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University of Amsterdam, Amsterdam, Netherlands

Background: Exercise is an effective strategy for the prevention and regression
of hepatic steatosis in patients with non-alcoholic fatty liver disease (NAFLD),
but it is unclear whether it can reduce advanced stages of NAFLD, i.e,
steatohepatitis and liver fibrosis. Furthermore, it is not evident which
modality of exercise is optimal to improve/attenuate NAFLD.

Objectives: The aim is to systematically review evidence for the effect of
aerobic exercise (AE) on NAFLD, in particular non-alcoholic steatohepatitis
(NASH) and liver fibrosis.

Methods: A systematic literature search was conducted in Medline and
Embase. Studies were screened and included according to predefined
criteria, data were extracted, and the quality was assessed by Cochrane risk
of bias tools by two researchers independently according to the protocol
registered in the PROSPERO database (CRD42021270059). Meta-analyses
were performed using a bivariate random-effects model when there were at
least three randomized intervention studies (RCTs) with similar intervention
modalities and outcome.

Results: The systematic review process resulted in an inclusion a total of 24
studies, 18 RCTs and six non-RCTs, encompassing 1014 patients with NAFLD
diagnosed by histological or radiological findings. Studies were grouped based
on the type of AE: moderate-intensity continuous training (MICT) and high-
intensity interval training (HIIT). A total of twelve meta-analyses were
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conducted. Compared to controls, MICT resulted in a mean difference (MD)
in the NAFLD biomarkers alanine transaminase (ALT) and aspartate
aminotransferase (AST) of -3.59 (Cl: -5.60, -1.59, p<0.001) and -4.05 (Cl: -
6.39, -1.71, p<0.001), respectively. HIIT resulted in a MD of -4.31 (95% ClI: -
9.03, 0.41, p=0.07) and 1.02 (95% CI: -6.91, 8.94, p=0.8) for ALT and AST,
respectively. Moreover, both AE types compared to controls showed a
significantly lower magnetic resonance spectroscopy (MRS) determined
liver fat with a MD of -5.19 (95% CI: -7.33, -3.04, p<0.001) and -3.41 (95%
Cl: -4.74, -2.08, p<0.001), for MICT and HIIT respectively. MICT compared to
controls resulted in a significantly higher cardiorespiratory fitness (MD: 4.43,
95% Cl: 0.31, 8.55, p=0.03).

Conclusion: Liver fat is decreased by AE with a concomitant decrease of liver
enzymes. AE improved cardiorespiratory fitness. Further studies are needed
to elucidate the impact of different types of AE on hepatic inflammation
and fibrosis.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/,
identifier (CRD42021270059).

KEYWORDS

non-alcoholic fatty liver disease, aerobic exercise, high-intensity interval training,

moderate-intensity continuous training, systematic review, meta-analysis

1 Introduction

The prevalence of obesity has strongly increased, driving an
increase in the prevalence of non-alcoholic fatty liver disease
(NAFLD) (1, 2). Consequently, NAFLD is now the most common
liver disease globally, aftecting 30-40% of adult men and 15-20%
of adult women (3). The latest findings show an alarming number
of children who are developing NAFLD in their early childhood
(4). NAFLD is intertwined/associated with multiple metabolic
diseases, i.e., metabolic syndrome and type 2 diabetes mellitus
(T2DM). At least half of the patients with T2DM have NAFLD.
Moreover, atherosclerotic cardiovascular disease (asCVD) is the
main cause of mortality among patients with NAFLD (5-7).

The disease spectrum of NAFLD ranges from simple
steatosis to non-alcoholic steatohepatitis (NASH) and fibrosis,
of which the latter often results in liver-related mortality and
morbidity (8, 9). NAFLD can even lead to cirrhosis and
hepatocellular carcinoma (HCC), and patients with NAFLD
might ultimately require liver transplantation (10-12). The
pathophysiology of NAFLD is complex, but insulin resistance
seems to be a crucial driving factor (13). Hyperalimentation (14),
total parental nutrition (6), or sedentary lifestyle in combination
with genetic heritability have also been recognized as important
drivers of NAFLD (2, 15).
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Despite the magnitude of the clinical problems of NAFLD and
its burden on public health, pharmacotherapy for advanced stages
of NAFLD has not yet been developed (16). Therefore, lifestyle
interventions are still cornerstone management elements for
NAFLD (17-19). Current guidelines targeting NAFLD
recommend lifestyle therapies, including exercise and dietary
modifications. Aerobic exercise (AE) is a type of physical activity
when increase in the heart rate and breath are maintained over a
period of time (20). Patients with hepatic steatosis are
recommended to perform moderate-intensive or vigorous-
intensive AE for 150-300 or 75-150 minutes/week, respectively
(17-19). In addition to the direct liver related benefits of AE, AE
reduces the risk for asCVD in patients with NAFLD (21). However,
the evidence for the effect of AE on advanced stages of NAFLD,
including fibrosis and NASH, is scarce. Furthermore, which type or
modality of exercise intervention is optimal for patients with
NAFLD is not yet evident (22, 23).

To address these knowledge gaps, we systematically reviewed
the scientific literature to explore the effects of AE without
dietary adjustments on NAFLD and NASH, and its associated
markers. In this study, we focused on different modalities of AE,
namely high-intensity interval training (HIIT), moderate-
intensity continuous training (MICT) and sprint-interval
training (SIT).
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2 Methods and materials

This study was reported using the Preferred Reporting Items
of Systematic Reviews and Meta-analysis (PRISMA) statement
guidelines (24). The protocol of the systematic review is available
in PROSPERO (CRD42021270059) (25).

2.1 Search strategy and data sources

A sensitive systematic literature search was conducted in
Medline (via OVID) and Embase (via OVID) in close
collaboration with an information specialist (JD) in February
2021. Also, a scoping search was conducted in SPORTDiscuss in
response to the reviewer suggestion yielding four articles in
population other than patients with NAFLD being irrelevant to
this systematic review. The search was limited to articles
published in English. The full search strategy is described in
detail in Supplementary Material 1.

2.2 The eligibility criteria

2.2.1 Inclusion and exclusion criteria

Studies were eligible if they fulfilled the following inclusion
criteria (1): adults patients (> 18 years of age) with NAFLD/NASH
(with or without fibrosis) diagnosed by histology (liver biopsy) or
by non-invasive methods such as magnetic resonance imaging
(MRI), ultrasonography (US) or vibration-controlled transient
elastography (VCTE; FibroScan) (2); the main outcomes of
interest were changes from baseline to the follow up on
intrahepatic lipids (IHL), liver stiffness, fibrosis, steatohepatitis
and/or inflammation (3); study intervention designed with at least
one AE arm without dietary intervention. Studies that contained
a dietary intervention combined with exercise were
excluded. Studies were excluded if they were animal studies,
case reports, case series, conference abstracts and letter/
commentary studies. Studies were also excluded if they included
subjects with excessive alcohol use, viral hepatitis or autoimmune
hepatitis, Wilson’s disease or hemochromatosis, or when the
subjects were children (< 18 years of age).

2.3 Screening process

After deduplication, the remaining titles and abstracts of the
articles were screened independently by two reviewers (JB and
VH) using the Rayyan QCRI program (26). In case of any
disagreement, consensus was reached by discussion between the
reviewers. In next screening phase, full texts were judged
independently by the same two reviewers. A third reviewer
(AH or YV) was consulted in case of disagreements.
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2.4 Assessment of methodological
quality

The Cochrane risk of bias tool for RCTs (RoB2) (27), and the
Cochrane risk of bias tool (ROBINS-I) for non-RCT (28) were
used to assess the risk of bias, which was performed by JB and
VH independently. The risk of bias tool RoB2 contains five
different domains that were used to assess the risk of bias,
namely those 1) arising from the randomizing process; 2) due
to deviations from the intended intervention; 3) due to missing
outcome data; 4) in measurement outcome; and 5) in selection of
the reported results. The overall judgment of the bias was
classified based on the domains in RoB2 as a) low risk of bias,
b) some concerns about bias, and c) high risk of bias.

ROBINS-T assessed 1) the risk of bias due to confounding
effects; 2) the risk of bias in selection of participants into the
study; 3) the risk of bias in classification of the intervention. The
risk of bias tool ROBINS-I contains categories of low, moderate,
serious and critical risk of bias, or no information.

2.5 Data extraction

The following study characteristics were extracted: title,
author, country, year of publication, study design, diagnostic
test features, study group characteristics, and the characteristics
of exercise intervention (type of exercise, intensity and duration).
Primary outcomes were NAFLD activity score (NAS) and
individual histological scores for inflammation, ballooning and
fibrosis, liver stiffness measurement (LSM) on FibroScan, liver fat
(THL based on MRI, score/grade based on US, steatosis based on
controlled attenuation parameter (CAP) on FibroScan), and liver
function markers (alanine transaminase (ALT), aspartate
aminotransferase (AST), and gamma-glutamyl transferase
(YGT)). Additional outcomes were glucose metabolism markers
(glucose, insulin, hemoglobin Alc (HbAlc), and Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR)), plasma
lipid profile markers (total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), triglycerides (TG)), body composition
(body weight, fat mass, body mass index (BMI), and (relative)
amounts of visceral adipose tissue (VAT) and subcutaneous
visceral tissue (SAT)) and cardiorespiratory fitness (peak or
maximal oxygen uptake (VO2 peak) or (VO2 max)). Data
extraction was conducted by one author and cross-checked by
the other author (JB/VH). Study authors were contacted in case of
the absence of reported values.

2.6 Statistical analysis

Included studies were categorized based on the type of the AE
intervention (HIIT, MICT and SIT), the measurement technique
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of liver outcome (histology, MRI, US, FibroScan) and the type of
control group. A meta-analysis was performed when there were at
least three studies with similar intervention modalities and
outcomes. In addition, outcome data were grouped based on
intensity, type of AE (HIIT vs. MICT), and type of control group.
When articles could not be included for meta-analysis, a narrative
synthesis was used to summarize the findings.

Data per marker was unified by using appropriate conversion
factors. In case HOMA-IR was not reported and data on glucose
and insulin were available, HOMA-IR was calculated by using the
formula HOMA-IR = [fasting insulin x fasting glucose]/22.5. Data
expressed as mean with 95% confidence interval (CI) were
calculated to standard deviations (SD) using the formula of the
Cochrane Handbook for Systematic Reviews of Interventions (29).
Changes after the intervention were calculated for each parameter
in intervention and control groups according to the same
Cochrane Handbook (29).

Meta-analyses were performed using the Cochrane Review
Manager (RevMan version 5.4, the Cochrane Collaboration, 2020)
(30). The extracted data were input as mean + SD. Heterogeneity
was checked by using the chi-square and I? tests, and 95% CI was
calculated using a random effects model. Pearson correlations of
mean differences of two outcomes were performed by using IBM
SPSS Statistics (version 26.0, Chicago, USA). Sensitivity analyses
were conducted to investigate the influence of exercise duration,
by removing a study with considerably longer intervention than
other studies from meta-analysis (31).

2.7 Publication bias

Publication bias was reduced by searching in different
electronic databases, checking abstracts for any further missing
reports, checking references from other reviews and contacting
experts and authors. Funnel plots were not constructed since the
meta-analyses in this review do not have a required minimum of
10 studies per subgroup (29).

3 Results
3.1 Database search and article selection

The database search resulted in a total of 1420 articles. After
screening the titles and abstracts, 73 remained for full-text
assessment. According to the eligibility criteria, 24 studies, of
which 18 were RCTs and six were non-RCTs, were included in
this systematic review. In total, ten studies were included in the
meta-analysis. The whole selection process is presented in the
flow chart (Figure 1).
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3.2 Study characteristics

This systematic review included 18 RCTs (Table 1) and
six non-RCT's (Table 2), including a total of 815 and 199 subjects
with diagnosed NAFLD, respectively. The sample size of the
studies varied from 11 (43) to 209 (49). The mean age ranged
between 39.7 + 6.7 (39) and 60 * 3.4 years (49), and most of the
studies included both men and women. The method used for
diagnosis of NAFLD and/or NASH varied: six studies used
histology (n=121) (37, 41, 44, 46, 53, 55), nine MRI (n=399)
(32, 33, 35, 43, 47-49, 51, 56), eight US (n=386) (34, 38, 42, 45,
46, 50, 52, 53), and one FibroScan (n=48) (39). Included studies
reported NAFLD in different stages; histologically assessed NAS
score varied from 3.6 (37) to 5 (41), while the patients’ steatotic
status ranged from 10.3 + 4.4% (40) to 31.3 + 4.8% of liver fat
(33) based on MRS. Liver stiffness was assessed by LSM
FibroScan in three studies (n=68) (34, 42, 44), while
two studies scored liver histology to assess hepatic fat and
fibrosis (n=25), as well as liver inflammation and ballooning
(37, 54).

3.3 Characteristics of exercise
interventions

The AE interventions of RCTs and non-RCTs with varying
types of sports, intensities and durations are presented in
Tables 1, 2. Of the 18 RCTs, four conducted HIIT, 10 MICT
and four did both types of AE. There were three HIIT and one
MICT non-RCTs. In two non-RCTs a sprint interval training
intervention (SIT) was performed (53, 56). Altogether six studies
executed a RCT-HIIT either by bicycle/ergometer with three
training sessions per week with a duration per session varying
from 13-min (42) to 40-60 min for 12 (40, 41) or eight weeks
(32), or by treadmill training with four sessions per week for four
weeks (48) or six months (49). Control groups received standard
care or nothing, except for the resistance training (RT) control
group of Oh et al. (42). Intensity of the training intervals was
based either on VO2max (32), VO2peak (42, 48), Borg rating of
perceived exertion (40, 41), maximum predicted heart rate
(MHR) (49), heart rate reserve (HRR) (54) or maximum heart
rate (HRmax) (51, 52).The duration of RCT-MICT
interventions varied from eight weeks (32, 34, 45) up to six
months (37, 38, 44, 49), and were conducted on a cycle
ergometer (32, 34, 42) or a treadmill (33, 36, 37), or the
intervention was treadmill or brisk walking (35, 44, 45, 47,
49). Interventions were performed at 60-80% (32-34, 38, 39,
42, 45) or between 30% and 60% of heart rate (HR) (36, 43, 46—
49). Cardiorespiratory fitness was evaluated by ergospirometry
or treadmill spirometry test in eight studies (32, 41-44, 46-48).
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FIGURE 1

Identification

Screening

Included
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[ Identification of studies via databases and registers

Studies identified from:

Databases (n = 1420)

v

Studies removed before
screening:
Duplicate studies removed
(n=13)
Studies removed based on
titles and abstracts according
eligibility criteria (n = 1334)

A4

Studies screened
(n=173

(n=31)

Studies sought for retrieval

4

(n=29)

Studies assessed for eligibility

(n=24)

analysis
(n=10)

Studies included in review

Studies included for meta-

Studies excluded
(n=42)

Studies not retrieved

n=2

Studies excluded:
Duplicate (n = 2)
No NAFLD diagnosis (n = 2)
Dietary intervention (n= 1)

Interventions of included studies:
MICT (n=11)

HIT (n=7)

MICT and HIIT (n=4)

SIT (n=2)

Preferred reporting items of systematic reviews and meta-analysis (PRISMA) flow chart [16]. HIIT, high-intensity interval training; MICT,
moderate-intensity continuous training; SIT, sprint interval training.

TABLE 1 The characteristics of the included randomized controlled trials (RCT).

First
author, year
of publica-
tion and
country

Abdelbasset
et al., 2020,
Saudi Arabia
(32)

Intervention

MICT and HIIT

Frontiers in Endocrinology

Sample Age Disease Diagnosis Outcome  Intervention details
size (mean stage technique assessment
(F/M) +SD) technique
1 (HIIT): 1 (HIID): THL % Diagnostic MRI-PDFF 3 x week, 40-50 min
16 (6/10) 544 + 1 (HII): guidelines for Cycling: 5-min warm up,
I (MICT): 5.8 124 + NAFLD in continuous intensity at 60-
15 (7/8) I (MIC): 4.5% the Asia- 70% of the max HR, 5-min
C: 16 (7/9) 54.9 + I (MIC): Pacific region cooling down
4.7 129 + 3 x week, 40 min
C:552+ 42% Cycling: 5-min warm up, 4-
4.3 C: 112 + min interval x 3 at 80-85%
5.1% VO2max, 2-min rest intervals

05

Control

No exercise
program,
standard care

Duration

8 weeks

(Continued)
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TABLE 1 Continued

10.3389/fendo.2022.1032164

First Intervention Sample Age Disease Diagnosis Outcome  Intervention details Control  Duration
author, year size  (mean stage technique assessment
of publica- (F/IM) +SD) technique
tion and
country
at 50% VO2max, 5-min
cooling down
Bacchi, E. et al., MICT 1: 14 (4/ 1:55.6 + IHL % H-MRS H-MRS 3 x week 60 min RT: 9 exercises 16 weeks
2013, Italy (33) 10) 2.0 I: 25.7 + Treadmill, cycle or elliptical ~ on weight
C: 17 (5/ C:56.0 £ 3.7% machines at 60-65% of heart  machines, 3
12) 1.9 C:31.3 + rate series of 10
4.8% repetitions at
70-80%
Cevik, T. etal, MICT I:16 (10/ 1. 4375 - Us FibroScan 4x week 40 min AE + whole 8 weeks
2020, Turkey 6) +8.62 Cycle ergometer at 60-80% of body vibration:
(34) C: 15 (9/6) C: 45.07 HR Vertical-
+9.11 sinusoidal
vibration
platforms, 15
min
Cheng, S. etal, MICT 2217/ L59+ NAFLD H-MRS H-MRS 2-3 x week, 30-60 min No exercise 12 weeks
2017, China 5) 4.4 with Nordic brisk walking + other  program,
(35) C: 18 (14/ C:60 +  impaired group exercises at 60-75% of ~ Advised to
4) 34 FG VO2max maintain their
current level of
PA
Cuthbertson, D. MICT 1: 30 (7/ 1: 50 [46, THL % Clinically by ~ H-MRS 3-5 x week, 30-45 min No exercise 16 weeks
et al, 2016, UK 23) 58]* 1: 19.4% hepatologist Treadmill, cross-trainer, bike ~ program,
(36) C:20(4/ C:52 [14.6, ergometer, rower at 30-60% Advice about
16) [46, 59]*  36.1]* of HRR the health
C: 16.0% benefits of
[9.6, 32.5] exercise in
* NAFLD
Eckard, C. MICT 1: 9 (3/6) I: 51 + NAS Histology Histology 4-7 x week, 20-60 min No exercise 24 weeks
et al,, 2013, C: 11 (4/7) 11 37+11 Exercise bicycle, treadmill program,
Ttaly (37) C:52+ C:36+ standard care
10 1.1
Franco, L. et al., MICT 1: 42 (6/ Data not Moderate US US 4 x week, 45 min Combined 24 weeks
2019, Italy (38) 36) reported  to severe 65-75% of VO2 exercise
C: 52 (10/
42)
Franco, 1. et al., MICT 1:25(11/ 1:50.45  Moderate  FibroScan FibroScan 3 x week, 50-60 min Combined 12 weeks
2021, Italy (39) 14) +9.45 to severe Treadmill, cycling, cross- exercise
C:23(6/ C:46.23 training and rowing at 60-
17) +9.39 75% MHR
Hallsworth, K.~ HIIT I 12 I: 54 + THL % Clinically H-MRS 3 x week, 30-40 min No exercise 12 weeks
et al,, 2015 (40) C: 11 10 I: 10.6 + Cycling: 5-min warm up program,
C:52+ 49 (very light/somewhat hard),  standard care
12 C:10.3 + 2-min interval (very hard) x 5
4.4 + cumulative 10 sec increase
per interval per week, 3-min
rest, 3-min cooling down
Intensity based on Borg
rating of perceived exertion
Houghton, D.  HIIT I 12 I: 54 + NAS Histology H-MRS 3 x week, 45-60 min No exercise 12 weeks
et al., 2017, C: 12 12 1. 53, 7]* Cycling: 5-min warm up, 2- program,
Australia (41) C:51+ C:5(2,7] min interval x 3, 1-min rest standard care
16 * intervals,
Intensity based on Borg
rating of perceived exertion
(16-20, very hard)
(Continued)
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TABLE 1 Continued

10.3389/fendo.2022.1032164

First Intervention Sample Age Disease Diagnosis Outcome  Intervention details Control  Duration
author, year size  (mean stage technique assessment
of publica- (F/IM) +SD) technique
tion and
country
Resistant training: hip and
knee extension, horizontal
row, chest press, vertical row,
and knee extension,
Intensity based on Borg
rating of perceived exertion
(14-16, hard)
Oh, S. et al,, MICT and HIIT I (HIIT): 1 - Diagnostic FibroScan 3 x week, 13 min Resistance 12 weeks
2017, Japan 20 (0/20)  (HIAT): guidelines for CEUS Cycling: 2-min warm up (30 exercise: Push-
(42) I (MICT): 48.6 + NAFLD in W, 60 rpm), 3-min interval x  ups, sit ups,
13 (0/13) 1.8 the Asia- 3 at 80-85% VO2max (70-80  leg press, leg
C(RT):19 1 Pacific region rpm), 2-min rest interval x 2 extensions/
(0/19) (MICT): at 50% VO2max (60 rpm), 3-  curls, chest
482 + min cooling down (30 W, 60  press, pull
2.3 rpm) downs
C (RT): 3 x week, 13 min Intensity based
512+ Cycling: 2-min warm up (30  on 1I-RM
1.9 W, 60 rpm), 3-min interval x  strength test
3 at 80-85% VO2max (70-80
rpm), 2-min rest interval x 2
at 50% VO2max (60 rpm), 3-
min cooling down (30 W, 60
rpm)
Pugh, C.etal, MICT Inclusion  1: 50 [44, - US and H-MRS 3-5 x week, 30-45 min Conventional 16 weeks
2013, UK (43) 13 (6/7) 56]* elevated ALT, 30-60% HRR* care
I: 6 C: 48 and H-MRS
s (38, 57]*
Rezende, R. MICT 19 (19/ L56+ - Histology FibroScan 2 x week, 30-50 min No exercise 24 weeks
et al, 2016, 0) 7.8 Treadmill program
Brazil (44) C:21 (21/ C:544 +
0) 8.9
Shamsoddini, MICT I (MICT): 1:39.7 + Moderate US UsS 3 x week, 45 min No exercise 8 weeks
A. et al, 2015, 10 (0/10) 6.7 to severe Treadmill at 60-75% MHR program
Iran (45) I(RT):10 C:458 + (max HR)
(0/10) 7.3
C: 10 (0/
10)
Shojaee- MICT 1: 15 (0/ 1:524+ THL % US or H-MRS 4-5 x week Conventional 16 weeks
Moradie, F. 15) 22 I: 19.6% histology Gym-based aerobic exercise at lifestyle advice
et al.,, 2016, UK C: 12 (0/ C:52.8 £ [14.8, 40-60%
(46) 12) 3.0 30.0]*
C: 12.5%
[6.9, 32.9]
*
Sullivan, S. MICT 1:12(8/4) L:475+ IHL% H-MRS H-MRS 5 x week, 30-60 min No exercise 16 weeks
et al., 2012, C:6(5/1) 22 I: raw data Treadmill at 45-55% program
USA (47) C: 47.5 £ missing VO2peak
3.1 C:
Winn, N. et al, MICT and HIIT I (HIIT): 8 I (HIT): - H-MRS H-MRS 4 x week, duration was No exercise 4 weeks
2018, USA (48) I (MICT): 41 +14 calculated as the ratio of 80 program
8 1 L/O2 by the average VO2 (L/
C:5 (MICT): min/O2) per each session
46 £ 19 Treadmill at 55% VO2peak
C:51 + 4 x week,
13 Treadmill: 4-min intervals at
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TABLE 1 Continued

First Intervention Sample Age Disease Diagnosis Outcome  Intervention details Control  Duration
author, year size  (mean stage technique assessment

of publica- (F/IM) +SD) technique

tion and

country

80% VO2peak, 3-min rest
intervals at 50% VO2peak

Zhang, H. et al., MICT and HIIT I (MICT): I IHL % H-MRS H-MRS 5 x week, brisk walking No exercise 26 weeks
2016, China baseline 73 (MICT): I (mod): 30 min (in total 150 min/ program
(49) (37/36) 544 + 18.0 £ 9.9 week) at 45-55% MHR**

completed 7.4 I (mod- Ttreadmill 30-min at 65-80%

69 (52/21) 1 vig): 18.4 of MHR**

I (MICT- (MICT- +9.9

HIIT): HIIT): C: 175+

baseline 73 53.2 + 11.0

(38/35) 7.1

completed C: 549 +
66 (51/22) 6.8

C: 74 (46/

28)

C, control group; CT, computed tomography; F, female; FG, fasting glucose; HIIT, high-intensity interval training; I, intervention group; M, male; MICT, moderate-intensity continuous
training; MRS, magnetic resonance spectroscopy; Mri-PDFF, magnetic resonance imaging proton density fat fraction; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic
steatohepatitis; PA, physical activity; RT, resistance training; SD, standard deviation; US, ultrasonography.

*95% CI.

**MHR, maximum predicted heart rate, calculated as 220/min for men and 210/min for women minus the participant’s age.

3.4 Meta-analysis and narrative review histology to assess inflammation and fibrosis, or performed
FibroScan as a proxy for liver fibrosis.

The meta-analysis was performed for the liver outcomes

(IHL, ALT, AST, YGT), glucose metabolism (glucose, HOMA- 3.4.1.1 Inflammation and fibrosis
IR) and the plasma lipid profile parameters (TC, LDL-C, HDL- FibroScan using LSM was used only in two studies with a
C, TG), as well as the cardiorespiratory fitness level (VO,max MICT intervention (n=35) (34, 44), thus meta-analysis of this
and VO,peak) and the total body weight from RCTs. Eight method was not possible. In general, MICT did not result in a
studies could not be integrated into the meta-analysis due to significant effect on LSM. In the HIIT study that employed
unsuitable study design or incomparable assessment techniques. LSM, the intervention led to a significant reduction in hepatic
Therefore, these eight studies are reported narratively. Among stiffness (-16.8%, n=20, p<0.005) (42). In another study, HIIT
these studies is the one by Cevik et al. (34), in which two active reduced LSM as well as histological assessed hepatocyte
arms, one AE intervention with and one without whole-body ballooning and fibrosis (54). A rather long 6-month MICT
vibration, were used. Bacchi et al. (33) also performed a RCT did not significantly reduce the histological-determined
with two active arms. Also, the 2019 and 2020 studies of Franco NAS (37).
et al. (38, 39) had multiple active arms. The first study was
conducted with two active arms and the latter with six active 3.4.1.2 Liver transaminases
intervention arms. The studies by Oh et al. (42) and Winn et al. With respect to liver transaminases, a meta-analysis of seven
(48) had three and two active arms, respectively. For the studies studies shows that subjects in AE (n=283) had significantly lower
of Eckard et al. (37) and Shamsoddini et al. (45) assessment plasma ALT concentrations compared to controls (n=280) (MD:
techniques were not comparable with other studies. -3.78, 95% CI: -5.58, -1.98, p<0.001) (Figure 2A). However, the
Additionally, all RCTs do not report/study of an outcome of plasma ALT concentrations were only significantly lower in
interest, and therefore, are neither integrated in the meta- MICT subjects but not in HIIT subjects. Yet, there is no
analysis nor reported narratively. All non-RCTs with the significant subgroup difference (I2 = 0%, Chi2 = 0.08, df=1,
outcome of interest were narratively reviewed. p=0.78). While plasma AST concentrations were not lower in AE
compared to control, MICT subjects (n=161) had significant
3.4.1 Liver related outcomes lower plasma AST concentrations than control subjects (n=150)
Various measures as a proxy of NAFLD/NASH have been (MD: -4.05, 95% CI: -6.39, -1.71, p=0.0007) (Figure 2B). No
used in the included studies. While most studies report plasma significant differences were observed between the groups in
transaminases and use MRS to quantify IHL, some scored plasma YGT concentrations (Figure 2C).
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TABLE 2 The characteristics of the included non-randomized controlled trials (non-RCT).

First Intervention Sample Age Disease Diagnosis Outcome Intervention Control Duration
author, year size (mean  stage technique assessment details
of publica- (F/IM) + SD) technique
tion and
country
Abd El-Kader, MICT 50 (24/26) 1 (AE): - uUs NA 3 x week, 40 min 40 min, resistance 12 weeks
M. et al,, 2014, 50.87 + 5 min warm-up, machines, 10 min
Saudi Arabia 5.93 30 min treadmill at  stretching, 30 min RT
(50) I (RT): 60%-80% of HRmax  at 60 and 80% of

51.12 + (increased weekly), their one maximal

5.58 5 min cooling down  repetition weight
Haus, M.J. HIIT I: 14 (sex 556+ - MRS MRS 60 min for 7 days, - 7 days
et al,, 2013, distribution 2.0 treadmill at 85% of
USA (51) not C: 56.0 + HRmax

reported) 1.9
Khaoshbaten, HIIT 1: 45 (16/ 1: 35.6 + Grade I- UsS UsS 30 min for 3 times x  Medical therapy, 1000 3 months
M. et al,, 2013, 29) 9.2 111 week, at HRmax mg vitC + 400 units
Iran (52) C: 45 (17/ 1:395 + vitE
28) 6.9

MacLean, C. SIT 1:2(2/10)  1:45+ 8  Steatosis Histology or ~ FIB-4 2 times x week (5-10 NA 6 weeks
et al,, 2018, UK to NASH  US x 6-s ‘all-out’ cycle
(52) sprints)
O’Gorman, P.  HIIT I:16 (12/4) T 61 Steatosis ~ Histology Histology and 2 supervised, 3 Standard care 12 weeks
et al., 2020, C: 8 (5/3) 15 to fibrotic FibroScan unsupervised times x
Ireland (53) C:58+ NASH week, 40-75% of

23 HRR
Sargeant, J. SIT 1: 9 (0/9) 1:41+8 IHL % H-MRS H-MRS 3 x week, 4 intervals - 6 weeks
et al, 2018, 15.6 + 8.4 of max sprint cycling

Germany (54)

per session,
increasing interval
every 2 weeks (total
of 90 intervals)

C, control group; CT, computed tomography; F, female; HIIT, high-intensity interval training; HRmax, maximum heart rate; HIIT, high-intensity interval training; HRR, heart rate reserve;

1, intervention group; M, male; MICT, moderate-intensity continuous training; MRS, magnetic resonance spectroscopy; MRS-PDFF, magnetic resonance spectroscopy; NA, not applicable;
NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; NA, not available; RT, resistance training; SD, standard deviation; SIT, sprint interval training;

US, ultrasonography.

Four RCTs that report transaminases were not included in
the meta-analysis due to incomparable study designs. These
studies showed varying results on the ALT concentrations upon
AE. The study by Cevik et al. (34) reported a significant decrease
in ALT and AST concentrations after an AE with and without
whole body vibration from baseline. In turn, Bacchi et al. (33)
did not show a significant reduction in ALT after an AE
intervention (nor after RT intervention). In line, Winn et al.
(48) did not find significant changes in transaminases from
baseline after HIIT or MICT, but unfortunately, they did not
report the change in ALT of the control group for comparison.
Oh et al. (42) reported no change in ALT or AST concentrations
after HIIT, but there was a significant change after MICT. In
non-RCTs, there is a significant reduction of ALT and AST
concentrations after the 3-month HIIT intervention in the study
by Khaoshbaten et al. (52), as well as after a 12-week MICT
intervention by Abd El Kader et al. (50). The SIT intervention by
MacLean et al. (53) did affect transaminases. Houghton et al.
(41) show close to significant reduction in YGT after 12-week
HIIT. However, another 12-week HIIT did not results change in
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the concentrations (40), nor did AE with whole-body
vibration (34).

3.4.1.3 Intrahepatic lipids

In total, eight studies were included in the IHL meta-analysis
(Figure 3): five MICT studies (35, 36, 43, 46, 47), two HIIT
studies (40, 41), and two studies with both HII'T and MICT (32,
49). There was a significant lower THL upon the HIIT
intervention (n=108) compared to the control (n=114) (-3.41;
95% CI: -4.74, -2.08, p<0.001). The IHL was also lower in the
MICT subjects (n=169) than in the controls (n=151) (-5.19; 95%
CL: -7.33, -3.04, p<0.001). The overall effect of AE (n=277),
irrespective of the type, was significantly lower IHL than in
controls (n=265) with a mean difference of -4.10 (95% CI: -5.33,
-2.87, p<0.001).

Among the three RCTs that were not included in the meta-
analysis due to large differences in the study design/intervention
arms, Bacchi et al. (33) reported a 32.8% reduction of MRI-
determined hepatic fat in AE arm compared to the baseline;

another intervention arm was a resistance training showing a
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Experimental Control Mean Difference Mean Difference

Study or group Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI 1V, Random, 95% CI

MicT
Abdelbasset, et al. 2020 -3.7 3.09 15 19 294 16 19.9% -5.60 [-7.73, -3.47] -
Cheng, S. et al. 2017 -1.5 691 22 15 6.25 18 11.4% -3.00 [-7.08, 1.08] /T
Cuthbertson, D. et al. 2016 -14 3715 30 -12 16.25 20 1.4% -2.00 [-17.08, 13.08]
Pugh, C. et al. 2013 -31 3479 6 -26 40.89 5 0.2% -5.00 [-50.38, 40.38]
Rezende, R. et al. 2016 <71 2269 19 -271 19.28 21 1.8% -4.39[-17.51,8.73] I
Shojaee-Moradie, F. etal. 2016 -14.3 3.32 15 -98 373 12 17.0% -4.50 [-7.20, -1.80] -
Zhang, H. et al. 2016 -2.7 11.02 69 -33 11.19 74 12.9% 0.60 [-3.04, 4.24] I
Subtotal (95% CI) 176 166 64.5%  -3.59 [-5.60, -1.57] <&
Heterogeneity: Tau? = 2.03; Chi? = 8.74, df = 6 (P = 0.19); I = 31%
Test for overall effect: Z = 3.49 (P = 0.0005)

HIT
Abdelbasset, et al. 2020 41 295 16 19 294 16 20.3% -6.00 [-8.04, -3.96] -
Hallsworth, K. et al. 2015 -10 17.69 11" 4 1467 12 1.7% -14.00 [-27.35, -0.65]
Houghton, D. et al. 2017 -1 1513 12 -6 35.72 12 0.7%  5.00 [-16.95, 26.95]
Zhang, H. et al. 2016 -4.1 1115 68 -33 11.19 74 12.8% -0.80 [-4.48, 2.88] T
Subtotal (95% CI) 107 114 35.5% -4.31[-9.03, 0.41] -
Heterogeneity: Tau? = 11.32; Chi? = 8.46, df = 3 (P = 0.04); 12 = 65%
Test for overall effect: Z = 1.79 (P = 0.07)
Total (95% CI) 283 280 100.0%  -3.78 [-5.58, -1.98] <
Heterogeneity: Tau? = 3.07; Chiz = 17.75, df = 10 (P = 0.06); |2 = 44% _210 _190 1'0 240
Test for overall effect: Z = 4.12 (P < 0.0001) Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 0.08, df = 1 (P =0.78), I>= 0%
B Aspartate transaminase (AST)

Experimental Control

Mean Difference Mean Difference

Study or Subgroup Mean _ SD Total Mean _ SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
micT
Cheng, S. etal. 2017 32 503 22 4 455 18 16.1% -7.20[-10.17,-4.23] —_
Cuthbertson, D. et al. 2016 8 1194 30 -4 98 20 10.5%  -4.00 [-10.08, 2.08] — T
Pugh, C. etal. 2013 9 1499 6 -4 1768 5 20% -5.00[-24.60, 14.60]
Rezende, R. et al. 2016 016 2336 19 -423 17.15 21 4.1%  4.39[-8.42, 17.20] —
Shojaee-Moradie, F. etal. 2016 7.5 2414 15 -27 151 12 186%  -4.80[-6.18,-3.42] -
Zhang, H. et al. 2016 13 593 69 03 571 74 17.9%  -1.60[-3.51,0.31] =
Subtotal (95% CI) 161 150 69.1%  -4.05[-6.39, -1.71] L 4
Heterogeneity: Tau? = 3.90; Chi? = 13.44, df = 5 (P = 0.02); 2 = 63%
Test for overall effect: Z = 3.39 (P = 0.0007)
HIT
Hallsworth, K. et al. 2015 3 1082 M 4 506 12 91% -7.00[-14.01,0.01]
Houghton, D. et al. 2017 12 14 12 -1 1825 12 4.0% 13.00[-0.01,26.01]
Zhang, H. et al. 2016 18 589 68 02 571 74 17.9% 1.60 [-0.31, 3.51] =
Subtotal (95% CI) 91 98 30.9%  1.02[-6.91,8.94] —~—
Heterogeneity: Tau? = 35.17; Chi? = 8.59, df = 2 (P = 0.01); I2= 77%
Test for overall effect: Z = 0.25 (P = 0.80)
Total (95% CI) 252 248 100.0%  -2.51[-5.41,0.38] R
Heterogeneity: Tau? = 11.28; Chi* = 46.82, df = 8 (P < 0.00001); I? = 83% + t t 5

Test for overall effect: Z = 1.70 (P = 0.09)
Test for subaroup differences: Chi* = 1.44. df = 1 (P = 0.23). I = 30.7%

C Gamma-glutamyl transpepridase (yGT)

Experimental Control

Study or Subgrou Mean SD_Total Mean
micT

Cheng, S. etal. 2017 12 887 22 -26 742 18
Cuthbertson, D. et al. 2016 -18 29.19 30 -8 2167 20
Pugh, C. etal. 2013 -18 22.29 6 -29 28 5
Rezende, R. et al. 2016 -5.79 43.94 19 -856 37.1 21
Shojaee-Moradie, F. etal. 2016  -17.2 6.16 15 32 3 12
Total (95% Cl) 92 76

Heterogeneity: Tau? = 123.06; Chi® = 34.23, df = 4 (P < 0.00001); I* = 88%
Test for overall effect: Z = 0.60 (P = 0.55)

FIGURE 2

SD_Total Weight IV, Random, 95% ClI

28.0%
20.8%
10.0%
12.5%
28.7%

100.0%

-10 10
Favours [experimental] Favours [control]

Mean Difference
IV, Random, 95% CI

Mean Difference

3.80 [-1.25, 8.85] +—
-10.00 [-24.12, 4.12) —_— 1
11.00 [-19.34, 41.34]
2.77 [-22.57, 28.11)
-14.00 [-17.58, -10.45] —
-3.59 [15.40, 8.22] ———
20 -0 0 10 20

Favours [experimental] Favours [control]

Forrest plot for the effect of moderate-intensity continuous training (MICT) and high-intensity interval training (HIIT) on liver transaminases:
(A) alanine transaminase (ALT); (B) aspartate transaminase (AST); (C) Forrest plot for the effect of MICT on gamma-glutamyl transpeptidase (yGT).

relative reduction of -25.9%. Moreover, Oh et al. (42) reported
a reduction of hepatic fat after both HIIT and RT interventions
of -16.6% and -47.2%, respectively. Also, Winn et al. (48) reported
reductions in THL of -37.0% or -20.0% after both HIIT or MICT,
respectively. In non-RCTs, the SIT intervention by Sergeant
et al. (56) led to 12.4% reduction of hepatic fat. O’Gorman and
colleagues (54) do not report regression in steatosis assessed by
histology after a 12-week HIIT. However, they observed a
significant decrease in CAP measured by FibroScan (51).
FibroScan was also used to assess liver steatosis measured
using the CAP in three MICT studies (34, 42, 44). CAP was
not significantly affected after an 8-week MICT intervention
without whole-body vibration (34). In contrast, MICT with
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whole-body vibration showed significant decrease in CAP.
The study by Oh et al. (42) showed a significant reduction in
steatosis assessed using CAP after baseline in all three
intervention groups (RT, HIIT and MICT) in accordance with
MRI-determined THL results.

3.4.2 Body weight

The body weight was lower upon AE compared to control
with a MD of -1.90 (95% CI: -2.45, -1.35, n=245, p<0.001)
without heterogeneity (I2 = 0, 12 = 0.00, p=0.83). With respect to
the AE subgroups, the MDs for body weight were -1.80 (95% CI:
-2.15, -1.08, n=154, p<0.001) and -2.06 (95% CI: -2.93, -1.18,
n=91, p<0.001) for MICT and HIIT, respectively. No significant
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Intrahepatic lipids (THL)

Experimental Control

10.3389/fendo.2022.1032164

Mean Difference Mean Difference

Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
mIicT
Abdelbasset, et al. 2020 -24 313 15 -0.1 3.26 16 14.7% -2.30 [-4.55, -0.05] /]
Cheng, S. etal. 2017 -5.5 6.2 22 28 548 18  83% -8.30[-11.92,-4.68] .
Cuthbertson, D. et al. 2016 -93 1035 30 -25 802 20 4.8% -6.80[-11.91,-1.69]
Pugh, C. etal. 2013 -10.9 21.87 6 -39 107 5 04% -7.00[-26.85, 12.85]
Shojaee-Moradie, F. etal. 2016 -10.7 8.56 15 0.1 135 12 1.8% -10.80 [-19.58, -2.02]
Sullivan, S. et al. 2012 274 42 12 245 717 6 35% -5.19[-11.40, 1.02] r
Zhang, H. et al. 2016 63 657 69 -22 658 74 154%  -4.10[-6.26,-1.94] —
Subtotal (95% CI) 169 151 48.9%  -5.19 [7.33, -3.04] R 2
Heterogeneity: Tau? = 3.15; Chi? = 10.89, df = 6 (P = 0.09); I* = 45%
Test for overall effect: Z = 4.74 (P < 0.00001)
HIT
Abdelbasset, et al. 2020 -23 355 16  -0.1 3.26 16 14.0% -2.20 [-4.56, 0.16] ]
Hallsworth, K. et al. 2015 -2.8 331 " 0.1 2.67 12 13.4% -2.90 [-5.37,-0.43] I
Houghton, D. et al. 2017 -2 553 12 1 316 12 83% -3.00 [-6.60, 0.60] I
Zhang, H. et al. 2016 -7.2 652 69 2.2 6.58 74 154% -5.00 [-7.15, -2.85] —
Subtotal (95% Cl) 108 114 51.1%  -3.41[-4.74,-2.08] <&
Heterogeneity: Tau? = 0.18; Chi? = 3.33, df = 3 (P = 0.34); I* = 10%
Test for overall effect: Z = 5.04 (P < 0.00001)
Total (95% CI) 277 265 100.0%  -4.10 [-5.33, -2.87] L 2
Heterogeneity: Tau? = 1.35; Chi* = 15.38, df = 10 (P = 0.12); I* = 35% 2 B P 2

Test for overall effect: Z = 6.54 (P < 0.00001)
Test for subaroup differences: Chi? = 1.90. df = 1 (P = 0.17), I* = 47.4%

FIGURE 3

Favours [experimental] Favours [control]

Forrest plot for effect of moderate-intensity continuous training (MICT) and high-intensity interval training (HIIT) on intrahepatic lipids (IHL)

measured by magnetic resonance spectroscopy (MRS).

subgroup difference was observed (Chi2 = 0.20, df=1, 12 = 0%,
p=0.65) (Figure 4).

Studies that were not part of the meta-analysis used varying
metrics to measure body compositional changes or did not have
a comparable study design to be included in the meta-analysis.
Among these the study of Abdelbasset et al. (32) reported a
significant decrease in BMI after both HIIT and MICT. A MICT
intervention by Rezende et al. (44) did not lead to a significant
change in BMI, but it did decrease waist circumference, albeit
that this was not significantly different from the decrease in the
control group. Bacchi et al. (33) observed a significant decrease
in BMI, total body fat mass, MRI-determined VAT and SAT,
thickness of superficial subcutaneous adipose tissue layer and
sagittal abdominal diameter after both MICT and RT
interventions. Similarly, fat mass decreased upon a MICT

Body weight

Experimental Control

interventions by Oh et al. (42). In this latter study, no
significant changes in body weight, visceral and subcutaneous
adipose tissue area were observed upon HIIT. The 6-month
MICT intervention of Eckard et al. (37) did not induce
significant changes in body weight. In non-RCTs, there was a
significant change in weight and BMI upon three month HIIT
intervention in the study of Khaoshbaten et al. (52). In line,
O’Gorman et al. (54) found a significant change in BMI and
waist circumference upon HIIT. In two SIT interventions no
effects on body weight and composition were seen (53, 56), albeit
that a decrease in VAT mass was reported in the latter
study (56).

In order to study whether the significant reductions in
weight are associated with the reductions in liver fat, we
performed a Pearson correlation analysis with all studies. This

Mean Difference Mean Difference

Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
micT

Cheng, S. etal. 2017 4 65 22 02 72 18 17%  -1.20[-5.49,3.09] ——

Cuthbertson, D. et al. 2016 25 29 30 02 22 20 153% -270[4.12,-1.28§] —

Pugh, C. etal. 2013 22 89 6 1155 5  01% -3.20[-18.54,12.14]

Shojaee-Moradie, F. et al. 2016 4 102 15 06 39 12 10% -460[1021,101] ¥ —

Sullivan, S. et al. 2012 02 27 12 02 37 6 28% -040[373,293 S E—

Zhang, H. et al. 2016 26 27 69 11 27 74 391%  -150[-2.39,-061] -

Subtotal (95% CI) 154 135 50.9%  -1.80 [2.52,-1.09] R

Heterogeneity: Tau? = 0.00; Chi? = 3.73, df = 5 (P = 0.59); I = 0%

Test for overall effect: Z = 4.93 (P < 0.00001)
HIT

Hallsworth, K. et al. 2015 14 86 M 0 65 12 08% -1.40[7.67,4.87)

Houghton, D. et al. 2017 1114 12 1 57 12 06%  0.00[7.21,7.21]

Zhang, H. et al. 2016 32 27 68 11 27 74 388%  -2.10[-2.99,-121] —a—

Subtotal (95% CI) 91 98 40.1%  -2.06[-2.93,-1.18] >

Heterogeneity: Tau? = 0.00; Chi = 0.36, df =2 (P = 0.83); I?= 0%

Test for overall effect: Z = 4.61 (P < 0.00001)

Total (95% CI) 245 233 100.0%  -1.90 [-2.46, -1.35] <

Heterogeneity: Tau? = 0.00; Chi2 = 4.29, df = 8 (P = 0.83); 2= 0% VI 4

Test for overall effect: Z = 6.74 (P < 0.00001)
Test for subaroup differences: Chi? = 0.20. df = 1 (P = 0.66). I = 0%

FIGURE 4

Favours [experimental] Favours [control]

Forrest plot for the effect of moderate-interval continuous training (MICT) and high-intensity interval training (HIIT) on total body weight.
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showed that a reduction of IHL upon AE intervention correlated
significantly with the weight reduction (r=0.714, p=0.031)
(Figure 5). Of interest, reductions of IHL and weight were not
correlated with the duration of the intervention or with any
other measured parameter.

3.4.3 Cardiorespiratory fitness

The meta-analysis for cardiorespiratory fitness was
performed with MICT intervention studies since this outcome
was not reported in the other interventions. Four studies
assessing cardiorespiratory fitness either by VO2max (46) or
VO2peak (43, 44, 47) upon 16- (43, 46, 47) or 24-week (44)
MICT interventions are integrated in the meta-analysis. There is
a significantly higher cardiorespiratory fitness in the MICT
groups (n=52) compared to the controls (n=44) with a MD of
4.43 (95% CI: 0.31, 8.55, p=0.03) with a considerable
heterogeneity (12 = 96%, T2 = 15.61, p<0.00001) (Figure 6).

In non-RCTs, a significant increase in VO2max was
observed after a HIIT intervention of seven consecutive days

10.3389/fendo.2022.1032164

(51). Also, VO2max is increased significantly after HIIT exercise,
as well as when compared to the control group (54). There were
significant increases in VO2peak and VO2max after SIT
programs (51, 53).

In order to study whether the significant increase in
cardiorespiratory fitness compared to controls are associated
with the reductions in liver fat, we performed a Pearson
correlation analysis with the studies. Cardiorespiratory fitness
did not show significant correlation with liver fat (r=-0.04,
p=0.98), or with liver transaminases (ALT r=88, p=0.32; AST
r=0.94, p=0.22). Yet, these analyses were conducted with a very
limited number of studies (n=3) due to the limited availability of
the outcomes of interest and the independent variables.

3.4.4 Glucose metabolism

The meta analysis showed that there was no significant change
in glucose concentrations upon MICT (MD: -0.04, 95% CI: -0.23,
0.15, n=161, p=0.70), HIIT (MD: 0.07, 95% CI: -0.07, 0.21, n=91,
p=0.35), or AE in general (MD: -0.01, 95% CI: -0.15, 0.13, n=252,

Pearson correlation = 0.71, p=0.031

IHL reduction (MD)

10,00

1200

Weight reduction (MD)

FIGURE 5

Simple scatter plot with linear fit line and 95% ClI of intrahepatic lipids (IHL, %) reduction mean difference (MD) against weight reduction (kg; MD) upon
aerobic exercise (AE) including both modalities, high-intensity interval training (HIIT) and moderate-intensity continuous training (MICT) interventions.

Cardiorespiratory fitness

Experimental
Mean

Control

SD Total Mean SD Total Weight

Mean Difference Mean Difference

Study or group

MICT

Pugh, C. etal. 2013 9.7 6.65 6 -03 2.82 5 18.0%
Rezende, R. et al. 2016 06 279 19 -13 316 21 267%
Shojaee-Moradie, F. et al. 2016 75 091 15 05 078 12 28.1%
Sullivan, S. et al. 2012 2 091 12 14 1.75 6 27.2%
Total (95% CI) 52 44 100.0%

Heterogeneity: Tau? = 15.61; Chi? = 79.21, df = 3 (P < 0.00001); I* = 96%
Test for overall effect: Z=2.11 (P = 0.03)

FIGURE 6

IV, Random, 95% CI IV, Random, 95% CI
10.00 [4.13, 15.87) e —
1.90 [0.06, 3.74] -
7.00 [6.36, 7.64] -
0.60 [-0.89, 2.09] =
4.4310.31, 8.55] —~i—
5

-10 -5 10
Favours [experimental] Favours [control]

Forrest plot for the effect of moderate-intensity continuous training (MICT) on cardiorespiratory fitness level assessed as maximum or peak

oxygen uptake (VO2max or VO2peak).
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p=0.88) (Figure 7A). Yet, when compared to controls (n=40), HIIT
subjects (n=39) had a lower HOMA-IR with a MD of -0.42 (95%
CI: -0.76, -0.07, p=0.02) (Figure 7B).

Other proxies of glucose metabolism were investigated in a
subset of the articles that were not part of the meta-analysis due
to an incomparable study design. For instance, Bacchi et al.
(33) reported a modest significant increase in the glucose
disposal rate after AE intervention. Cevik et al. (34) did not
show a significant change in glucose after the interventions.
However, HOMA-IR was significantly decreased after AE with
whole-body vibration but not in those without the vibration
(34). Winn et al. (48) did not find a significant change in
HOMA-IR upon HIIT or MICT. In non-RCTs, HOMA-IR
decreased after a SIT program by Sergeant et al. (56), as well as
by MacLean et al. (53). Haus et al. (51) reported a significant
reduction in fasting plasma glucose concentrations after a 7-
day HIIT.

3.4.5 Plasma lipids
In the meta analysis, the plasma total cholesterol concentration
was significantly lower upon AE in general and upon MICT than in

10.3389/fendo.2022.1032164

controls, with a MD of -0.19 (95% CI: -0.29, -0.09, n=261, p<0.001)
and -0.20 (95% CI: -0.31, -0.09, n=154, p<0.001) (Figure 8A) for AE
and MICT, respectively. In line, plasma LDL-C concentration was
lower upon MICT, and HDL-C concentration was higher upon AE,
MICT and HIIT, compared to controls (Figures 8B, C). When
compared to controls, AE subjects had lower plasma TG
concentrations (MD: -0.26, 95% CI: -0.39, -0.14, n=284,
p<0.0001) with a considerable heterogeneity of 81% (12 = 0.02,
p<0.0001) (Figure 8D).

The meta-analysis of lipid concentrations did not include the
following studies due to non-comparable study designs. In the
study of Winn et al. (48), plasma TC and HDL-C concentrations
were unchanged upon MICT and HIIT (48). Bacchi et al. (33)
and Cevik et al. (34) did not report a significant change in LDL-
C after a HIIT intervention (34). Yet, plasma TG concentrations
are decreased after MICT in the study by Bacchi et al. (33), but
not in the study by Cevik et al. (34). In non-RCTs, there is a
significant increase in plasma HDL-C concentrations upon a SIT
(56). Also, Khaoshbaten et al. (52) observe a significant increase
in HDL-C concentrations and a decrease in TG concentrations
upon 3-month HIIT.

A Glucose

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
micT
Cheng, S. etal. 2017 -02 036 22 02 032 18  8.8% -0.40[-0.61,-0.19]
Cuthbertson, D. et al. 2016 -0.15 04 30 -02 033 20 95% 0.05[-0.15,0.25] 1T
Pugh, C. etal. 2013 -0.1 045 6 0.1 067 5 0.8% -0.20[-0.89,0.49]
Rezende, R. et al. 2016 -0.46 161 19 -004 08 21 0.6% -0.42[-1.22,0.38] —
Shojaee-Moradie, F. et al. 2016 -02 0.13 15 -03 0.13 12 403%  0.10[0.00, 0.20] il
Zhang, H. et al. 2016 -0.24 042 69 -041 044 74 197%  0.17[0.03,0.31] [
Subtotal (95% CI) 161 150 79.7% 0.05[-0.02,0.12] >
Heterogeneity: Chi? = 23.09, df = 5 (P = 0.0003); I = 78%
Test for overall effect: Z = 1.37 (P = 0.17)
HIT
Hallsworth, K. et al. 2015 02 109 11 0 08 12 06% -0.20[-0.99,0.59] —
Houghton, D. et al. 2017 01 105 12 0108 12 05% -0.10[-0.95,0.75]
Zhang, H. et al. 2016 -0.33 043 68 -041 044 74 19.1% 0.08 [-0.06, 0.22] T
Subtotal (95% CI) 91 98 20.3% 0.07 [-0.07,0.21]
Heterogeneity: Chi* = 0.62, df =2 (P = 0.73); P = 0%
Test for overall effect: Z = 0.94 (P = 0.35)
Total (95% Cl) 252 248 100.0% 0.05[-0.01,0.12]
o Chiz = - - . + + } + +

Heterogeneity: Chi* = 23.76, df = 8 (P = 0.003); I* = 66% ] 05 0 05 ]

Test for overall effect: Z = 1.65 (P = 0.10)
Test for subaroup differences: Chi* = 0.05, df = 1 (P = 0.83). I* = 0%

Favours [experimental] Favours [control]

B Homeostatis model assesment for insulin resistance (HOMA-IR)

Experimental Control
Study or Subgroup Mean _ SD Total Mean
MICcT

Abdelbasset, et al. 2020 -08 1.04 15 0.18 1.08 16 12.1%
Cheng, S. etal. 2017 -0.17 04 22 017 0.28 18 13.5%
Cuthbertson, D. et al. 2016 -043 1.01 30 0.03 0.76 20 129%
Rezende, R. et al. 2016 -0.13 237 19 -01 078 21 10.6%
Shojaee-Moradie, F. etal. 2016  -1.91 0.01 15 0 0.01 12 13.5%
Subtotal (95% CI) 101 87 62.6%
Heterogeneity: Tau? = 1.19; Chi? = 560.78, df = 4 (P < 0.00001); I* = 99%

Test for overall effect: Z = 1.52 (P = 0.13)

HIT

Abdelbasset, et al. 2020 -08 127 16 0.18 1.08 16 11.8%
Hallsworth, K. et al. 2015 -03 051 1" 0 0.55 12 13.0%
Houghton, D. et al. 2017 -0.3 051 12 0 09 12 126%
Subtotal (95% CI) 39 40 37.4%

Heterogeneity: Tau? = 0.01; Chi? = 2.25, df =2 (P = 0.32); P = 11%
Test for overall effect: Z = 2.34 (P = 0.02)

Total (95% CI) 140 127
Heterogeneity: Tau? = 1.18; Chi = 647.22, df = 7 (P < 0.00001); I* = 99%
Test for overall effect: Z = 1.69 (P = 0.09)

Test for subaroup differences: Chi* = 0.45, df = 1 (P = 0.50). I = 0%

100.0%

FIGURE 7

SD_Total Weight IV, Random, 95% CI

Mean Difference
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Forrest plot for the effect of moderate-intensity continuous training (MICT) and high-intensity interval training (HIIT) on: (A) glucose;

(B) homeostatic Model Assessment for Insulin Resistance (HOMA-IR).
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FIGURE 8

A Total cholesterol (TC)

Total Weight IV, Random, 95% CI

Experimental Control

Study or Subgroup Mean SD Total Mean SD
MICT
Abdelbasset, et al. 2020 -0.33 0.14 16 -0.07 0.14 16
Cuthbertson, D. et al. 2016 -0.19 0.52 30 0.02 043 20
Pugh, C. etal. 2013 -0.3 065 6 -0.1 0.89 5
Rezende, R. et al. 2016 0.003 0.77 19 -0.003 0.67 21
Shojaee-Moradie, F. etal. 2016 -0.3 0.13 15 0 013 12
Zhang, H. et al. 2016 -0.36 0.65 69  -04 065 74
Subtotal (95% CI) 155 148
Heterogeneity: Tau? = 0.01; Chi? = 9.41, df = 5 (P = 0.09); I = 47%
Test for overall effect: Z = 3.64 (P = 0.0003)
HIT

Abdelbasset, et al. 2020 -0.39 0.15 16 -0.07 0.14 16
Hallsworth, K. et al. 2015 -0.1 061 " -02 08 12
Houghton, D. et al. 2017 -0.2 0.86 12 0.3 0.82 12
Zhang, H. et al. 2016 -0.34 065 68  -04 065 74
Subtotal (95% CI) 107 114
Heterogeneity: Tau? = 0.05; Chi? = 11.86, df = 3 (P = 0.008); I = 75%
Test for overall effect: Z = 1.04 (P = 0.30)
Total (95% CI) 262 262

Heterogeneity: Tau? = 0.01; Chi* = 21.28, df =9 (P = 0.01); I* = 58%
Test for overall effect: Z = 3.66 (P = 0.0003)
Test for subaroup differences: Chi* = 0.11, df = 1 (P = 0.74). I? = 0%

B High density lipoprotein cholesterol (HDL-C)
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

MICT
Abdelbasset, et al. 2020 0.06 0.05 15 -0.03 0.06 16 17.8% 0.09 [0.05, 0.13] -
Cuthbertson, D. et al. 2016 0.02 0.11 30 0 0.13 20 11.4% 0.02 [-0.05, 0.09] T
Pugh, C. etal. 2013 0.03 0.18 6 -004 02 5 1.9% 0.07 [-0.16, 0.30] N
Rezende, R. et al. 2016 025 0.42 19 0.02 024 21 21% 0.23[0.02, 0.44] —
Shojaee-Moradie, F. et al. 2016 0.02 0.04 15 0 0.05 12 18.7% 0.02[-0.01, 0.05] Il
Zhang, H. et al. 2016 0.03 0.15 69 -0.02 0.15 74 15.4% 0.05[0.00, 0.10] ™
Subtotal (95% Cl) 154 148 67.2% 0.05[0.02, 0.09] »
Heterogeneity: Tau? = 0.00; Chi? = 10.39, df = 5 (P = 0.06); I* = 52%
Test for overall effect: Z = 2.81 (P = 0.005)

HIT
Abdelbasset, et al. 2020 0.05 0.06 16 -0.03 0.06 16 17.1% 0.08[0.04, 0.12] -
Zhang, H. et al. 2016 0.01 0.14 68 0.02 0.15 74 15.7% -0.01[-0.06, 0.04] T
Subtotal (95% Cl) 84 90 32.8%  0.04[-0.05,0.12] <>
Heterogeneity: Tau? = 0.00; Chi? = 7.77, df = 1 (P = 0.005); I? = 87%
Test for overall effect: Z = 0.80 (P = 0.43)
Total (95% ClI) 238 238 100.0% 0.05 [0.02, 0.08] *
Heterogeneity: Tau? = 0.00; Chi? = 18.36, df = 7 (P = 0.01); I* = 62% [1 70?_5 0?5 1=

Test for overall effect: Z = 2.90 (P = 0.004)
Test for subaroup differences: Chi? = 0.12, df = 1 (P = 0.73), I? = 0%

¢ Low density lipoprotein cholesterol (LDL-C)

Experimental Control

Study or Subgroup Mean SD_Total Mean

Abdelbasset, et al. 2020 -0.08 0.04 15 -0.002 0.03 16
Cuthbertson, D. et al. 2016 -0.13 023 30 0.11 0.31 20
Pugh, C. etal. 2013 -02 023 6 07 05 5
Rezende, R. et al. 2016 -0.12 0.34 19 -0.009 0.27 21
Shojaee-Moradie, F. et al. 2016 -05 0.133 16 -04 0.13 12
Sullivan, S. et al. 2012 -0.01 023 12 0.06 0.21 6
Zhang, H. et al. 2016 0.07 027 69 -0.009 0.27 74
Total (95% CI) 166 154

Heterogeneity: Tau? = 0.01; Chi? = 27.76, df = 6 (P = 0.0001); I* = 78%

Test for overall effect: Z = 2.19 (P = 0.03)

p Triglycerides

Experimental Control

Study or Subgroup Mean SD Total Mean

MIcT
Abdelbasset, et al. 2020 -0.22 0.09 15 0.02 0.08 16
Cheng, S. et al. 2017 0.1 0.76 22 -0.1 069 18
Cuthbertson, D. et al. 2016 -0.16 1 30 0.05 0.98 20
Pugh, C. etal. 2013 -0.2 0.46 6 -1 172 5
Rezende, R. et al. 2016 0.14 0.51 19 0.11 044 21
Shojaee-Moradie, F. et al. 2016 -0.2 0.13 15 0.3 0.13 12
Sullivan, S. et al. 2012 0.18 045 12 0.3 0.89 6
Zhang, H. et al. 2016 -0.22 0.19 69 -0.2 072 74
Subtotal (95% Cl) 188 172
Heterogeneity: Tau? = 0.04; Chi? = 40.27, df = 7 (P < 0.00001); I* = 83%
Test for overall effect: Z = 1.65 (P = 0.10)

HIT
Abdelbasset, et al. 2020 -0.23 0.08 16 0.02 0.08 16
Houghton, D. et al. 2017 -05 06 12 0.3 061 12
Zhang, H. et al. 2016 -03 0.72 68 0.3 061 74
Subtotal (95% Cl) 96 102
Heterogeneity: Tau? = 0.06; Chi? = 13.64, df = 2 (P = 0.001); I> = 85%
Test for overall effect: Z = 2.98 (P = 0.003)
Total (95% ClI) 284 274

Heterogeneity: Tau? = 0.02; Chi? = 53.95, df = 10 (P < 0.00001); I* = 81%
Test for overall effect: Z = 4.29 (P < 0.0001)
Test for subaroup differences: Chi? = 3.26. df = 1 (P = 0.07). I? = 69.3%
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Forrest plot for the effect of moderate-intensity continuous training (MICT) and high-intensity interval training (HIIT) on plasma lipids: (A) total
cholesterol (TC); (B) high-density lipoprotein cholesterol (HDL-C); (C) Forrest plot for the effect of MICT on low-density lipoprotein cholesterol
(LDL-C); (D) triglycerides (TG)
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3.5 Sensitivity analysis

In order to examine the impact of the intervention duration
on the meta-analyses, we conducted sensitivity analysis by
removing Rezende et al. (n=19) (44) with a 24-week
intervention, which did not lead to any significant changes.
Furthermore, we performed a sensitivity analysis by removing
Zhang et al. (n=135) (49) with a 26-week intervention from the
analysis (Table 3). The analysis did not result in a significant

10.3389/fendo.2022.1032164

difference in the IHL; however, the plasma AST results changed
significantly before and after removing Zhang et al. (MD: -2.51,
p=0.09 vs. MD: -4.43, p=0.002). In regard to the plasma TC, there
was a significant change, after removing the data of Zhang et al.
for HIIT (MD: -0.15 vs. -0.30) as well as for the HIIT for TG (MD:
-0.50 vs. -0.47). After removing both Rezende et al. (44) and
Zhang et al. (49), in addition to the significant changes mentioned
by removing Zhang et al., TG for MICT changed significantly
(MD: -0.15, p=0.10 vs. MD: -0.23, p=0.03) (Table 4).

TABLE 3 Results of meta-analyses before and after sensitivity analysis including mean difference (MD), 95% CI and significance level, as well as
heterogeneity (12) and significance level per intervention type, consisting of studies with similar intervention duration excluding study by Zhang et al.

Outcome AE

MD 95% CI p-val 12  p-val

MD 95% CI  p-val 12

MICT HIIT

p-val MD 95% CI p-val 12 p-val

IHL (%) -4.10 <0.00001  35% 0.12 <0.00001  45% 0.09 -3.41 <0.00001 10% 0.34
Before [-5.33, -2.87] [-7.33, -3.04] [-4.74, -2.08]

THL (%) -4.08 <0.00001 43% 0.08 0.0002 53% 0.06 -2.62 0.0009 0% 0.90
After [-5.77, -2.39] [-9.01, -2.82] [-4.16, -1.08]

ALT (UI) -3.78 <0.0001  44% 0.06 0.0005 31% 0.19 -4.31 0.07 65% 0.04
Before [-5.58, -1.98] [-5.60, -1.57] [-9.03, -.41]

ALT (UI) -5.29 <0.00001 0% 0.78 <0.00001 0% 0.92 -6.41 0.008 14% 0.31
After [-6.51, -4.08] [-6.36, -3.30] [-11.15, -1.66]

AST (UI) -2.51 0.09 83% <0.00001 0.0007 63% 0.02 1.02 0.80 77% 0.01
Before [-5.41, 0.38] [-6.39, -1.71] [-6.91, 8.94]

AST (UI) -4.43 0.002 50% 0.06 <0.00001 8% 0.36 222 0.82 86%  0.008
After [-7.30, -1.57] [-6.67, -3.65] [-17.32, 21.76]

Glucose (mmol/L) 0.05 0.10 66% 0.003 0.17 78% 0.0003 0.07 0.35 0% 0.73
Before [-0.01, 0.12] [-0.02, 0.12] [-0.07, 0.21]

Glucose (mmol/L) 0.01 0.88 69% 0.003 0.82 79% 0.0007 -0.15 0.60 0% 0.87
After [-0.07, 0.09] [-0.07, 0.09] [-0.73, 0.42]

TC (mmol/L) -0.19 0.0003 58% 0.01 0.0003 47% 0.09 -0.15 0.30 75%  0.008
Before [-0.29, -0.09] [-0.31, -0.09] [-0.44, 0.13]

TC (mmol/L) -0.28 <0.00001 0% 0.68 <0.00001 0% 0.72 -0.30 0.001 12% 0.32
After [-0.34, -0.23] [-0.33, -0.20] [-0.47, -0.12]

LDL-C (mmol/L) - - - - 0.03 78% 0.0001 - - - -
Before [-0.20, -0.01]

LDL-C (mmol/L) - - - - 0.003 68% 0.009 - - - -
After [-0.24, -0.05]

HDL-C (mmol/L) 0.05 0.0004 62% 0.01 0.005 52% 0.06 0.04 0.004 62%  0.001
Before [0.02, 0.08] [0.02, 0.09] [-0.05, 0.12]

HDL-C (mmol/L) 0.06 0.002 58% 0.04 0.03 61% 0.03 0.08 0.0002 NA NA
After [0.02, 0.10] [0.01, 0.11] [0.04, 0.12]

Triglycerides (mmol/L) -0.26 <0.0001 81%  <0.00001 0.10 83% <0.00001 -0.50 0.003 85%  0.001
Before [-0.39, -0.14] [-0.33, 0.03] [-0.82, -0.17]

Triglycerides (mmol/L) -0.26 <0.0001  78%  <0.00001 0.07 81%  <0.0001 -0.47 0.08 80% 0.03
After [-0.39, -0.14] [-0.38, 0.01] [-1.00, 0.06]

Weight (kg) -1.90 <0.00001 0% 0.83 <0.00001 0% 0.59 -2.06 <0.00001 0% 0.83
Before [-2.46, -1.35] [-2.52, -1.09] [-2.93, -1.18]

Weight (kg) -2.26 0.0002 0% 0.82 0.0001 0% 0.65 -0.80 0.74 0% 0.77
After [-3.43, -1.08] [-3.57, -1.14] [-5.53, 3.94]

ALT, alanine transferase; AST, aspartate transferase; HIIT, high-intensity interval training; HOMA-IR, homeostasic assessment for insulin resistance; HDL-C, high density lipoprotein
cholesterol; IHL, intrahepatic lipids; kg, kilogram; LDL-C, low density lipoprotein cholesterol; MICT, moderate-intensity continuous training; mmol/l, milligram per deciliter; UI,

international unit; VO2max, maximum oxygen consumption. NA; not applicable.

Results of sensitivity analyses that differ in significance from the original meta-analysis are marked in bold.
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TABLE 4 Results of meta-analyses before and after sensitivity analysis including mean difference (MD), 95% CI and significance level, as well as
heterogeneity (12) and significance level per intervention type, consisting of studies with similar intervention duration excluding study by Zhang

et al. and Rezende et al.

Outcome AE MICT HIIT

MD 95% CI p-val 12 p-val MD95% CI p-val I2 p-val MD95% CI p-val 12 p-val
THL (%) -4.10 <0.00001  35% 0.12 -5.19, <0.00001  45% 0.09 -3.41 <0.00001 10%  0.34
Before [-5.33, -2.87] [-7.33, -3.04] [-4.74, -2.08]
THL (%) -4.08 <0.00001  43% 0.08 -5.92 0.0002  53% 0.06 -2.62 0.0009 0%  0.90
After [-5.77, -2.39] [-9.01, -2.82] [-4.16, -1.08]
ALT (UI) -3.78 <0.0001  44% 0.06 -3.59 0.0005  31% 0.19 431 0.07 65%  0.04
Before [-5.58, -1.98] [-5.60, -1.57] [-9.03, -.41]
ALT (UI) -5.30 <0.00001 0% 0.69 -4.84 <0.00001 0% 0.83 -6.41 0.008  14% 031
After [-6.52, -4.08] [-6.37, -3.30] [-11.15, -1.66]
AST (UI) -2.51 0.09  83% <0.00001 -4.05 0.0007  63% 0.02 1.02 0.80 77%  0.01
Before [-5.41, 0.38] [-6.39, -1.71] [-6.91, 8.94]
AST (UI) -4.91 0.0005 50%  0.08 -5.17 <0.00001 0% 0.53 222 0.82 86%  0.008
After [-7.69, -2.12] [-6.40, -3.95] [-17.32, 21.76)
Glucose (mmol/L) 0.05 0.10 66%  0.003 0.05 0.17 78%  0.0003 0.07 0.35 0% 073
Before [-0.01, 0.12] [-0.02, 0.12] [-0.07, 0.21]
Glucose (mmol/L) 0.01 0.80 73%  0.002 0.01 0.74 84%  0.0004 -0.15 0.60 0%  0.87
After [-0.07, 0.09] [-0.07, 0.09] [-0.73, 0.42]
TC (mmol/L) -0.19 0.0003  58% 0.01 -0.20 0.0003  47% 0.09 -0.15 030  75% 0.008
Before [-0.29, -0.09] [-0.31, -0.09] [-0.44, 0.13]
TC (mmol/L) -0.29 <0.00001 0% 0.78 -0.27 <0.00001 0% 0.90 -0.30 0.001  12% 032
After [-0.34, -0.23] [-0.34, -0.21] [-0.47, -0.12]
LDL-C (mmol/L) - - - - -0.10 0.03 78%  0.0001 - - - -
Before [-0.20, -0.01]
LDL-C (mmol/L) - - - - -0.15 0.007  74%  0.004 - - - -
After [-0.27, -0.04]
HDL-C (mmol/L) 0.05 0.0004  62% 0.01 0.05 0.005  52% 0.06 0.04 0.004  62%  0.001
Before [0.02, 0.08] [0.02, 0.09] [-0.05, 0.12]
HDL-C (mmol/L) 0.06 0.002  57% 0.05 0.05 0.05 61% 0.05 0.08 0.0002 NA NA
After [0.02, 0.09] [0.00, 0.09] [0.04, 0.12]
Triglycerides (mmol/L) -0.26 <0.0001 81%  <0.00001 -0.15 0.10  83% <0.00001 -0.50 0.003  85% 0.001
Before [-0.39, -0.14] [-0.33, 0.03] [-0.82, -0.17]
Triglycerides (mmol/L) -0.30 <0.0001  79%  <0.0001 -0.23 0.03  81%  <0.0001 -0.47 0.08  80%  0.03
After [-0.43, -0.17] [-0.45, -0.02] [-1.00, 0.06]
Weight (kg) -1.90 <0.00001 0% 0.83 -1.80 <0.00001 0% 0.59 -2.06 <0.00001 0%  0.83
Before [-2.46, -1.35] [-2.52, -1.09] [-2.93, -1.18]
Weight (kg) -2.26 0.0002 0% 0.82 -2.35 0.0001 0% 0.65 -0.80 0.74 0% 077
After [-3.43, -1.08] [-3.57, -1.14] [-5.53, 3.94]

ALT, alanine transferase; AST, aspartate transferase; HIIT, high-intensity interval training; HOMA-IR, homeostasic assessment for insulin resistance; HDL-C, high density lipoprotein
cholesterol; THL, intrahepatic lipids; kg, kilogram; LDL-C, low density lipoprotein cholesterol; MICT, moderate-intensity continuous training; mmol/l, milligram per deciliter; UI,

international unit; VO2max, maximum oxygen consumption. NA; not applicable.

Results of sensitivity analyses that differ in significance from the original meta-analysis are marked in bold.

3.6 Quality assessment

The quality assessment resulted in overall low risk of bias in
all domains for three RCTs (35, 42, 47), while ten articles showed
some concerns in the overall judgment since they had a
moderate risk in one domain (32-34, 37, 39, 43-46, 49)
(Figure 9A). One study showed a high risk of classification of
interventions as the intervention groups were not clearly
defined, also the information used to define the intervention
groups was not mentioned at the start (52). Two studies were
scored high risk of selection bias, since they did not use random
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sequence (38, 48). Studies that raised concerns in the quality are
included in the narrative review, however, were not integrated in
the meta-analysis. Quality assessment of non-RCTs is shown in
Figure 9B. Non-RCTs are included in the narrative review.

4 Discussion

This systematic review assessed the effects of two types of AE
(MICT and HIIT) without dietary changes on NAFLD and
related metabolic parameters. Our findings showed that both
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The results of the quality assessment of (A) randomized controlled trials (RCTs); (B) non-randomized controlled trials (hon-RCTs)

HIIT and MICT significantly reduced IHL, an effect significantly
associated with reductions in body weight. In addition, MICT
but not HIIT reduced liver transaminases and both AE types
improved the plasma lipid profile. Although AE did not affect
blood glucose concentrations, HIIT improved HOMA-IR.

In general, we observed no effect of AE on fibrosis, related
varying results on liver stiffness. While MICT did not lead to
improvements in liver fibrosis in the included studies (34, 44),
HIIT did significantly improve liver fibrosis (42, 54). Previously,
fibrosis regression has been associated with a dose-dependent
increase in physical activity (51). In line, insufficient physical
activity is an independent predictor of fibrosis in NAFLD (21).
Despite the fact that liver fibrosis is the most important
determinant of the risk of liver-related mortality (57), most
studies invest in detecting steatosis and not fibrosis. Like fibrosis,
liver inflammation as an endpoint in lifestyle interventions has
been overlooked. In contrast, plasma concentrations of the liver
enzymes AST, ALT and YGT as proxy of liver functioning are
often measured. Increased plasma concentrations of these liver
enzymes are associated with an increased risk for the progression
to advanced liver disease (58), characterized by inflammation
and fibrosis. Yet, non-invasive NAFLD tests that often include
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the plasma transaminase concentrations are not optimal (59).
Thus, in order to more firmly draw conclusions on the effects of
exercise on NASH and liver fibrosis, well controlled exercise
intervention studies with sufficient sample sizes and elucidative
endpoints in patients with advanced stages of NAFLD are
called for.

Nearly all included studies showed lower IHL after MICT
and HIIT. This is in line with a recent systematic review in
which the effects of MICT and HIIT were studied in a wide
range of patients, i.e., those with obesity and T2DM, without
information on NAFLD (60). We found a significant positive
correlation between the reductions in body weight and IHL
upon AE. Of interest, it has already been suggested that effects
of AE on IHL might be mediated by alterations in body
composition, e.g., loss of body weight and adipose tissue
mass, or an increased muscle mass (61). In line, another
meta-analysis reported similar association of body weight
loss and decrease in IHL (62). Based on these earlier studies
and our present results, we can conclude that AE-induced
weight loss and changes in body composition are crucial in
reducing ITHL. It also underscores that weight loss per se is
beneficial for the liver.
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We did not detect a differential effect of MICT and HIIT
on IHL. This is in line with previous studies in which HIIT and
MICT were compared (32, 36, 42, 48), underscoring that
neither was superior in ameliorating steatosis. However,
some studies reported that moderate-intensity training is
better in reducing liver fat than low-intensity training (63).
This notion was supported by a prospective study in which
vigorous but not moderate physical activity lowered the risk
for NAFLD (64). Yet, current guidelines state that any level of
physical activity or exercise can be beneficial for patients with
NAFLD (17). Perhaps, practically, the paramount aim may be
to engage sedentary patients to increase their activity at any
level (22). In order to increase the engagement for long-term
adherence to exercise, physical activity and exercise programs
should be personalized according to the limitations and
preferences (i.e. comorbidities, clinical characteristics,
personal goals) of the individual patient with NAFLD (22,
54, 65). More studies need to investigate the different
modalities of AE in patients with different stages of NAFLD
to direct these personalized guidelines.

We did not find a significant change in blood glucose
concentrations upon AE, which was in line with a previous
study (66). Yet, a modest, but a significant decrease was found in
HOMA-IR upon HIIT. Patients with NASH often have a higher
HOMA-IR than healthy controls (67) and thus, are insulin
resistant (68). Insulin resistance plays a central role in hepatic
lipid accumulation (69). Consequently, lipid metabolism is also
often altered in patients with NAFLD (70), and therefore
patients with NAFLD present an increased asCVD related
mortality (5). Evidently, elevated LDL-C concentrations,
promoting the development of thrombus and plaque (71, 72),
and elevated concentrations of plasma TG (73) increase the risk
of asCVD. Simultaneously, an increase of HDL-C
concentrations is associated with a significant risk reduction
(7, 71). Our meta-analysis showed significant higher plasma
HDL-C concentrations and lower plasma LDL-C and TC
concentrations upon the MICT compared to controls. Plasma
TG concentrations were only lower upon HIIT compared to
controls. Another systematic review about AE-induced changes
in NAFLD, however, did not report significant changes in
plasma lipids, except for a reduction in plasma TG
concentrations (66). Physical activity is associated with lower
asCVD related mortality in patients with NAFLD (21), which is
probably partly due to the improvements in lipid profile, and
partly due to improved cardiorespiratory fitness (74). In fact, we
observed higher cardiorespiratory fitness upon MICT compared
to control in our meta-analyses. These metabolic targets,
cardiorespiratory fitness together with plasma lipid profile by
exercise should be viewed as part of holistic treatment of patients
with NAFLD who present an increased risk for asCVD.

Most of the included studies performed supervised exercise
sessions, regardless of the modality (32, 33, 35-37, 40, 42, 44-47,
49,51, 54, 56). In addition to the supervised sessions, some of the
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studies prescribed home-based/unsupervised training to the
study subjects (40, 54, 75). Yet, this does have a major impact
to our meta-analyses. The compliance to the exercise
intervention was determined either by cardiopulmonary
exercise test (43, 46-48, 54, 56, 75) or by physical activity
accelerometer (45, 47, 75) or/and questionnaire (40, 75). Given
that limited number of studies determined the cardiorespiratory
fitness at the follow-up, the meta-analysis for cardiorespiratory
fitness could be only conducted with four comparable studies. In
future studies, it would be ideal to assess the compliance to the
intervention by the exercise test for reliable results, and
simultaneously, study the efficacy of the aerobic
exercise intervention.

Regarding limitations, lack of sufficient data impeded
conducting meta-analysis for all interventions and outcomes,
while relatively small number of studies were included in each
conducted meta-analysis. In addition, the small number of
studies precluded the detection of publication bias on a funnel
plot. Publication bias may also arise from the grey literature that
the systematic review of the literature do not consider. To
minimize the risk of publication bias, we used a
comprehensive and sensitive search strategy for finding
published full texts and conference abstracts as well as
backward reference searching of the included studies.
Furthermore, we detect variable degrees of heterogeneity in the
meta-analyses. In general, meta-analyses with high
heterogeneity should be interpreted cautiously. High
heterogeneity may be driven from statistical and
methodological heterogeneity since clinical heterogeneity has
been kept minimum by including well characterized patient
group and interventions (31). Different methods that an
outcome is measured may lead to differential intervention
effect sizes resulting in a high heterogeneity, for example the
meta-analyses of HOMA-IR have high heterogeneity. HOMA-
IR was calculated by using the reported values of glucose and
insulin that in the first place are measured in different
laboratories, possibly by different methods, leading to high
heterogeneity in the meta-analyses.

In conclusion, the evidence available for exercise
interventions in patients with NAFLD clearly indicates that
hepatic fat is decreased by AE. It can be mediated by
reduction of body weight, regardless of exercise modality, with
a concomitant decrease of liver enzymes upon MICT, and
improvements in plasma lipids. In addition, HIIT may
improve HOMA-IR. Yet, there is a striking lack of studies
with liver histology, precluding any firm conclusions
pertaining to the effect of AE on NASH or liver fibrosis, the
main clinically relevant disease parameters in NAFLD. In order
to draw conclusions on the effects of exercise on NASH and liver
fibrosis and determine the optimal modality of AE, well-
controlled exercise intervention studies with elucidative
endpoints in patients with advanced stages of NAFLD are
called for.
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