2

3

[4

[5

6

FuLetal. Efficacy of aerobic... Z Gastroenterol 2022; 60: 1644-1658 | © 2022. The Author(s).

[7] Chalasani N, Younossi Z, Lavine JE et al. The diagnosis and management
of nonalcoholic fatty liver disease: practice guidance from the American
Association for the Study of Liver Diseases. Hepatology 2018; 67: 328-
357. doi:10.1002/hep.29367

Golabi P, Locklear CT, Austin P et al. Effectiveness of exercise in hepatic
fat mobilization in non-alcoholic fatty liver disease: systematic review.
World ] Gastroenterol 2016; 22: 6318-6327. doi:10.3748/wjg.v22.
i27.6318

8

[9

Katsagoni CN, Georgoulis M, Papatheodoridis GV et al. Effects of lifestyle
interventions on clinical characteristics of patients with non-alcoholic
fatty liver disease: a meta-analysis. Metabolism 2017; 68: 119-132.
doi:10.1016/j.metabol.2016.12.006

Orci LA, Gariani K, Oldani G et al. Exercise-based interventions for non-
alcoholic fatty liver disease: a meta-analysis and meta-regression. Clin
Gastroenterol Hepatol 2016; 14: 1398-1411. doi:10.1016/
j.cgh.2016.04.036

Sargeant JA, Gray L, Bodicoat DH et al. The effect of exercise training on
intrahepatic triglyceride and hepatic insulin sensitivity: a systematic
review and meta-analysis. Obes Rev 2018; 19: 1446-1459. doi:10.1111/
obr.12719

[10]

(1]

[12] Wang S-T, Zheng J, Peng H-W et al. Physical activity intervention for non-
diabetic patients with non-alcoholic fatty liver disease: a meta-analysis of
randomized controlled trials. BMC Gastroenterol 2020; 20: 66.

doi:10.1186/s12876-020-01204-3

Higgins |P, Altman DG, Gotzsche PC et al. The Cochrane Collaboration’s
tool for assessing risk of bias in randomised trials. BM| (Clinical research
ed) 2011; 343: d5928. doi:10.1136/bm;.d5928

Cheng SL, Ge ], Zhao C et al. Effect of aerobic exercise and diet on liver
fat in pre-diabetic patients with non-alcoholic-fatty-liver-disease: a ran-
domized controlled trial. Sci Rep 2017; 7: 15952. doi:10.1038/s41598-
017-16159-x

[13]

[14]

[15] Jia GY,Han T, Gao L et al. Effect of aerobic exercise and resistance exercise
in improving non-alcoholic fatty liver disease: a randomized controlled
trial. Zhonghua gan zang bing za zhi = Zhonghua ganzangbing zazhi =
Chin ] Hepatol 2018; 26: 34-41. doi:10.3760/cma.j.issn.1007-

3418.2018.01.009

[16] ZhangHJ, He ], Pan LL et al. Effects of moderate and vigorous exercise on
nonalcoholic fatty liver disease: a randomized clinical trial. JAMA Intern

Med 2016; 176: 1074-1082. doi:10.1001/jamainternmed.2016.3202

[17] Cuthbertson D], Shojaee-Moradie F, Sprung VS et al. Dissociation between
exercise-induced reduction in liver fat and changes in hepatic and periph-
eral glucose homoeostasis in obese patients with non-alcoholic fatty liver

disease. Clin Sci (Lond. ) 2016; 130: 93-104. doi:10.1042/CS20150447

Hallsworth K, Thoma C, Hollingsworth KG et al. Modified high-intensity
interval training reduces liver fat and improves cardiac function in non-
alcoholic fatty liver disease: a randomized controlled trial. Clinical Sci
(Lond. ) 2015; 129: 1097-1105. doi:10.1042/CS20150308

Houghton D, Thoma C, Hallsworth K et al. Exercise reduces liver lipids
and visceral adiposity in patients with nonalcoholic steatohepatitis in a
randomized controlled trial. Clin Gastroenterol Hepatol 2017; 15: 96—
102.e103

(18]

[19]

[20] Pugh CJA, Cuthbertson DJ, Sprung VS et al. Exercise training improves
cutaneous microvascular function in nonalcoholic fatty liver disease.
Am | Physiol Endocrinol Metab 2013; 305: E50-E58. doi:10.1152/

ajpendo.00055.2013

Pugh CJ, Spring VS, Kemp C] et al. Exercise training reverses endothelial
dysfunction in nonalcoholic fatty liver disease. Am | Physiol Heart Circ
Physiol 2014; 307: H1298-H1306. doi:10.1152/ajpheart.00306.2014

Shojaee-Moradie F, Cuthbertson DJ, Barrett M et al. Exercise Training
reduces liver fat and increases rates of VLDL clearance but not VLDL
production in NAFLD. | Clin Endocrinol Metab 2016; 101: 4219-4228.
doi:10.1210/jc.2016-2353

[21]

[22]

1657



# Thieme

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

Abdelbasset WK, Tantawy SA, Kamel DM et al. Effects of high-intensity
interval and moderate-intensity continuous aerobic exercise on diabetic
obese patients with nonalcoholic fatty liver disease: a comparative ran-
domized controlled trial. Medicine (Baltimore) 2020; 99: e19471.
doi:10.1097/MD.0000000000019471

Abdelbasset WK, Tantawy SA, Kamel DM et al. A randomized controlled
trial on the effectiveness of 8-week high-intensity interval exercise on
intrahepatic triglycerides, visceral lipids, and health-related quality of
life in diabetic obese patients with nonalcoholic fatty liver disease.
Medicine (Baltimore) 2019; 98: e14918. d0i:10.1097/
MD.0000000000014918

Sullivan S, Kirk EP, Mittendorfer B et al. Randomized trial of exercise effect
on intrahepatic triglyceride content and lipid kinetics in nonalcoholic fatty
liver disease. Hepatology 2012; 55: 1738-1745. doi:10.1002/hep.25548

Eckard C, Cole R, Lockwood | et al. Prospective histopathologic evaluation
of lifestyle modification in nonalcoholic fatty liver disease: a randomized
trial. Therap Adv Gastroenterol 2013; 6: 249-259. doi:10.1177/
1756283X13484078

Franco |, Bianco A, Mirizzi A et al. Physical activity and low glycemic index
Mediterranean diet: main and modification effects on NAFLD score.
Results from a randomized clinical trial. Nutrients 2020; 13: 66.
doi:10.3390/nu13010066

Shamsoddini A, Sobhani V, Ghamar Chehreh ME et al. Effect of aerobic and
resistance exercise training on liver enzymes and hepatic fat in Iranian men
with nonalcoholic fatty liver disease. Hepat Mon 2015; 15: e31434.
doi:10.5812/hepatmon.31434

Hoseini Z, Behpour N, Hoseini R. Co-treatment with vitamin D supple-
mentation and aerobic training in elderly women with Vit D deficiency
and NAFLD: a single-blind controlled trial. Hepat Mon 2020; 20: e96437

Zelber-Sagi S, Buch A, Webb M et al. The effect of resistance training on
non-alcoholic fatty liver disease (NAFLD) a randomized clinical trial.
] Hepatol 2012; 56: S526-S527

1658

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

Aradjo AR, Rosso N, Bedogni G et al. Global epidemiology of non-alcoholic
fatty liver disease/non-alcoholic steatohepatitis: what we need in the future.
Liver Int 2018; 38 (Suppl. 1): 47-51. doi:10.1111/liv.13643

Lonardo A, Nascimbeni F, Maurantonio M et al. Nonalcoholic fatty liver
disease: Evolving paradigms. World | Gastroenterol 2017; 23: 6571-6592.
doi:10.3748/wjg.v23.36.6571

Martin M, Krystof S, Jiri R et al. Modulation of energy intake and expen-
diture due to habitual physical exercise. Curr Pharm Des 2016; 22:
3681-3699. doi:10.2174/1381612822666160419144200

Myers |. Cardiology patient pages. Exercise and cardiovascular health.
Circulation 2003; 107: e2-e5. doi:10.1161/01.cir.0000048890.59383.8d

Woods JA, Wilund KR, Martin SA et al. Exercise, inflammation and aging.
Aging Dis 2012; 3: 130-140

Hunter GR, Weinsier RL, Bamman MM et al. A role for high intensity
exercise on energy balance and weight control. Int ] Obes Relat Metab
Disord 1998; 22: 489-493. doi:10.1038/s].ij0.0800629

Sattelmair J, Pertman |, Ding EL et al. Dose response between physical
activity and risk of coronary heart disease: a meta-analysis. Circulation
2011; 124: 789-795. doi:10.1161/CIRCULATIONAHA.110.010710

Swain DP, Franklin BA. Comparison of cardioprotective benefits of vigorous
versus moderate intensity aerobic exercise. Am | Cardiol 2006; 97: 141-
147. doi:10.1016/j.amjcard.2005.07.130

Kelley GA, Kelley KS. Efficacy of aerobic exercise on coronary heart
disease risk factors. Prev Cardioly 2008; 11: 71-75. doi:10.1111/
j-1751-7141.2008.08037.x

Chatzinikolaou A, Fatouros I, Petridou A et al. Adipose tissue lipolysis is
upregulated in lean and obese men during acute resistance exercise.
Diabetes Care 2008; 31: 1397-1399. doi:10.2337/dc08-0072

FulLetal. Efficacy of aerobic... Z Gastroenterol 2022; 60: 1644-1658 | © 2022. The Author(s).



