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Abstract
There	are	no	licensed	drugs	for	nonalcoholic	fatty	liver	disease	(NAFLD),	and	there	
is a lack of consensus on the best outcome measures for controlled trials. This sys-
tematic	review	aimed	to	evaluate	the	efficacy	of	GLP-1	RAs	in	the	management	of	
NAFLD,	the	degree	of	heterogeneity	in	trial	design	and	the	robustness	of	conclusions	
drawn from these clinical trials. We searched publication databases and clinical trial 
registries	 through	2	November	2019	 for	 clinical	 trials	with	NAFLD.	We	evaluated	
improvements	in	histological	findings,	noninvasive	markers	of	hepatic	steatosis,	 in-
flammation,	and	fibrosis,	insulin	resistance	and	anthropometric	measures.	Our	final	
analysis	included	24	clinical	trials,	comprising	6313	participants	with	a	mean	duration	
of	37	weeks.	Four	clinical	trials,	including	RCT	(n	=	1),	single-arm	studies	(n	=	2)	and	
case	series	studies	(n	=	1),	used	biopsy-confirmed	liver	histological	change	as	their	
end-points.	The	 remaining	 studies	 (n	=	20)	used	 surrogate	end-points.	GLP-1	RAs	
were	effective	for	the	 improvement	 in	hepatic	 inflammation,	hepatic	steatosis	and	
fibrosis.	More	importantly,	GLP-1	RAs	showed	promise	in	improving	the	histological	
features	of	NASH.	In	addition,	8	ongoing	trials	were	identified.	In	this	systematic	re-
view	of	published	and	ongoing	clinical	trials	of	the	efficacy	of	GLP-1RAs	for	NAFLD,	
we	found	that	GLP-1	RAs	are	effective	for	hepatic	steatosis	and	inflammation,	with	
the	potential	 to	reverse	fibrosis.	Further	prospective	studies	of	sufficient	duration	
using	histological	end-points	are	needed	to	fully	assess	the	efficacy	of	GLP-1	RAs	in	
the	management	of	NAFLD.
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1  | INTRODUC TION

Nonalcoholic	 fatty	 liver	 disease	 (NAFLD)	 is	 the	 most	 common	
chronic	 liver	 disease	with	 a	 global	 prevalence	 of	 25.2%,1 and a 
higher prevalence of 55.5% in patients with type 2 diabetes mel-
litus (T2DM).2	 NAFLD	 is	 divided	 into	 two	 histological	 subtypes	
of	 (a)	 nonalcoholic	 fatty	 liver	 (NAFL),	 characterized	 by	 isolated	
hepatic	steatosis,	often	with	mild	nonspecific	 inflammation,	and	
(b)	 nonalcoholic	 steatohepatitis	 (NASH),	 characterized	 by	 the	
presence of hepatic steatosis and hepatocellular injury with or 
without	fibrosis.	NASH	is	considered	to	be	the	more	severe	form	
of	 NAFLD.	 Approximately	 20%	 of	 individuals	 with	 NASH	 can	
progress	 to	 cirrhosis,	 liver	 failure	and	hepatocellular	 carcinoma,	
while	 less	 than	4%	of	 individuals	with	NAFL	progress	 to	cirrho-
sis.3-5	Patients	with	T2DM	are	particularly	susceptible	to	NASH,	
with a higher risk of progressing into cirrhosis and hepatocellular 
carcinoma.6-10	Moreover,	the	coexistence	of	NAFLD	and	T2DM	is	
not only associated with a worse liver outcome but also related 
to	 increased	 risk	of	 extrahepatic	 diseases,	 such	 as	 cardiovascu-
lar disease and chronic kidney disease.11,12	 Therefore,	 altering	
the	 natural	 course	 of	 NAFLD,	 particularly	 in	 T2DM	 patients,	 is	
vital	for	reducing	the	health	and	economic	burden	of	NAFLD	and	
NAFLD-related	extrahepatic	diseases	(Figure	1).

Lifestyle	intervention,	the	first	line	of	treatment	for	T2DM	and	
obesity,	has	proven	to	be	effective	 in	the	management	of	NAFLD.	
Reduction	 of	 5%-10%	 in	 body	 weight	 with	 life	 modification	 over	

24-48	weeks	leads	to	a	significant	improvement	in	hepatic	steatosis,	
necroinflammation and even fibrosis.13-17	 However,	 lifestyle	 inter-
vention	 alone	 rarely	 achieves	 a	 complete	 resolution	of	NASH	and	
it	is	challenging	to	maintain	long-term	weight	loss.	Therefore,	many	
pharmacological interventions have been investigated to limit the 
development	and	progression	of	NAFLD,	although	there	are	no	cur-
rently	licensed	drugs	for	the	treatment	of	NAFLD.17,18

Given	the	close	association	between	NAFLD	and	T2DM,	the	ef-
fect	 of	 antidiabetic	medicine	 for	 the	 treatment	 of	NAFLD	 has	 at-
tracted substantial scientific attention.18-23 Many clinical trials have 
suggested	 the	 emerging	 role	 of	 glucagon-like	 peptide-1	 receptor	
agonists	(GLP-1	RAs)	in	the	management	of	NAFLD.	However,	one	
of the biggest challenges in designing and implementing controlled 
trials	in	NAFLD	is	the	lack	of	consensus	on	appropriate	end-points	
for	 assessing	 the	 benefit	 of	 GLP-1	 RAs	 for	 NAFLD.24,25	 Although	
end-points	for	NAFLD	in	clinical	trials	have	evolved	during	the	past	
decades,	liver	biopsy	is	still	the	gold	standard	for	diagnosis	and	as-
sessment	 of	NAFLD.	However,	 the	 invasive	 nature	 of	 liver	 biopsy	
and reluctance from patients limits its use in clinical trials and thus 
constitutes	 a	major	 barrier	 for	 drug	 development	 in	NAFLD.	As	 a	
result,	several	noninvasive	serum	markers	or	imaging	modalities	for	
diagnosis	or	assessing	response	to	treatment	for	NAFLD	have	been	
developed,	and	they	have	been	increasingly	used	for	defining	end-
points in clinical trials.26-31

Our systematic review aimed to evaluate the efficacy of cur-
rently	available	GLP-1	RAs	(Table	1)	in	the	management	of	NAFLD,	

F I G U R E  1  Natural	history,	risk	factors	
and	treatment	approaches	of	NAFLD
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the degree of heterogeneity in trial design and the robustness of 
conclusions drawn from these clinical trials.

2  | METHODS

2.1 | Data sources and extraction

This systematic review was performed in accordance with the 
Preferred	 Reporting	 Items	 for	 Systematic	 Reviews	 and	 Meta-
Analyses	(PRISMA)	guidelines.32 We conducted a systematic litera-
ture	 search	of	PubMed,	Scopus,	Web	of	Science,	ClinicaTrials.gov,	
Cochrane	CENTRAL	Register	of	Controlled	Trials	and	World	Health	
Organization	 International	 Clinical	 Trials	 Registry.	 The	 finalized	
searches	were	performed	on	2	November	2019.	The	search	terms	
included	glucagon-like	peptide-1	receptor	agonists,	dulaglutide,	ex-
enatide,	 liraglutide,	 lixisenatide,	 semaglutide,	 albiglutide,	 NAFLD,	
NASH	 and	 NAFL.	 The	 complete	 search	 strategy	 independently	
verified	 by	 individuals	 (XDL,	 YQD)	 was	 included	 in	 Supplemental	
Material	 1.	 Additionally,	 we	 reviewed	 references	 from	 included	
original	papers	 to	 identify	 further	eligible	 studies.	Data	extraction	
was	 also	 independently	 performed	 by	 2	 authors	 (XDL	 and	 YQD).	
Differences	were	resolved	by	discussion	with	SYQ.

2.2 | Selection of published studies

The inclusion criteria were published clinical trials investigating the 
effect	of	GLP-1	RAs	on	NAFLD.	The	diagnosis	of	NAFLD	was	based	
on	the	detection	of	steatosis	either	by	imaging	or	by	histology,	and	
appropriate	 exclusion	 of	 other	 liver	 diseases.33	 The	 exclusion	 cri-
teria were studies not written in English and those with secondary 
causes	of	hepatic	steatosis.	Reviews	and	editorials	were	excluded.	
There	were	 no	 restrictions	 on	 sex,	 age,	 ethnicity	 and	 numbers	 of	
participants.

2.3 | Selection of ongoing registered clinical trials

ClinicalTrials.gov was searched to identify ongoing registered clinical 
trials.	The	inclusion	and	exclusion	criteria	were	the	same	as	those	for	
the selection of published studies.

2.4 | Outcome measures

The primary outcome assessed in clinical trials included histologi-
cal	 improvement	 in	NAFLD,	defined	 as	 the	 resolution	of	 steato-
hepatitis without worsening of fibrosis. Secondary histological 
outcomes	 included	 steatosis,	 hepatocyte	 ballooning,	 (lobular	 or	
portal)	 inflammation	 and	 the	 combined	 NAFLD	 activity	 score.	
Other secondary outcome measures included changes in serum 
hepatic	 enzymes	 level,	 noninvasive	 hepatic	 biomarkers	 (APRI	TA
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(Continues)

TA B L E  2  Characteristics	and	findings	of	clinical	trials	of	GLP-1	RA	therapy	for	NAFLD

Author Study design
Number & Dose of participants per 
intervention

Duration 
(week)

Response

Tolerability CommentsLiver enzymes Liver fat by imaging Histology

John	et	al,62 2007; 
USA

RCT	+	Open-label	
extension

Phase 1 (RCT):
•	 1446	Exe	+	PLA
• Phase 2 (open label)
•	 974	open	label

96 Individuals	with	elevated	ALT	at	baseline	
had	a	significant	mean	reduction	in	ALT.

NA NA Phase 1:22.2% dropout
Phase 2:45.7% dropout

The high dropout rate might affect 
the outcome.

Klonoff	et	al,94 
2008;	USA

RCT	+	open-label	
extension

• 217 patients completed 3 years of 
exenatide	exposure

>144 Individuals	with	elevated	ALT	had	a	
significant	reduction	in	ALT,	and	41%	
achieved	normal	ALT.

NA NA NA Exenatide	significantly	Improved	
a number of cardiovascular risk 
factors.

Jendle	et	al,58	2009;	
USA

RCT •	 20	PLA
• 37 Glim 4 mg
•	 35	Lira	0.6	mg
•	 31	Lira	1.2	mg
•	 37	Lira	1.8	mg
• (Met as baseline treatment)

26 No	significant	improvement	with	Lira	than	
PLA.

Fat	percentage	with	liraglutide	1.2	and	
1.8	mg	was	significantly	reduced	vs.	
glimepiride.

NA 3.7% dropout The	liver-to-spleen	attenuation	ratio	
was	used	as	an	index	of	liver	fat.

Kenny	et	al,87 2010; 
USA

Case series •	 8	Exe	(5-10	μg,	bid) 28 Mean	ALT	was	significantly	improved	
from	69	to	45	IU/L	(p＝0.036)

NA No	significant	improvement. No	dropout Liver	histology	was	improved	in	3	of	
8	patients.

Sathyanarayana 
et	al,74	2011;	USA

RCT • 10 Pio 45 mg
•	 11	Pio	45	mg	+	Exe	(10	μg,	bid)	

(Diet as baseline treatment in 
both groups)

50 Both groups significantly reduced the level 
of	ALT	and	AST,	with	a	significantly	greater	
reduction	in	ALT	with	Pio	45	mg	+	Exe	
treatment.

Reduced	LFC	(1H-MRS)	with	Pio	
therapy	(11.0	±	3.1	to	6.5	±	1.9%,	
P	<	.05),	and	significant	greater	
reduction	with	ex	+	pio	therapy	
(12.1	±	1.7	to	4.7	±	1.3%,	P < .001)

NA No	dropout Both groups significantly reduced 
the level of TG (P	<	.05	in	Exe	
and P	<	.01	in	Pio),	with	a	greater	
reduction	in	the	Exe	group	(P < .01).

Ohki	et	al,81 2012; 
Japan

Retrospective studies •	 26	Lira	0.9	mg
• 20 Pio 15 mg
• 36 Sita 100 mg

48 Lira	decreased	AST	(50	to	35	IU/L)	and	ALT	
(65	to	48	IU/L,	P	<	.01).	Sita	decreased	ALT	
(75	to	61	IU/L,	P	=	.03).

NA NA No	dropout Lira	significantly	reduced	APRI	index	
(0.73	to	0.49,	P < .01)

Cuthbertson	et	al,68 
2012; Italy

Observational 
studies

•	 19	Exe	10	ug	bid
•	 6	Lira	1.2	mg	qd

25 Mean	ALT	was	improved	
from	40	to	31	IU/L	(P < .05) and GGT 
improved	from	69	to	43	IU/L	(P < .01)

Mean	LFC	(1H-MRS)	was	reduced	from	
28%	to	21%	(P < .001)

NA 19.4%	dropout The	relative	reduction	in	LFC	
correlated	with	HbA1c (P < .05).

Suzuki	et	al,82 2013; 
Japan

Single-arm	study •	 59	Lira	0.9	mg	(8	of	the	59	treated	
with Pio as a pretreatment)

25 NA The liver/kidney (CT) ratio was 
improved from 1.64 ± 0.44 to 
1.78	±	0.42.

NA 23.7% dropout Lira	alone	significantly	decreased	
the subcutaneous but not visceral 
fat areas.

Fan	H	et	al,60 2013; 
China

RCT •	 49	Exe	10	μg bid
•	 68	Met	0.5	g	bid

12 Both groups showed significant reduced 
ALT.	Exe	was	associated	with	a	significantly	
greater	reduction	than	Met	in	ALT	
(27.32	±	15.96	vs	12.85	±	11.38	IU/L,	
P	=	.002)	and	AST	(7.89	±	7.87	vs	
5.11	±	6.98	IU/L,	P	=	.048).

The proportion of patients with 
improvement in fatty liver (US) was 
comparable between the two groups.

NA 18.7%	dropout Exe	is	superior	to	Met	in	reducing	
body weight.

Shao,	et	al,75 2014; 
China

RCT •	 30	Exe	10	μg bid + insulin glargine
• 30 Insulin aspart + insulin glargine

12 ALT,	AST	and	γ-GGT	were	significantly	
decreased	in	two	groups,	and	Exe	was	
associated with a lower level of hepatic 
enzymes	than	Ins	(P < .001).

The reversal rate of fatty liver (US) in 
the	Exe	group	was	significantly	higher	
than	that	in	the	Ins	group	(93.3%	Exe	
vs.	66.7%	Ins,	P < .001)

NA No	dropout FBG,	PBG,	HbA1c,	TC,	TG	and	TBIL	
were significantly decreased in 
both groups.

BlaslovK	et	al,65 
2014; Croatia

Open-label	parallel-
group uncontrolled 
study

•	 87	Exe	10μg bid + Met or/and SU
•	 38	OHA	(Met	or/and	SU)

25 ALT	was	improved	in	both	Exe	and	OHA	
groups	(−4	vs.	0,	P	=	.04).

NA NA No	dropout ΔFLI	improved	in	Exe	and	OHA	(	
−25.95	±	23.15	vs-11.01	±	25.48,	
P	=	.003)

Yan	Bi	et	al,71 2014; 
China

RCT •	 11	Exe	10	ug	bid
• 11 Pio 45mg
• 11 Ins

26 NA LFC	(1H-MRS)	was	significantly	reduced	
in	Exe,	Pio	and	Ins	groups	(−68	±	6%,	
P	=	.004	vs.	−58	±	9%,	P	=	.012	vs.	
−49	±	9%,	P	=	.039).	However,	no	
significant	difference	in	LFC	between	
three groups (P	=	.454).

NA No	dropout ΔLFC	is	related	to	ΔHbA1c	and	
Δweight. Early metabolic control 
plays a vital role in slowing 
progression of fatty liver in T2DM.

Eguchi	et	al,83 2015; 
Japan

Single-arm •	 10	Lira	0.9	mg	qd 96 ALT	was	improved	from	59.7	±	64.6	
to	34.1	±	21.7	IU/L,	(P	<	.01),	and	
AST	improved	from	46.9	±	42.1	to	
29.5	±	10.4	IU/L	(P < .01)

Liver/spleen	ratio	(CT)	improved	from	
0.92	±	0.30	to	1.04	±	0.24,	P < .01

Histological inflammation improved 
in	7	of	the	10,	
liver fibrosis improved 
in	6	of	the	10,	and	NAFLD	activity	
score	improved	in	8	of	the	10.

14.8%	dropout Lira	has	a	good	safety	profile.
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(Continues)
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P	<	.05),	and	significant	greater	
reduction	with	ex	+	pio	therapy	
(12.1	±	1.7	to	4.7	±	1.3%,	P < .001)

NA No	dropout Both groups significantly reduced 
the level of TG (P	<	.05	in	Exe	
and P	<	.01	in	Pio),	with	a	greater	
reduction	in	the	Exe	group	(P < .01).

Ohki	et	al,81 2012; 
Japan

Retrospective studies •	 26	Lira	0.9	mg
• 20 Pio 15 mg
• 36 Sita 100 mg

48 Lira	decreased	AST	(50	to	35	IU/L)	and	ALT	
(65	to	48	IU/L,	P	<	.01).	Sita	decreased	ALT	
(75	to	61	IU/L,	P	=	.03).

NA NA No	dropout Lira	significantly	reduced	APRI	index	
(0.73	to	0.49,	P < .01)

Cuthbertson	et	al,68 
2012; Italy

Observational 
studies

•	 19	Exe	10	ug	bid
•	 6	Lira	1.2	mg	qd

25 Mean	ALT	was	improved	
from	40	to	31	IU/L	(P < .05) and GGT 
improved	from	69	to	43	IU/L	(P < .01)

Mean	LFC	(1H-MRS)	was	reduced	from	
28%	to	21%	(P < .001)

NA 19.4%	dropout The	relative	reduction	in	LFC	
correlated	with	HbA1c (P < .05).

Suzuki	et	al,82 2013; 
Japan

Single-arm	study •	 59	Lira	0.9	mg	(8	of	the	59	treated	
with Pio as a pretreatment)

25 NA The liver/kidney (CT) ratio was 
improved from 1.64 ± 0.44 to 
1.78	±	0.42.

NA 23.7% dropout Lira	alone	significantly	decreased	
the subcutaneous but not visceral 
fat areas.

Fan	H	et	al,60 2013; 
China

RCT •	 49	Exe	10	μg bid
•	 68	Met	0.5	g	bid

12 Both groups showed significant reduced 
ALT.	Exe	was	associated	with	a	significantly	
greater	reduction	than	Met	in	ALT	
(27.32	±	15.96	vs	12.85	±	11.38	IU/L,	
P	=	.002)	and	AST	(7.89	±	7.87	vs	
5.11	±	6.98	IU/L,	P	=	.048).

The proportion of patients with 
improvement in fatty liver (US) was 
comparable between the two groups.

NA 18.7%	dropout Exe	is	superior	to	Met	in	reducing	
body weight.

Shao,	et	al,75 2014; 
China

RCT •	 30	Exe	10	μg bid + insulin glargine
• 30 Insulin aspart + insulin glargine

12 ALT,	AST	and	γ-GGT	were	significantly	
decreased	in	two	groups,	and	Exe	was	
associated with a lower level of hepatic 
enzymes	than	Ins	(P < .001).

The reversal rate of fatty liver (US) in 
the	Exe	group	was	significantly	higher	
than	that	in	the	Ins	group	(93.3%	Exe	
vs.	66.7%	Ins,	P < .001)

NA No	dropout FBG,	PBG,	HbA1c,	TC,	TG	and	TBIL	
were significantly decreased in 
both groups.

BlaslovK	et	al,65 
2014; Croatia

Open-label	parallel-
group uncontrolled 
study

•	 87	Exe	10μg bid + Met or/and SU
•	 38	OHA	(Met	or/and	SU)

25 ALT	was	improved	in	both	Exe	and	OHA	
groups	(−4	vs.	0,	P	=	.04).

NA NA No	dropout ΔFLI	improved	in	Exe	and	OHA	(	
−25.95	±	23.15	vs-11.01	±	25.48,	
P	=	.003)

Yan	Bi	et	al,71 2014; 
China

RCT •	 11	Exe	10	ug	bid
• 11 Pio 45mg
• 11 Ins

26 NA LFC	(1H-MRS)	was	significantly	reduced	
in	Exe,	Pio	and	Ins	groups	(−68	±	6%,	
P	=	.004	vs.	−58	±	9%,	P	=	.012	vs.	
−49	±	9%,	P	=	.039).	However,	no	
significant	difference	in	LFC	between	
three groups (P	=	.454).

NA No	dropout ΔLFC	is	related	to	ΔHbA1c	and	
Δweight. Early metabolic control 
plays a vital role in slowing 
progression of fatty liver in T2DM.

Eguchi	et	al,83 2015; 
Japan

Single-arm •	 10	Lira	0.9	mg	qd 96 ALT	was	improved	from	59.7	±	64.6	
to	34.1	±	21.7	IU/L,	(P	<	.01),	and	
AST	improved	from	46.9	±	42.1	to	
29.5	±	10.4	IU/L	(P < .01)

Liver/spleen	ratio	(CT)	improved	from	
0.92	±	0.30	to	1.04	±	0.24,	P < .01

Histological inflammation improved 
in	7	of	the	10,	
liver fibrosis improved 
in	6	of	the	10,	and	NAFLD	activity	
score	improved	in	8	of	the	10.

14.8%	dropout Lira	has	a	good	safety	profile.
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Author Study design
Number & Dose of participants per 
intervention

Duration 
(week)

Response

Tolerability CommentsLiver enzymes Liver fat by imaging Histology

Tang	et	al,59 2015; 
Canada

RCT •	 18	Lira	1.8	mg	qd
• 17 Insulin glargine                                                                                                   

12 No	improvements	in	both	groups. Ins was associated with a significant 
decrease	in	liver	mean	MRI-PDFF	
(13.8%	to	10.6%,	P	=	.005).	Lira	did	not	
change	MRS-PDFF	(P	=	.80).

NA 4	of	Lira	discontinued	
due to adverse effects.

Weight	was	improved	(−2.8	±	6.5	in	
Lira	vs.	0	in	Ins,	P	=	.03)

Armstrong	et	al,64 
2016;	UK

RCT •	 26	Lira	1.8	mg	qd
•	 26	PLA

48 Serum γ-GGT	level	significantly	differed
between	liraglutide	and	placebo	groups.	No	

significant difference was detected in the 
change	in	serum	ALT	and	AST.

NA Lira	was	associated	with	
significantly increased odds of 
resolution	of	definite	NASH	
and progression of fibrosis than 
placebo group.

13.46% dropout Most adverse events were mild to 
moderate	in	severity,	transient	and	
similar between groups.

Smits	et	al,84 2016; 
Netherlands

RCT •	 17	Lira	1.8mg	qd
•	 18	Sita	100	mg
•	 17	PLA

12 There	is	no	significant	improvement	in	ALT,	
AST	and	GGT	across	three	groups.

There is no significant improvement 
in hepatic steatosis (1H-MRS)	across	
three groups.

NA 1.9%	dropout Neither	liraglutide	nor	sitagliptin	
affected	NFS,	FIB-4	or	APRI	
compared with the placebo.

Dutour	et	al,66 2016; 
France

RCT •	 22	Exe	10	μg bid
•	 22	PLA

26 NA Exe	induced	a	significant	reduction	
in	LFC	(1H-MRS)	in	the	Exe	group	
than	in	the	PLA	group	(−23.8	±	9.5%	
vs	+	12.5	±	9.6%,	P	=	.007)

NA 13.6% dropout Longer	exposure	time	to	exenatide	
might be needed to reveal 
significant improvement in 
myocardial triglyceride content.

Yuya	Seko	et	al,54 
2017; Japan

Single-arm	study • 15 Dula 0.75mg once weekly 12 ALT	was	improved	from	52.1	±	7.2	to	
41.1	±	6.1	IU/L,	P	=	.003),	and	AST	was	
improved	from	50.4	±	6.0	to	41.9	±	5.0,	
P	=	.030)

Liver	steatosis	(CAP)	was	not	improved. Only one case had a liver biopsy. 
The	total	NAFLD	activity	
score was improved from 6 to 2.

13.3% dropout Liver	stiffness	was	
significantly improved from 
9.3	±	1.9	to	6.9	±	1.2	kPa	(P	=	.043).

Khoo	et	al,70 2017; 
Singapore

RCT •	 12	Lira	3	mg	qd
• 12 De

26 Both	Lira	and	De	groups	had	significant	
(P	<	.01)	and	similar	reductions	in	ALT	
(−42	±	46	vs.	−34	±	27	IU/L,	P	=	.52)	and	
AST.

Both	Lira	and	De	groups	had	significant	
(P	<	.01)	and	similar	reductions	in	LFC	
(MRI-PDFF)	(−8.9	±	13.4	vs
−7.2%±7.1%,	P	=	.70).

NA No	dropout Both groups had significant 
reductions in liver stiffness 
(P	=	.003).	No	significant	difference	
existed	between	groups.

Petit	et	al,69 2017; 
France

Non-RCT •	 68	Lira	1.2	mg	qd
• 16 Ins

26 Lira	was	associated	with	a	significant	
reduction	in	mean	ALT	(45.9	±	23.8	to	
39.5	±	16.6	IU/L,	P	=	.021)	and	in	mean	
GGT	(70.8	±	91.5	to	46.0	±	30.7	IU/L,	
P	=	.017)

Lira	reduced	LFC	(1H-MRS)	from	
17.3	±	10.9	to	11.9	±	9.3	(P	<	.01),	
corresponding to a mean 31% relative 
decrease	in	LFC.

NA 15.0% dropout The	effect	of	Lira	in	reducing	LFC	
was mainly driven by bodyweight 
reduction.

Feng	et	al,57 2017; 
China

RCT •	 29	Gli	120	mg	qd
•	 29	Lira	1.8	mg	qd
•	 29	Met	1000	mg,	bid

24 ALT	significantly	improved	in	all	arms,	
whereas	AST	only	improved	in	Lira	and	
Met groups.

LFC	was	significantly	reduced	in	all	
groups,	from	36.70%±3.65%	to	
13.11	±	1.84%	in	the	Lira	group,	from	
32.99	±	3.51%	to	19.59	±	2.12%	in	the	
Gli	group,	and	from	35.13	±	2.34%	to	
18.44	±	2.20%	in	the	Met	group.	Lira	
was associated with a more significant 
reduction	in	LFC	than	Gli.

NA 6.4% dropout LFC	was	quantified	by	the	
ultrasonography hepatic/renal 
ratio.	Changes	in	LFC	were	
positively linked to reductions in 
hepatic	enzymes	and	triglyceride	
levels.

Tian.	F	et	al,61	2018;	
China

RCT •	 52	Lira	1.2	mg	qd
•	 75	Met	1.0-1.5	g,	bid

12 ALT	significantly	improved	in	both	groups.	
Lira	is	superior	to	Met	for	decreasing	the	
level	of	ALT.

Lira	and	Met	were	linked	to	a	markedly	
lower	prevalence	of	NAFLD	(US)	
(78.8%,	89.3%,	respectively),	but	there	
is not significant difference between 
groups.

NA 1.50% dropout Nine	patients	in	the	Lira	group	
experienced	slight-to-moderate	
gastrointestinal disturbances.

K.Cusi	et	al,18	2018;	
Multicentre

Post hoc analysis •	 971	Dula	1.5	mg	qw
•	 528	PLA

24 Dula	significantly	reduced	ALT,	AST	and	
GGT levels vs placebo [least squares mean 
treatment	differences:	–1.7	IU/L(–2.8,	
–0.6),	P	=	.003;	–1.1	IU/l	(–2.1,	–0.1),	
P	=	.037;	–6.6	IU/L	(CI	–12.4,	–0.8),	
P	=	.025,	respectively]

NA NA 6.7%	to	29.9%	dropout In	population	with	ALT	≥	ULN,	
more pronounced reductions from 
baseline	in	ALT	were	observed	with	
dulaglutide	vs	placebo	(–8.8	IU/L	vs	
–6.7	IU/L).

Newsome	et	al,55 
2018;	Multicentre

Post 
hoc analysis(Data 
from two RCTs)

•	 718	Sema	0.05-0.4	mg/day
•	 103	Lira	3.0	mg
•	 136	PLA

52 Both	trials	have	shown	dose-dependent	
decreases	in	ALT.

NA NA 19.85%	dropout The	maximal	declines	in	ALT	
occurring	by	approximately	week	
28.

Abbreviations:	ALT,	alanine	aminotransferase;	AST,	aspartate	aminotransferase;	CT,	computed	tomography;	De,	die	exercise;	Dula,	dulaglutide;	 
Exe,	exenatide;	FBG,	fasting	blood	glucose;	FIB-4,	fibrosis	4	score;	FLI,	fatty	liver	index;	GGT,	gamma-glutamyl	transpeptidase;	Gli,	gliclazide;	 
Glim,	glimepiride;	HAb1c,	glycosylated	haemoglobin;	Ins,	insulin;	LFC,	liver	fat	content;	Lira,	liraglutide;	Met,	metformin;	MRS,	magnetic	resonance	 
spectroscopy;	NA,	not	assessed;	OHA,	oral	hypoglycaemic	agents;	PBG,	postprandial	blood	glucose;	PDFF,	proton	density	fat	content;	 
Pio,	pioglitazone;	PLA,	placebo;	Sema,	semaglutide;	Sita,	sitagliptin;	SU,	sulphonylureas;	TBIL,	total	bilirubin;	TC,	total	cholesterol;	TG,	triglyceride;	 
ULN,	upper	limit	of	normal.

TA B L E  2   (Continued)
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Author Study design
Number & Dose of participants per 
intervention

Duration 
(week)

Response

Tolerability CommentsLiver enzymes Liver fat by imaging Histology

Tang	et	al,59 2015; 
Canada

RCT •	 18	Lira	1.8	mg	qd
• 17 Insulin glargine                                                                                                   

12 No	improvements	in	both	groups. Ins was associated with a significant 
decrease	in	liver	mean	MRI-PDFF	
(13.8%	to	10.6%,	P	=	.005).	Lira	did	not	
change	MRS-PDFF	(P	=	.80).

NA 4	of	Lira	discontinued	
due to adverse effects.

Weight	was	improved	(−2.8	±	6.5	in	
Lira	vs.	0	in	Ins,	P	=	.03)

Armstrong	et	al,64 
2016;	UK

RCT •	 26	Lira	1.8	mg	qd
•	 26	PLA

48 Serum γ-GGT	level	significantly	differed
between	liraglutide	and	placebo	groups.	No	

significant difference was detected in the 
change	in	serum	ALT	and	AST.

NA Lira	was	associated	with	
significantly increased odds of 
resolution	of	definite	NASH	
and progression of fibrosis than 
placebo group.

13.46% dropout Most adverse events were mild to 
moderate	in	severity,	transient	and	
similar between groups.

Smits	et	al,84 2016; 
Netherlands

RCT •	 17	Lira	1.8mg	qd
•	 18	Sita	100	mg
•	 17	PLA

12 There	is	no	significant	improvement	in	ALT,	
AST	and	GGT	across	three	groups.

There is no significant improvement 
in hepatic steatosis (1H-MRS)	across	
three groups.

NA 1.9%	dropout Neither	liraglutide	nor	sitagliptin	
affected	NFS,	FIB-4	or	APRI	
compared with the placebo.

Dutour	et	al,66 2016; 
France

RCT •	 22	Exe	10	μg bid
•	 22	PLA

26 NA Exe	induced	a	significant	reduction	
in	LFC	(1H-MRS)	in	the	Exe	group	
than	in	the	PLA	group	(−23.8	±	9.5%	
vs	+	12.5	±	9.6%,	P	=	.007)

NA 13.6% dropout Longer	exposure	time	to	exenatide	
might be needed to reveal 
significant improvement in 
myocardial triglyceride content.

Yuya	Seko	et	al,54 
2017; Japan

Single-arm	study • 15 Dula 0.75mg once weekly 12 ALT	was	improved	from	52.1	±	7.2	to	
41.1	±	6.1	IU/L,	P	=	.003),	and	AST	was	
improved	from	50.4	±	6.0	to	41.9	±	5.0,	
P	=	.030)

Liver	steatosis	(CAP)	was	not	improved. Only one case had a liver biopsy. 
The	total	NAFLD	activity	
score was improved from 6 to 2.

13.3% dropout Liver	stiffness	was	
significantly improved from 
9.3	±	1.9	to	6.9	±	1.2	kPa	(P	=	.043).

Khoo	et	al,70 2017; 
Singapore

RCT •	 12	Lira	3	mg	qd
• 12 De

26 Both	Lira	and	De	groups	had	significant	
(P	<	.01)	and	similar	reductions	in	ALT	
(−42	±	46	vs.	−34	±	27	IU/L,	P	=	.52)	and	
AST.

Both	Lira	and	De	groups	had	significant	
(P	<	.01)	and	similar	reductions	in	LFC	
(MRI-PDFF)	(−8.9	±	13.4	vs
−7.2%±7.1%,	P	=	.70).

NA No	dropout Both groups had significant 
reductions in liver stiffness 
(P	=	.003).	No	significant	difference	
existed	between	groups.

Petit	et	al,69 2017; 
France

Non-RCT •	 68	Lira	1.2	mg	qd
• 16 Ins

26 Lira	was	associated	with	a	significant	
reduction	in	mean	ALT	(45.9	±	23.8	to	
39.5	±	16.6	IU/L,	P	=	.021)	and	in	mean	
GGT	(70.8	±	91.5	to	46.0	±	30.7	IU/L,	
P	=	.017)

Lira	reduced	LFC	(1H-MRS)	from	
17.3	±	10.9	to	11.9	±	9.3	(P	<	.01),	
corresponding to a mean 31% relative 
decrease	in	LFC.

NA 15.0% dropout The	effect	of	Lira	in	reducing	LFC	
was mainly driven by bodyweight 
reduction.

Feng	et	al,57 2017; 
China

RCT •	 29	Gli	120	mg	qd
•	 29	Lira	1.8	mg	qd
•	 29	Met	1000	mg,	bid

24 ALT	significantly	improved	in	all	arms,	
whereas	AST	only	improved	in	Lira	and	
Met groups.

LFC	was	significantly	reduced	in	all	
groups,	from	36.70%±3.65%	to	
13.11	±	1.84%	in	the	Lira	group,	from	
32.99	±	3.51%	to	19.59	±	2.12%	in	the	
Gli	group,	and	from	35.13	±	2.34%	to	
18.44	±	2.20%	in	the	Met	group.	Lira	
was associated with a more significant 
reduction	in	LFC	than	Gli.

NA 6.4% dropout LFC	was	quantified	by	the	
ultrasonography hepatic/renal 
ratio.	Changes	in	LFC	were	
positively linked to reductions in 
hepatic	enzymes	and	triglyceride	
levels.

Tian.	F	et	al,61	2018;	
China

RCT •	 52	Lira	1.2	mg	qd
•	 75	Met	1.0-1.5	g,	bid

12 ALT	significantly	improved	in	both	groups.	
Lira	is	superior	to	Met	for	decreasing	the	
level	of	ALT.

Lira	and	Met	were	linked	to	a	markedly	
lower	prevalence	of	NAFLD	(US)	
(78.8%,	89.3%,	respectively),	but	there	
is not significant difference between 
groups.

NA 1.50% dropout Nine	patients	in	the	Lira	group	
experienced	slight-to-moderate	
gastrointestinal disturbances.

K.Cusi	et	al,18	2018;	
Multicentre

Post hoc analysis •	 971	Dula	1.5	mg	qw
•	 528	PLA

24 Dula	significantly	reduced	ALT,	AST	and	
GGT levels vs placebo [least squares mean 
treatment	differences:	–1.7	IU/L(–2.8,	
–0.6),	P	=	.003;	–1.1	IU/l	(–2.1,	–0.1),	
P	=	.037;	–6.6	IU/L	(CI	–12.4,	–0.8),	
P	=	.025,	respectively]

NA NA 6.7%	to	29.9%	dropout In	population	with	ALT	≥	ULN,	
more pronounced reductions from 
baseline	in	ALT	were	observed	with	
dulaglutide	vs	placebo	(–8.8	IU/L	vs	
–6.7	IU/L).

Newsome	et	al,55 
2018;	Multicentre

Post 
hoc analysis(Data 
from two RCTs)

•	 718	Sema	0.05-0.4	mg/day
•	 103	Lira	3.0	mg
•	 136	PLA

52 Both	trials	have	shown	dose-dependent	
decreases	in	ALT.

NA NA 19.85%	dropout The	maximal	declines	in	ALT	
occurring	by	approximately	week	
28.

Abbreviations:	ALT,	alanine	aminotransferase;	AST,	aspartate	aminotransferase;	CT,	computed	tomography;	De,	die	exercise;	Dula,	dulaglutide;	 
Exe,	exenatide;	FBG,	fasting	blood	glucose;	FIB-4,	fibrosis	4	score;	FLI,	fatty	liver	index;	GGT,	gamma-glutamyl	transpeptidase;	Gli,	gliclazide;	 
Glim,	glimepiride;	HAb1c,	glycosylated	haemoglobin;	Ins,	insulin;	LFC,	liver	fat	content;	Lira,	liraglutide;	Met,	metformin;	MRS,	magnetic	resonance	 
spectroscopy;	NA,	not	assessed;	OHA,	oral	hypoglycaemic	agents;	PBG,	postprandial	blood	glucose;	PDFF,	proton	density	fat	content;	 
Pio,	pioglitazone;	PLA,	placebo;	Sema,	semaglutide;	Sita,	sitagliptin;	SU,	sulphonylureas;	TBIL,	total	bilirubin;	TC,	total	cholesterol;	TG,	triglyceride;	 
ULN,	upper	limit	of	normal.
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score,	FIB-4	score	and	FLI),	insulin	resistance	(fasting	homeostasis	
model	of	assessment	of	insulin	resistance	[HOMA-IR])	and	anthro-
pometric measures.

2.5 | Quality assessment

The	quality	of	randomized	control	trials	(RCTs)	was	assessed	based	on	
a modified version of the Cochrane Collaboration Risk of Bias Tool.34

3  | RESULTS

3.1 | Study characteristics and quality assessment

Database	 searches	 identified	 1,933	 published	 articles.	 472	 were	
excluded	 after	 duplicates	 removed,	 1352	 were	 excluded	 at	 the	
screening	 stage,	 and	 85	 were	 excluded	 on	 the	 full-text	 review	
(Supplementary	 Material	 2).	 A	 total	 of	 24	 clinical	 trials,	 including	
randomized	controlled	studies	(RCTs,	n	=	14),	parallel-group	uncon-
trolled	 studies	 (n	 =	2),	 observational	 studies	 (n	 =	1),	 retrospective	
studies	(n	=	1),	single-arm	studies	(n	=	3),	case	series	studies	(n	=	1)	
and	post	hoc	analysis	(n	=	2),	were	finally	included	in	this	systematic	
review	(Table	2).	A	total	of	6313	participants	were	studied,	with	a	
mean	duration	of	37	(12-144)	weeks.

For	 14	 RCTs,	 a	 total	 of	 3449	 participants	 were	 studied,	 with	
a	 mean	 intervention	 duration	 of	 38	 (12-144)	 weeks.	 RCTs	 were	
evaluated based on the Cochrane Collaboration Risk of Bias Tool 
(Supplementary Material 3). The quality assessment found that ran-
dom	sequence	generation	was	adequate	in	100%	(14	of	14),	whereas	
allocation concealment was adequate in 14% (2 of 14).

3.2 | Study design and selection of end-points

Four	of	24	studies,	including	RCT	(n	=	1),	single-arm	studies	(n	=	2)	and	
case	 series	 studies	 (n	=	1),	used	biopsy-confirmed	 liver	histological	
change	as	their	end-point.	The	remaining	studies	(n	=	20)	used	surro-
gate	end-points,	including	change	in	hepatic	enzymes	(n	=	21),	nonin-
vasive	assessment	of	hepatic	steatosis	(n	=	8)	and	liver	fibrosis	(n	=	9).

3.3 | Study interventions

GLP-1	RAs	are	a	class	of	antidiabetic	agents	that	mimic	the	actions	of	
the	endogenous	glucagon-like	peptide.	GLP-1	RAs	have	been	shown	
to	 reduce	 insulin	 resistance,	which	 is	 strongly	 associated	with	 the	
development	and	progression	of	NAFLD	35-49	(Figure	2).	Many	stud-
ies	have	demonstrated	the	efficacy	of	GLP-1	RAs	in	the	management	
of	T2DM	and	obesity,	and	the	potential	of	GLP-1	RAs	for	NAFLD.	
Herein,	we	systematically	evaluated	the	evidence	regarding	the	effi-
cacy	of	currently	available	GLP-1	RAs	on	hepatic	steatosis	and	fibro-
sis.	Notably,	the	efficacy	of	GLP-1	RAs	on	NASH	was	also	evaluated.

3.3.1 | GLP-1 RAs for the treatment of elevated 
hepatic enzymes

Patients	with	NAFLD	with	elevated	hepatic	enzymes	are	at	higher	
risk	of	developing	NASH,	cirrhosis	and	end-stage	liver	disease	than	
those	 with	 normal	 enzymes.50	 Importantly,	 sustained	 improve-
ment	 in	alanine	aminotransferase	 (ALT)	and	aspartate	aminotrans-
ferase	 (AST),	 together	with	 improvement	 in	 hepatic	 steatosis,	 is	 a	
hallmark	of	reduced	risk	of	progression	to	cirrhosis	among	NAFLD	
patients.24,25,50-53	 Therefore,	 the	 improvement	 in	 liver	 enzymes	 is	
the	most	commonly	observed	 index	 in	 the	study	 investigating	 the	
efficacy	of	GLP-1	in	the	treatment	of	NAFLD.

Of	21	clinical	trials	reporting	the	change	in	hepatic	enzymes	as	
their	end-point,	19	studies	supported	the	efficacy	of	GLP-1	RAs	
on	the	improvement	in	hepatic	enzymes	(ALT,	AST	and	GGT).54-59 
Feng	 et	 al	 conducted	 an	 RCT	 study	 involving	 a	 total	 of	 87	 pa-
tients	and	comparing	the	effects	of	liraglutide	(n	=	29),	gliclazide	
(n	=	29)	and	metformin	(n	=	29)	for	24	weeks	on	body	composition	
in	patients	with	T2DM	and	NAFLD.60	In	this	study,	both	ALT	and	
AST	were	markedly	reduced	 in	all	 three	groups.	However,	 there	
was	 no	 significant	 difference	 between	 groups.	 Liraglutide	 was	
also associated with a significant reduction in TG (2.73 ± 0.25 
vs	 1.83	 ±	 0.18	 mmol/L,	 P	 <	 .01)	 and	 CHOL	 (4.86	 ±	 0.18	 vs.	
4.35	±	0.15	mmol/L,	P < .05). Consistent results were observed 
in	an	RCT	study	by	Fan	et	al	who	 investigated	 the	effect	of	ex-
enatide	 on	 blood	 glucose	 and	 hepatic	 enzymes	 in	 117	 patients	
with	T2DM	and	NAFLD,	suggesting	that	12-week	treatment	with	
exenatide	was	associated	with	a	 significant	 improvement	 in	he-
patic	enzymes.57	In	line	with	these	findings,	a	retrospective	study	
totalling	 1499	 participants	 evaluated	 the	 effects	 of	 dulaglutide	
(n	=	971)	 versus	placebo	 (n	=	528)	 for	6	months	on	hepatic	 en-
zymes,	 indicating	that	ALT	at	the	end	of	therapy	 in	both	groups	
was	 significantly	 reduced,	with	 a	 greater	 reduction	 in	 the	 dula-
glutide group.53	Collectively,	these	findings	provide	evidence	for	
the	efficacy	of	GLP-1	RAs	on	the	improvement	in	liver	enzymes.	
Two	 studies,	 however,	 reported	 no	 relationship	 between	GLP-1	
RA	therapy	and	the	change	in	hepatic	enzymes.61-63 It should be 
noted	that	hepatic	enzymes	are	not	ideal	markers	of	inflammation	
or	damage	to	 liver	cells,	as	well	as	 for	 the	diagnosis	and	assess-
ment	of	NASH,	and	the	changes	in	hepatic	enzymes	are	not	nec-
essarily parallel to liver histological alterations.64	Therefore,	liver	
histological assessment is still needed when designing clinical tri-
als	to	evaluate	the	efficacy	of	GLP-1	RAs	in	the	therapy	of	NASH.

3.3.2 | GLP-1 RAs for the treatment of 
hepatic steatosis

GLP-1	RAs	 have	 shown	promise	 as	 a	 potential	 therapeutic	 option	
for	 improving	 hepatic	 steatosis	 in	 NAFLD.63,65-68 Improvement in 
hepatic steatosis determined by magnetic resonance spectroscopy 
(MRS) or magnetic resonance imaging proton density fat frac-
tion	 (MRI-PDFF)	 is	one	of	 the	most	critical	primary	end-points	 for	
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treatment	 trials	 designed	 to	 evaluate	 the	 efficacy	of	GLP-RAs	 for	
NAFLD.24,25,30,31,69

Of	8	 clinical	 trials	 reporting	 the	 change	 in	hepatic	 steatosis	 as	
their	 end-point,	 6	 studies	 demonstrated	 a	 significant	 reduction	 in	
liver	fat	content	with	GLP-1	RA	therapy.	Cuthbertson	et	al,	in	a	pro-
spective study including 25 patients with a baseline therapy of met-
formin	 and	 sulphonylureas/dipeptidyl	 peptidase-4,	 evaluated	 the	
effect	of	6-month	GLP-1	RAs	(exenatide,	n	=	19;	 liraglutide,	n	=	6)	
on	the	intrahepatic	lipid	(IHL)	measured	by	1H MRS.65	In	this	study,	
GLP-1	RA	treatment	was	associated	with	a	42%	relative	reduction	
in	 IHL	(−59.3,	−16.5%)	 (P	<	 .01),	and	the	most	considerable	IHL	re-
duction occurred among patients with highest pretreatment levels. 
Likewise,	Dutour	et	al,	in	a	prospective	randomized	trial	enrolling	a	
total of 44 obese subjects with T2DM randomly assigned to receive 
exenatide	or	reference	treatment,	found	a	substantial	reduction	 in	
liver	 fat	 content	 in	 the	 exenatide	 group	 (−23.8	±	9.5%)	 versus	 the	
reference	group	(+12.5	±	9.6%)	(P	=	 .007).63	Participants	in	the	ex-
enatide group also had a more significant reduction in insulin resis-
tance,	as	assessed	by	HOMA-IR,	and	in	total	cholesterol	compared	
with	those	in	the	reference	group.	Consistent	with	this	study,	Petit	
et	 al	 conducted	 a	 parallel	 study	 evaluating	 the	 effect	 of	 6-month	
treatment with liraglutide 1.2 mg/d on liver fat content in patients 
with uncontrolled T2DM. They found a mean reduction of 31% 
in liver fat content by 1H	MRS	 (from	17.3	±	10.9%	to	11.9	±	9.3%,	
P	<	.001),	while	no	significant	alteration	of	liver	fat	content	occurred	
in the parallel group of patients who received intensification of 
the antidiabetic treatment with insulin.66	Aligned	with	 these	 find-
ings,	Khoo	et	al	conducted	an	RCT	study	involving	24	obese	adults	
with	NAFLD	who	were	randomized	to	a	group	of	dieting	plus	mod-
erate-intensity	 aerobic	exercise	 (n	=	12)	or	 liraglutide	 at	 the	3	mg	
daily	dose	(n	=	12)	for	26	weeks.	Both	diet	plus	aerobic	exercise	and	
liraglutide	significantly	reduced	the	liver	fat	fraction	(−8.9	±	13.4%,	
P	=	.03;	−7.2	±	7.1%,	P	=	.008,	respectively),	although	there	was	no	
significant difference between two groups.67 Significant correlations 
were found between reduction from baseline in liver fat fraction 
with	weight,	waist	circumference,	fat	mass	and	ALT.	The	reduction	
in	HOMA	was	also	linked	to	a	reduction	in	weight,	ALT	and	liver	fat	
fraction.	These	studies,	despite	the	small	sample	size,	demonstrate	
the	efficacy	of	GLP-1	RAs	on	the	improvement	in	hepatic	steatosis.

The	combined	therapy	of	GLP-1	RAs	with	oral	antihyperglycae-
mic	medications	(OAMs)	or	insulin	has	been	increasingly	accepted	in	
the treatment of T2DM because this combination not only improves 
glycaemic control but also avoids weight gain and an increased risk 
of hypoglycaemia.70	 Moreover,	 several	 studies	 have	 been	 carried	
out to determine whether combined therapy can provide additional 
benefits	 than	 the	 single	 use	 of	 GLP-1	 RAs	 for	 hepatic	 steatosis.	
Sathyanarayana	et	al	conducted	an	RCT	study	examining	the	effect	
of	combined	exenatide	and	pioglitazone	therapy	on	liver	fat	content	
in patients with T2DM with diet or metformin as baseline treatment. 
21	patients	received	either	pioglitazone	(45	mg/d,	n	=	10)	or	com-
bined	therapy	with	pioglitazone	and	exenatide	(n	=	11)	for	12	months.	
Liver	fat	content	was	significantly	reduced	with	pioglitazone	treat-
ment	(11.0	±	3.1	to	6.5	±	1.9%,	P	<	.05),	and	combined	pioglitazone	

and	exenatide	therapy	was	linked	to	a	more	significant	decrease	in	
hepatic	fat	 (12.1	±	1.7	to	4.7	±	1.3%,	P < .05). Both groups signifi-
cantly	reduced	the	level	of	TG	(136	±	13	to	85	±	7	mg/dL,	P < .05 in 
the	Exe	plus	Pio	group;	192	±	25	to	165	±	19	mg/dL,	P < .01 in Pio 
group),	with	a	greater	reduction	in	Exe	plus	Pio	group	(P < .01). Both 
treatments significantly decreased the level of hepatic inflammatory 
biomarkers	 (ALT	 and	AST),	with	 combined	 pioglitazone	 and	 exen-
atide therapy being associated with a more significant reduction in 
ALT.71	Consistent	with	 the	 findings,	 Shao	et	 al	 conducted	 an	RCT	
study	where	60	newly	diagnosed	patients	with	T2DM	and	NAFLD	
were	randomly	assigned	into	the	exenatide	group	(exenatide	and	in-
sulin	glargine,	n	=	30)	and	the	intensive	insulin	group	(insulin	aspart	
and	insulin	glargine,	n	=	30)	for	12	weeks.	They	found	the	reversal	
rate of fatty liver determined by ultrasonography was significantly 
higher	 in	 the	 exenatide	 group	 than	 in	 the	 intensive	 insulin	 group	
(93.3%	vs	66.7%,	P	<	.01),	as	well	as	a	significantly	lower	level	of	ALT,	
AST	and	GGT	 in	 the	exenatide	group	 than	 in	 the	 intensive	 insulin	
group (P < .001).72	Additionally,	Blaslov	et	al	conducted	a	6-month	
open-label	 parallel-group	 uncontrolled	 study	 using	 the	 fatty	 liver	
index	 (FLI)	 for	noninvasively	evaluating	 the	 liver	 fat	 content.	They	
compared	the	effect	of	exenatide	alone	or	in	combination	with	oral	
hypoglycaemic	agents	(OHA)	with	OHA	on	liver	fat	content.	The	ex-
enatide treatment was associated with a more significant change in 
FLI	than	 in	the	OHA	group,	and	the	addition	of	exenatide	to	OHA	
therapy	leads	to	a	reduction	in	FLI.62

Totally,	 these	 findings	 provide	 evidence	 indicating	 that	 combi-
nation	 therapy	 of	GLP1	RAs	with	 other	 antidiabetic	medicine	 not	
only offers the advantages of complementary pharmacologies with 
better glycaemic control but also leads to a greater improvement in 
hepatic	steatosis	than	the	single	use	of	GLP-1	RAs.

3.3.3 | GLP-1 RAs for the treatment of 
hepatic fibrosis

The	 primary	 objective	 of	 treatment	 for	 NASH	 is	 to	 prevent	 the	
development	 of	 cirrhosis,	 and	 increasing	 hepatic	 fibrosis	 is	 the	
hallmark of disease progression to cirrhosis.50	 Therefore,	 it	 is	
important	to	determine	the	effect	of	GLP-1	RAs	on	the	improve-
ment in fibrosis when evaluating their role in the treatment of 
NAFLD.24,25,50	Most	 clinical	 trials	 examining	 the	effect	of	GLP-1	
RAs	on	hepatic	fibrosis	used	liver	stiffness	measured	by	transient	
elastography (TE) or magnetic resonance elastography (MRE) 
to assess the magnitude of fibrosis because liver stiffness has 
been validated as a reliable method for the assessment of liver 
fibrosis.73-77

A	total	of	4	clinical	 trials	 reported	 improvements	 in	 the	nonin-
vasive	assessment	of	 liver	 fibrosis	 as	 their	end-point.	The	method	
for noninvasively assessing the severity of fibrosis included serum 
markers	(n	=	2),	TE	(n	=	1)	and	MRE	(n	=	1).	Of	4	studies,	three	studies	
showed significant improvement in the magnitude of liver fibrosis 
with	GLP-1	RA	 therapy.	 In	 the	 study	by	Khoo	et	 al	who	 reported	
on	 the	 effect	 of	 dieting	 plus	 moderate-intensity	 aerobic	 exercise	
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(n	=	12)	or	liraglutide	(n	=	12)	on	the	liver	fat	fraction,	they	also	ex-
amined	 the	 change	 in	 liver	 stiffness	 after	 26-week	 treatment	 and	
found that both groups had a significant reduction in liver stiffness 
(−0.21	±	0.19,	P	=	.001;	−0.26	±	0.29,	P	=	.003,	respectively),	although	
there	was	no	significant	difference	between	groups.	Likewise,	Ohki	
et	al,	in	a	retrospective	study	enrolling	82	Japanese	NAFLD	patients	
with	T2DM,	compared	the	effect	of	 liraglutide	with	sitagliptin	and	
pioglitazone,	suggesting	a	significant	reduction	in	APRI	score	in	the	
liraglutide	 and	pioglitazone	 group,	while	 there	were	no	 significant	
changes in the sitagliptin group.78	Again,	a	study	by	Seko	et	al	who	
evaluated the effect of dulaglutide in 15 Japanese patients with bi-
opsy-proven	NAFLD	showed	a	similar	result.	In	this	study,	5	patients	
undergoing transient elastography at baseline and at the end of ther-
apy	with	12-week	dulaglutide	treatment	showed	a	significantly	de-
creased	liver	stiffness	(9.3	±	1.9	to	6.9	±	1.2	KPa,	P	=	.043).51 The two 
remaining	studies	used	the	APRI	score	or	FIB-4	score	to	evaluate	the	
severity of liver fibrosis. Ohki et al claimed a significant reduction in 
APRI	score	with	liraglutide	therapy	in	retrospective	cohort	studies,	
while an RCT by Smits et al failed to find any positive association of 
liraglutide	or	 sitagliptin	 therapy	with	a	 reduction	 in	APRI	or	FIB-4	
score.

Totally,	 despite	 the	 significant	 improvement	 in	 noninvasive	 as-
sessment	 of	 liver	 fibrosis	 with	 GLP-1	 RA	 treatment,	 their	 role	 of	
GLP-1	RAs	 for	 fibrosis	 regression	 and	 for	 preventing	 liver	 fibrosis	
from	developing	 into	 liver	cirrhosis	remains	unclear.	Further,	 there	
is	still	a	need	for	well-designed	prospective	studies	with	long-term	

follow-up	and	improvement	in	biopsy-proven	fibrosis	as	the	primary	
end-point.

3.3.4 | GLP-1 RAs as a potential therapeutic option 
for NASH

NASH	 is	 the	 most	 severe	 phase	 of	 NAFLD,	 characterized	 by	 the	
presence	 of	 an	 abnormal	 accumulation	 of	 fat,	 hepatocellular	 bal-
looning	and	inflammation,	with	or	without	fibrosis.	Although	many	
studies	 have	 shown	 the	 potential	 of	 GLP-1	 RAs	 for	 NAFLD,	 the	
evidence	for	the	role	of	GLP-1	RAs	in	the	management	of	NASH	re-
mains inconclusive. Several studies have suggested no association 
existed	between	GLP-1	RA	treatment	and	the	 improvement	 in	he-
patic steatosis measured by noninvasive methods.58,79-81 It should 
be noted that these studies used noninvasive methods rather than 
liver biopsy to diagnose and measure the changes in steatosis and 
fibrosis.	Therefore,	studies	using	liver	biopsy	to	evaluate	the	histo-
logical	changes	in	NASH	patients	with	GLP-1	RA	treatment	are	still	
needed.	Moreover,	the	resolution	of	steatohepatitis	with	no	worsen-
ing	of	fibrosis	is	the	most	important	end-point	for	NASH	treatment	
in	clinical	trials,	with	the	highest	level	of	evidence.50,82	Again,	NAFLD	
activity	score	(NAS),	representing	the	sum	of	scores	for	steatosis	(0-
3),	lobular	inflammation	(0-3)	and	hepatocellular	ballooning	(0-2),	has	
been	established	as	a	tool	to	measure	histological	changes	in	NAFLD	
during therapeutic trials.83 This further supported the importance of 

F I G U R E  2   The mechanism of action of 
GLP-1	RAs	for	the	treatment	of	NAFLD
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biopsy-proven	liver	histology	for	evaluating	the	efficacy	of	GLP-RAs	
on	NASH	in	clinical	trials.

Accumulating	evidence	suggests	that	GLP-1	RAs	show	prom-
ise	in	the	treatment	of	NAFLD,	although	there	are	few	therapeu-
tic	studies	with	biopsy-confirmed	liver	histological	change	as	the	
primary	end-point.	Four	studies	reported	histological	change	with	
GLP-1	RA	therapy.	A	pilot	study	by	Eguchi	et	al	using	a	biopsy	to	
evaluate	the	liver	histology	in	10	patients	with	T2DM	and	NAFLD	
found	that	96-week	liraglutide	therapy	resulted	in	a	biopsy-proven	
histological	 inflammation	 improvement	 in	7	patients,	while	there	
was no difference in 2 patients and a worse Brunt classification 
grade	 in	1	patient.	Meanwhile,	 improved	 liver	fibrosis	was	found	
in	 6	 patients.	 Totally,	 8	 patients	 have	 improved	 NAS	 scores	 at	
96	 weeks	 compared	 with	 the	 first	 biopsy.80	 However,	 this	 pilot	
study lacked a control group and thus cannot lead to a statistically 
significant	 conclusion,	 although	 liver	 biopsy	was	 adopted	 in	 this	
single-arm	study.	In	a	case	series	study	including	8	adult	patients	
with	 T2DM	and	biopsy-proven	NAFLD,	 there	was	 no	 significant	
improvement	in	liver	histopathology	after	28	weeks	of	treatment	
with	 exenatide.	However,	 these	 findings	 should	 be	 treated	with	
caution because of the limited number of individuals included in 
this study and the lack of a control group.84 Given the limitation of 
single-arm	studies,	the	beneficial	histological	effect	 is	needed	to	
be	examined	in	well-controlled	clinical	trials.	Armstrong	et	al	con-
ducted	 a	multicentre,	 double-blinded,	 randomized,	 placebo-con-
trolled phase 2 trial where 26 patients were assigned to receive 
liraglutide	and	26	to	placebo.	After	48	weeks	of	treatment,	9	(39%)	
of	23	patients	in	the	liraglutide	group	versus	2	(9%)	of	22	partici-
pants in the placebo group had resolution of definite nonalcoholic 
steatohepatitis	 (relative	 risk	=	4.3	 [95%CI:	1.0-17.7],	P	=	 .019).	2	
(9%)	 of	 23	 patients	 who	 received	 liraglutide	 had	 progression	 of	
fibrosis	compared	with	8	(36%)	of	22	patients	in	the	placebo	group	
(relative	risk	=	0.2	[0.1-1.0],	P	=	.04).61

Collectively,	 significant	 improvement	 in	 biopsy-confirmed	 liver	
histology	with	GLP-1	RA	 treatment	 provides	 the	most	 substantial	
evidence	for	the	efficacy	of	GLP-1	RAs	in	the	management	of	NASH,	
although	the	role	of	GLP-1	RAs	is	still	needed	to	be	validated	in	large	
sample	controlled	trials	with	long-term	follow-up.

4  | ONGOING CLINIC AL TRIAL S

Database	search	 identified	38	potentially	 relevant	ongoing	clinical	
trials:	30	were	not	related	to	fatty	liver,	and	finally,	8	ongoing	trials	
were	included,	involving	2	dulaglutide,	1	liraglutide	and	5	semaglu-
tide	(Table	3).	These	8	trials	included	7	controlled	trials	(6	RCTs	and	
1	non-RCTs)	and	1	single-arm	trial.	Four	of	the	8	trials	plan	to	use	
liver	histology	as	the	primary	end-point,	including	NASH	resolution	
without worsening of fibrosis and a reduction of at least 2 points 
in	the	NAFLD	activity	score.	Three	of	8	plan	to	use	change	in	liver	
fat content on magnetic resonance imaging proton density fat frac-
tion	(MRI-PDFF)	or	liver	stiffness	on	MRE	as	the	primary	end-point.	
One	of	8	will	use	the	number	of	treatment-emergent	adverse	events,	

serious	adverse	events	and	any	grade	≥	1	laboratory	abnormality	as	
the	primary	end-point.	Of	7	controlled	trials,	3	plan	to	use	placebo,	2	
use	lifestyle	intervention,	and	2	use	antidiabetic	medicines	or	other	
medicine	targeting	NASH	as	their	control.	On	review	of	ongoing	tri-
als,	there	has	been	a	general	shift	from	the	use	of	hepatic	enzymes	
and	ultrasonographical	findings	as	end-points	to	MRI	assessment	of	
hepatic	steatosis,	liver	fibrosis	and	biopsy-confirmed	liver	histology.

5  | DISCUSSION

Early	evidence	of	GLP-1	RAs	for	NAFLD	comes	from	studies	report-
ing	an	improvement	in	hepatic	enzymes	with	exenatide	therapy.59,85 
These	findings	have	been	confirmed	in	many	RCTs	using	GLP-1	RAs	
to	 treat	T2DM	or	NAFLD.	Moreover,	our	conclusion	on	the	effect	
of	GLP-1	RAs	on	elevated	liver	enzymes	was	similar	to	an	individual	
patient	 data	 meta-analysis	 of	 six	 26-week,	 phase-III,	 randomized	
controlled	TWD	trials,	which	known	as	 the	 ‘Liraglutide	Effect	and	
Action	in	Diabetes’	(LEAD)	programme.76	Similarly,	an	individual	pa-
tient	data	meta-analysis	of	15	RCT	on	patients	with	T2DM	 found	
that	 lixisenatide	 increased	 the	 proportion	 of	 obese	 or	 overweight	
patients	who	achieved	normalization	of	ALT.77 Efficacy and safety 
of	GLP-1	RAs	were	also	evaluated	in	a	meta-analysis	indicating	that	
GLP-1	 RAs	may	 reduce	 aminotransferase	 levels	 and	 improve	 liver	
histology.86

This systematic review of clinical trials investigated the role of 
GLP-1	RAs	in	the	management	of	NAFLD.	A	total	of	24	clinical	trials,	
consisting	of	RCTs	(n	=	14,	58%)	and	other	types	of	studies	(n	=	10,	
42%),	were	included	in	this	review.	Of	the	24	clinical	trials	identified	
consisting	of	6313	individuals,	there	was	significant	heterogeneity	in	
study	design	quality,	sample	size,	duration,	placebo	choice	and	out-
come	measures.	Data	from	clinical	trials	provide	evidence	that	GLP-1	
RAs	are	effective	 in	 improving	hepatic	steatosis	and	inflammation.	
However,	the	potential	of	GLP-1	RAs	to	regress	fibrosis,	as	well	as	
to	prevent	the	progression	of	steatosis	to	NASH	and	cirrhosis,	is	still	
needed to be confirmed by prospective RCTs with more sensitive 
end-points	of	hepatic	fibrosis.

Multiple mechanisms are responsible for the development of 
NAFLD.87	Accumulation	of	fat	from	increased	free	fatty	acid	(FFA)	
uptake and de novo lipogenesis is an essential driving force for he-
patic	 steatosis.	On	 the	other	 hand,	 decreased	 lipid	 removal	 from	
impaired	fatty	acid	oxidation	and	VLDL	secretion	 is	also	critically	
involved	 in	 the	 development	 of	 NAFLD.	 An	 unhealthy	 lifestyle,	
such	as	excessive	caloric	 intake	and	the	 lack	of	exercise,	 leads	to	
an	increased	level	of	FFA	to	the	liver	and	an	upregulated	de	novo	
lipogenesis	(DNL).	Moreover,	insulin	resistance	in	obese	individuals	
results	in	unrestricted	adipose	tissue	lipolysis,	contributing	to	the	
flux	of	FFA	from	adipose	tissue	to	the	liver.35,36	Adipose	tissue	with	
insulin	 resistance	 is	one	of	 the	primary	 sources	of	pro-inflamma-
tory	cytokines,	 including	TNF-α,	 IL-1β	and	 IL-6,	which	play	a	vital	
role	in	the	development	of	hepatic	insulin	resistance	and	NASH.37-
40	Circulating	hormones	secreted	from	adipose	tissue,	such	as	ad-
iponectin,	 have	also	been	 implicated	 in	 the	modulation	of	 insulin	
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resistance.41	Adiponectin	is	associated	positively	with	insulin	sensi-
tivity,	promoting	fatty	acid	β-oxidation	(FAO),	glucose	use	and	sup-
pression of fatty acid synthesis.42,43	Patients	with	NAFLD	have	a	
lower	level	of	adiponectin	compared	with	BMI-matched	controls.44 
Collectively,	NAFLD	is	closely	associated	with	both	hepatic	and	ad-
ipose	tissue	insulin	resistance,	and	reduced	systemic	insulin	resis-
tance	(Figure	2).45-48

GLP-1	is	secreted	into	the	hepatic	portal	system	by	the	intesti-
nal	L	cells	located	primarily	in	the	distal	ileum	and	colon,	stimulating	
insulin	 secretion	 in	 a	 glucose-dependent	 fashion.	 GLP-1	 reduces	
glucagon	 output,	 delays	 gastric	 emptying	 and	 suppresses	 appe-
tite,	 leading	 to	 a	 significant	 weight	 loss.	 Preclinical	 studies	 have	
demonstrated	the	efficacy	of	GLP-1	agonists	for	the	improvement	
in	 hepatic	 insulin	 sensitivity,	 steatosis	 and	 histology.88-91	 GLP-1	
improves insulin signal transduction in adipocytes by upregulating 
Akt	phosphorylation	 and	protein	expression	of	 cyclins	A,	D1	and	
E.92	Moreover,	the	direct	effect	of	GLP-1	RAs	on	hepatocytes	has	
been	validated	by	 in	vitro	study	where	exenatide	activated	genes	
involved	in	hepatic	fatty	acid	oxidation	and	insulin	sensitivity	in	he-
patocytes	isolated	from	rats	with	NASH,93 although conflicting data 
still	 exist	 in	 terms	of	 the	 presence	 of	GLP-1	 receptors	 on	 human	
hepatocytes.94

This review has highlighted the limitations of the current data 
for	the	treatment	of	NAFLD.	A	major	issue	that	hinders	drug	devel-
opment	for	NAFLD	is	the	need	for	biopsy-confirmed	liver	histology	
to evaluate the severity of disease and assess response to therapies. 
It	 is	 critical	 to	measure	 disease	 severity,	 particularly	 the	 presence	
of	NASH	and	 the	stage	of	 fibrosis	because	NASH	and	 fibrosis	 se-
verity	have	been	strongly	 implicated	 in	the	 long-term	prognosis	of	
NAFLD.	Although	liver	biopsy,	 in	combination	with	Kleiner's	histo-
logical	NAFLD	activity	score	(NAS),	is	still	the	gold	standard	for	the	
stage	of	NASH,	it	is	impractical	to	perform	a	liver	biopsy	in	a	large	
sample group because of the potential risk of infection and bleeding. 
Another	limitation	of	liver	biopsy	is	that	the	volume	of	a	needle	bi-
opsy sample represents only a very minor fraction (1/50 000) of the 
entire	liver,	which	can	result	in	false	negatives	due	to	the	heteroge-
neity	of	liver	injury	in	NAFLD.

Of	24	clinical	trials	included	in	this	systematic	review,	only	4	trials	
used liver histological change as their outcome measure. Due to the 
limitations	 of	 liver	 biopsy,	 complex	molecular	mechanisms	 underly-
ing	NASH	and	the	long	duration	to	progress	into	the	advanced	stage	
of	the	disease,	it	is	challenging	but	necessary	to	develop	meaningful	
surrogate	end-points.95-98	Noninvasive	modalities	for	assessment	of	
NAFLD	have	been	developed	and	increasingly	used	in	clinical	trials	to	
define	the	end-points.	Magnetic	resonance	elastography	 (MRS)	and	
MRI-PDFF	are	emerging	 as	useful	 imaging	markers	 to	 assess	 treat-
ment	response	in	clinical	trials	in	NASH.30,99	Moreover,	our	conclusion	
is	based	on	trials	using	not	only	the	change	in	hepatic	enzymes	as	the	
end-point	but	also	hepatic	steatosis,	inflammation	and	fibrosis	as	out-
come	measures,	providing	more	comprehensive	evidence	of	the	effi-
cacy	of	GLP-1	RAs	in	the	treatment	of	NAFLD	than	previous	studies.

6  | CONCLUSION

In this systematic review of published and ongoing clinical trials of 
the	efficacy	of	GLP-1RAs	for	NAFLD,	we	found	that	GLP-1	RAs	are	
effective	for	the	improvement	in	hepatic	enzymes	and	hepatic	stea-
tosis,	with	the	potential	to	reverse	fibrosis.	More	importantly,	GLP-1	
RAs	show	promise	 in	 improving	histological	 features	of	NASH,	al-
though the number of studies assessing the histological response to 
GLP-1	RA	 therapy	 is	 limited.	 Further	 prospective	 studies	 of	 suffi-
cient	duration	using	histological	end-points	are	needed	to	fully	as-
sess	the	efficacy	of	GLP-1	RAs	in	the	management	of	NAFLD.

ACKNOWLEDG EMENTS
This	 study	 is	 funded	 by	 the	Health	 Commission	 of	 Jilin	 Province,	
China	(Grant	No.20152019).

CONFLIC T OF INTERE S T
The authors have declared no conflict of interest.

AUTHOR CONTRIBUTIONS
XD	lv,	LL	Hu	and	SY	Qin	designed	the	study.	SY	Qin	wrote	the	manu-
script.	XD	lv,	YQ	Dong,	LL	Hu	and	FY	Lu	searched	databases,	per-
formed the selection of studies and assessed the quality of included 
studies.	CY	Zhou	provided	funding,	designed	the	illustration	and	ap-
proved the last version.

DATA AVAIL ABILIT Y S TATEMENT
All	data	related	to	this	study	are	included	in	the	manuscript	and	sup-
plementary materials.

ORCID
Shaoyou Qin  https://orcid.org/0000-0003-4811-9767 

R E FE R E N C E S
	1.	 Younossi	ZM,	Koenig	AB,	Abdelatif	D,	et	al.	Global	epidemiology	of	
nonalcoholic	fatty	liver	disease-Meta-analytic	assessment	of	preva-
lence,	incidence,	and	outcomes.	Hepatology.	2016;64(1):73-84.

	2.	 Younossi	ZM,	Golabi	P,	de	Avila	L,	et	al.	The	global	epidemiology	of	
NAFLD	and	NASH	in	patients	with	type	2	diabetes:	a	systematic	re-
view	and	meta-analysis.	J Hepatol.	2019;71(4):793-801.

	3.	 Singh	S,	Allen	AM,	Wang	Z,	et	al.	Fibrosis	progression	in	nonalcoholic	
fatty liver vs nonalcoholic steatohepatitis: a systematic review and 
meta-analysis	 of	 paired-biopsy	 studies.	 Clin Gastroenterol Hepatol. 
2015;13(4):643-654.

	4.	 Pais	R,	Charlotte	F,	Fedchuk	L,	et	al.	A	systematic	review	of	follow-up	
biopsies	 reveals	 disease	 progression	 in	 patients	with	 non-alcoholic	
fatty liver. J Hepatol.	2013;59(3):550-556.

	5.	 Matteoni	C,	Younossi	Z,	Gramlich	T,	et	al.	Nonalcoholic	fatty	liver	dis-
ease: a spectrum of clinical and pathological severity. Gastroenterology. 
1999;116(6):1413-1419.

	6.	 Tilg	H,	Moschen	AR,	Roden	M.	NAFLD	and	diabetes	mellitus.	Nat Rev 
Gastroenterol Hepatol.	2017;14(1):32-42.

	7.	 Starley	BQ,	Calcagno	CJ,	Harrison	SA.	Nonalcoholic	 fatty	 liver	dis-
ease and hepatocellular carcinoma: a weighty connection. Hepatology. 
2010;51(5):1820-1832.

https://orcid.org/0000-0003-4811-9767
https://orcid.org/0000-0003-4811-9767


14 of 16  |     LV et aL.

	8.	 El-Serag	HB,	Richardson	PA,	Everhart	JE.	The	role	of	diabetes	in	he-
patocellular	 carcinoma:	 a	 case-control	 study	 among	 United	 States	
Veterans. Am J Gastroenterol.	2001;96(8):2462-2467.

	9.	 Arrese	 M,	 Barrera	 F,	 Triantafilo	 N,	 Arab	 JP.	 Concurrent	 nonal-
coholic fatty liver disease and type 2 diabetes: diagnostic and 
therapeutic considerations. Expert Rev Gastroenterol Hepatol. 
2019;13(9):849-866.

	10.	Schuppan	D,	Surabattula	R,	Wang	XY.	Determinants	of	fibrosis	pro-
gression	and	regression	in	NASH.	J Hepatol.	2018;68(2):238-250.

	11.	Ortiz-Lopez	C,	Lomonaco	R,	Orsak	B,	et	al.	Prevalence	of	prediabetes	
and diabetes and metabolic profile of patients with nonalcoholic fatty 
liver	disease	(NAFLD).	Diabetes Care.	2012;35(4):873-878.

	12.	Lomonaco	 R,	 Bril	 F,	 Portillo-Sanchez	 P,	 et	 al.	 Metabolic	 impact	 of	
nonalcoholic steatohepatitis in obese patients with type 2 diabetes. 
Diabetes Care.	2016;39(4):632-638.

	13.	Vilar-Gomez	E,	Martinez-Perez	Y,	Calzadilla-Bertot	L,	 et	 al.	Weight	
loss through lifestyle modification significantly reduces features of 
nonalcoholic steatohepatitis. Gastroenterology.	2015;149(2):367-378.

	14.	Promrat	K,	Kleiner	DE,	Niemeier	HM,	et	al.	Randomized	controlled	
trial testing the effects of weight loss on nonalcoholic steatohepati-
tis. Hepatology.	2010;51(1):121-129.

	15.	Hannah	 WN,	 Harrison	 SA.	 Lifestyle	 and	 dietary	 interventions	 in	
the management of nonalcoholic fatty liver disease. Dig Dis Sci. 
2016;61(5):1365-1374.

	16.	Bril	 F,	 Cusi	 K.	 Nonalcoholic	 fatty	 liver	 disease:	 the	 new	 complica-
tion of type 2 diabetes mellitus. Endocrinol Metab Clin North Am. 
2016;45(4):765-781.

	17.	Bril	 F,	 Cusi	 K.	 Management	 of	 nonalcoholic	 fatty	 liver	 disease	
in patients with type 2 diabetes: a call to action. Diabetes Care. 
2017;40(3):419-430.

	18.	Cusi	 K,	 Orsak	 B,	 Bril	 F,	 et	 al.	 Long-term	 pioglitazone	 treatment	
for patients with nonalcoholic steatohepatitis and prediabetes 
or	 type	 2	 diabetes	 mellitus:	 a	 randomized	 trial.	 Ann Intern Med. 
2016;165(5):305-315.

	19.	Jennison	 E,	 Patel	 J,	 Scorletti	 E,	 Byrne	 CD.	 Diagnosis	 and	 man-
agement	 of	 non-alcoholic	 fatty	 liver	 disease.	 Postgrad Med J. 
2019;95(1124):314-322.

	20.	Rouabhia	 S,	 Milic	 N,	 Abenavoli	 L.	 Metformin	 in	 the	 treatment	 of	
non-alcoholic	 fatty	 liver	 disease:	 safety,	 efficacy	 and	 mechanism.	
Expert Rev Gastroenterol Hepatol.	2014;8(4):343-349.

	21.	Gouni-Berthold	I,	Papanas	N,	Maltezos	E.	The	role	of	oral	antidiabetic	
agents	and	incretin	mimetics	in	type	2	diabetic	patients	with	non-al-
coholic fatty liver disease. Curr Pharm Des.	2014;20(22):3705-3715.

	22.	Scheen	AJ.	Beneficial	effects	of	SGLT2	inhibitors	on	fatty	liver	in	type	
2 diabetes: a common comorbidity associated with severe complica-
tions. Diabetes Metabolism.	2019;45(3):213-223.

	23.	Arase	Y,	Kawamura	Y,	Seko	Y,	et	al.	Efficacy	and	safety	in	sitagliptin	
therapy	for	diabetes	complicated	by	non-alcoholic	fatty	liver	disease.	
Hepatol Res.	2013;43(11):1163-1168.

	24.	Sanyal	AJ,	Brunt	EM,	Kleiner	DE,	et	al.	Endpoints	and	clinical	trial	design	
for nonalcoholic steatohepatitis. Hepatology.	2011;54(1):344-353.

	25.	Rinella	ME,	Tacke	F,	Sanyal	AJ,	Anstee	QM.	Report	on	the	AASLD/
EASL	joint	workshop	on	clinical	trial	endpoints	in	NAFLD.	J Hepatol. 
2019;71(4):823-833.

	26.	Dulai	PS,	Sirlin	CB,	Loomba	R.	MRI	and	MRE	for	non-invasive	quantita-
tive	assessment	of	hepatic	steatosis	and	fibrosis	in	NAFLD	and	NASH:	
clinical trials to clinical practice. J Hepatol.	2016;65(5):1006-1016.

	27.	Singh	S,	Venkatesh	SK,	Loomba	R,	et	al.	Magnetic	resonance	elastog-
raphy	for	staging	liver	fibrosis	 in	non-alcoholic	fatty	liver	disease:	a	
diagnostic accuracy systematic review and individual participant data 
pooled analysis. Eur Radiol.	2016;26(5):1431-1440.

	28.	Singh	 S,	 Venkatesh	 SK,	Wang	 Z,	 et	 al.	 Diagnostic	 performance	 of	
magnetic resonance elastography in staging liver fibrosis: a sys-
tematic	review	and	meta-analysis	of	individual	participant	data.	Clin 
Gastroenterol Hepatol.	2015;13(3):440-451.

	29.	Banerjee	R,	Pavlides	M,	Tunnicliffe	EM,	et	al.	Multiparametric	mag-
netic	 resonance	 for	 the	 non-invasive	 diagnosis	 of	 liver	 disease.	 J 
Hepatol.	2014;60(1):69-77.

	30.	Caussy	C,	Reeder	SB,	Sirlin	CB,	Loomba	R.	Noninvasive,	quantitative	
assessment	of	liver	fat	by	MRI-PDFF	as	an	endpoint	in	NASH	trials.	
Hepatology (Baltimore, MD).	2018;68(2):763-772.

	31.	Gu	J,	Liu	S,	Du	S,	et	al.	Diagnostic	value	of	MRI-PDFF	for	hepatic	ste-
atosis	in	patients	with	non-alcoholic	fatty	liver	disease:	a	meta-analy-
sis. Eur Radiol.	2019;29(7):3564-3573.

	32.	Liberati	A,	Altman	DG,	Tetzlaff	 J,	et	al.	The	PRISMA	statement	 for	
reporting	 systematic	 reviews	 and	 meta-analyses	 of	 studies	 that	
evaluate	healthcare	interventions:	explanation	and	elaboration.	BMJ 
(Clinical research ed).	2009;339:b2700.

	33.	Chalasani	N,	Younossi	Z,	Lavine	JE,	et	al.	The	diagnosis	and	manage-
ment of nonalcoholic fatty liver disease: Practice guidance from the 
American	 Association	 for	 the	 Study	 of	 Liver	 Diseases.	Hepatology 
(Baltimore, MD).	2018;67(1):328-357.

	34.	Higgins	 JPT,	 Altman	 DG,	 Gotzsche	 PC,	 et	 al.	 The	 Cochrane	
Collaboration's	 tool	 for	 assessing	 risk	 of	 bias	 in	 randomised	 trials.	
BMJ.	2011;343:d5928.

	35.	Morigny	P,	Houssier	M,	Mouisel	E,	Langin	D.	Adipocyte	lipolysis	and	
insulin resistance. Biochimie.	2016;125:259-266.

	36.	Armstrong	MJ,	Hazlehurst	JM,	Hull	D,	et	al.	Abdominal	subcutaneous	
adipose	tissue	insulin	resistance	and	lipolysis	in	patients	with	non-al-
coholic steatohepatitis. Diabetes Obes Metab.	2014;16(7):651-660.

	37.	Sindhu	 S,	 Thomas	 R,	 Shihab	 P,	 et	 al.	 Obesity	 is	 a	 positive	mod-
ulator	 of	 IL-6R	 and	 IL-6	 expression	 in	 the	 subcutaneous	 adi-
pose tissue: significance for metabolic inflammation. PLoS One. 
2015;10(7):e0133494.

	38.	Jorge	ASB,	Andrade	JMO,	Paraíso	AF,	et	al.	Body	mass	index	and	the	
visceral	 adipose	 tissue	 expression	 of	 IL-6	 and	 TNF-alpha	 are	 asso-
ciated	 with	 the	 morphological	 severity	 of	 non-alcoholic	 fatty	 liver	
disease in individuals with class III obesity. Obesity research & clinical 
practice.	2018;12(1):1-8.

	39.	Hotamisligil	GS,	Shargill	NS,	Spiegelman	BM.	Adipose	expression	of	
tumor	necrosis	factor-alpha:	direct	role	in	obesity-linked	insulin	resis-
tance. Science (New York, NY).	1993;259(5091):87-91.

	40.	Moschen	AR,	Molnar	C,	Geiger	S,	et	al.	Anti-inflammatory	effects	of	
excessive	weight	loss:	potent	suppression	of	adipose	interleukin	6	and	
tumour	necrosis	factor	alpha	expression.	Gut.	2010;59(9):1259-1264.

	41.	Cnop	M,	Havel	PJ,	Utzschneider	KM,	et	al.	Relationship	of	adiponec-
tin	 to	 body	 fat	 distribution,	 insulin	 sensitivity	 and	 plasma	 lipopro-
teins:	 evidence	 for	 independent	 roles	 of	 age	 and	 sex.	Diabetologia. 
2003;46(4):459-469.

	42.	Yamauchi	T,	Kamon	J,	Minokoshi	Y,	et	al.	Adiponectin	stimulates	glu-
cose	utilization	and	fatty-acid	oxidation	by	activating	AMP-activated	
protein kinase. Nat Med.	2002;8(11):1288-1295.

	43.	Khan	RS,	Bril	 F,	Cusi	K,	Newsome	PN.	Modulation	of	 insulin	 resis-
tance in nonalcoholic fatty liver disease. Hepatology (Baltimore, MD). 
2019;70(2):711-724.

	44.	Hui	 JM,	 Hodge	 A,	 Farrell	 GC,	 et	 al.	 Beyond	 insulin	 resistance	 in	
NASH:	 TNF-alpha	 or	 adiponectin?	 Hepatology (Baltimore, MD). 
2004;40(1):46-54.

	45.	Marchesini	 G,	 Brizi	 M,	 Bianchi	 G,	 et	 al.	 Nonalcoholic	 fatty	
liver disease: a feature of the metabolic syndrome. Diabetes. 
2001;50(8):1844-1850.

	46.	Bugianesi	E,	Gastaldelli	A,	Vanni	E,	et	al.	Insulin	resistance	in	non-di-
abetic	patients	with	non-alcoholic	fatty	liver	disease:	sites	and	mech-
anisms. Diabetologia.	2005;48(4):634-642.

	47.	Birkenfeld	AL,	Shulman	GI.	Nonalcoholic	fatty	liver	disease,	hepatic	
insulin	 resistance,	 and	 type	2	diabetes.	Hepatology (Baltimore, MD). 
2014;59(2):713-723.

	48.	Perry	RJ,	Samuel	VT,	Petersen	KF,	Shulman	GI.	The	role	of	hepatic	
lipids in hepatic insulin resistance and type 2 diabetes. Nature. 
2014;510(7503):84-91.



     |  15 of 16LV et aL.

	49.	Finck	BN.	Targeting	metabolism,	 insulin	 resistance,	and	diabetes	 to	
treat nonalcoholic steatohepatitis. Diabetes.	2018;67(12):2485-2493.

	50.	Ekstedt	 M,	 Franzén	 LE,	 Mathiesen	 UL,	 et	 al.	 Long-term	 follow-up	
of	 patients	 with	 NAFLD	 and	 elevated	 liver	 enzymes.	 Hepatology 
(Baltimore, MD).	2006;44(4):865-873.

	51.	Seko	 Y,	 Sumida	 Y,	 Tanaka	 S,	 et	 al.	 Effect	 of	 12-week	 dulaglu-
tide	 therapy	 in	 Japanese	 patients	 with	 biopsy-proven	 non-alco-
holic fatty liver disease and type 2 diabetes mellitus. Hepatol Res. 
2017;47(11):1206-1211.

	52.	Newsome	P,	Francque	S,	Harrison	S,	et	al.	Effect	of	semaglutide	on	
liver	enzymes	and	markers	of	 inflammation	 in	subjects	with	 type	2	
diabetes and/or obesity. Aliment Pharmacol Ther.	2019;50(2):193-203.

	53.	Cusi	K,	Sattar	N,	García-Pérez	LE,	et	al.	Dulaglutide	decreases	plasma	
aminotransferases in people with Type 2 diabetes in a pattern con-
sistent	with	 liver	 fat	 reduction:	 a	post	hoc	 analysis	of	 the	AWARD	
programme. Diabetic Med.	2018;35(10):1434-1439.

	54.	Feng	W-H,	Bi	Y,	Li	P,	et	al.	Effects	of	liraglutide,	metformin	and	gli-
clazide	on	body	composition	 in	patients	with	both	 type	2	diabetes	
and	non-alcoholic	 fatty	 liver	disease:	 a	 randomized	 trial.	 J Diabetes 
Invest.	2019;10(2):399-407.

	55.	Jendle	 J,	Nauck	MA,	Matthews	DR,	et	 al.	Weight	 loss	with	 liraglu-
tide,	a	once-daily	human	glucagon-like	peptide-1	analogue	for	 type	
2	diabetes	treatment	as	monotherapy	or	added	to	metformin,	is	pri-
marily as a result of a reduction in fat tissue. Diabetes Obes Metab. 
2009;11(12):1163-1172.

	56.	Tang	AN,	Rabasa-Lhoret	R,	Castel	H,	et	al.	Effects	of	insulin	glargine	
and liraglutide therapy on liver fat as measured by magnetic reso-
nance	in	patients	with	type	2	diabetes:	a	randomized	trial.	Diabetes 
Care.	2015;38(7):1339-1346.

	57.	Fan	H,	Pan	Q,	Xu	Y,	Yang	X.	Exenatide	improves	type	2	diabetes	con-
comitant	with	 non-alcoholic	 fatty	 liver	 disease.	Arq Bras Endocrinol 
Metabol.	2013;57(9):702-708.

	58.	Tian	F,	Zheng	Z,	Zhang	D,	He	S,	Shen	J.	Efficacy	of	liraglutide	in	treat-
ing	 type	 2	 diabetes	 mellitus	 complicated	 with	 non-alcoholic	 fatty	
liver disease. Biosci Rep.	2018;38(6).	https://doi.org/10.1042/BSR20	
181304

	59.	Buse	JB,	Klonoff	DC,	Nielsen	LL,	et	al.	Metabolic	effects	of	two	years	
of	 exenatide	 treatment	 on	 diabetes,	 obesity,	 and	 hepatic	 biomark-
ers in patients with type 2 diabetes: an interim analysis of data from 
the	open-label,	uncontrolled	extension	of	three	double-blind,	place-
bo-controlled	trials.	Clin Ther.	2007;29(1):139-153.

	60.	Feng	W,	Gao	C,	Bi	Y,	et	al.	Randomized	trial	comparing	the	effects	of	
gliclazide,	liraglutide,	and	metformin	on	diabetes	with	non-alcoholic	
fatty liver disease. J Diabetes.	2017;9(8):800-809.

	61.	Armstrong	MJ,	Gaunt	P,	Aithal	GP,	et	al.	Liraglutide	safety	and	effi-
cacy	 in	patients	with	non-alcoholic	 steatohepatitis	 (LEAN):	a	multi-
centre,	double-blind,	randomised,	placebo-controlled	phase	2	study.	
Lancet.	2016;387(10019):679-690.

	62.	Blaslov	K,	Zibar	K,	Bulum	T,	Duvnjak	L.	Effect	of	exenatide	therapy	
on hepatic fat quantity and hepatic biomarkers in type 2 diabetic pa-
tients. Clin Res Hepatol Gastroenterol.	2014;38(3):e61-e63.

	63.	Dutour	A,	Abdesselam	I,	Ancel	P,	et	al.	Exenatide	decreases	liver	fat	
content and epicardial adipose tissue in patients with obesity and 
type	 2	 diabetes:	 a	 prospective	 randomized	 clinical	 trial	 using	mag-
netic resonance imaging and spectroscopy. Diabetes Obes Metab. 
2016;18(9):882-891.

	64.	Pearce	SG,	Thosani	NC,	Pan	JJ.	Noninvasive	biomarkers	for	the	diag-
nosis	of	steatohepatitis	and	advanced	fibrosis	 in	NAFLD.	Biomarker 
Res. 2013;1(1):7.

	65.	Cuthbertson	DJ,	Irwin	A,	Gardner	CJ,	et	al.	Improved	glycaemia	cor-
relates	with	 liver	 fat	 reduction	 in	 obese,	 type	 2	 diabetes,	 patients	
given	 glucagon-like	 peptide-1	 (GLP-1)	 receptor	 agonists.	PLoS One. 
2012;7(12):e50117.

	66.	Petit	 JM,	 Cercueil	 JP,	 Loffroy	 R,	 et	 al.	 Effect	 of	 liraglutide	 ther-
apy on liver fat content in patients with inadequately controlled 

type	 2	 diabetes:	 the	 Lira-NAFLD	 study.	 J Clin Endocrinol Metab. 
2017;102(2):407-415.

	67.	Khoo	 J,	Hsiang	 J,	Taneja	R,	 Law	NM,	Ang	TL.	Comparative	effects	
of liraglutide 3 mg vs structured lifestyle modification on body 
weight,	 liver	fat	and	 liver	function	 in	obese	patients	with	non-alco-
holic	fatty	liver	disease:	a	pilot	randomized	trial.	Diabetes Obes Metab. 
2017;19(12):1814-1817.

	68.	Bi	Y,	Zhang	B,	Xu	W,	et	al.	Effects	of	exenatide,	 insulin,	and	piogli-
tazone	on	 liver	fat	content	and	body	fat	distributions	 in	drug-naive	
subjects with type 2 diabetes. Acta Diabetol.	2014;51(5):865-873.

	69.	Castera	 L,	 Friedrich-Rust	 M,	 Loomba	 R.	 Noninvasive	 assessment	
of liver disease in patients with nonalcoholic fatty liver disease. 
Gastroenterology.	2019;156(5):1264-1281.

	70.	Balena	R,	Hensley	IE,	Miller	S,	Barnett	AH.	Combination	therapy	with	
GLP-1	receptor	agonists	and	basal	insulin:	a	systematic	review	of	the	
literature. Diabetes Obes Metab.	2013;15(6):485-502.

	71.	Sathyanarayana	P,	Jogi	M,	Muthupillai	R,	et	al.	Effects	of	combined	
exenatide	and	pioglitazone	therapy	on	hepatic	fat	content	in	type	2	
diabetes. Obesity (Silver Spring).	2011;19(12):2310-2315.

	72.	Shao	N,	Kuang	HY,	Hao	M,	et	 al.	Benefits	of	 exenatide	on	obesity	
and	 non-alcoholic	 fatty	 liver	 disease	 with	 elevated	 liver	 enzymes	
in patients with type 2 diabetes. Diabetes/Metabolism Res Rev. 
2014;30(6):521-529.

	73.	Ajmera	VH,	Liu	A,	Singh	S,	et	al.	Clinical	utility	of	an	increase	in	mag-
netic resonance elastography in predicting fibrosis progression in 
NAFLD.	Hepatology (Baltimore, MD).	2020;71(3):849–860.

	74.	Younossi	ZM,	Loomba	R,	Anstee	QM,	et	al.	Diagnostic	modalities	for	
nonalcoholic	fatty	liver	disease,	nonalcoholic	steatohepatitis,	and	as-
sociated fibrosis. Hepatology (Baltimore, MD).	2018;68(1):349-360.

	75.	Lefebvre	T,	Wartelle-Bladou	C,	Wong	P,	et	al.	Prospective	compari-
son	of	transient,	point	shear	wave,	and	magnetic	resonance	elastog-
raphy for staging liver fibrosis. Eur Radiol.	2019;29(12):6477-6488.

	76.	Castera	 L,	Vilgrain	V,	Angulo	P.	Noninvasive	 evaluation	 of	NAFLD.	
Nat Rev Gastroenterol Hepatol.	2013;10(11):666-675.

	77.	Vuppalanchi	R,	Siddiqui	MS,	Van	Natta	ML,	et	al.	Performance	char-
acteristics	of	vibration-controlled	transient	elastography	for	evalua-
tion of nonalcoholic fatty liver disease. Hepatology (Baltimore, MD). 
2018;67(1):134-144.

	78.	Ohki	 T,	 Isogawa	A,	 Iwamoto	M,	 et	 al.	 The	 effectiveness	 of	 liraglu-
tide in nonalcoholic fatty liver disease patients with type 2 diabetes 
mellitus	 compared	 to	 sitagliptin	and	pioglitazone.	Scientific World J. 
2012;2012:1-8.

	79.	Suzuki	D,	Toyoda	M,	Kimura	M,	et	al.	Effects	of	liraglutide,	a	human	
glucagon-like	peptide-1	analogue,	on	body	weight,	body	fat	area	and	
body	 fat-related	markers	 in	 patients	with	 type	2	 diabetes	mellitus.	
Intern Med.	2013;52(10):1029-1034.

	80.	Eguchi	Y,	Kitajima	Y,	Hyogo	H,	et	al.	Pilot	study	of	liraglutide	effects	
in	non-alcoholic	steatohepatitis	and	non-alcoholic	fatty	liver	disease	
with	glucose	intolerance	in	Japanese	patients	(LEAN-J).	Hepatol Res. 
2015;45(3):269-278.

	81.	Smits	MM,	Tonneijck	L,	Muskiet	MHA,	et	al.	Twelve	week	liraglutide	or	
sitagliptin does not affect hepatic fat in type 2 diabetes: a randomised 
placebo-controlled	trial.	Diabetologia.	2016;59(12):2588-2593.

	82.	Schuster	S,	Cabrera	D,	Arrese	M,	Feldstein	AE.	Triggering	and	 res-
olution	 of	 inflammation	 in	 NASH.	 Nat Rev Gastroenterol Hepatol. 
2018;15(6):349-364.

	83.	Brunt	 EM,	 Kleiner	DE,	Wilson	 LA,	 Belt	 P,	Neuschwander-Tetri	 BA.	
Nonalcoholic	fatty	liver	disease	(NAFLD)	activity	score	and	the	histo-
pathologic	diagnosis	in	NAFLD:	distinct	clinicopathologic	meanings.	
Hepatology (Baltimore, MD).	2011;53(3):810-820.

	84.	Kenny	PR,	Brady	DE,	Torres	DM,	et	al.	Exenatide	in	the	treatment	of	
diabetic	patients	with	non-alcoholic	steatohepatitis:	a	case	series.	Am 
J Gastroenterol.	2010;105(12):2707-2709.

	85.	Klonoff	DC,	Buse	JB,	Nielsen	LL,	et	al.	Exenatide	effects	on	diabe-
tes,	 obesity,	 cardiovascular	 risk	 factors	 and	 hepatic	 biomarkers	 in	

https://doi.org/10.1042/BSR20181304
https://doi.org/10.1042/BSR20181304


16 of 16  |     LV et aL.

patients with type 2 diabetes treated for at least 3 years. Curr Med 
Res Opin.	2008;24(1):275-286.

	86.	Dong	Y,	 Lv	Q,	 Li	 S,	 et	 al.	 Efficacy	 and	 safety	of	 glucagon-like	pep-
tide-1	 receptor	 agonists	 in	 non-alcoholic	 fatty	 liver	 disease:	 a	 sys-
tematic	 review	 and	 meta-analysis.	 Clin Res Hepatol Gastroenterol. 
2017;41(3):284-295.

	87.	Lee	J,	Hong	SW,	Rhee	EJ,	Lee	WY.	GLP-1	receptor	agonist	and	non-al-
coholic fatty liver disease. Diabetes Metabolism J.	2012;36(4):262-267.

	88.	Tian	L,	Jin	T.	The	incretin	hormone	GLP-1	and	mechanisms	underlying	
its secretion. J Diabetes.	2016;8(6):753-765.

	89.	Reimann	F,	Gribble	FM.	Mechanisms	underlying	glucose-dependent	
insulinotropic	 polypeptide	 and	 glucagon-like	 peptide-1	 secretion.	 J 
Diabetes Invest.	2016;Suppl	1(Suppl	1):13-19.

	90.	Mells	JE,	Anania	FA.	The	role	of	gastrointestinal	hormones	in	hepatic	
lipid metabolism. Semin Liver Dis.	2013;33(4):343-357.

	91.	Tolhurst	G,	Reimann	F,	Gribble	FM.	Nutritional	 regulation	of	gluca-
gon-like	peptide-1	secretion.	J Physiol.	2009;587(1):27-32.

	92.	Yaribeygi	 H,	 Sathyapalan	 T,	 Sahebkar	 A.	 Molecular	 mechanisms	
by	 which	 GLP-1	 RA	 and	 DPP-4i	 induce	 insulin	 sensitivity.	 Life Sci. 
2019;234:116776.

	93.	Svegliati-Baroni	G,	 Saccomanno	 S,	 Rychlicki	 C,	 et	 al.	Glucagon-like	
peptide-1	receptor	activation	stimulates	hepatic	 lipid	oxidation	and	
restores	 hepatic	 signalling	 alteration	 induced	 by	 a	 high-fat	 diet	 in	
nonalcoholic steatohepatitis. Liver Int.	2011;31(9):1285-1297.

	94.	Hazlehurst	 JM,	 Woods	 C,	 Marjot	 T,	 Cobbold	 JF,	 Tomlinson	 JW.	
Non-alcoholic	 fatty	 liver	 disease	 and	 diabetes.	 Metabolism. 
2016;65(8):1096-1108.

	95.	Thiagarajan	 P,	 Aithal	 GP.	 Drug	 development	 for	 nonalcoholic	
fatty liver disease: landscape and challenges. J Clin Exp Hepatol. 
2019;9(4):515-521.

	96.	Cheung	A,	Neuschwander-Tetri	 BA,	Kleiner	DE,	 et	 al.	Defining	 im-
provement in nonalcoholic steatohepatitis for treatment trial end-
points: recommendations from the liver forum. Hepatology (Baltimore, 
MD).	2019;70(5):1841-1855.

	97.	Ratziu	V.	A	critical	review	of	endpoints	for	non-cirrhotic	NASH	ther-
apeutic trials. J Hepatol.	2018;68(2):353-361.

	98.	Siddiqui	MS,	Harrison	SA,	Abdelmalek	MF,	et	al.	Case	definitions	for	
inclusion and analysis of endpoints in clinical trials for nonalcoholic 
steatohepatitis through the lens of regulatory science. Hepatology 
(Baltimore, MD).	2018;67(5):2001-2012.

	99.	Patel	 J,	 Bettencourt	 R,	 Cui	 J,	 et	 al.	 Association	 of	 noninvasive	
quantitative decline in liver fat content on MRI with histologic re-
sponse in nonalcoholic steatohepatitis. Ther Adv Gastroenterol. 
2016;9(5):692-701.

SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting Information section.

How to cite this article:	Lv	X,	Dong	Y,	Hu	L,	Lu	F,	Zhou	C,	Qin	
S.	Glucagon-like	peptide-1	receptor	agonists	(GLP-1	RAs)	for	
the	management	of	nonalcoholic	fatty	liver	disease	(NAFLD):	
A	systematic	review.	Endocrinol Diab Metab. 2020;3:e00163. 
https://doi.org/10.1002/edm2.163

https://doi.org/10.1002/edm2.163

