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Effect of high-intensity interval training on clinical 
parameters in patients with metabolic dysfunction–
associated steatotic liver disease: a systematic review 
and meta-analysis of randomized controlled trials
Jie Fua,*, Chunlan Liua,*, Luping Yangb,* Binbin Zhangc,*, Run Zhoua,*, Chaohua Dengd, Huiqin Zhangd, 
Jianing Kongd, Jie Lie and Junping Shic,f,g

High-intensity interval training (HIIT) has potential health benefits in the treatment of many chronic diseases. However, the efficacy 
of HIIT in patients with metabolic dysfunction–associated steatotic liver disease (MASLD) remains unclear. This systematic 
review and meta-analysis aimed to assess the impact of HIIT on intrahepatic lipids (IHLs) , liver enzymes, and metabolic profiles 
in individuals with MASLD. All randomized-controlled trials (RCT) that evaluated and compared the effects of HIIT on clinical 
parameters in patients with MASLD were searched using the PubMed, EMBASE, WOS, and Cochrane databases. Data analysis 
and integration were performed using RevMan 5.3 (Cochrane Collaboration, Copenhagen, Denmark) and Stata version 18 
software (StataCorp LLC, College Station, Texas, USA), and outcomes were assessed using the standardized mean difference 
(SMD). Our results showed that compared with other types of exercise or no exercise, HIIT could reduce the levels of IHL 
[SMD: −0.56%, 95% confidence interval (CI): −0.99 to −0.13, P = 0.01], BMI (SMD: −0.31, 95% CI: −0.62 to −0.01, P = 0.04), 
alanine aminotransferase (ALT) (SMD: −0.61, 95% CI: −0.95 to −0.26, P = 0.0006), and aspartate aminotransaminase (AST) 
(SMD: −0.43, 95% CI: −0.81 to −0.05, P = 0.03) in patients with MASLD. In addition, subgroup analyses showed that HIIT 
had a positive impact on clinical indicators in patients with MASLD with an intervention duration of less than equal to 8 weeks. 
This study supports the idea that HIIT can significantly reduce IHL, BMI, ALT, and AST levels, and further studies are needed to 
assess the long-term adherence and treatment effects of HIIT. Eur J Gastroenterol Hepatol 37: 789–798
Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

Introduction

Metabolic dysfunction–associated steatotic liver dis-
ease (MASLD), formerly named as nonalcoholic fatty liver 

disease (NAFLD), is one of the most common causes of 
chronic liver disease worldwide [1,2] and is defined as the 
presence of excess triglyceride (TG) storage in the liver 
in the presence of at least one cardiometabolic risk fac-
tor [3]. In 2023, NAFLD underwent a name change to 
MASLD [4]. Studies report a 99% overlap between cases 
of NAFLD and MASLD, and therefore, the term MASLD 
will be used in the manuscript [5]. MASLD is a global 
public health concern, it encompasses a spectrum of con-
ditions, ranging from isolated steatosis (characterized by 
excessive fat in the liver exceeding 5%, verified by liver 
imaging or biopsy [6]) to metabolic dysfunction–associ-
ated steatohepatitis (MASH), which is distinguished by 
the presence of inflammation, and/or liver fibrosis, and it 
shows progression to cirrhosis and hepatocellular carci-
noma in some cases [7]. It is currently a leading indication 
for liver transplantation in the USA [8]. The burden of 
MASLD and its complications is projected to continue to 
increase in the coming years [9].

On March 2024, the Food and Drug Administration 
announced the conditional approval of resmetirom for 
the treatment of MASH. Resmetirom is aimed at patients 
with stage F2–F3 MASH liver fibrosis [10], whereas the 
lifestyle interventions are aimed at patients in the early 
stages of MASLD disease, with differences in the popu-
lations of interest. Therefore, lifestyle interventions are 
still the primary treatment for MASLD [3,11]. Indeed, 
for patients with MASLD, aerobic exercise training is 
an established cornerstone of disease management that 
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attenuates nutrient overload in the liver by improving 
substrate metabolism and reducing liver steatosis and 
serum alanine aminotransferase (ALT) levels [12]. High-
intensity interval training (HIIT), which involves short, 
repeated bouts of high-intensity anaerobic exercise inter-
spersed with low-intensity breaks, can significantly reduce 
the exercise duration to achieve the same effect as aerobic 
exercise [13]. This attractive, time-efficient approach is 
effective in decreasing hepatic steatosis [14,15] and has 
rapidly emerged as a popular alternative to continuous 
moderate-intensity exercise [16]. Increasing evidence has 
suggested that HIIT has numerous potential health bene-
fits. HIIT can rapidly deplete skeletal muscle glycogen and 
increase the number and activity of mitochondria in the 
skeletal muscle to meet the energy demands of exercise, 
thereby promoting health and metabolic function [17]. 
Poon et al. [18] found that high-intensity exercise pat-
terns improved cardiometabolic health in individuals with 
metabolic syndrome. Petersen et al. [19] noted that HIIT 
efficiently improved insulin sensitivity, VO2max, and body 
composition with intact responses in obesity and type 2 
diabetes. However, the effectiveness of HIIT in treating 
MASLD remains unclear [20].

To further investigate the effectiveness of HIIT in 
improving MASLD, we performed a systematic review 
and meta-analysis [21] to evaluate its effects on liver stea-
tosis, aminotransferase levels, metabolic parameters, and 
BMI. This study provides a reference for healthcare pro-
viders to make an HIIT exercise prescription.

Methods

Search strategy

Two independent investigators (R.Z. and C.D.) conducted 
a systematic search of PubMed, Embase, Web of Science, 
and the Cochrane Library from database inception until 
March 2024. Relevant studies were identified by combin-
ing Medical Subject Headings terms and free text words 
specific to each database’s unique requirements. The fol-
lowing search terms included, but were not limited to: 
‘non-alcoholic fatty liver disease’ OR ‘non-alcoholic stea-
tohepatitis’ OR ‘metabolic-dysfunction-associated steato-
hepatitis’ OR ‘metabolic dysfunction-associated steatotic 
liver disease’ AND ‘high-intensity interval training’ AND 
‘randomized controlled trial’. The references mentioned 
in these articles were also obtained. The search strate-
gies applied to all the accessed databases were exhibited 
in supplementary data, Supplemental Digital Content 1, 
http://links.lww.com/EJGH/B149.

Eligibility criteria and quality assessment

Inclusion criteria

Inclusion criteria included (a) original studies that defined 
clear diagnostic tools or criteria for MASLD; (b) randomized- 
controlled trials (RCTs); (c) studies that reported one of the 
following results: intrahepatic lipid (IHL), liver enzymes, 
including aspartate aminotransferase (AST), ALT; meta-
bolic factors, such as body fat, fat mass, BMI; lipid pro-
files, including total cholesterol (TC), TGs, high-density 
lipoprotein cholesterol (HDL-C), low-density lipopro-
tein cholesterol (LDL-C); homeostatic model assessment 

of insulin resistance (HOMA-IR); fasting glycemia (FG); 
hemoglobin A1C (HbA1c) and fasting insulinemia (FINS).

Exclusion criteria

Exclusion criteria included (a) duplicate publications; (b) 
incomplete or inaccessible data; (c) studies that did not 
exclude other causes of liver disease, such as drug-induced 
liver disease, alcoholic fatty liver disease (or excessive alco-
hol consumption), and viral hepatitis infections; (d) sys-
tematic evaluations, review articles, animal experiments, 
case reports, and guidelines; (e) with dietary interventions.

Data extraction

Two authors (J.F. and L.Y.) independently performed study 
selection and data extraction. Studies that did not meet 
the above inclusion criteria were excluded based on the 
evaluation of abstracts or full-text articles. The following 
data were extracted from the included studies: name of the 
first author, publication year, intervention groups, sample 
size, age, and intervention methods (exercise methods, 
intensity, and duration). Data were collated and summa-
rized using Microsoft Excel. Any disagreements regarding 
the inclusion and extraction of basic information and data 
were resolved through consultation with a third author.

Quality assessment

Two researchers (J.F. and C.L.) independently assessed 
the quality of the included studies using the Cochrane 
Collaboration Risk of Bias 2 tool (Cochrane Collaboration, 
London, UK), which considers factors such as random-
ization, blinding, allocation concealment, data integrity, 
selective reporting, and other sources of bias [22]. The 
overall judgment of the bias was classified as (a) low risk, 
(b) unclear risk, and (c) high risk.

Statistical analysis

Data analysis and integration were performed using 
RevMan 5.3 and Stata version 18 software. We inputted 
the mean and SD data for the change between the start of 
intervention to end of intervention and performed data 
synthesis. For all studies, outcomes were assessed using the 
standardized mean difference (SMD). To assess the hetero-
geneity among the included studies, the I2 test and Cochran’s 
test were performed during the systematic review and 
meta-analysis. The fixed-effects model was used when the 
heterogeneity was low (P ≥ 0.1 and I2 ≤ 50%). Alternatively, 
the random-effects model was utilized when heterogeneity 
was high (P < 0.1 and I2 > 50%). A sensitivity analysis was 
conducted to assess the stability of the outcomes by sequen-
tially omitting individual studies. Publication bias was 
assessed using Begg’s test and funnel plots [23].

Results

Database search and article selection

A total of 240 articles were identified through electronic 
database searches. Of these, 113 were duplicates. After 
screening the titles and abstracts, 112 articles that did not 
meet the inclusion criteria were excluded, and 15 arti-
cles underwent full-text assessment. A total of 10 articles 
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[24–33] were included in the final systematic review and 
meta-analysis. The study identification and selection pro-
cess are illustrated in Fig. 1.

Study characteristics

This systematic review and meta-analysis included 10 
RCTs involving 224 participants. Published studies ranged 
from 2013 [29] to 2023 [30]. The mean age of participants 
ranged from 12.81 ± 1.02 [33] to 61.3 ± 7.1 [28]. Three 
studies were conducted in Iran [26,31,32], two studies in 
the UK [27,29], and one each in the USA [33], Japan [28], 
Finland [30], Australia [25], and Saudi Arabia [24]. Among 
the 10 RCTs, six studies used no exercise as a control 
[24,25,27,29–31], while the remaining four studies used 
school-based exercise (SBE) [26], aerobic interval train-
ing (AIT) + resistance training (RT) [32], and moderate- 
intensity continuous aerobic training (MICT) [28,33] as 
controls. Three studies assessed exercise intensity in terms 
of maximal oxygen consumption (VO2max) [24,28,33], 
while two studies evaluated it in terms of maximum heart 
rate (HRmax) [25,32], one study assessed exercise inten-
sity in terms of the maximum aerobic speed associated 
with VO2peak [26]. The Exercise duration (including rest 
period) of HIIT protocols is 13–75 min, while that of the 

control group is 30–75 min. The duration of the inter-
vention ranged from 4 to 12 weeks with the majority of 
studies having a frequency of three interventions per week. 
Of the included studies, three studies measured IHL using 
MRI [24,27,30] and three studies using proton-magnetic 
resonance spectroscopy [25,29,33], the remaining four 
studies used ultrasound [26,31,32] for the measurement 
of IHL and one study used transient elastography [28]. 
Of the 10 trials included, it was not possible to extract 
data on blood indicators in two of the trials, so only data 
on body composition were included [26,28]. Table 1 pro-
vides the details of the 10 included articles included in this 
review.

High-intensity interval training

The mean range of IHL is −5.9 ± 12.39 to −2.3 ± 4.01%, 
the mean range of ALT is −15 ± 26.28 to 8 ± 18.99 U/L, the 
mean range of AST is −6.05 ± 4.23 to 3.58 ± 10.27 U/L, 
the mean range of BMI is −2.2 ± 3.98 to −0.1 ± 0.5 kg/
m2, the mean range of LDL-C is −0.27 ± 0.43 to 
0.1 ± 0.19 mmol/L, the mean range of HDL-C  
is 0 ± 0.18 to 0.08 ± 0.14 mmol/L, the mean range of FG is 
−0.9 ± 1.59 to 0 ± 0.56 mmol/L, the mean range of FINS is 
−52.09 ± 32.76 to 8.06 ± 37.68 pmol/L, the mean range of 

Fig. 1. Flow diagram of the study selection.



792    European Journal of Gastroenterology & Hepatology July 2025 • Volume 37 • Number 7

Ta
b

le
 1

. T
he

 b
as

ic
 c

ha
ra

ct
er

is
tic

s 
of

 s
tu

di
es

 in
cl

ud
ed

 in
 th

e 
m

et
a-

an
al

ys
is

.

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry

A
ge

 (y
ea

r)
S

am
p

le
 

si
ze

E
xe

rc
is

e 
ty

p
e

In
te

ns
ity

D
ur

at
io

n 
(m

in
)

Fr
eq

ue
nc

y 
(ti

m
es

/w
ee

k)
Fo

llo
w

-u
p

 
tim

e
A

ss
es

sm
en

t 
of

 IH
L

O
ut

co
m

e 
in

d
ic

at
or

E
G

C
G

E
G

C
G

E
G

C
G

E
G

C
G

E
G

C
G

Ir
aj

i e
t 

al
. (

20
21

)
Ir

an
12

.8
1 

±
 1

.0
2

13
.1

4 
±

 1
.4

9
11

12
H

IIT
S

B
E

10
0–

11
0%

/5
0%

 
M

A
S

N
A

50
–6

0
36

–4
0

3
8 

W
U

S
B

M
I, 

B
FP

Fa
kh

re
d

in
 H

os
ei

ni
 

et
 a

l. 
(2

01
8)

Ir
an

39
.8

2 
±

 5
.2

1
38

.6
9 

±
 6

.7
17

13
H

IIT
N

o 
ex

er
ci

se
N

A
N

A
N

A
N

A
3

8 
W

U
S

B
M

I, 
A

LT
, A

S
T

A
b

d
el

b
as

se
t 

et
 a

l. 
(2

02
0)

S
au

d
i A

ra
b

ia
54

.4
 ±

 5
.8

55
.2

 ±
 4

.3
16

16
H

IIT
N

o 
ex

er
ci

se
80

–8
5%

 V
O

2 
m

ax
N

A
40

N
A

3
8 

W
M

R
I

B
M

I, 
LD

L-
C

, H
D

L-
C

, 
A

LT
, F

G
, H

O
M

A
-I

R
, 

H
b

A
1c

, I
H

L
R

aj
ab

i e
t 

al
. 

(2
02

1)
Ir

an
42

.0
9 

±
 9

.0
4

44
.4

5 
±

 6
.4

7
11

11
H

IIT
 +

 R
T

A
IT

 +
 R

T
85

–9
5%

 
H

R
m

ax
70

–7
5%

 o
f 

H
R

m
ax

55
–7

5
55

–7
5

3
12

 W
U

S
B

M
I, 

FG
, F

IN
S

, 
H

O
M

A
-I

R
W

in
n 

(2
01

7)
U

S
A

41
 ±

 1
4

51
 ±

 1
3

8
5

H
IIT

M
IC

T
80

%
 V

O
2m

ax
N

A
N

A
N

A
4

4 
W

1H
-M

R
S

B
M

I, 
B

FP
, F

M
, T

C
, 

TG
, L

D
L-

C
, H

D
L-

C
, 

A
LT

, A
S

T,
 F

G
, F

IN
S

, 
H

O
M

A
-I

R
H

al
ls

w
or

th
 e

t 
al

. 
(2

01
5)

U
K

54
 ±

 1
0

52
 ±

 1
2

11
12

H
IIT

N
o 

ex
er

ci
se

N
A

N
A

30
–4

0
N

A
3

12
 W

M
R

I
B

M
I, 

B
FP

, F
M

, T
C

, 
TG

, A
LT

, A
S

T,
 F

G
, 

FI
N

S
, H

O
M

A
-I

R
, 

H
b

A
1c

, I
H

L
K

ea
tin

g 
et

 a
l. 

(2
02

2)
A

us
tr

al
ia

53
 ±

 1
2

61
 ±

 5
8

6
H

IIT
N

o 
ex

er
ci

se
85

–9
5%

 
H

R
m

ax
N

A
30

30
3

12
 W

1H
-M

R
S

B
M

I, 
TC

, T
G

, H
D

L-
C

, 
LD

L-
C

, A
LT

, A
S

T,
 

FG
, F

IN
S

, I
H

L
Th

om
a 

et
 a

l. 
(2

01
3)

U
K

52
.9

 ±
 9

.6
49

.8
 ±

 1
0.

2
12

8
H

IIT
N

o 
ex

er
ci

se
N

A
N

A
N

A
N

A
3

12
 W

1H
-M

R
S

FM
, T

G
, A

LT
, A

S
T,

 
IH

L
O

h 
(2

01
7)

Ja
p

an
48

.6
 ±

 1
.8

48
.2

 ±
 2

.3
20

13
H

IIT
M

IC
T

80
–8

5%
 

V
O

2m
ax

60
–6

5%
 

V
O

2m
ax

13
40

3
12

 W
TE

FM

C
sa

d
er

 (2
02

3)
Fi

nl
an

d
56

.9
 ±

 1
2.

2
61

.3
 ±

 7
.1

7
7

H
IIT

N
o 

ex
er

ci
se

N
A

N
A

32
–4

2
N

A
3

12
 W

M
R

I
B

M
I, 

TC
, T

G
, L

D
L-

C
, 

H
D

L-
C

, A
LT

, A
S

T,
 

H
b

A
1c

, I
H

L,
 F

M
, 

FG
, F

IN
S

1H
-M

R
S

, 
p

ro
to

n-
m

ag
ne

tic
 r

es
on

an
ce

 s
p

ec
tr

os
co

p
ic

; 
A

IT
, 

ae
ro

b
ic

 in
te

rv
al

 t
ra

in
in

g;
 A

LT
, 

al
an

in
e 

am
in

ot
ra

ns
fe

ra
se

; 
A

S
T,

 a
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

; 
B

FP
, 

b
od

y 
fa

t 
p

er
ce

nt
ag

e;
 C

G
, 

co
nt

ro
l g

ro
up

; 
E

G
, 

hi
gh

-i
nt

en
si

ty
 in

te
rv

al
 

tr
ai

ni
ng

; F
G

, f
as

tin
g 

gl
yc

em
ia

; F
IN

S
, f

as
tin

g 
in

su
lin

em
ia

; F
M

, f
at

 m
as

s;
 H

b
A

1c
, g

ly
co

sy
la

te
d

 h
em

og
lo

b
in

; H
D

L-
C

, h
ig

h-
d

en
si

ty
 li

p
op

ro
te

in
 c

ho
le

st
er

ol
; H

IIT
, h

ig
h-

in
te

ns
ity

 in
te

rv
al

 tr
ai

ni
ng

; H
O

M
A

-I
R

, h
om

eo
st

at
ic

 m
od

el
 a

ss
es

s-
m

en
t 

of
 in

su
lin

 r
es

is
ta

nc
e;

 H
R

m
ax

, 
m

ax
im

um
 h

ea
rt

 r
at

e;
 I

H
L,

 in
tr

ah
ep

at
ic

 li
p

id
; 

LD
L-

C
, 

lo
w

-d
en

si
ty

 li
p

op
ro

te
in

 c
ho

le
st

er
ol

; 
M

A
S

, 
m

ax
im

um
 a

er
ob

ic
 s

p
ee

d
 a

ss
oc

ia
te

d
 w

ith
 V

O
2p

ea
k;

 M
IC

T,
 m

od
er

at
e-

in
te

ns
ity

 c
on

tin
uo

us
 

ae
ro

b
ic

 t
ra

in
in

g;
 N

A
, n

ot
 a

va
ila

b
le

; R
T,

 r
es

is
ta

nc
e 

tr
ai

ni
ng

; S
B

E
, s

ch
oo

l-
b

as
ed

 e
xe

rc
is

e;
 T

C
, t

ot
al

 c
ho

le
st

er
ol

; T
G

, t
rig

ly
ce

rid
e;

 T
E

, t
ra

ns
ie

nt
 e

la
st

og
ra

p
hy

; U
S

, u
ltr

as
ou

nd
; V

O
2m

ax
, m

ax
im

al
 o

xy
ge

n 
co

ns
um

p
tio

n.



Effect of HIIT on clinical parameters in MASLD Fu et al. www.eurojgh.com    793

TG is −0.5 ± 0.86 to 0.24 ± 0.75 mmol/L, the mean range 
of TC is −0.7 ± 0.95 to 0.03 ± 1.07 mmol/L, the mean 
range of body fat is −1.2 ± 6.66 to 0.4 ± 1.6%, the mean  
range of fat mass is −1.8 ± 7.5 to 0.3 ± 1.7 kg, the  
mean range of HOMA-IR is −0.91 ± 3.23 to 0.02 ± 0.7, 
the mean range of HbA1c is −0.4 ± 0.36 to 0.1 ± 2.65%.

Control group

The mean range of IHL is −2.5 ± 8.32 to 0.1 ± 4.17%, the 
mean range of ALT is −8.71 ± 22.76 to 5 ± 26.62 U/L, the  
mean range of AST is −3.14 ± 13.66 to 4 ± 11.53 U/L,  
the mean range of BMI is −0.52 ± 1.94 to 0.5 ± 7.65 kg/m2,  
the mean range of LDL-C is −0.27 ± 0.69 to 
−0.01 ± 0.32 mmol/L, the mean range of HDL-C is 
−0.1 ± 0.45 to 0.03 ± 0.09 mmol/L, the mean range of FG 
is −1.17 ± 1.17 to 0.7 ± 1.25 mmol/L, the mean range of 
FINS is −52.08 ± 61.8 to 12.5 ± 77.54 pmol/L, the mean 
range of TG is −0.02 ± 0.42 to 0.3 ± 0.79 mmol/L, the 
mean range of TC is −0.25 ± 0.56 to 0.1 ± 1.08 mmol/L, 
the mean range of body fat is −0.68 ± 2.03 to 0.3 ± 7.49%, 
the mean range of fat mass is −1 ± 3.2 to 0.9 ± 6.05 kg, the 
mean range of HOMA-IR is −3.3 ± 3.9 to 0.18 ± 1.67, the 
mean range of HbA1c is −0.2 ± 0.55 to 0.1 ± 2.35%.

Quality assessment

Supplemental Figure A, Supplemental Digital Content 
1, http://links.lww.com/EJGH/B149 illustrates the bias 
found in the 10 included studies, with the highest risk 
observed in the blinding of participants and personnel (per-
formance bias), and outcome assessment (detection bias). 
The quality was higher because of selection bias, follow- 
up bias, and reporting bias. The results of the quality 
assessment showed that four RCTs had low overall bias 
[24,27,28,32], whereas four articles had high overall bias, 
mainly focusing on performance bias and detection bias 
[26,29,31,33]. Funnel plots or Egger’s test for publication 
bias were not used because the number of articles for each 
outcome indicator was less than 10.

Intrahepatic lipids

The IHL is a measure of the total amount of fat in the 
liver. Four studies (87 participants) showed low het-
erogeneity and a borderline reduction in IHL [SMD: 
−0.56%, 95% confidence interval (CI): −0.99 to −0.13, 
I2 = 0%, P = 0.01] (Fig. 2) in patients with MASLD 
following HIIT intervention. Only four studies were 

included in this outcome measure because IHL data 
could not be extracted for the remaining six studies. The 
control groups in all four studies were not exercised; the 
results can only show that HIIT has a better effect on 
lowering liver fat than no exercise. Because there were 
only four studies on this outcome, subgroup analyses 
were not performed.

Liver transaminases

ALT and AST reflect inflammation and injury of liver 
cells in patients with MASLD [34]. The effect size was 
pooled for seven studies (147 participants), which showed 
a borderline reduction in ALT concentrations (SMD: 
−0.61, 95%CI: −0.95 to −0.26, I2 = 64%, P = 0.0006) 
(Supplemental Figure B1, Supplemental Digital Content 
1, http://links.lww.com/EJGH/B149) following HIIT 
intervention in patients with MASLD. The HIIT inter-
vention significantly reduced AST concentrations in six 
trials (115 participants) (SMD: −0.43; 95% CI: −0.81 
to −0.05, I2 = 15%, P = 0.03) (Supplemental Figure B2, 
Supplemental Digital Content 1, http://links.lww.com/
EJGH/B149). We performed subgroup analyses based 
on intervention time, categorized as less than equal to 8 
and greater than 8 weeks (Figs. 3 and 4). The subgroup 
analysis forest plot indicated that HIIT had comparable 
effects on ALT and AST levels in patients with MASLD at 
greater than 8 weeks of intervention, with no statistically 
significant difference detected. However, positive effects 
were observed only at less than equal to 8 weeks. Only 
one study had a control group with MICT, the rest of the 
studies were no exercise [33]. The forest plot showed high 
heterogeneity in ALT results, which was reduced after sub-
group analysis.

BMI

Data from eight trials examined the impact of HIIT 
intervention on BMI, resulting in an overall estimate 
of −0.31 (95% CI: −0.62 to −0.01, I2 = 0%, P = 0.04) 
(Supplemental Figure B3, Supplemental Digital Content 
1, http://links.lww.com/EJGH/B149). The results demon-
strated that patients in the HIIT intervention group 
experienced a significant decrease in BMI compared 
with those in the control group. In five trials, the control 
group was no exercise and in the remaining three trials, 
SBE, MICT, AIT + RT. We similarly performed subgroup 
analyses, and consistent with the above results, there was 
a statistical difference at less than equal to 8 weeks of 

Fig. 2. Results of the effect of high-intensity interval training on intrahepatic lipids (%) levels compared with control. CI, confidence interval; IV, 
inverse-variance.
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intervention (Fig. 5). Of all the trials included six studies 
measured adiposity, the methods used are electronic scale 
and air displacement plethysmography [27,29], bioelec-
trical impedance [30], dual-energy X-ray absorptiometry 
[28,33], and skinfold caliper [26]. No significant reduc-
tion in body fat and fat mass were found (Supplemental 
Figures B4 and B5, Supplemental Digital Content 1, 
http://links.lww.com/EJGH/B149). Because few of the 
included articles assessed skeletal muscle mass, this study 
did not analyze the effect of HIIT intervention on skeletal 
muscle mass.

Plasma lipids

The forest plot showed significant decrease in LDL-C 
with the HIIT intervention (SMD: −0.79, 95% CI: −1.3 
to −0.28, I2 = 75%, P = 0.002) (Supplemental Figure B9, 
Supplemental Digital Content 1, http://links.lww.com/

EJGH/B149), but no significant differences were found 
(SMD: 0.27, 95% CI: −0.19 to 0.74, I2 = 0%, P = 0.25) 
(Supplemental Figure B8, Supplemental Digital Content 1, 
http://links.lww.com/EJGH/B149) among the four trials 
reporting on HDL-C concentrations. In only one of the 
included trials was the MICT control group different from 
the rest of the no exercise control group [33]. There was 
no statistical significance found in the studies that looked 
at TC (SMD: −0.03, 95% CI: −0.52 to 0.46, I2 = 0%, 
P = 0.9) (Supplemental Figure B7, Supplemental Digital 
Content 1, http://links.lww.com/EJGH/B149) and TG 
(SMD: −0.29, 95% CI: −0.73 to 0.14, I2 = 0%, P = 0.19) 
(Supplemental Figure B6, Supplemental Digital Content 
1, http://links.lww.com/EJGH/B149). There were also no 
significant results for the remaining measures of indicators 
of glucose metabolism, such as FG, HbA1c, HOMA-IR, 
and FINS (Supplemental Figures B10–B13, Supplemental 
Digital Content 1, http://links.lww.com/EJGH/B149).

Fig. 4. Results of subgroup analysis on aspartate aminotransferase levels. CI, confidence interval; IV, inverse-variance.

Fig. 3. Results of subgroup analysis on alanine aminotransferase levels. CI, confidence interval; IV, inverse-variance.
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Sensitivity analysis

As minimal heterogeneity was observed in the results of 
IHL, AST, BMI, across HIIT intervention studies, we per-
formed sensitivity analyses using a fixed-effects model. 
The results showed that none of the individual studies 
had a significant impact on the robustness of the pooled 
results (Supplementary Figures C1–C3, Supplemental 
Digital Content 1, http://links.lww.com/EJGH/B149). 
Because significant heterogeneity was observed in the ALT 
and LDL-C results across the studies, we conducted a sen-
sitivity analysis using the random-effects model, which 
indicated that none of the individual studies had a nota-
ble effect on the overall robustness of the pooled results 
(Supplementary Figures C4 and C5, Supplemental Digital 
Content 1, http://links.lww.com/EJGH/B149).

Discussion

In this systematic review and meta-analysis, we system-
atically reviewed all available RCTs assessing the efficacy 
of HIIT for patients with MASLD, totally 10 RCTs with 
aggregate data on 224 individuals. Our findings showed 
that patients with MASLD who underwent HIIT inter-
vention had lower degrees of IHL, ALT concentrations, 
AST concentrations, BMI, and LDL-C, compared to those 
without HIIT intervention. However, HIIT intervention 
did not affect body fat, fat mass, FINS, HOMA-IR, FG, 
HbA1c, TC, TG, or HDL-C in patients with MASLD.

In clinical practice, exercise is commonly used to guide 
patients with MASLD, obesity, and type 2 diabetes mel-
litus. Regular exercise training results in a significant 
decrease in hepatic fat content by reducing lipogenesis 
and increasing fatty acid oxidation in skeletal muscle 
[35]. HIIT is a type of combined aerobic training (AT) 
and anaerobic training that saves exercise time by alter-
nating short bursts of high-intensity anaerobic exercise 
with low-intensity recovery exercise. However, the inten-
sity increases. HIIT protocols often feature low volume 
(i.e. <15 min of high-intensity exercise per session) and 
require less time compared with more traditional forms 

of aerobic exercise training such as MICT, making them 
potentially more time-efficient for some individuals to 
incorporate into their daily routines [18]. Our study 
suggests that HIIT may ameliorate MASLD by reducing 
IHL and liver transaminases. This is clinically important 
because IHL plays an important pathogenic role in met-
abolic diseases [36,37]. In a study of 23 patients with 
type 2 diabetes, 12 weeks of HIIT resulted in a significant 
reduction in liver fat [38]. The mechanisms underlying 
the improvement of hepatic steatosis by HIIT remain 
to be elucidated. However, it has been suggested that 
HIIT considerably enhances the levels of muscle mito-
chondrial beta-hydroxy acyl-CoA dehydrogenase, which 
may increase fat loss [39]. A meta-analysis revealed that 
HIIT could result in significant improvements in liver 
fat in overweight and obese adults with metabolic disor-
ders despite no weight loss [40]. Keating et al. reported 
a significant reduction in liver fat after exercise therapy, 
despite minimal or no weight loss [25]. Although the 
mechanism through which HIIT reduces liver fat inde-
pendent of weight loss is unknown, reduced liver fat may 
reflect metabolic adaptions and improved hepatic lipid 
oxidation, decreased circulating free fatty acids, and 
increased free fatty acid uptake by the skeletal muscle 
[40]. Our results are mostly consistent with these find-
ings: HIIT is an effective training method for decreasing 
liver fat content.

We found that HIIT could reduce BMI, but subgroup 
analyses showed that less than equal to 8 weeks of interven-
tion was statistically significant, whereas up to 12 weeks 
of intervention did not demonstrate a difference between 
the experimental and control groups. This may be related 
to changes in body fat and skeletal muscle. While BMI 
only reflects weight gain and loss, it is the distribution of 
body fat and skeletal muscle that patients with fatty liver 
disease need to be more concerned about. A study showed 
that 12 weeks of HIIT significantly increased the muscle 
strength [41]. The accuracy of the results is likely to be 
reduced by the small number of articles evaluating fat 
mass and body fat in the studies we included. Therefore, 

Fig. 5. Results of subgroup analysis on BMI. CI, confidence interval; IV, inverse-variance.
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other factors such as waist circumference and body com-
position should also be considered as BMI alone does not 
provide a complete picture of health. In addition, different 
tools for measuring adiposity can lead to differences in 
results.

We found that HIIT is effective in reducing the serum 
levels of liver enzymes, specifically ALT and AST, which is 
consistent with previous findings that exercise helps reduce 
transaminase levels by increasing metabolic rate, reduc-
ing liver lipids, and activating liver autophagy [42]. Liver 
enzymes are important indicators for diagnosing MASH 
and liver fibrosis, which are key indicators of MASLD 
progression and prognosis [43]. Because of the high heter-
ogeneity in ALT outcomes, we performed subgroup anal-
yses and found that studies with an intervention duration 
of 12 weeks did not show significant ALT improvements 
compared with controls. This was the same for AST. We 
reviewed the original literature and found that studies 
with 12 weeks of intervention did not show significant 
improvement in liver enzymes [25,30,44], which may be 
a result of exercise stress [30]. Some studies have shown 
that this may be related to skeletal muscle damage caused 
by strenuous exercise, which leads to an increased release 
of transaminases [45]. Keating et al. [25] included peo-
ple with biopsy-confirmed MASH, and liver enzyme levels 
did not change after 12 weeks of exercise therapy, demon-
strating that exercise therapy alone does not significantly 
improve hepatic histological inflammatory injury and 
fibrosis in patients with metabolism-related fatty liver dis-
ease, which is in agreement with the reviews of Houghton 
et al. [46]. Liver enzyme levels were within the normal 
range at baseline in many reports, which may be another 
reason why the changes in liver enzyme levels before and 
after the intervention were not significant [33,44]. The 
lack of a significant pooled effect on ALT and AST levels 
at 12 weeks in the present analysis does not negate the 
use of exercise per se, given the multiplicity of exercise 
benefits.

Dyslipidemia is an important complication of MASLD 
and changes in liver lipid and lipoprotein metabolism are 
important factors that increase the risk of cardiovascu-
lar disease in patients with MASLD [47]. However, in our 
study, we found that HIIT only reduced LDL-C, no sta-
tistical significance was found for TG, TC, and HDL-C 
levels. Our results broadly agree with a meta-analysis 
[48]. Of the six experiments that reported lipid results, 
the majority were of middle and older age, and it has 
been shown that age can play a role in the relationship 
between exercise and dyslipidemia [49]. As individuals 
age, their lipid and lipoprotein levels tend to increase, and 
the response to exercise may be less pronounced [50]. Our 
study found that HIIT intervention did not lead to sig-
nificant changes in FINS, HOMA-IR, FG, and HbA1c in 
patients with MASLD, we are of the view that HIIT has 
a potential effect on central insulin sensitivity considering 
the decrease in liver fat content. We did not conduct sub-
group analyses for this subset of indicators because only a 
few studies were included.

Although HIIT has potential benefits, its therapeutic 
effect on MASLD remains controversial. A newly pub-
lished systematic review and network meta-analysis 
showed that AT and RT are the best exercise methods 
to improve patients with MASLD compared with HIIT 

[51]. This may be related to the exercise cycle; most of the 
studies included in this network meta-analysis were 12 
weeks or longer, and one study found that MIIT induced 
fewer immune system perturbations and less muscle pain 
and was perceived as more tolerable than HIIT sessions 
in adults with obesity [52]. Our research also showed 
that HIIT was effective in reducing BMI and liver enzyme 
levels at less than equal to 8 weeks of intervention but 
did not significantly improve at more than 8 weeks of 
prolonged intervention. Although there is much evidence 
to explain this phenomenon, adherence may also play an 
important role. Santos et al. indicated that the average 
adherence rates to unsupervised real-world HIIT inter-
ventions were moderate [53]. The participants’ compli-
ance with the exercise plans may vary, and some may not 
strictly adhere to the study requirements. This could lead 
to actual exercise intensity and frequency that differ from 
the study’s design, influencing the results; only a few stud-
ies performed supervised exercise sessions [25–27,30,44], 
which may have affected the effectiveness of the exercise 
intervention. It would be interesting for future syntheses 
to compare compliance and adherence rates to different 
HIIT exercise protocols to determine whether optimal 
protocols that elicit the highest completion rates exist. 
With the growing body of evidence on the clinical efficacy 
of HIIT for the treatment of MASLD, external regula-
tors of behavior, including supervision and social support, 
are critical enablers for sustaining exercise routines in 
MASLD [54]. Future research could explore HIIT inter-
ventions through concurrent mHealth, eHealth, and activ-
ity tracker interventions; the implementation of behavior 
change techniques; and/or the development of unsuper-
vised interventions based on theoretical frameworks.

Our study has some limitations. Our findings should 
be interpreted with caution because of the low overall 
quality of the included studies, and there may be subjec-
tive subject or researcher influences on research outcomes. 
Furthermore, the number of RCTs included in the anal-
ysis of the effect of HIIT in MASLD was limited, which 
resulted in our inability to assess publication bias, and the 
absence of additional outcome metrics may have affected 
the accuracy of the results. We also did not conduct sub-
group analyses based on other conditions, such as the fre-
quency of interventions and mode of intervention in the 
control group, because of insufficient and missing data.

Conclusions

Our study suggests that HIIT could potentially improve 
liver steatosis and liver enzyme levels in patients with 
MASLD. These results provide evidence that HIIT is a 
promising and time-efficient approach for MASLD treat-
ment. However, it is important to note that monitoring 
and management of MASLD should still receive signifi-
cant attention. Treatment of MASLD is a long-term pro-
cess, and additional high-quality multicenter studies are 
necessary to extend follow-up to observe the long-term 
effects of HIIT on patients with MASLD.
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