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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the lead-
ing cause of liver disease in the Western world and 
is closely associated with metabolic syndrome, which 
includes hypertension, central obesity, dyslipidemia 
and insulin resistance. NAFLD includes a wide spec-
trum of liver alterations, ranging from simple hepatic 
steatosis to variable degrees of fibrosis, cirrhosis and 
even hepatocellular carcinoma. Although the etiology 
and progression of the disorder remain poorly under-
stood, insulin resistance is considered to play a pivotal 
role in the pathogenesis. Insulin sensitizers such as 
biguanides, thiazolidinediones (TZDs), glucagon-like 
peptide-1 receptor agonists and dipeptidyl peptidase 4 
inhibitors have been studied as therapeutic approaches 
for NAFLD in recent years. Metformin improves insulin 
sensitivity and serum alanine transaminase and aspar-
tate transaminase (ALT/AST) levels in the majority of 
subjects; however, it has no significant effect on liver 
histology. TZDs improve insulin sensitivity, serum ALT/
AST levels and histology in some cases, but there are 
some concerns about the safety of long-term therapy. 
Selection of appropriate patients for avoiding side ef-
fects and the treatment of underlying disease are the 

main points. These drugs are the best choice for the 
treatment of NAFLD in patients with type 2 DM who are 
also candidates for treatment with an insulin sensitizer. 
The present review provides an overview of insulin sen-
sitizers in the treatment of NAFLD. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is 
increasing significantly due to the obesity epidemic. 
Insulin resistance, mainly caused by obesity, plays a 
primary role in NAFLD pathogenesis. Medications that 
improve insulin sensitivity are theorized to be useful 
in the treatment of NAFLD. Therefore, recent studies 
have explored the role of insulin sensitizers to im-
prove biochemical and histological features of NAFLD. 
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) was first de-
scribed by Ludwig et al[1] as a liver disease that mimicked 
alcoholic hepatitis in histopathological features, but with-
out a history of  excessive drinking. A recent definition of  
NAFLD consists of  evidence of  hepatic steatosis either 
by imaging or by histology and no secondary hepatic fat 
accumulation from causes such as alcohol consumption, 
hereditary disorders and steatogenic medication[2]. The 
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spectrum of  the disease reaches from simple hepatic 
steatosis to lobular inflammation (non-alcoholic steato-
hepatitis or NASH), fibrosis, cirrhosis and hepatocellular 
carcinoma[3,4]. It is the most common cause of  chronic 
liver disease in all industrialized regions of  the world[5-7].

BACKGROUND
The estimated prevalence of  NAFLD varies in a wide 
range depending on the population studied and methods 
used for diagnosis. The disease has been reported in up 
to 10%-15% of  normal weight individuals and 90% of  
obese persons[8-10]. The prevalence of  NAFLD in patients 
with type 2 diabetes mellitus and hyperlipidemia is ap-
proximately 70% and 50%, respectively[11]. Ageing, male 
gender and ethnicity, such as being Hispanic, are associ-
ated factors that increase the prevalence of  NAFLD. 
Elevated liver enzymes, histopathology of  liver biopsy 
and imaging techniques such as ultrasound and magnetic 
resonance spectroscopy are different methods used for 
definition.

Previous studies have shown that 40% of  patients 
with NAFLD may go on to develop NASH. The most 
common cause of  cryptogenic cirrhosis is NASH and 
it progresses to advanced fibrosis in 32% to 37% of  pa-
tients[12]. The patients with advanced fibrosis and cirrho-
sis also have higher risk of  hepatocellular carcinoma[13-15]. 
Patients with NAFLD and NASH have increased cardio-
vascular mortality as well as liver-related mortality[16-18]. 
This is due to increased pericardial fat, increased carotid 
intima thickness and abnormal electrocardiogram chang-
es[19-21]. Ramilli et al[22] showed that the prevalence of  ca-
rotid plaques was close to 60% in patients with NAFLD, 
while it was 38% in patients without NAFLD.

Type 2 DM, obesity and the associated insulin re-

sistance have been shown as independent factors for 
fibrosis progression[23]. Although a lot of  risk factors 
have been defined, the major underlying mechanisms 
of  the disease progression have not been clearly under-
stood. The pathogenesis of  NAFLD is closely related 
to obesity that leads to insulin resistance and significant 
metabolic alterations in liver occur in the setting of  in-
sulin resistance[24] (Figure 1). The prevailing hypothesis 
for explaining the pathway and involved mechanisms is 
the so-called two hit model[25,26]. At the first hit, hepatic 
steatosis develops due to insulin resistance and liver fat 
accumulation induced by excessive free fatty acid produc-
tion, increased fatty acid oxidation and decreased hepatic 
triglyceride export. Following this step, the second hit in-
cludes increased oxidative stress which is characterized by 
excessive reactive oxygen species (ROS) in the liver. Pro-
gression from NAFLD to NASH is promoted by ROS 
through lipid peroxidation, cytochrome P450 activation 
and pro-inflammatory cytokine production[27]. Consider-
ing the complexity and unexpected progression of  the 
disease, environmental and genetic factors are approved 
as contributors of  a third hit. 

Insulin resistance is the most specific metabolic risk 
and pathophysiological feature of  NAFLD, with most 
patients having insulin resistance. In diabetic patients, a 
correlation between the severity of  insulin resistance and 
grade of  hepatic steatosis has also been shown[28]. On 
the basis of  these data, studies of  NAFLD treatment 
are mostly focused on improving insulin resistance and 
a pharmacological approach targeting improving insulin 
resistance are the more promising therapeutic candidates 
among categories that include antioxidants, lipid-lowering 
agents and anti-obesity drugs. 

INSULIN-SENSITIZING MEDICATIONS
Metformin
Metformin was first used in medical practice in the 1950s 
and has been considered the first-line treatment of  type 
2 diabetes after receiving approval by the United States 
Food and Drug Administration (FDA) in 1994. Metfor-
min belongs to a class of  insulin-sensitizer drugs and 
acts through reducing hepatic glucose output, increasing 
insulin-stimulated glucose uptake in peripheral tissue and 
stimulating fatty acid oxidation in adipose tissue[29]. Ad-
enosine monophosphate-activated protein kinase is the 
main player in mediating metformin effects. 

Animal studies demonstrated that metformin reverses 
aminotransferase abnormalities, steatosis and inflam-
mation in mouse models of  NAFLD and NASH[30,31]. 
During last decade, many clinical trials have evaluated the 
useful effects of  metformin on patients with NAFLD 
and NASH[32-41] (Table 1). Only a few of  these studies 
were randomized and the results are conflicting.

The first nonrandomized study was carried out by 
Marchesini in 2001 and it included 20 biopsy proven 
NASH patients. For 4 mo the patients were treated with 
1.5 g/d metformin and they observed a decrease in ami-
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Figure 1  The relationship between obesity, insulin resistance and hepatic 
steatosis. VLDL: Very low-density lipoprotein; TG: Triglyceride.



notransferase levels[32]. The limitation of  the study was 
the lack of  histological evaluation and a control group. In 
2004, Uygun et al[34] conducted the first randomized con-
trol trial comparing dietary modification to dietary modi-
fication plus metformin for six months. Aminotransferase 
levels and insulin sensitivity improved in the metformin 
treated group but there was no significant differences in 
necroinflammatory activity or fibrosis between groups. 
Bugianesi et al[35] presented an open label trial consisting 
of  110 patients who were randomized to receive either 
metformin 2 g/d (55 patients), vitamin E 800 IU/d (28 
patients) or dietary-induced weight loss (27) patients 
for 12 mo. Liver transaminase levels were significantly 
decreased in the metformin group and there was also a 
histological improvement in hepatic steatosis, inflamma-
tion and fibrosis in the subset of  17 patients taking met-
formin. Haukeland et al[39] demonstrated that treatment 
with metformin for 6 mo was no better than placebo 
in terms of  improvement in liver histology in patients 
with NAFLD. Another recent randomized control trial 
showed that metformin only transiently improved ami-
notransferase levels in patients with NASH[41].  A meta-
analysis including five randomized controlled trials (RCT) 
concluded that metformin did not improve steatosis, lob-
ular inflammation, hepatocellular ballooning and fibrosis 
in patients with NASH[42]. These results were indepen-
dent of  drug dose, treatment duration or diabetic state. 
Therewithal, a recent guideline indicates that metformin 
has no significant effect on liver histology and therefore 
it is not recommended as a specific treatment for liver 
disease in adults with NASH[2]. The largest RCT, “The 
Treatment of  NAFLD in Children” (TONIC), investi-
gated the effects of  metformin in a pediatric population. 
The results of  this study demonstrated that metformin 
was not associated with improvement in histology and 
reduction in serum alanine transaminase (ALT) levels[43]. 
On the basis of  all these data, the AASLD guideline for 
the diagnosis and treatment of  NAFLD concluded that 
metformin has no significant effect on liver histology and 
is not recommended as a specific treatment of  NASH. 

A position statement on NAFLD/NASH based on an 
EASL special conference has not recommended metfor-
min for specific liver-directed therapy of  NASH[44] .

Some studies demonstrated that high insulin and IGF 
levels have important roles in hepatic fibrosis and hepa-
tocellular carcinoma[45,46]. An inverse association between 
cancer risk and long term metformin therapy has been 
found in previous studies. A recent meta-analysis showed 
that metformin was associated with an estimated 62% 
reduction in the risk of  liver cancer among patients with 
type 2 diabetes[47]. Chen et al[48] demonstrated that each 
incremental year increase in metformin use results in 
7% reduction in the risk of  hepatocellular cancer. While 
the main anti-tumor effect of  metformin is not clear in 
reducing lipogenesis and lipogenic expression, inhibition 
of  hepatocyte proliferation and induction cell cycle arrest 
at G0/G1 phase via adenosine monophosphate (AMP)-
activated protein kinase, reduction endogenous reactive 
oxygen species are possible estimated mechanisms.

In summary, metformin improves insulin sensitiv-
ity and serum ALT and aspartate transaminase levels in 
the majority of  subjects; however, it has no significant 
effect on liver histology. The precise dose and duration 
of  treatment is unknown and the beneficial effects on 
serum ALT only continued during treatment. Metformin 
has no apparent increase in the risk of  lactic acidosis[49] 
and unlike the thiazolidinediones, it is not encumbered 
by weight gain or potential hepatotoxicity. According to 
current data, it cannot be suggested for the specific treat-
ment of  NAFLD or NASH but can be given in patients 
with both NAFLD/NASH and type 2 DM.

Thiazolidinediones
Thiazolidinediones (TZDs) are a class of  oral anti-
diabetic drugs that induce a nuclear transcription factor, 
peroxisome proliferator activated receptor-γ (PPAR-γ), 
by binding selective ligands[50]. PPAR-γ is predominantly 
expressed in adipose tissue and leads to decreased hepatic 
fat content and improves glycemic control with insulin 
sensitivity. TZDs also increase plasma adiponectin levels, 
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  Ref. Study type Subject number Therapy Compared with Duration NAFLD vs  NASH Liver enzymes Histology

  Marchesini et al[32] Open label,
single arm

20 Metformin Baseline 4 mo NASH Improved Not  assessed

  Nair et al[33] Open label,
Single arm

15 Metformin Baseline 48 wk NAFLD Transiently 
improved

Mildly 
improved

  Uygun et al[34] Open label, RCT 36 Metformin Diet/Exercise 6 mo NASH Improved Not improved
  Bugianesi et al[35] Open label, RCT 110 Metformin Vitamin E/Diet 12 mo NAFLD Improved Improved
  Duseja et al[36] Open label, RCT 50 Metformin Diet 6 mo NAFLD Improved Not  assessed
  de Oliveira et al[37] Open label,

Single arm
20 Metformin 

and NAC
Baseline 12 mo NASH Improved Improved

  Loomba et al[38] Open label,
Single arm

28 Metformin Baseline 48 wk NASH Improved Improved

  Haukeland et al[39] Open label, RCT 48 Metformin Diet/Exercise 6 mo NAFLD Improved Not improved
  Garinis et al[40] Open label, RCT 50 Metformin Diet 6 mo NAFLD Improved Not assessed
  Shargorodsky et al[41] Open label, RCT 63 Metformin Placebo 12 mo NAFLD Not improved Not assessed

Table 1  Summary of metformin trials in adult patients with non-alcoholic fatty liver disease/non-alcoholic steatohepatitis

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; RCT: Randomized controlled trials.
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or placebo for 96 wk[61]. Compared with placebo, both 
agents, pioglitazone and vitamin E, were associated with 
reductions in liver steatosis, lobular inflammation, hepa-
tocellular ballooning and improvement in insulin resis-
tance and serum aminotransferase levels. However, there 
was no improvement in fibrosis scores in the pioglitazone 
treated group. The “Fatty Liver Improvement with Rosi-
glitazone Therapy” (FLIRT) trial compared rosiglitazone 
with placebo in 63 patients[59]. Rosiglitazone improved 
serum aminotransferase levels, insulin sensitivity and 
hepatic steatosis. The two year extended trial (FLIRT2) 
demonstrated that improvement in liver enzyme levels 
continued but there was no further improvement in liver 
histology[62].

A meta-analysis including six trials demonstrated 
reduction in steatosis and hepatocyte ballooning but no 
improvement in inflammation or fibrosis compared with 
control[63]. In contrast to this study, Mahady et al[64] found 
improvement in inflammation and fibrosis in addition 
to reduction in steatosis and hepatocyte ballooning in a 
meta-analysis including seven randomized trials.

The largest meta-analysis that included 11 RCTs (862 
participants, 38% diabetic) showed that TZDs improve 
steatosis, hepatocellular ballooning and necroinflamma-
tion, delay fibrosis progression and ameliorate hepatic, 
muscle and adipose tissue insulin resistance with more 
consistent cardiovascular benefits with pioglitazone[42].

Although the results of  studies suggest some benefits 
from TZDs, a major problem also emerges: safety of  
long-term therapy and adverse effects. The use of  rosigli-
tazone has been highly restricted in the United States and 
prohibited in Europe due to the increased risk of  coro-
nary events. On the other hand, pioglitazone is associated 
with adverse events such as bladder cancer, bone loss, 
weight gain, painful swollen legs and congestive heart 
failure. After evaluation of  the overall results, it would be 
a good choice to use TZDs for the treatment of  NAFLD 
only in patients with type 2 DM who are also candidates 

activate AMP-activated protein kinase and induce fatty 
acid stimulation[51].

A lot of  human and animal studies have investigated 
the effect of  TZDs on liver enzymes and histology to 
date. In rat models, pioglitazone and rosiglitazone pre-
vented activation of  hepatic stellate cells in vitro and im-
proved hepatic steatosis and fibrosis in vivo[52].

The first human study was conducted by Caldwell 
in 2001[53]. Troglitazone was studied in 10 patients who 
had biopsy-proven NASH and the results were associ-
ated with improved aminotransferase levels. There was 
no change in histology and the drug was withdrawn from 
clinical use due to severe idiosyncratic hepatotoxicity. 
Neuschwander-Tetri et al[54] showed that rosiglitazone (4 
mg twice daily for 48 wk) significantly decreased liver en-
zymes and improved steatosis, ballooning and inflamma-
tion scores in 30 patients who had biopsy-proven NASH. 
In addition to no change in fibrosis, the liver enzymes 
levels reverted to pretreatment values 6 mo after with-
drawal of  the drug. Clinical trials evaluating the effect of  
thiazolidinediones on patients with NAFLD and NASH 
are summarized in Table 2[53-61]. Omer et al[60] conducted 
an open label RCT including biopsy-proven NAFLD in-
dividuals to compare rosiglitazone with metformin. After 
12 mo treatment, study results reported that rosiglitazone 
was more effective in metabolic control and histological 
improvement but fibrosis did not change significantly. 

An early study with pioglitazone in 18 patients who 
had biopsy-proven NASH resulted in a decrease in ami-
notransferase levels with histological improvement[55]. 
The first double-blind, placebo-controlled trial using 
pioglitazone compared with placebo included 55 patients 
with NASH for 6 mo[57]. Insulin sensitivity, serum ALT 
levels, steatosis and necroinflammation, except fibrosis, 
were significantly ameliorated in the pioglitazone group.

In the largest trial completed to date for evaluation of  
the role of  pioglitazone, 247 subjects with biopsy proven 
NASH were randomized to vitamin E, pioglitazone 
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  Ref. Study type Subject 
number

Therapy Compared with Duration NAFLD vs  
NASH

Liver enzymes Histology

  Caldwell et al[53] Open label,
single arm

10 Troglitazone Baseline < 6 mo NASH Improved Mildly improved

  Neuschwander-Tetri et al[54] Open label,
single arm

30 Rosiglitazone Baseline 48 wk NASH Improved Improved

  Promrat et al[55] Open label,
single arm

18 Pioglitazone Baseline 48 wk NASH Improved Improved

  Sanyal et al[56] Open label, 
RCT

20 Pioglitazone + 
vitamin E

Vitamin E 6 mo NASH Improved Improved

  Belfort et al[57] Blinded, RCT 55 Pioglitazone Placebo 6 mo NASH Improved Improved
  Idilman et al[58] Open label, 

RCT
74 Rosiglitazone Metformin/life style

modification
48 wk NASH Improved Improved

  Ratziu et al[59] Blinded, RCT 63 Rosiglitazone Placebo 12 mo NASH Improved Improved
  Omer et al[60] Open label, 

RCT
64 Rosiglitazone Metformin 12 mo NAFLD Improved Improved

  Sanyal et al[61] Blinded, RCT 274 Pioglitazone Placebo and vitamin E 24 mo NASH Improved Improved

Table 2  Summary of thiazolidinedione trials in adult patients with non-alcoholic fatty liver disease/non-alcoholic steatohepatitis

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; RCT: Randomized controlled trials.
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for treatment with a TZD. The AASLD guideline recom-
mended that pioglitazone can be used to treat only pa-
tients with biopsy-proven NASH; however, it also raised 
the concern about its long term safety and efficacy in pa-
tients with NASH[2]. The guideline also stressed that most 
of  the clinical studies had been done in non-diabetic pa-
tients and thus the effect of  TZDs on NASH of  diabetic 
patients was not established.  The position statement of  
a special EASL conference has recommended that phar-
macological therapy of  NASH could be a 1-2 year course 
of  therapy with glitazone[44].

Dipeptidyl peptidase 4 inhibitors
Dipeptidyl peptidase 4 (DPP4) inhibitors are a new class 
of  drugs and include sitagliptin, vildagliptin and saxa-
gliptin. DPP4 is a membrane associated peptidase with 
a widespread organ distribution and deactivates a variety 
of  bioactive peptides such as glucagon like peptide-1 
(GLP-1). Inactivation of  GLP-1 causes glucose intoler-
ance, diabetes mellitus and hepatic steatosis. In a study 
including 31 NASH patients, Balaban et al[65] reported that 
serum DPP-4 levels were higher in patients with NASH 
compared to controls. Furthermore, the serum DPP-4 
activity and staining intensity in liver were correlated with 
histopathological grade of  NASH and hepatosteatosis.

In rat models, DPP-4 inhibitors improve hepatic ste-
atosis by increasing insulin sensitivity and decreasing he-
patic triglyceride levels[66,67]. To date, there is no published 
controlled trial with these agents in humans.

GLP-1, a hormone excreted by intestinal L cells, regu-
lates blood glucose by stimulation of  glucose-dependent 
insulin release. GLP-1 has a direct effect on hepatocytes 
by inducing genes responsible for fatty acid oxidation and 
insulin sensitivity[68]. GLP-1 analogs (exenatide, liraglu-
tide) have been approved by the FDA for treatment of  
patients with type 2 diabetes mellitus. Ding et al[69] dem-
onstrated that exenatide improves insulin sensitivity and 
reduces hepatosteatosis in rats with fatty liver. In another 
animal study liraglutide treatment reduced hepatic steato-
sis[70]. A case series including 8 patients with type 2 dia-
betes and biopsy-proven NAFLD showed that exenatide 
improves serum liver enzyme levels but has no effect on 
histopathology[71]. A recent meta-analysis including 4442 
patients indicated that liraglutide decreased aminotrans-
ferase levels and that this effect was dose-dependent[72]. 
However, controlled studies are needed to show the effi-
cacy of  GLP-1 analogs in NAFLD and NASH treatment.

CONCLUSION
NAFLD is a complex, multifactorial and major public 
health problem with an increasing prevalence worldwide. 
Insulin resistance is very common in this disease and 
the goal of  the therapy should include improving insulin 
sensitivity. Insulin sensitizing agents could be convenient 
drugs to reach this target. Metformin has been accepted 
to have no significant effect on liver histology and is not 
recommended as a specific treatment for liver disease in 

adults with NAFLD. TZDs have been most extensively 
evaluated in published trials to date and they have modest 
effects on liver histology. The long term safety and effica-
cy of  TZDs in patients with NAFLD is lacking. Selection 
of  appropriate patients to avoid side effects and treat-
ment of  the underlying disease causing insulin resistance, 
such as obesity, are crucial main points. NAFLD patients 
with metabolic syndrome and obesity are likely to be 
the best candidates to be treated with TZDs. According 
to current data, unfortunately insulin sensitizers do not 
satisfy expectations for the treatment of  NAFLD. Future 
RCTs with adequate size and duration are still needed to 
assess the clinical outcomes in patients with NAFLD.
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