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ABSTRACT

Nonalcoholic fatty liver disease (NAFLD), first 

described in 1980, is now recognized as one 

of the most common causes of elevated liver 

enzymes and chronic liver disease in Western 

countries. The incidence of NAFLD in both 

adults and children is rising, in conjunc-

tion with the burgeoning epidemics of obes-

ity and type 2 diabetes mellitus. NAFLD often 

coexists with other sequelae of the metabolic 

syndrome: central obesity, type 2 diabetes, 

hypertension, and hyperlipidemia. NAFLD 

encompasses a spectrum of pathologic liver 

diseases ranging from simple hepatic steatosis 

to a predominant lobular necro-inflammation, 

with or without centrilobular fibrosis (called 

nonalcoholic steatohepatitis or NASH). NASH 

can progress to cirrhosis, decompensated liver 

disease, and hepatocellular carcinoma. Though 

the natural history of NASH is still not clearly 

defined, it has been observed to progress to  

cirrhosis in 15%-20% of those affected. Insulin 

resistance is nearly universal in NASH and is 

thought to play an important role in its patho-

genesis leading to dysregulated lipid meta- 

bolism. The prevalence of insulin resistance 

is reported in the general population to be 

approaching 45%, suggesting that NAFLD and 

NASH will continue to be an important public 

health concern. To date, NASH has proven to 

be a difficult disease to treat. Front-line therapy 

with lifestyle modifications resulting in weight 

loss through decreased caloric intake and mod-

erate exercise is generally believed to be benefi-

cial in patients with NASH, but is often difficult 

to maintain long term. Given that insulin 

resistance plays a dominant role in the patho-

genesis, many studies have examined the use of 

insulin sensitizers: the biguanides (metformin), 

thiazolidinediones (pioglitazone, troglitazone, 

and rosiglitazone), glucagon-like peptide-1- 
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receptor agonists, or incretins (exenatide) in 

NASH. This review will provide an overview 

of insulin resistance in NAFLD and provide a 

detailed summary on the clinical data regarding 

the use of insulin sensitizers in NASH.

Keywords: exenatide; hepatic steatosis; insulin 

resistance; insulin sensitizers; metformin; 

nonalcoholic fatty liver disease; pioglitazone; 

rimonabant; rosiglitazone; troglitazone

BACKGROUND

Nonalcoholic fatty liver disease (NAFLD) 

is a common liver disease that often coexists 

with other features of the metabolic syndrome: 

central obesity, type 2 diabetes mellitus, hyper-

tension, and hyperlipidemia. Histologically, 

NAFLD resembles alcohol-induced liver dis-

ease, but, by definition, NAFLD develops in 

patients who consume little or no alcohol. The 

incidence of NAFLD in adults and children is 

rapidly rising due to the ongoing epidemics of 

obesity and type 2 diabetes in Western coun-

tries and due to the increased recognition of 

the disease.1 The prevalence of insulin resist-

ance is reported in the general population to be 

approaching 45%.2 The estimated prevalence 

of disease depends on the type of screening 

method used for diagnosis, but it is generally 

accepted that NAFLD affects approximately 

20%-30% of the adult population.3 Higher 

prevalence rates are noted among patients 

with the metabolic syndrome or type 2 diabe-

tes mellitus. It is estimated that up to 40% of 

patients with NAFLD may have histologic find-

ings consistent with nonalcoholic steatohepa-

titis (NASH), which may progress to cirrhosis 

and lead to complications from end-stage liver 

disease in 15%-20% of cases.4,5

There are few published studies that address 

the long-term follow-up of NAFLD and thus 

the natural history of the disease is difficult 

to ascertain. The available data are obtained 

from single-center series where patients under-

went sequential liver biopsies over a defined 

period of time. Generally, the histologic find-

ings of simple hepatic steatosis and steatosis 

with nonspecific inflammation tend to have 

a benign course, whereas histologic NASH can 

progress to advanced fibrosis and cirrhosis.  

NASH-related cirrhosis may have a similar 

prognosis as cirrhosis from other causes, lead-

ing to liver failure or hepatocellular carcinoma. 

Progression with higher stages of fibrosis has 

been found to occur in 37.8% of patients, and 

regression of fibrosis has also been noted in 

20.8% of the patients in series with paired 

biopsies.6 Age and the presence of inflamma-

tion on the initial biopsy may independently 

predict the development of advanced fibro-

sis in NASH.6 In addition, obesity and diabe-

tes have been shown in cross-sectional studies 

to be independent factors associated with 

advanced fibrosis in NASH.7 These individuals 

should be included in treatment trials to have 

the greatest improvement in the natural his-

tory of disease.

Due to the increasing prevalence and associa-

tion with other metabolic disorders, it is impor-

tant that clinicians have a deep understanding 

of NAFLD and its clinical spectrum of disease 

presentation as well as therapeutic options. 

NAFLD has become the most common diag-

nosis for referral to liver specialists for unex-

plained abnormal liver enzymes in the United 

States.8 However, patients are not just present-

ing to gastroenterologists and hepatologists, but 

also to family practitioners, internists, pediatri-

cians, endocrinologists, cardiologists, surgeons, 

and allied health practitioners. This amplifies 

the importance of a multidisciplinary approach 

to the diagnosis and treatment of patients 

with NAFLD.
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Insulin Resistance in NAFLD

The pathogenesis of NASH is not currently 

well understood, but the prevailing hypo- 

thesis is the so-called “two-hit” model. The “first 

hit” is the development of hepatic steatosis as a 

result of insulin and leptin resistance leading to 

enhanced free fatty acid flux to the liver, upregu-

lated hepatic de novo lipogenesis, increased fatty 

acid oxidation, and decreased export of hepatic 

triglycerides (as seen in Figure 1).9 This is fol-

lowed by a “second hit” that leads to hepatocellu-

lar injury, inflammation, and ultimately fibrosis 

by way of oxidative stress, which promotes lipid 

peroxidation, cytochrome P450 activation, and 

the production of pro-inflammatory cytokines.9 

One study supporting the “two-hit” hypothesis 

showed that patients with NAFLD have higher 

resting plasma insulin levels and reduced sen-

sitivity to insulin compared with control indi-

viduals, and that those with NASH had a higher 

likelihood of having abnormal mitochondrial 

morphology suggesting a propensity towards 

increased oxidative damage.10 The “two-hit” 

hypothesis has been contested recently due to 

the complexity of the pathogenic processes that 

lead to steatosis and steatohepatitis. These proc-

esses are likely to be multifactorial, influenced by 

both environmental and genetic factors. Familial 

associations have also been recognized. A recent 

Figure 1. Hepatic steatosis results from excess storage of triglycerides in the liver. Glucose and insulin, via induction of 
ChREBP and SREBP-1c, respectively, promote fatty acid and triglyceride accumulation. Triglyceride levels are decreased 
by beta oxidation of fatty acids and conversion of triglycerides to VLDL with subsequent release from the liver. Visceral 
adiposity, diabetes, and the metabolic syndrome decrease circulating adiponectin levels and increase free fatty acids, leading 
to their eventual esterification and storage in the liver as triglycerides. Metformin increases the phosphorylation and nuclear 
export of LKB1. This activates AMPK, leading to phosphorylation of a number of proteins responsible for increasing fatty 
acid oxidation and inhibiting gluconeogenesis. PPARs promote fatty acid oxidation by increasing adiponectin levels and 
inhibiting SREBP-1c. AMPK=5’adenosine monophosphate-activated protein kinase; ChREBP=carbohydrate responsive 
element binding protein; DM=diabetes mellitus; FA=fatty acid; FFA=free fatty acid; IL-6=interleukin-6; LKB1=serine/
threonine-protein kinase 11; PPAR=peroxisome proliferators-activated receptor; SREBP-1c=sterol regulatory element 
binding protein-1c; TG=triglyceride; TNF-α=tumor necrosis factor-alpha; VLDL=very low density lipoprotein.
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study derived from the Framingham Offspring 

Cohort showed that early-onset paternal obes-

ity was associated with higher odds of elevated 

serum alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) in offspring.11 

Further elucidation of familial risk factors in 

biopsy-proven patients with NASH is needed to 

better understand these associations.

It is important to emphasize that insulin 

resistance is nearly universal in patients with 

NAFLD, and is thought to play a key role in 

its pathogenesis by promoting peripheral lipo- 

lysis and de novo lipogenesis. Several cross- 

sectional studies have found strong associations  

between direct measures of insulin resistance 

and NAFLD. A long-term prospective study 

demonstrated that presence of the metabolic 

syndrome is associated with an increased risk 

for ultrasound-defined NAFLD (adjusted odds 

ratio [OR]=4.0 and 11.2 for men and women, 

respectively).12 Another study revealed that 

mild insulin resistance is very common at the 

earliest stages of NAFLD and more severe insulin 

resistance (ie, clinical presence of the metabolic  

syndrome or type 2 diabetes) correlates with 

more advanced stages of NAFLD.13 Finally, a 

cross-sectional study found that presence of the 

metabolic syndrome was associated with higher 

OR of NASH (OR=3.2) and fibrosis (OR=3.5), even 

adjusting for sex and body mass index (BMI).14

Therapeutic Options in NASH

Recent advances into the pathogenesis of 

NAFLD have spawned new studies into phar-

macologic approaches to treatment. The over-

arching aim of therapy for NAFLD is to improve 

peripheral and hepatic insulin resistance, which 

is thought to be necessary to reverse hepatic 

steatosis and hepatocellular damage, thus pre-

venting progression to end-stage liver disease 

and its associated complications. In conjunction 

with any pharmacologic therapy, it is important 

to stress lifestyle modifications, which include 

exercise and weight loss. In addition, treatment 

of other risk factors for the metabolic syndrome, 

if present, including hyperlipidemia, diabetes, 

and hypertension should be addressed. Despite 

universal recommendations for lifestyle modi-

fications, there is sparse evidence for improve-

ment in meaningful long-term outcomes, 

such as histology or hepatic fibrosis progres-

sion. A recent publication reviewed the litera-

ture looking for studies examining weight loss 

and lifestyle modifications for the treatment of 

NAFLD.15 It revealed only 14 studies that had 

study entry assessments satisfying well-defined 

criteria. Histologic outcomes were reported in 

only five of these cases. All but one study was a 

small, pilot, uncontrolled study, or limited case 

series lacking well-defined treatment details. In 

the three studies where treatment was carried 

out to reduce excess nutrition and increase exer-

cise, a remarkable effect on weight loss and an 

improvement in liver histology were reported.15

This lack of quality data makes it difficult to 

create clear evidence-based guidelines defining 

recommendations for dietary modification and 

exercise in NAFLD. However, the consensus rec-

ommendation is that patients lose 7%-10% of 

their body weight through dietary modifications 

and exercise over a course of 6-12 months.16 This 

is based on short-term studies revealing that this 

degree of weight loss improved insulin resist-

ance and hepatic histology.17 Clearly, weight 

loss is important to improve insulin resistance 

in NAFLD. However, the focus of this review will 

be on pharmacologic agents to improve insulin 

sensitivity in NASH.

ROLE OF INSULIN SENSITIZERS

Insulin sensitizer therapy has become the 

main treatment approach for NASH given that 
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insulin resistance is near universal in this dis-

ease. However, a large number of the studies 

investigating the use of these therapies are small, 

proof-of-concept studies without stringent study 

design. The largest amount of data in human 

studies is available for two types of insulin sensi-

tizers: the biguanides (metformin) and the thia-

zolidinediones (TZDs: pioglitazone, troglitazone, 

rosiglitazone). The clinical data for each will be 

detailed below. In addition to a review of the 

clinical data on these therapies, we will summa-

rize preclinical and early clinical data on novel 

therapies that may prove to be of clinical benefit 

in NAFLD.

Metformin

Metformin belongs to a class of insulin- 

sensitizing drugs called the biguanides, which 

were initially shown to have benefit in type 2 

diabetes. Metformin has been recognized since 

the 1950s, but it did not receive approval by the 

US Food and Drug Administration (FDA) for type 

2 diabetes until 1994.18 Phenformin, another 

biguanide, was withdrawn from the market due 

to the risk of lactic acidosis. Metformin low-

ers hepatic glucose production and promotes 

glucose uptake in the muscles. The mecha-

nism of action for metformin was only recently 

elucidated.18 Metformin exerts its insulin- 

sensitizing effect via activation of the 5’adeno-

sine monophosphate (AMP)-activated protein 

kinase (AMPK) pathway, which leads to increased 

lipid and glucose catabolism (Figure 1).19 In 

NAFLD, it was first tested in ob/ob mice, a model 

of hepatic steatosis, and revealed that metformin 

treatment reversed hepatomegaly, steatosis, and 

ALT abnormalities via reduced hepatic tumor 

necrosis factor (TNF)-α expression, which led to 

decreased lipid accumulation.20

Several trials have examined the role of 

metformin in adults with NAFLD (Table 1). 

Marchesini et al.21 treated 20 patients with biopsy- 

proven NASH with open-label metformin for 

4 months. They showed significant improve-

ments in insulin resistance, aminotransferase 

levels, and ultrasound-defined liver volume. 

However, no follow-up biopsies were performed. 

In another open-label trial, Nair et al.22 reported 

15 patients who completed 12 months of met-

formin therapy followed by a posttreatment liver 

biopsy in 10 patients. There was a significant 

decrease in aminotransferase levels at 3 months 

that paralleled a significant increase in insulin 

sensitivity at 3 months. However, after 3 months 

there was no further improvement in insu-

lin sensitivity and an increase in aminotrans-

ferase levels was noted. In the 10 patients who 

received a posttreatment biopsy, three patients 

showed improvement in steatosis, two patients 

had decreased inflammation, and one patient 

showed decreased fibrosis.22

Uygun et al.23 performed a controlled, open-

label trial comparing dietary modification (n=17) 

to dietary modification plus metformin (n=17) 

over a course of 6 months. The metformin group 

had a significant decrease in aminotransferases 

and insulin levels, but both groups showed 

histologic improvements in inflammation. 

Bugianesi et al.24 performed a randomized, con-

trolled trial comparing metformin to vitamin E 

or dietary modifications for 12 months. Fifty-

five patients received metformin and were sig-

nificantly more likely to have aminotransferase 

normalization. Follow-up biopsies performed in 

17 patients receiving metformin showed signifi-

cant improvements in steatosis, inflammation, 

and fibrosis compared with baseline.24

Loomba et al. performed an open-label study 

evaluating the role of metformin on biochemi-

cal, anthropometric, and histologic features in 

28 patients with biopsy-proven NASH.29 Twenty-

six patients completed 48 weeks of treatment and 

underwent a repeat liver biopsy. Approximately 
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50% of the patients showed enhanced insulin 

sensitivity and 30% of the patients had strict 

histologic improvement defined as a three-point 

improvement in the NASH activity score (0-12) 

(a sum of three histologic parameters includ-

ing lobular inflammation [0-4], steatosis [0-4], 

and ballooning degeneration [0-4]). In addition, 

50% of patients had biochemical improvements. 

Histologic improvement in this study had a sig-

nificant association with weight loss. Most of 

the weight loss occurred in the first 24 weeks 

and then stabilized. Histologic responders 

achieved greater weight loss compared with non- 

responders. This suggests that metformin- 

associated weight loss may lead to biochemical 

and histologic improvement, in addition to the 

direct effect of metformin on improving insulin 

sensitivity.29 In this study, predictors of treatment 

response to metformin included baseline BMI of 

<40 and weight loss while receiving therapy. A 

meta-analysis published in the Cochrane data-

base included published data from the studies of 

Uygun et al. and Buganiesi et al., and concluded 

that metformin significantly leads to normal- 

ization of aminotransferases and improved stea-

tosis by ultrasound imaging compared with  

dietary modification, though the total number 

of patients in these studies was small.32

More recently, Duseja et al.25 published an 

open-label trial on metformin use in 25 adult 

Indian patients with NAFLD who did not 

achieve normalization of ALT levels after 

6 months of lifestyle interventions and urso-

deoxycholic acid. Results were compared with 

25 patients with NAFLD who were treated only 

with lifestyle interventions. In comparison to 

untreated controls, all patients treated with 

metformin had partial biochemical response 

and 56% of those treated achieved normaliza-

tion of ALT. Akyuz et al.26 evaluated the effect of 

metformin in NAFLD in 12 patients compared 

with rosiglitazone or lifestyle modifications. In 

the metformin-treated individuals, ALT normal-

ization occurred in 33.3% at 6 months and in 

22.2% at 12 months. Steatosis and fibrosis did 

not change after treatment in the four patients 

who underwent posttreatment liver biopsies.26 

Idilman et al.28 enrolled 74 patients with NASH 

and randomized them to lifestyle modifications, 

or lifestyle modifications plus metformin or  

rosiglitazone. Twenty-four patients received 

metformin for 48 weeks. In this trial, metformin 

therapy failed to show a significant biochem- 

ical or histologic improvement. Nar and Gedik30 

performed an open-label trial comparing met-

formin to lifestyle modifications in type 2 dia-

betic patients with ultrasound-proven NAFLD. 

Nineteen patients received metformin therapy. 

In this trial, there was no difference between 

metformin or lifestyle modifications in biochem-

ical or ultrasonographic response.

Omer et al.31 performed an open-label, ran-

domized trial in 64 patients with insulin resist-

ance and elevated ALT with a pretreatment 

biopsy confirming NAFLD. In the group treated 

with metformin for 12 months (n=22), there 

was no significant change in ALT nor improve-

ment in posttreatment histology. De Oliveira 

et al.27 performed a pilot study evaluating the 

effect of the combination of metformin with 

N-acetylcysteine (NAC), which has antioxidant 

properties. Twenty patients with biopsy-proven 

NASH were treated for 12 months. ALT and 

homeostasis model assessment of insulin resist-

ance (HOMA-IR) levels improved significantly 

after treatment. Posttreatment biopsies revealed 

that liver steatosis, fibrosis, and NASH activity 

scores all improved with treatment. These results 

are difficult to interpret due to the lack of a con-

trol group and the possible contribution of NAC 

to the study results.27

In summary, only a small number of patients 

with biopsy-proven NASH have been treated 

with metformin in controlled clinical trials. This 



900 Adv Ther (2009) 26(10):893-907.

makes evidence-based recommendations for its 

role in NASH difficult, though metformin is gen-

erally well tolerated. In addition, its role in induc-

ing weight loss may be of importance in patients 

with NASH. Metformin should not be used in 

those with renal insufficiency or with congestive 

heart failure due to the risk of lactic acidosis. A 

recently completed trial comparing metformin 

with vitamin E or placebo in pediatric patients 

with NASH (TONIC: Treatment of Nonalcoholic 

Liver Disease in Children; NCT00063635) should 

provide better insight into the effect of met-

formin in NASH. It is unclear whether the results 

of this trial could be extrapolated into an adult 

population. These results are expected to be pub-

lished in late 2009.

Thiazolidinediones

TZDs include troglitazone (which has since 

removed from the market due to a risk of idio- 

syncratic hepatotoxic injury), rosiglitazone, 

and pioglitazone. They are an oral class of anti-

diabetic drugs, which function as agonists of 

the peroxisone-proliferator activated receptor-

gamma (PPAR-γ). PPAR-γ is a transcription factor 

that regulates gene expression in liver, adipose, 

vascular endothelium, and muscle tissue. Its 

main action is to promote differentiation of 

pre-adipocytes into adipocytes, which leads to 

the redistribution of triglycerides from liver and 

muscle into proliferating adipocytes (as seen in 

Figure 1). Clinically, this leads to improved gly- 

cemic control, decreased hepatic fat content, and 

improved insulin sensitivity.18 Mechanistically, 

TZDs have also been shown to improve insu-

lin sensitivity by increasing adiponectin levels 

(Figure 1). Adiponectin is an adipokine that has 

been shown to improve insulin resistance and 

decrease hepatic fat content.33 This was shown 

by Lutchman et al.34 with an open-label study, 

which revealed that TZD therapy for 48 weeks 

led to an increase in adiponectin levels, which 

correlated with a decrease in hepatic steatosis. 

Finally, the TZDs have been shown to activate 

the AMPK pathway, which could also explain 

their insulin-sensitizing effect.35,36 However, 

there are unwanted side effects and potential 

risks with this class of drugs, including weight 

gain, fluid retention, increased fracture rate, and 

possibly excess cardiovascular events.37,38

There has been significant interest in evaluat-

ing TZDs to treat NASH (Table 2). The first open-

label pilot trial, published in 2001 by Caldwell et 

al.,39 examined troglitazone for up to 6 months 

in 10 women with biopsy-proven NASH. ALT lev-

els normalized in 70% of NASH patients at the 

end of treatment, but this biochemical response 

was associated with only mild histologic 

improvement, and all follow-up biopsies had 

evidence of NASH. Neuschwander-Tetri et al.40  

published an open-label uncontrolled trial using 

rosiglitazone in 30 overweight patients with 

biopsy-proven NASH for 48 weeks. There was 

significant improvement in ALT, insulin sensi-

tivity, liver steatosis, and inflammation, but no 

change in hepatic fibrosis. Promrat et al.41 con-

ducted a study in nondiabetic patients with 

biopsy-proven NASH and reported that pioglita-

zone normalized aminotransferase levels and led 

to a significant histologic response in the major-

ity of treated patients. This study included 18 

nondiabetic NASH patients who received piogli-

tazone at 30 mg daily for 48 weeks. Sanyal et al.42 

also showed promising results in another pilot 

trial comparing pioglitazone plus vitamin E with 

vitamin E alone in nondiabetic patients with 

NASH for 6 months. Both groups had reduction 

in hepatic inflammation but only a statistically 

significant reduction was noted in the piogli-

tazone plus vitamin E group. It was unclear 

whether the benefits were due to pioglitazone 

alone or whether vitamin E had an additive 

effect with pioglitazone. Wang et al.44 examined 
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the role of rosiglitazone in an open-label trial 

of 68 uncontrolled type 2 diabetics with NAFLD 

who were previously treated with insulin secreta- 

gogues and/or metformin. Patients were treated 

for a total of 24 weeks. Of the 60 patients who 

completed the study, 33.3% of patients achieved 

a normal ALT.

Subsequently, larger controlled trials were 

published using TZDs, which showed greater 

promise in their efficacy. Belfort et al.43 pub-

lished the first double-blind, placebo-controlled 

trial using diet plus pioglitazone compared with 

diet plus placebo for 6 months in 55 patients 

with NASH. The 26 patients in the diet plus 

pioglitazone group showed improved glycemic 

control, decreased hepatic fat, increased hepatic 

insulin sensitivity, and improved histologic find-

ings of steatosis and necro-inflammation. There 

was no significant reduction in fibrosis noted in 

the pioglitazone group. Aithal et al.45 published 

a similar trial in patients studied for 1 year. They 

randomized 74 nondiabetic patients with biopsy- 

proven NASH to a standard diet, exercise, and 

either placebo or pioglitazone. Sixty-one patients 

had posttreatment liver biopsies. Pioglitazone 

therapy was associated with decreased ALT lev-

els, improved insulin sensitivity, and improved 

histologic necro-inflammatory markers. Unlike 

the trial conducted by Belfort and colleagues,43 

Aithal et al. revealed that fibrosis was improved 

in the pioglitazone group.45 The FLIRT (Fatty 

Liver Improvement with Rosiglitazone Therapy) 

trial results were recently published examining 

rosiglitazone or placebo in 63 patients treated for 

1 year.46 Patients receiving rosiglitazone did have 

a statistically significant improvement in amino- 

transferases, insulin sensitivity, and hepatic 

steatosis, but did not show improvement in 

other histologic markers, notably the histologic 

NAFLD activity score (NAS) or overall fibrosis. 

In addition, only half of the patients receiving 

rosiglitazone responded to therapy. This study 

demonstrates that TZDs alone without lifestyle 

modifications may not be as effective in NASH. 

However, the study was limited by low base-

line NAS scores, which created little room for 

improvement.46 Authors reported that random- 

ization to the rosiglitazone arm, absence of diabe-

tes, and higher steatosis score were independent  

predictors of treatment response.

There have been other recently published, 

small, open-label trials examining TZD ther-

apy in comparison with metformin and/or life-

style modifications in NAFLD and NASH. The 

trial by Akyuz et al.26 included 11 patients with 

NAFLD who were treated with rosiglitazone 

for 12 months. ALT normalization occurred in 

54.5% at 6 months and in 37.5% at 12 months. 

No significant change in histology was noted 

in the eight patients who underwent post-

treatment liver biopsies. Idilman et al.28 treated 

25 patients in an open-label study with rosigli- 

tazone for 48 weeks. Unlike the patients who 

were treated with metformin in this trial, the 

group treated with rosiglitazone did show a sig-

nificant improvement in ALT. There was also 

an improvement in steatosis in those patients 

who underwent a posttreatment liver biopsy.28 

In the trial by Omer et al.31 there was a compari-

son arm of patients treated with rosiglitazone. 

This study revealed that rosiglitazone led to sig-

nificant improvements in ALT, HOMA-IR, and in 

postbiopsy NAFLD scores.

At present, the role for TZD therapy in NASH 

is promising. However, it is unclear whether 

TZD-associated increase in adiposity and the 

resultant weight gain would ultimately limit 

its benefits in improving long-term health out-

comes in NASH patients. In addition to weight 

gain, practitioners also need to consider other 

known side effects when considering long-

term use of TZDs in NASH, including a poten-

tial for increased cardiovascular events and 

fracture risk. An ongoing US multicenter trial 
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(PIVENS: Pioglitazone Vs. Vitamin E Vs. Placebo 

for Treatment of Nondiabetic Patients with 

Nonalcoholic Steatohepatitis; NCT00063622) 

evaluating pioglitazone vs. vitamin E vs. placebo 

for 96 weeks in nondiabetic patients with NASH, 

will hopefully help to clarify the long-term use-

fulness and safety of the TZDs in NASH.47 Clearly, 

more data are needed regarding the efficacy and 

safety of the TZD agents in NASH patients with-

out diabetes before recommendations for safe 

use can be made.

Other Insulin-Sensitizing Agents

Other insulin-sensitizing agents that show 

promise for clinical effectiveness in NASH are 

under development or in the early clinical test-

ing phases. The most clinically advanced agent 

to date is exenatide. Exenatide is a synthetic ver-

sion of exendin-4, a hormone that was initially 

isolated from the saliva of the Gila monster. It is 

a peptide agonist of the glucagon-like peptide-1 

(GLP-1) receptor and it functions primarily to 

stimulate insulin release from the pancreatic 

β-cells. However, exenatide does not function 

as a direct insulin sensitizer, but rather induces 

clinically significant weight loss, which may lead 

to an insulin-sensitizing effect. In animal stud-

ies, administration of exendin-4 significantly 

reduced glucose levels, improved insulin sen-

sitivity, and reduced hepatic steatosis in ob/ob 

mice.48 This study suggested that GLP-1 proteins 

in liver have a novel direct effect on hepatocyte 

fat metabolism. An open-label, uncontrolled 

clinical trial using exenatide to assess drug safety 

in diabetics over an average period of 3.5 years 

revealed that patients had improved AST and 

insulin sensitivity.49 In addition, those with ele-

vated ALT at baseline (n=116) had significant 

reductions in ALT, and 41% achieved normal 

ALT levels with treatment. Patients with ele-

vated ALT at baseline tended to lose more weight 

than patients with normal ALT levels at baseline; 

however, weight change was not correlated with 

baseline ALT or change in ALT. There has been 

one case report of a 59-year-old male with type 2 

diabetes who was treated with exenatide in addi-

tion to metformin monotherapy.50 Following 44 

weeks of exenatide therapy, this patient had a 

normalized ALT, and mean hepatic steatosis 

measured by liver spectroscopy decline from 

15.8% to 4.3%. Exenatide was FDA approved for 

use in the US in 2005 as adjunctive therapy for 

type 2 diabetes and is available as a subcutane-

ous injection. Clearly, exenatide is a promising 

agent, and two clinical trials have been initiated 

to study its effect in NASH though no recommen-

dations can be made at this time. Vuppalanchi 

and colleagues16 have initiated a study to exam-

ine its efficacy in NASH patients in an open-label 

study (NCT00650546).

Other PPAR agonists have been shown to 

have insulin-sensitizing effects and thus are 

possible targets in NAFLD. The PPAR-δ agonist  

GW501516 has been examined in a mouse 

model of NASH.51 It reduced hepatic triglycer-

ide levels, hepatic fat droplets, inflammatory 

cells, and decreased the expression of pro- 

inflammatory markers. PPAR-δ agonist treat-

ment in an ethanol-mediated hepatic injury 

and steatosis rat model attenuated the severity 

of ethanol’s adverse effects on hepatic repair by 

restoring insulin responsiveness.52 Collectively, 

these findings suggest that PPAR-δ is a poten-

tial therapeutic target for insulin resistance and 

hepatic steatosis.53

Finally, there had been some preliminary 

promise with the selective cannabinoid type I 

(CB1) receptor blockers in improving hepatic 

steatosis and promoting weight loss in NAFLD. 

The endocannabinoid system is involved in the 

regulation of food uptake, body weight, and 

insulin sensitivity. Obesity leads to upregula-

tion of the CB1 receptors, which leads to hepatic 



904 Adv Ther (2009) 26(10):893-907.

lipogenesis, fatty acid synthesis in adipocytes, 

and decreased adiponectin levels.54 In two large, 

placebo-controlled clinical trials using the CB1 

antagonist rimonabant to study weight loss, 

metabolic improvements were remarkable with 

notable improvements in insulin sensitivity.55,56 

This is largely thought to be due to weight loss, 

but the metabolic effects appear to exceed what 

is directly related to weight loss alone, suggest-

ing a direct action on improvement in insulin 

sensitivity. Rimonabant (SR141716), taranabant, 

and otenabant are three CB1 antagonists in clin-

ical development. Rimonabant, the most devel-

opmentally advanced agent, was removed from 

the market in the European Union due to the 

adverse side effect of psychiatric disturbances, 

mostly depression.57 All ongoing clinical trials 

and development programs with these agents 

has been halted, including ongoing studies in 

NASH. Hopefully, the safety issues with these 

agents will be resolved and clinical trials will 

be developed with select patient populations to 

allow testing to continue in NAFLD.

SUMMARY

NAFLD is a burgeoning disease with an 

increasing prevalence worldwide. It has far-

reaching consequences due to its association 

with the metabolic syndrome and cardiac risk 

factors of hypertension, hyperlipidemia, obesity, 

and diabetes. Insulin resistance is near universal 

in this disease and improvements in insulin sen-

sitivity have been shown to correlate with bene-

ficial short-term clinical outcomes in NASH. The 

impact of lifestyle modifications with weight 

loss and exercise cannot be overstated, though 

the long-term effect of this approach is unclear 

to date. At this time, insulin-sensitizing agents 

have shown the most promise in altering clin-

ical course and outcomes. However, the pub-

lished trials to date are in small, heterogeneous 

populations and it is difficult to make general-

ized conclusions regarding their mainstream use 

in NASH at this time. The TZDs have the most 

robust clinical data and more data from larger 

trials are expected to be published shortly, which 

will help to clarify their efficacy and long-term 

safety in NASH. The clinical data for metformin 

in NASH is not as robust, and its effect may be 

largely related to its ability to induce weight 

loss. However, its long-term use in diabetes has 

revealed it to be a safe agent in appropriate clini-

cal scenarios. There are no trials to date assessing 

the cost-effectiveness of lifestyle modifications 

or the use of insulin-sensitizing agents in 

NAFLD. Though in the earliest stages of clinical 

development, there is hope that newer insulin- 

sensitizing agents will prove to be beneficial 

in NAFLD.
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