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Abstract
Nonalcoholic fatty liver disease (NAFLD) is highly asso
ciated with insulin resistance (IR), type 2 diabetes me
llitus and metabolic syndrome, being characterized as 
the hepatic component of metabolic syndrome. Despite 
its high prevalence, no pharmacological treatment 
has been established, as of yet. A growing body of 
evidence, however, shows that reducing IR can result 
in improvement of the biochemical and histological 
features of nonalcoholic steatohepatitis (NASH)-the 
aggressive form of NAFLD that can lead to cirrhosis 
and hepatocellular carcinoma. Unfortunately, the se
veral trials that have assessed the effect of various 
antidiabetic agents to date have failed to establish an 
effective and safe treatment regimen for patients with 
NAFLD. Glucagon-like peptide-1 (commonly known as 
GLP-1) agonists are a novel class of antidiabetic drugs 
that improve insulin sensitivity and promote weight loss. 
They also appear to have a direct effect on the lipid 
metabolism of hepatocytes, reducing hepatic steatosis. 
Several trials have demonstrated that GLP-1 agonists 
can reduce aminotransferase levels and improve liver 
histology in patients with NAFLD, suggesting that these 
agents could serve as an alternative treatment option 
for these patients. This manuscript discusses the role 
and potential mechanisms of GLP-1 agonists in the 
treatment of NASH. 
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Core tip: There is an urgent need for an effective 
treatment of nonalcoholic fatty liver disease (NAFLD). 
Growing evidence indicates that reducing insulin resis
tance can result in improvement of the biochemical 
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and histological features of patients with nonalcoholic 
steatohepatitis (NASH). However, no antidiabetic 
agent to date has been proven as both safe and effe
ctive for the treatment of patients with NASH. Re
cent studies have demonstrated that glucagon-like 
peptide-1 agonists, a novel class of antidiabetic drugs, 
may be effective in slowing the progression of NAFLD, 
highlighting their potential role in the treatment of this 
complex disease. 
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) encompa­
sses a wide spectrum of clinical and histopathologi­
cal conditions, ranging from simple steatosis [i.e., 
nonalcoholic fatty liver (NAFL)] to liver injury [i.e., 
nonalcoholic steatohepatitis (NASH), the aggressive 
form of NAFLD that can lead to cirrhosis and hepa­
tocellular carcinoma][1,2]. NAFLD is highly associated 
with metabolic syndrome and type 2 diabetes mellitus 
(T2DM)[3]. In fact, the prevalence of NAFLD in T2DM 
has been estimated to be around 60%[4].

The pathophysiology of NAFLD is not yet fully elu­
cidated; however, it is widely believed that insulin 
resistance (IR) may play a critical role in the patho­
genesis of the disease. Several studies have shown 
that patients with NAFL and NASH are characterized 
by IR and hyperinsulinemia, irrespective of glucose 
tolerance or body mass index[5,6]. The multi-hit hy­
pothesis, initially described by Day and James[7], 
claims that IR is the key factor in the pathogenesis of 
steatosis. IR causes dysregulation of peripheral lipolysis 
and increases de novo lipogenesis, leading to elevated 
levels of circulating fatty acids and lipid accumulation 
within hepatocytes-the “first hit” that predisposes to 
liver injury, inflammation and fibrosis[8]. Disrupted insu­
lin signaling is also involved in inflammatory cascade 
activation, lipid peroxidation and liver injury-“the se­
cond hit” leading to NASH[9].

Currently, NAFLD is reported to be the most com­
mon chronic liver disease worldwide[10]. However, 
despite huge efforts, there is still no established ph­
armacotherapy. Lifestyle modifications remain the sole 
therapeutic approach[11]. Given that IR is considered as 
the main pathogenetic factor for the development of 
NAFLD, drugs targeting IR have been investigated the 
most as potential treatment options for NAFLD, but the 
studies have yielded conflicting results. 

Metformin, the most widely used insulin-sensitizing 
agent, improves insulin sensitivity by mechanisms 
that are not yet fully understood[12]. A meta-analysis 

assessing the effect of metformin in NAFLD revealed 
that, while it can improve the biochemical and me­
tabolic features of NAFLD, it does not improve the 
patients’ histological response[13]. Metformin is not 
currently recommended for the treatment of NAFLD by 
either the American Association for the Study of Liver 
Diseases or the European Association for the Study of 
Liver (commonly referred to by their acronyms, AASLD 
and EASL, respectively)[14,15]. 

Thiazolidinediones, another class of insulin-sen­
sitizers, act by redistributing fat from ectopic tissues 
to the adipose tissue, and by increasing levels of adi­
ponectin-an adipokine that has insulin‐sensitizing pro­
perties[16,17]. Several studies have evaluated the effi­
cacy of thiazolidinediones in patients with NAFLD. The 
“Pioglitazone vs vitamin E vs placebo for the treatment 
of nondiabetic patients with nonalcoholic steatohepati­
tis” trial (published as the PIVENS trial) was the largest 
one performed, involving 247 nondiabetic patients with 
biopsy-proven NASH[18]. The patients were randomized 
to receive either pioglitazone (30 mg/d) or vitamin E 
(800 IU/d) or placebo. The pioglitazone treatment was 
associated with a significant reduction in steatosis and 
lobular inflammation compared to placebo; however, 
it did not improve fibrosis. A randomized, placebo-
controlled trial performed in patients with NASH and 
prediabetes or T2DM showed that pioglitazone achieved 
the primary endpoint of an ≥ 2-point decrease in NAFLD 
activity score without worsening fibrosis, and was as­
sociated with improvement in steatosis, inflammation 
and ballooning necrosis[19]. The AASLD and EASL have 
suggested the use of pioglitazone in patients with 
biopsy‐proven NASH[14,15], although concerns about 
the side effects and long-term safety of this drug have 
limited its widespread use. Pioglitazone has been asso­
ciated with weight gain that is persistent (even after 
discontinuation of the treatment), fluid retention, dete­
rioration of heart failure, bone fractures, and increased 
risk of bladder cancer[20-23]. 

ROLE OF GLUCAGON-LIKE PEPTIDE-1 
AGONISTS IN NAFLD
Glucagon-like peptide-1 (GLP-1) agonists represent a 
novel class of antidiabetic drugs. They mimic the action 
of endogenous GLP-1, a gastrointestinal hormone 
of the incretin class of proteins that is secreted from 
Langerhans cells in response to nutrient ingestion[24]. 
This hormone has several metabolic effects, including 
the stimulation of glucose-dependent insulin secretion, 
inhibition of glucagon release, induction of pancreatic 
β-cell proliferation, and delay of gastric emptying[25]. 
While native GLP-1 is rapidly degraded by the enzyme 
dipeptidy1 peptidase-4 (otherwise known as DPP-4), 
GLP-1 agonists have increased resistance to DPP-4, 
thus prolonging the half-life time[26]. These agents have 
been shown to have beneficial effects on IR and weight 
control[25]. Several studies have demonstrated the 
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the pioglitazone group and did not retain a statis­
tically significant difference for the sitagliptin group. 
Administration of liraglutide was identified as an inde­
pendent factor for body weight reduction in multivariate 
analysis. 

In a recent open-label trial by Feng et al[32], 87 
patients with NAFLD were randomized to receive lira­
glutide, metformin or gliclazide for 24 wk. All three 
groups showed reduced intrahepatic fat, but the lira­
glutide group had the greatest reduction. In addition, 
the researchers found a statistically significant decrease 
in serum AST and alanine aminotransferase levels only 
in the liraglutide and metformin group, reporting slightly 
better results for the liraglutide group. However, a study 
by Khoo et al[33] demonstrated that liraglutide was as 
effective as structured lifestyle modification for reduction 
of liver fat fraction and serum aminotransferase levels. 

Exenatide
Two trials examined the use of exenatide in patients 
with NAFLD and T2DM[34,35]. In the first, Shao and collea­
gues[34] studied 60 patients with NAFLD and T2DM[34]. 
The patients were randomized to receive exenatide 
plus insulin glargine U-100 (exenatide group) or insulin 
glargine U-100 plus insulin aspart (intensive insulin 
group) for 12 wk. The levels of alanine aminotransferase, 
AST, and gamma-glutamyl transferase were significantly 
lower in the exenatide group than in the intensive insulin 
group. The exenatide plus insulin glargine treatment 
was also found to be superior to the intensive insulin 
therapy concerning the reversal rate of fatty liver (93.3% 
vs 66.7%, respectively). The second study, conducted 
by Fan et al[35], compared the efficacy of exenatide 
versus metformin in patients with NAFLD and T2DM. The 
results revealed that exenatide was more effective than 
metformin in reducing body weight and improving liver 
enzymes. Nevertheless, the efficacy of exenatide has 
not been evaluated in randomized trials with histological 
outcomes in patients with NASH, as of yet. Lastly, a 
recent meta-analysis of six studies assessing the efficacy 
of GLP-1 agonists (liraglutide and exenatide) in NAFLD, 
revealed that these agents improve liver histology and 
reduce serum aminotransferase levels, indicating that 
they might be effective in patients with biopsy-proven 
NASH[36]. 

Semaglutide
Semaglutide is a novel long-acting GLP-1 analogue, 
and has been recently approved for T2DM[37]. It has 
94% sequence homology to human GLP-1 and a half-
life of 165 h, supporting a once weekly scheme of 
administration[38]. Semaglutide has shown beneficial 
effects on glucose control and weight loss compared to 
placebo and other antidiabetic drugs in patients with 
T2DM in the “SUSTAIN” trial program[37,38]. It is currently 
under investigation for its potential as a treatment 
option for patients with NASH. A 72-wk, randomized, 
double-blind trial of 372 patients comparing the effi­

presence of GLP-1 receptor in hepatocytes, implying 
that GLP-1 agonists may also exert a direct effect on 
the liver. Gupta et al[27] found that the GLP-1 receptor 
plays a key role in the decrease of hepatic steatosis in 
vitro, by modulating elements of the insulin signaling 
pathway. GLP-1 agonists have demonstrated protec­
tion of hepatocytes from fatty acid-related death by 
prohibition of a dysfunctional endoplasmic reticulum 
stress response. They also appear to reduce fatty acid 
accumulation by activation of both macroautophagy 
and chaperone-mediated autophagy[28]. Evidence 
suggests that GLP-1 secretion is impaired in pati­
ents with NAFLD and NASH, highlighting the role of 
GLP-1 agonists as potential candidates for NAFLD 
treatment[29]. 

Liraglutide
Multiple trials have evaluated the efficacy of GLP-
1-based therapies in NAFLD. Among the GLP-1 ago­
nists, liraglutide is the most widely studied drug. In 
the “Liraglutide Efficacy and Action in NASH” study 
(published as the LEAN study), a double-blind rando­
mized control trial, Armstrong et al[30] assessed the 
effect of 48 wk of treatment with liraglutide in patients 
with biopsy-proven NASH. Fifty-two patients with (n = 
17) or without (n = 35) T2DM were randomly allocated 
to receive either liraglutide (1.8 mg/d) or placebo. 
The primary endpoint of the study was the resolution 
of definite steatohepatitis without worsening fibrosis. 
Secondary histological endpoints included change in 
the overall NAFLD activity score (steatosis, ballooning, 
lobular inflammation) and its individual components. 
Overall, 9/23 patients in the liraglutide group showed 
resolution of NASH with no worsening fibrosis com­
pared to 2/22 patients in the placebo group (P = 
0.019), successfully meeting the primary endpoint. 
Regarding the secondary outcomes, fewer patients in 
the liraglutide group showed progression in fibrosis 
compared to the placebo group (2/23 vs 8/22, P = 
0.04). However, results concerning lobular inflammation 
and overall NAFLD activity score were not statistically 
significant when compared between the two groups. 
The authors used histological primary endpoints, being 
able to evaluate the direct effect of liraglutide on the 
liver. The study was performed on patients with biopsy-
proven NASH, avoiding the inclusion of those without 
definite NASH. Their findings suggested that liraglutide 
led to the histological resolution of NASH, with the 
small sample size being, however, a major limitation. 

Ohki et al[31] performed a retrospective cohort 
study evaluating the efficacy of liraglutide compared 
to sitagliptin and pioglitazone in patients with NAFLD. 
They reported a significant reduction in serum amino­
transferase levels for all groups, while the aspartate 
aminotransferase (AST)-to-platelet counts ratio index 
was significantly reduced only for the liraglutide and 
pioglitazone groups. Body weight significantly decr­
eased in the liraglutide group, while it increased in 
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cacy and safety of three dose levels of subcutaneous 
semaglutide once daily vs placebo in NASH patients 
is ongoing (NCT02970942). This trial is expected to 
be completed during 2019 and will provide additional 
information on the effectiveness of GLP-1 agonists in 
patients with NAFLD.

CONCLUSION
GLP-1 agonists are not currently recommended by 
the AASLD and EASL for the treatment of NAFLD. In 
their latest guidelines, it was pointed out that it is 
still premature to consider these agents as a specific 
treatment for patients with NASH without diabetes, 
due to inadequate evidence[14,15]. Future research is, 
therefore, needed to confirm their efficacy in these 
patients. 

In conclusion, current evidence suggests that GLP-1 
agonists may be an attractive therapeutic option for 
patients with NAFLD. However, larger studies of longer 
duration with histological endpoints are still required 
to establish their exact role in the management of 
NAFLD.

Perspective for future study
GLP-1 agonists have been shown to be effective in 
improving liver histology and reducing aminotransferase 
levels in patients with NASH. So, the question arises 
as to whether these agents could serve as a treatment 
option for such patients. While data are promising, 
they are still limited. Large-scale randomized, placebo-
controlled trials with complete histological outcomes 
are warranted to elucidate the efficacy of GLP-1 ago­
nists in treating NASH. Another major limitation of 
the currently available studies is the lack of long-term 
outcomes. Studies of longer duration are required 
to properly evaluate the histological improvement in 
NASH. What is more, it would be interesting if future 
trials would include both diabetic and nondiabetic pati­
ents, in order to clarify the effect of GLP-1 agonists in 
NASH, regardless of changes in glycemic control. It will 
also be significant to assess whether GLP-1 agonists 
affect NAFLD in a dose-dependent manner, in order to 
search for preferred doses.

REFERENCES
1 	 Benedict M, Zhang X. Non-alcoholic fatty liver disease: An 

expanded review. World J Hepatol 2017; 9: 715-732 [PMID: 
28652891 DOI: 10.4254/wjh.v9.i16.715]

2 	 Michelotti GA, Machado MV, Diehl AM. NAFLD, NASH and liver 
cancer. Nat Rev Gastroenterol Hepatol 2013; 10: 656-665 [PMID: 
24080776 DOI: 10.1038/nrgastro.2013.183]

3 	 Blaslov K, Bulum T, Zibar K, Duvnjak L. Incretin based therapies: 
a novel treatment approach for non-alcoholic fatty liver disease. 
World J Gastroenterol 2014; 20: 7356-7365 [PMID: 24966606 DOI: 
10.3748/wjg.v20.i23.7356]

4 	 Dai W, Ye L, Liu A, Wen SW, Deng J, Wu X, Lai Z. Prevalence 
of nonalcoholic fatty liver disease in patients with type 2 diabetes 
mellitus: A meta-analysis. Medicine (Baltimore) 2017; 96: e8179 
[PMID: 28953675 DOI: 10.1097/MD.0000000000008179]

5 	 Marchesini G, Brizi M, Morselli-Labate AM, Bianchi G, Bugianesi 
E, McCullough AJ, Forlani G, Melchionda N. Association of 
nonalcoholic fatty liver disease with insulin resistance. Am J 
Med 1999; 107: 450-455 [PMID: 10569299 DOI: 10.1016/
S0002-9343(99)00271-5]

6 	 Chitturi S, Abeygunasekera S, Farrell GC, Holmes-Walker J, Hui 
JM, Fung C, Karim R, Lin R, Samarasinghe D, Liddle C, Weltman 
M, George J. NASH and insulin resistance: Insulin hypersecretion 
and specific association with the insulin resistance syndrome. 
Hepatology 2002; 35: 373-379 [PMID: 11826411 DOI: 10.1053/
jhep.2002.30692]

7 	 Day CP, James OF. Steatohepatitis: a tale of two “hits”? Gas­
troenterology 1998; 114: 842-845 [PMID: 9547102 DOI: 10.1016/
S0016-5085(98)70599-2]

8 	 Buzzetti E, Pinzani M, Tsochatzis EA. The multiple-hit pathogenesis 
of non-alcoholic fatty liver disease (NAFLD). Metabolism 2016; 65: 
1038-1048 [PMID: 26823198 DOI: 10.1016/j.metabol.2015.12.012]

9 	 Malaguarnera M, Di Rosa M, Nicoletti F, Malaguarnera L. 
Molecular mechanisms involved in NAFLD progression. J Mol 
Med (Berl) 2009; 87: 679-695 [PMID: 19352614 DOI: 10.1007/
s00109-009-0464-1]

10 	 Athyros VG, Katsiki N, Karagiannis A. Editorial: Can Glucagon 
Like Peptide 1 (GLP1) Agonists or Sodium-Glucose Co-Transporter 
2 (SGLT2) Inhibitors Ameliorate Non-Alcoholic Steatohepatitis in 
People with or without Diabetes? Curr Vasc Pharmacol 2016; 14: 
494-497 [PMID: 27633289 DOI: 10.2174/157016111466616090916
1811]

11 	 Cernea S, Cahn A, Raz I. Pharmacological management of 
nonalcoholic fatty liver disease in type 2 diabetes. Expert Rev Clin 
Pharmacol 2017; 10: 535-547 [PMID: 28276774 DOI: 10.1080/175
12433.2017.1300059]

12 	 Pernicova I, Korbonits M. Metformin--mode of action and clinical 
implications for diabetes and cancer. Nat Rev Endocrinol 2014; 10: 
143-156 [PMID: 24393785 DOI: 10.1038/nrendo.2013.256]

13 	 Li Y, Liu L, Wang B, Wang J, Chen D. Metformin in non-alcoholic 
fatty liver disease: A systematic review and meta-analysis. Biomed 
Rep 2013; 1: 57-64 [PMID: 24648894 DOI: 10.3892/br.2012.18]

14 	 Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, 
Harrison SA, Brunt EM, Sanyal AJ. The diagnosis and management 
of nonalcoholic fatty liver disease: Practice guidance from the 
American Association for the Study of Liver Diseases. Hepatology 
2018; 67: 328-357 [PMID: 28714183 DOI: 10.1002/hep.29367]

15 	 European Association for the Study of the Liver (EASL); 
European Association for the Study of Diabetes (EASD); European 
Association for the Study of Obesity (EASO). EASL-EASD-EASO 
Clinical Practice Guidelines for the management of non-alcoholic 
fatty liver disease. J Hepatol 2016; 64: 1388-1402 [PMID: 27062661 
DOI: 10.1016/j.jhep.2015.11.004]

16 	 Yki-Järvinen H. Thiazolidinediones. N Engl J Med 2004; 351: 
1106-1118 [PMID: 15356308 DOI: 10.1056/NEJMra041001]

17 	 Yu JG, Javorschi S, Hevener AL, Kruszynska YT, Norman RA, 
Sinha M, Olefsky JM. The effect of thiazolidinediones on plasma 
adiponectin levels in normal, obese, and type 2 diabetic subjects. 
Diabetes 2002; 51: 2968-2974 [PMID: 12351435 DOI: 10.2337/
diabetes.51.10.2968]

18 	 Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM, 
Bass NM, Neuschwander-Tetri BA, Lavine JE, Tonascia J, Unalp 
A, Van Natta M, Clark J, Brunt EM, Kleiner DE, Hoofnagle JH, 
Robuck PR; NASH CRN. Pioglitazone, vitamin E, or placebo for 
nonalcoholic steatohepatitis. N Engl J Med 2010; 362: 1675-1685 
[PMID: 20427778 DOI: 10.1056/NEJMoa0907929]

19 	 Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, Ortiz-Lopez C, 
Tio F, Hardies J, Darland C, Musi N, Webb A, Portillo-Sanchez P. 
Long-Term Pioglitazone Treatment for Patients With Nonalcoholic 
Steatohepatitis and Prediabetes or Type 2 Diabetes Mellitus: A 
Randomized Trial. Ann Intern Med 2016; 165: 305-315 [PMID: 
27322798 DOI: 10.7326/M15-1774]

20 	 Balas B, Belfort R, Harrison SA, Darland C, Finch J, Schenker 
S, Gastaldelli A, Cusi K. Pioglitazone treatment increases whole 
body fat but not total body water in patients with non-alcoholic 

November 27, 2018|Volume 10|Issue 11|

Kalogirou M et al . GLP-1 agonists in patients with NASH



794WJH|www.wjgnet.com

steatohepatitis. J Hepatol 2007; 47: 565-570 [PMID: 17560678 
DOI: 10.1016/j.jhep.2007.04.013]

21 	 Hernandez AV, Usmani A, Rajamanickam A, Moheet A. 
Thiazolidinediones and risk of heart failure in patients with or at 
high risk of type 2 diabetes mellitus: a meta-analysis and meta-
regression analysis of placebo-controlled randomized clinical trials. 
Am J Cardiovasc Drugs 2011; 11: 115-128 [PMID: 21294599 DOI: 
10.2165/11587580-000000000-00000]

22 	 Schwartz AV, Sellmeyer DE, Vittinghoff E, Palermo L, Lecka-
Czernik B, Feingold KR, Strotmeyer ES, Resnick HE, Carbone 
L, Beamer BA, Park SW, Lane NE, Harris TB, Cummings SR. 
Thiazolidinedione use and bone loss in older diabetic adults. J Clin 
Endocrinol Metab 2006; 91: 3349-3354 [PMID: 16608888 DOI: 
10.1210/jc.2005-2226]

23 	 Ferwana M, Firwana B, Hasan R, Al-Mallah MH, Kim S, Montori 
VM, Murad MH. Pioglitazone and risk of bladder cancer: a meta-
analysis of controlled studies. Diabet Med 2013; 30: 1026-1032 
[PMID: 23350856 DOI: 10.1111/dme.12144]

24 	 Liu Y, Wei R, Hong TP. Potential roles of glucagon-like peptide-1-
based therapies in treating non-alcoholic fatty liver disease. World J 
Gastroenterol 2014; 20: 9090-9097 [PMID: 25083081]

25 	 Dhir G, Cusi K. Glucagon like peptide-1 receptor agonists for the 
management of obesity and non-alcoholic fatty liver disease: a novel 
therapeutic option. J Investig Med 2018; 66: 7-10 [PMID: 28918389 
DOI: 10.1136/jim-2017-000554]

26 	 Drucker DJ, Nauck MA. The incretin system: glucagon-like 
peptide-1 receptor agonists and dipeptidyl peptidase-4 inhibitors in 
type 2 diabetes. Lancet 2006; 368: 1696-1705 [PMID: 17098089 
DOI: 10.1016/S0140-6736(06)69705-5]

27 	 Gupta NA, Mells J, Dunham RM, Grakoui A, Handy J, Saxena NK, 
Anania FA. Glucagon-like peptide-1 receptor is present on human 
hepatocytes and has a direct role in decreasing hepatic steatosis 
in vitro by modulating elements of the insulin signaling pathway. 
Hepatology 2010; 51: 1584-1592 [PMID: 20225248 DOI: 10.1002/
hep.23569]

28 	 Wang XC, Gusdon AM, Liu H, Qu S. Effects of glucagon-like 
peptide-1 receptor agonists on non-alcoholic fatty liver disease and 
inflammation. World J Gastroenterol 2014; 20: 14821-14830 [PMID: 
25356042 DOI: 10.3748/wjg.v20.i40.14821]

29 	 Bernsmeier C, Meyer-Gerspach AC, Blaser LS, Jeker L, Steinert 
RE, Heim MH, Beglinger C. Glucose-induced glucagon-like 
Peptide 1 secretion is deficient in patients with non-alcoholic fatty 
liver disease. PLoS One 2014; 9: e87488 [PMID: 24489924 DOI: 

10.1371/journal.pone.0087488]
30 	 Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, 

Hazlehurst JM, Guo K; LEAN trial team, Abouda G, Aldersley 
MA, Stocken D, Gough SC, Tomlinson JW, Brown RM, Hübscher 
SG, Newsome PN. Liraglutide safety and efficacy in patients with 
non-alcoholic steatohepatitis (LEAN): a multicentre, double-blind, 
randomised, placebo-controlled phase 2 study. Lancet 2016; 387: 
679-690 [PMID: 26608256 DOI: 10.1016/S0140-6736(15)00803-X]

31 	 Ohki T, Isogawa A, Iwamoto M, Ohsugi M, Yoshida H, Toda N, 
Tagawa K, Omata M, Koike K. The effectiveness of liraglutide in 
nonalcoholic fatty liver disease patients with type 2 diabetes mellitus 
compared to sitagliptin and pioglitazone. ScientificWorldJournal 
2012; 2012: 496453 [PMID: 22927782 DOI: 10.1100/2012/496453]

32 	 Feng W, Gao C, Bi Y, Wu M, Li P, Shen S, Chen W, Yin T, 
Zhu D. Randomized trial comparing the effects of gliclazide, 
liraglutide, and metformin on diabetes with non-alcoholic fatty 
liver disease. J Diabetes 2017; 9: 800-809 [PMID: 28332301 DOI: 
10.1111/1753-0407.12555]

33 	 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-
alcoholic fatty liver disease: A pilot randomized trial. Diabetes 
Obes Metab 2017; 19: 1814-1817 [PMID: 28503750 DOI: 10.1111/
dom.13007]

34 	 Shao N, Kuang HY, Hao M, Gao XY, Lin WJ, Zou W. Benefits 
of exenatide on obesity and non-alcoholic fatty liver disease with 
elevated liver enzymes in patients with type 2 diabetes. Diabetes 
Metab Res Rev 2014; 30: 521-529 [PMID: 24823873 DOI: 10.1002/
dmrr.2561]

35 	 Fan H, Pan Q, Xu Y, Yang X. Exenatide improves type 2 diabetes 
concomitant with non-alcoholic fatty liver disease. Arq Bras 
Endocrinol Metabol 2013; 57: 702-708 [PMID: 24402015 DOI: 
10.1590/S0004-27302013000900005]

36 	 Dong Y, Lv Q, Li S, Wu Y, Li L, Li J, Zhang F, Sun X, Tong N. 
Efficacy and safety of glucagon-like peptide-1 receptor agonists 
in non-alcoholic fatty liver disease: A systematic review and meta-
analysis. Clin Res Hepatol Gastroenterol 2017; 41: 284-295 [PMID: 
28065744 DOI: 10.1016/j.clinre.2016.11.009]

37 	 Dhillon S. Semaglutide: First Global Approval. Drugs 2018; 78: 
275-284 [PMID: 29363040 DOI: 10.1007/s40265-018-0871-0]

38 	 Holst JJ, Madsbad S. Semaglutide seems to be more effective the 
other GLP-1Ras. Ann Transl Med 2017; 5: 505 [PMID: 29299466 
DOI: 10.21037/atm.2017.11.10]

P- Reviewer: Kohla MAS, Pallav K, Reichert MCC    S- Editor: Ji FF    
L- Editor: A    E- Editor: Tan WW

November 27, 2018|Volume 10|Issue 11|

Kalogirou M et al . GLP-1 agonists in patients with NASH



                                      © 2018 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

http://www.wjgnet.com


	790.pdf
	WJHv10i11-Back Cover

