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Abstract

Insulin sensitisers in the treatment of non-alcoholic fatty liver 
disease: a systematic review

D Shyangdan,1 C Clar,2 N Ghouri,3 R Henderson,4 T Gurung,1 D Preiss,3 
N Sattar,3 A Fraser5 and N Waugh1*

1Warwick Evidence, Health Sciences Research Unit, Warwick Medical School, University of Warwick, 
Coventry, UK

2Hasenheide 67, Berlin, Germany
3University of Glasgow, Glasgow, UK
4NHS Highland, Inverness, UK
5Aberdeen Royal Infirmary, Aberdeen, UK

*Corresponding author

Background: Non-alcoholic fatty liver disease (NAFLD) is closely linked with obesity and 
the prevalence of NAFLD is about 17% to 33% in the Western world. There is a strong 
association of NAFLD with insulin resistance and, hence, insulin sensitisers have been 
tried. This systematic review examined the clinical effectiveness of insulin sensitisers in 
patients with NAFLD, to help decide whether or not a trial or trials of the insulin sensitisers 
was necessary and also to explore whether or not non-invasive alternatives to liver biopsy 
were available that could be used in a large trial of the insulin sensitisers.
Objective: To review the use of insulin sensitisers in the treatment of NAFLD.
Review methods: A systematic review of the clinical effectiveness of metformin, 
rosiglitazone and pioglitazone was carried out, including reviews and randomised 
controlled trials (RCTs). Databases searched were MEDLINE, 1950 to June 2010; EMBASE, 
1980 to June 2010; Science Citation Index Expanded, June 2010; Conference Proceedings 
Citation Index – Science June 2010; The Cochrane Library 2005–10. Abstracts were 
screened independently by two researchers. A narrative review of diagnostic methods 
was conducted.
Results: Clinical effectiveness. We identified 15 RCTs (one available as abstract). Four 
papers explored efficacy of pioglitazone, one rosiglitazone, eight metformin; two compared 
metformin and rosiglitazone, although one used both metformin and rosiglitazone. The 
duration of most trials was between 6 and 12 months. Many trials had a small number of 
participants and the quality of the studies was mixed. Pioglitazone improved all parameters 
of liver histology. Metformin showed mixed results, with ultrasound changes in two studies 
showing some improvement in steatosis, whereas there were no changes in the other two. 
Metformin, however, showed no improvement in non-alcoholic steatohepatitis (NASH) 
stages. Metformin showed greater reduction in glycosylated haemoglobin (–0.23% to 
–1.2% vs –0.2% to –0.7%) and fasting plasma glucose (+0.05 to –3.19 mmol/l vs –0.17 
to –1.11 mmol/l) compared with pioglitazone. Metformin led to weight reduction (–4.3 to 
–6.7 kg), whereas participants on pioglitazone gained weight (+2.5 to +4.7 kg). Alanine 
aminotransferase levels were reduced with both metformin and pioglitazone; however, the 
reduction in levels with pioglitazone was not different to that caused by vitamin E. Most 
studies suggested that metformin led to a significant reduction in insulin resistance.  



iv Abstract

Diagnosis. Non-invasive methods of diagnosing NAFLD without liver biopsy, using 
combinations of clinical history, laboratory tests and ultrasound, have been explored, but 
so far liver biopsy is the only proven method of distinguishing simple steatosis from NASH. 
Transient elastography appears useful, but less so in obese individuals. Magnetic 
resonance spectroscopy shows promise, but is expensive and not readily available.
Limitations: Mixed quality of trials, with lack of detail as to how some trials were 
conducted. Many trials had small numbers of patients.
Conclusions: The main need for drug trials is at the NASH stage. However, at present, any 
trial in the more advanced forms of NAFLD would have to use liver biopsy. The highest 
priority for research may, therefore, be in the diagnosis of NAFLD, and the differentiation 
between steatosis and NASH. The newer agents, the glucagon-like peptide-1 analogues 
such as liraglutide, may be more worthy of a trial.
Funding: The National Institute for Health Research Health Technology 
Assessment programme.
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Executive summary

Background

Non-alcoholic fatty liver disease (NAFLD) represents a spectrum of disease, ranging from an 
increased fat content in the liver (steatosis) to inflammatory change (non-alcoholic steatohepatitis 
– NASH), and potentially to fibrosis and cirrhosis. By definition, it is seen in people whose 
alcohol intake is not increased (such as < 10 g a day for women, < 20 g a day for men).

Population-based screening studies suggest that the prevalence of NAFLD is in the region 
of 17–33% in the Western world. The prevalence of NASH is not known because it currently 
requires a liver biopsy to confirm the diagnosis, but it has been estimated to be around 3% in the 
total population. We lack good data on the natural history of NAFLD and progression, partly 
because there are few long-term follow-up studies of well-defined patient cohorts.

The first stage of NAFLD is hepatic steatosis – accumulation of fat in liver cells. NAFLD is 
strongly linked with insulin resistance and, hence, with obesity and type 2 diabetes. Most 
people with NAFLD are obese. Because obesity and diabetes have been increasing in the UK, 
we can expect to see an increase in NAFLD. Steatosis alone does not cause problems. It is the 
development of NASH, and progression to fibrosis and cirrhosis, which causes the morbidity and 
mortality in the NAFLD spectrum.

Many treatments have been tried in NAFLD. Because of the link between NAFLD and insulin 
resistance, two types of drug, which are sometimes called ‘insulin sensitisers’, have been tried. 
These are biguanides (metformin) and the glitazones (rosiglitazone and pioglitazone). This 
review was commissioned by the UK Health Technology Assessment programme to help decide 
whether or not a trial or trials of the insulin sensitisers was necessary.

Methods

A systematic review of the clinical effectiveness of metformin, rosiglitazone and pioglitazone was 
carried out. The review included reviews and randomised controlled trials (RCTs). The databases 
searched were MEDLINE, 1950 to June 2010; EMBASE, 1980 to June 2010; Science Citation 
Index Expanded, June 2010 (limited to meeting abstracts only); Conference Proceedings Citation 
Index-Science June 2010; The Cochrane Library 2005–10. No language restriction was applied.

Abstracts retrieved by the searches were screened independently by two researchers for 
inclusion or exclusion. Data were extracted from the included studies by two researchers with 
cross-checking. The quality of trials was assessed using seven criteria. Meta-analysis was not 
considered appropriate.

The original remit for this review did not include a review of diagnostic methods. However, a 
rapid narrative review of diagnostic methods was carried out, starting with reviewing previous 
reviews. The aim of this review was to look for non-invasive alternatives to liver biopsy, which 
could be used in a large trial of the insulin sensitisers.
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Results

Clinical effectiveness
A total of 1842 studies were retrieved by the searches, of which 49 were considered possible 
inclusions. After reading the full texts of these studies, 34 were excluded. The review therefore 
included 15 RCTs (one available only in abstract form). Four RCTs used pioglitazone, one used 
rosiglitazone, eight used metformin, two compared metformin and rosiglitazone, and one used 
both metformin and rosiglitazone. The rosiglitazone results are reported for completeness in the 
main text. It has been withdrawn from use in Europe.

Five systematic reviews were identified, but none included all of the trials now available.

The quality of the trials was mixed, with a range of scores from ‘1’ to ‘7’ out of a possible seven. 
The lower scores often reflected a lack of detail as to how the trials were conducted.

Many of the trials had a small number of patients. Four had fewer than 40 recruits. The duration 
of most trials was between 6 and 12 months.

Pioglitazone
All four pioglitazone studies involved liver biopsies. Pioglitazone was found to improve all 
parameters of liver histology, was better than placebo, or diet and exercise, or hypocaloric diet, 
but was no better than vitamin E. It should be noted that the control group on hypocaloric diet 
lost only 0.5 kg.

Pioglitazone reduced alanine aminotransferase (ALT) levels. In six trials reporting glycosylated 
haemoglobin (HbA1c), four of which were in patients with diabetes or impaired glucose 
tolerance, HbA1c level was reduced, by 0.2–0.7%. Weight gain ranging from 2.5 to 4.7 kg was 
observed with pioglitazone. Results for insulin resistance were mixed, with both increases and 
decreases reported.

Metformin
Of the eight metformin studies, five involved liver biopsy and three relied on ultrasound. Most 
showed no clear benefit from the addition of metformin to diet or (in one case) rosiglitazone. 
Four trials reported ultrasound changes in steatosis, of which two found no difference and two 
some advantage with metformin. The lack of benefit was in some cases because patients in the 
control arm improved on diet.

The two trials that compared metformin and rosiglitazone had mixed results. One found 
significant improvements in histology when the metformin and rosiglitazone groups were 
combined and then compared with the diet group, but not when the metformin and rosiglitazone 
groups were considered individually. The other found improvements with rosiglitazone alone, 
and the combination of rosiglitazone and metformin, but not with metformin alone.

Hence, there is a lack of evidence that metformin improves liver histology at the NASH stage.

Alanine aminotransferase levels improved on metformin. Reductions in HbA1c levels ranged 
from 0.23% to 1.2% with metformin.

Unlike with pioglitazone, patients on metformin tended to lose weight (by 4.3 kg, based on only 
one trial). Measures of insulin resistance tended to improve on metformin.
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Diagnosis

There is a growing consensus that NAFLD can be diagnosed without liver biopsy, using 
combinations of clinical history, laboratory tests (full blood count, liver function tests) and 
ultrasound. A form of ultrasound known as ‘transient elastography’ may be useful but further 
research is needed, especially in obese patients. Computerised tomography (CT) scanning may 
be better than ultrasound, but there are issues around radiation dose and access. Magnetic 
resonance spectroscopy may be the best of the non-invasive methods, but is expensive and not 
readily available.

However, distinguishing steatosis from NASH by non-invasive means is proving more difficult, 
with doubts that this can be done by ultrasound or CT. New methods of magnetic resonance 
imaging may be more useful, but remain unproven.

Implications for research

The greatest need for drug trials is probably at the NASH stage. However, at present, any trial 
in the more advanced forms of NAFLD would have to use liver biopsy. The highest priority for 
research may, therefore, be in the diagnosis of NAFLD and the differentiation between steatosis 
and NASH.

Further trials of insulin sensitisers may not be the highest priority. Rosiglitazone has now been 
taken off the market because its cardiovascular safety was less than that of pioglitazone. However, 
pioglitazone has other adverse effects: weight gain, oedema and fractures. Metformin is safer, but 
had little effect on liver histology. The newer agents, the glucagon-like peptide-1 analogues, such 
as liraglutide, may be more worthy of a trial.

One high priority is for research into the ways of preventing people from becoming obese, and 
into the ways of ensuring weight loss in those who become obese, so that we can reduce the 
prevalence of NAFLD.

Funding

The National Institute for Health Research Health Technology Assessment programme.
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Chapter 1  

Introduction

What is non-alcoholic fatty liver disease?

‘Non-alcoholic fatty liver disease’ (NAFLD) is a term used for a group of inter-related chronic 
liver disorders causing a wide spectrum of liver damage associated with increased fat content in 
the liver in the absence of increased alcohol intake [< 10 g of alcohol per day for women, < 20 g 
per day for men (around 9–18 units of alcohol per week, respectively)].1,2 By definition, to have 
NAFLD, > 5% of the liver weight must be due to accumulation of fat.2 NAFLD has become 
recognised as an important problem only recently and was relatively unknown prior to 1980.3,4 
Population-based screening studies suggest that the prevalence of NAFLD is in the region of 
17–33% in the Western world.5 The prevalence of non-alcoholic steatohepatitis (NASH) is not 
known because it currently requires a liver biopsy to confirm the diagnosis, but it has been 
estimated to be around 3% in the total population.5

The spectrum of potentially progressive liver damage can include:

 ■ simple (hepatic) steatosis (fatty accumulation in the liver, also known as ‘fatty liver’)
 ■ NASH
 ■ advanced fibrosis
 ■ cirrhosis
 ■ hepatocellular carcinoma (HCC), hepatoma, liver cancer.

The term ‘NASH’ is sometimes used to describe the three subsequent stages after hepatic 
steatosis,6 but in this report will be used only for the inflammatory stage that follows 
simple steatosis.

Non-alcoholic fatty liver disease is the most common cause of abnormal blood tests of liver 
function.7 The liver damage seen in NAFLD is similar to the changes seen in alcohol-related 
liver disease,3 but, by definition, individuals with NAFLD do not consume increased quantities 
of alcohol.

Not every individual who develops simple steatosis (which is asymptomatic) progresses to the 
subsequent stages of liver damage, but some will progress to chronic liver failure (inability of the 
liver to fulfil its role in detoxifying the blood and synthesising various compounds necessary for 
the body to function) with potential subsequent acute decompensation. Chronic liver failure is 
associated with a very poor prognosis.8 Finally, some individuals can go on to develop HCC after 
reaching the cirrhotic stage.9 Data on disease progression are reviewed later in the chapter.

Although more cases of cirrhosis are due to alcohol than to NAFLD,10 more people have some 
form of NAFLD than alcohol-related fatty liver disease (ALD).11 NAFLD is strongly linked to 
insulin resistance, and thus associated with conditions such as type 2 diabetes mellitus (T2DM) 
and obesity. Therefore, as the prevalence of these two conditions increases, it is likely that there 
will be a marked rise in NAFLD, making NAFLD a growing issue for health-care providers. 
NAFLD is also a risk factor for the development of T2DM.5



2 Introduction

What causes non-alcoholic fatty liver disease and its 
progression?

The key feature in NAFLD is the accumulation of fat in the liver. As mentioned above, simple 
fat deposition occurs at the beginning and is relatively benign; however, this can progress to 
inflammatory change (steatohepatitis, NASH), with the possible formation of scar tissue (fibrosis) 
and further structural change associated with the reduction in liver function (cirrhosis).

The accumulation of liver fat
Hepatic steatosis (accumulation of fat within liver cells) is the first stage of NAFLD. There is 
no single mechanism leading to hepatic steatosis, but rather the combination of a number of 
pathologies that ultimately disrupt normal lipid [fat-rich products, mainly triglycerides (TGs) 
– fatty acid molecules] movement through the liver cell and cause lipid accumulation. The fat in 
the liver can be traced to three sources – dietary intake, de novo synthesis and circulating non-
esterified fatty acids (NEFAs) derived from body fat stores.5 It is known that high-fat diets can 
lead to hepatic steatosis, but it appears that NEFAs are the main source of liver fat, with 60% in 
individuals with NAFLD who have a normal fat-containing diet.12

The body’s resistance to the effects of the hormone insulin (required for the uptake of glucose 
– the main sugar derived from dietary carbohydrate by liver, fat and muscle cells) is thought to 
play a key role in increasing levels of NEFAs, particularly the insulin resistance shown by fat and 
muscle cells (Figure 1). Once lipid starts to accumulate in the liver this can, in fact, worsen the 
body’s insulin resistance, reducing the beneficial effects of insulin, leading to a vicious cycle.13–15

Inflammation of the fatty liver – non-alcoholic steatohepatitis
McCullough16 has reviewed the pathophysiology of NASH. Hepatic steatosis is considered to 
have a benign course in most cases.17 This may be because of associated counter-regulatory 

FIGURE 1 The effects and potential clinical indicators of accumulating liver fat. The presence of ectopic fat in the 
liver cell leads to hepatic insulin resistance following the accumulation of intracellular lipid by-products, which leads 
to disturbed glucose metabolism. Gluconeogenesis is the production of glucose from protein and fat breakdown, and 
glycogen is the form of complex carbohydrate that glucose is stored as. BMI, body mass index; FPG, fasting plasma 
glucose. Adapted from Preiss and Sattar.5
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protective mechanisms, which means that liver tissue changes (other than steatosis) and liver 
function may remain normal. NASH represents the stage when the fatty liver starts to show 
inflammatory change. It is the development of NASH and progression to fibrosis and cirrhosis 
that is responsible for the liver-specific morbidity and mortality of NAFLD.

It is unclear why only approximately 25–30% of patients with simple steatosis develop NASH.16 
The counter-regulatory processes occurring as a means to maintain liver cell (hepatocyte) health 
forms the basis of the older ‘two-hit’ theory in the development of NASH. A newer theory 
suggests that NASH occurs by liver fat directly causing inflammation.

In the two-hit theory, the first hit refers to the accumulation of liver fat. It has been proposed 
the hepatocytes act, in addition, as a reservoir of toxic agents and are most susceptible to a 
‘second hit’ – oxidative stress18,19 – caused by endogenous compounds within liver cells and by 
environmental toxins.20,21 The cells in the body constantly react with inhaled oxygen, producing 
energy – oxidation. As a consequence of this activity, highly reactive molecules (free radicals) 
are produced. Free radicals interact with other molecules within cells. This can cause damage – 
oxidative stress – to proteins, membranes and genes. Patients with NASH have increased levels of 
oxidative stress when compared with patients with steatosis alone.22,23

In addition to endogenous toxins, three factors have been proposed as potential causative 
mechanisms for producing this oxidative stress: increased insulin levels, lipid peroxidation and 
liver iron content (Figure 2).

Insulin may injure the liver both directly and indirectly.24,25 The indirect effects are related to the 
hyperinsulinaemic state increasing liver fat accumulation, as described earlier. The direct effect 
may be due to insulin’s ability to generate oxidative stress.25 It also appears to have direct effects 
by stimulating scar tissue formation, especially in the presence of increased glucose levels.26 
This may explain the observation that NAFLD patients with T2DM have a particularly poor 
prognosis.17,27 Insulin may be directly involved in causing stress on parts of the liver cell that lead 
to cell death (apoptosis). This, in itself, may exacerbate insulin resistance.28

Increased lipid peroxidation (breakdown of NEFAs, causing oxidative stress) has been 
demonstrated in patients with NAFLD.22,23,29–31 As previously described, patients with NAFLD 
have increased breakdown of fat stores and increased delivery of NEFAs to the liver.22,32 The 
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FIGURE 2 The two-hit theory of NASH. This involves insulin resistance, which causes hepatic steatosis, a process 
enhanced by obesity and/or T2DM. Once developed, hepatic steatosis may remain in a benign state or progress 
to NASH via the mechanisms discussed. Reproduced with permission from AJ McCullough. Pathophysiology of 
nonalcoholic steatohepatitis. J Clin Gastroenterol 2006;40(Suppl. 1):17–29.16
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products of NEFA oxidation are capable of generating oxidative stress and subsequent lipid 
peroxidation, setting up a vicious cycle.

In response to oxidative stress, there is usually an increased synthesis of antioxidants. However, 
NAFLD patients have decreased antioxidants (glutathione).33 Therefore, patients with NAFLD 
have an impaired ability to produce sufficient antioxidants. A deficiency in antioxidants is 
also supported by a preliminary report that demonstrated that betaine (a naturally occurring 
antioxidant) improved the microscopic images of liver tissue and liver function tests (LFTs) in 
patients with NAFLD.34

The role of iron as a pro-oxidant in NASH is unclear. In McCullough’s review,16 there is 
mention of patients with NAFLD having increased ferritin levels, and a relationship between 
hepatic iron and insulin resistance. However, there is acknowledgement that there is no 
strong evidence associating iron overload with NAFLD. Therefore, for now, iron is likely to be 
important in only a minority of patients with NASH and more research is required on iron as a 
pathophysiological factor.

There is also good evidence to support a one-hit theory of liver fat causing chronic inflammation 
directly, leading to direct NAFLD progression.5 A key player in steatosis formation appears to be 
nuclear factor-κB (NF-κB). This is a transcription factor – an intracellular protein required for 
the transcription of deoxyribonucleic acid to form proteins. In animal models it has been shown 
that a high-fat diet with resultant hepatic steatosis leads to increased NF-κB signalling in the 
liver.35 This then induces the production of chemicals involved with causing inflammation, which 
may play a role in the progression of NAFLD. The transcription factor also leads to activation 
of specific cells (Kupffer cells and macrophages) within liver tissue, which are known to cause 
further damage to liver tissue. In the same study35 there is evidence that inflammation, in the 
form of isolated increased NF-κB expression in rat liver, can lead directly to insulin resistance.35

Another factor that may be involved in the process is adiponectin, a polypeptide produced in 
adipocytes (fat cells) and which may be protective via an insulin-sensitising effect in the liver. 
Polyzos et al.36 reviewed the evidence on the role of adiponectin and noted that it was reduced 
in NAFLD and NASH, and increased by most interventions which improved NAFLD, including 
weight loss, bariatric surgery and pioglitazone, but not metformin. However, formal interventions 
and links to adiponectin genotypes would be required to prove a causal relationship.

The advanced stages – fibrosis and cirrhosis
As NAFLD progresses, more advanced forms can occur – fibrosis and cirrhosis. Liver fibrosis 
is the formation of excess fibrous tissue in the liver37 and is a reparative or reactive process, as a 
result of NASH,38 or, in a few cases, direct progression from simple steatosis.39 Liver fibrosis can 
lead to loss of function.

Cirrhosis of the liver is advanced fibrosis associated with regenerative nodules (an attempt at 
repair).40 Cirrhosis is associated with variable and usually irreversible loss of liver function. 
When liver function is minimally or not significantly compromised clinically, it is often termed 
‘compensated cirrhosis’; however, when there is clinical evidence that the cirrhotic liver is unable 
to function properly, it is termed ‘decompensated cirrhosis’. Whereas decompensation can be 
reversible if due to an acute insult (e.g. infection), decompensation is often progressive, resulting 
in liver failure and death. Hui et al.41 in their prospective cohort study followed up 23 patients 
with NASH-associated cirrhosis for a mean duration of 84 months (range 5–177 months) and 
found that 9 out of 23 cases developed liver-related morbidity (eight developed ascites and/
or encephalopathy, one developed variceal bleeding). The authors then found that probability 
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of complication-free survival was 83%, 77% and 48% at 1, 3 and 10 years, respectively, and 
the cumulative probability of overall survival at 1, 3 and 10 years was 95%, 90% and 84%, 
respectively.41

Other conditions associated with non-alcoholic fatty liver disease

As described above, other diseases and physiological states are associated with the development, 
severity and progression of NAFLD. The main ones are diabetes mellitus (particularly 
T2DM42), insulin resistance, obesity or overweight, and increased levels of TGs in the blood 
(hypertriglyceridaemia).7 Insulin resistance, obesity and hypertriglyceridaemia are key 
components of the (multiply defined) topical metabolic syndrome,43 a ‘syndrome’ associated with 
increased cardiovascular events.44 A substantial number of studies have shown the increased 
prevalence of these three conditions in patients with NAFLD, and some data are summarised 
in Table 1.45 More data relating to these conditions and NAFLD will be commented on in the 
next section.

Although all three conditions are associated with the development of NAFLD, it is also likely 
that NAFLD, associated with elevations in liver enzymes, has a causal role in development of 
T2DM,46–49 as previously highlighted in Figure 1.

Prevalence and natural history of non-alcoholic fatty liver disease

Estimates of prevalence are variable, because of differences in the method used to diagnose 
the various stages of NAFLD and the variation in sample selection and size. As the histological 
(microscopic tissue) features of NAFLD may be indistinguishable from those of alcoholic liver 
disease, the diagnosis requires the exclusion of known excessive alcohol intake.

International data
As previously mentioned, screening studies using serum liver tests and ultrasonography (USG) 
suggest that the prevalence of NAFLD ranges from 17% to 33% in the general population of 
the Western world.50 Imaging using magnetic resonance spectroscopy (MRS) gives NAFLD a 
prevalence of 34%.51 The prevalence of NASH is less well known, as a liver biopsy is required to 
confirm the diagnosis. Estimates of the prevalence are in the range of approximately 3% in the 
general population and higher among obese persons.52 The average age at diagnosis lies between 
45 and 55 years,45 and has a slight female preponderance.45

TABLE 1 Type 2 diabetes mellitus, obesity and hypertriglyceridaemia in NAFLD

Author No. of patients Diabetes (%) Obesity (%) Hypertriglyceridaemia (%)

Ludwig (1980) 20 25 90 67

Diehl (1988) 39 88 71 –

Lee (1989) 49 51 69 4

Powell (1990) 42 36 93 81

Bacon (1990) 33 21 39 21

Matteoni (1999) 132 33 70 92

Angulo (1999) 144 28 60 27

Modified from McCullough.45
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Natural history
Good long-term data (including UK data) on the natural history of NAFLD from simple 
steatosis to more advanced stages are lacking, for a number of reasons. NAFLD has only recently 
been characterised in detail. There are few long-term follow-up studies of well-defined patient 
cohorts, and follow-up liver biopsies have been performed in only a limited number of patients. 
The diagnostic method for fatty liver – blood tests ± ultrasound ± liver biopsy (the current gold 
standard)50 – is not uniform, and studies using ultrasound to diagnose steatosis will give higher 
numbers than liver biopsy. Furthermore, it is possible that the long-term complications of 
NAFLD may be under-recognised and under-reported, as the characteristic features of fatty liver, 
such as steatosis, may disappear in the late stages of the disease, leading to a picture of ‘bland’ 
cirrhosis, frequently described as ‘cryptogenic’, rather than NAFLD-related cirrhosis, which 
is now recognised as the most common cause of cryptogenic cirrhosis.53 Finally, most studies 
to date that have studied the natural history of NAFLD have been retrospective analyses (e.g. 
clinical follow-up from cohort studies) or case series in which selected patients with a diagnosis 
of NASH underwent subsequent liver biopsies.6

Despite these limitations, the following diagrams indicate the current thinking on the prevalence 
and progression of NAFLD (Figures 3 and 4).

Hence, it is difficult to determine what proportion of an unselected population will develop 
NAFLD-related cirrhosis and subsequent HCC. One study estimated that 7% of cases of 
HCC were related to underlying NAFLD or cryptogenic cirrhosis but such data are, at best, 
approximates.9

FIGURE 3 The natural history of NAFLD. Adapted from Preiss and Sattar.5 a, Matteoni et al.,17 Day;39 b, Fassio et al.,54 
McCullough.16
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UK data
The UK data on NAFLD are limited, with no nationwide data. The incidence of NAFLD in a 
hepatology catchment area in England of 200,000 residents, based on referrals to a secondary care 
setting, was calculated at 29 per 100,000 population.55 This was subdivided into 23.5 per 100,000 
population for non-cirrhotic NAFLD and 5.5 per 100,000 population for cirrhotic NAFLD. There 
are no satisfactory prevalence data.

Associations with type 2 diabetes mellitus and obesity
Numerous studies have reported the increased prevalence of NAFLD in individuals with T2DM,56 
and increased risk and severity of NAFLD in T2DM.57–59 In 939 randomly selected people with 
T2DM in Edinburgh, ultrasound-detected steatosis was present in 73.9% of subjects.60 A recent 
study in the USA reported the prevalence of ultrasound-determined NAFLD to be 69.5%.56 
The prevalence of NAFLD in obese individuals (ultrasound determined) has been estimated to 
be high as 80%.50 One thing is certain – as the incidence and prevalence of obesity and T2DM 
increase,61 the incidence and prevalence of fatty liver, and hence NASH and more severe forms of 
NAFLD, are also likely to increase.

Cardiovascular risk
In addition to the organ-specific related morbidity and mortality of NAFLD, NAFLD has also 
been linked with increased cardiovascular risk, largely through the components of the metabolic 
syndrome. A detailed review in 2007 on NAFLD and cardiovascular risk62 showed that this 
increased risk was related to the presence of known cardiovascular risk factors, several of which 
(insulin resistance, obesity and dyslipidaemia/hypertriglyceridaemia) are also well associated 
with NAFLD.63

Similar conclusions were reached in a more recent review by Ghouri et al.,64 who concluded that 
the presence of NAFLD was an indication for screening for T2DM, but that it did not add useful 
data on CVD risk compared with traditional risk factors.

Hence, it appears that NAFLD itself is not an independent contributor to CVD risk, but that it is 
associated with adverse risk factors.

A more recent review by Targher et al.65 also addressed the question of whether or not NAFLD 
increased the risk of cardiovascular disease, independent from its association with traditional risk 
factors. They concluded that:

Although additional research is required to draw a definite conclusion, these 
observations raise the possibility that NAFLD – especially its necroinflammatory variant, 
NASH – not only is a marker of cardiovascular disease but may also be involved in its 
pathogenesis. This process may occur through the systemic release of pro-atherogenic 

FIGURE 4 The natural history and clinical outcomes of NASH. OLTX, orthotopic liver transplantation. Reproduced 
with permission from AJ McCullough. Pathophysiology of nonalcoholic steatohepatitis. J Clin Gastroenterol 
2006;40(Suppl. 1):17–29.16
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mediators from the steatotic and inflamed liver or through the contribution of NAFLD 
itself to insulin resistance and atherogenic dyslipidaemia.

One key issue noted by Targher et al.65 is that cardiovascular disease is a greater threat to people 
with NAFLD than liver disease.

Associations with type 1 diabetes
A recent study66 has reported a high prevalence of NAFLD in 202 patients with type 1 diabetes in 
Italy. NAFLD was diagnosed by history and liver ultrasound. Over half of the group were classed 
as having NAFLD. Those who did were older, had suffered from diabetes longer and had higher 
body mass indices (BMIs) than those who did not.

Clinical features of non-alcoholic fatty liver disease

Given that NAFLD is a spectrum of (often progressive) liver damage, the clinical presentation 
can vary depending on the stage of presentation. Simple hepatic steatosis or fatty liver is often 
asymptomatic and is picked up only following investigations of abnormal blood LFTs. Symptoms, 
when present, may include fatigue and right upper quadrant pain and the most commonly 
reported clinical finding is hepatomegaly (enlarged liver on examination).67 Often these features 
are more apparent in individuals with NASH or early cirrhosis. If advanced cirrhosis eventually 
develops prior to diagnosis, presentation is similar to that of cirrhosis from other causes, with 
clinical signs including ascites (fluid collecting in the abdomen), variceal haemorrhage (bleeding 
from large veins in the gastrointestinal tract), splenomegaly (enlarged spleen on examination), 
bruising and eventual jaundice.

As mentioned above, NAFLD is associated with several other metabolic disorders, and therefore 
people with NAFLD can exhibit clinical features of these conditions as well. It is beyond the scope 
of this report to go into this aspect in detail.

Diagnosis of non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease can be reasonably accurately diagnosed from clinical history 
and ultrasound. However, staging is more difficult, and the current consensus is that NASH can 
be diagnosed only after liver biopsy. This could be a major hindrance to any trials that need to 
recruit large number of patients. Liver biopsy can have complications, such as bleeding.

For detecting liver fibrosis, various non-invasive alternatives to liver biopsy have been suggested, 
including combinations of blood tests (‘serum marker panels’) and either transient or real-time 
elastography (a form of ultrasound). For detecting NAFLD, ultrasound and magnetic resonance 
imaging (MRI)/MRS have been suggested.

The National Institute for Health Research (NIHR) Health Technology Assessment (HTA) 
programme is commissioning a full review of evidence on non-invasive methods for the 
assessment and monitoring of liver fibrosis and cirrhosis (HTA no. 09/07),68 and so this review 
does not duplicate that. However, we review the diagnosis of lesser degrees of liver damage 
in Chapter 3.
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Biochemical picture associated with non-alcoholic fatty liver 
disease

Table 2 summarises the biochemical pattern in NAFLD, and has been compared with ALD, the 
other most common cause of liver problems.5

Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) [and sometimes gamma-
glutamyl transferase (GGT)] are components of the broader group of liver function blood tests 
known as the LFTs. It should be noted that the AST concentration can be higher than ALT in 
cirrhosis, and thus in individuals with known NAFLD a rising AST concentration (and reversal 
of the ALT/AST ratio) is potentially a bad prognostic sign, suggesting necrosis (liver cell death 
associated with inflammation).5

Predicting non-alcoholic fatty liver disease

There are published algorithms that have attempted to detect individuals with a higher likelihood 
of NASH.69,70 Factors such as age (> 50 years), BMI (> 28 kg/m2), hypertriglyceridaemia and 
elevated ALT level were risk factors that were independently associated with liver fibrosis. 
A scoring system combining these factors could reduce the number of patients requiring 
liver biopsy.69

Treatment of non-alcoholic fatty liver disease

There is currently no approved treatment (medical or surgical) for NAFLD. Given that NAFLD is 
a group of inter-related progressive liver disorders, the aim and type of treatment will depend on 
the stage at which the diagnosis is made. There is no available prospective evidence showing the 
outcome of any form of treatment on important long-term outcomes, such as the development of 
cirrhosis or HCC. Treatment is aimed at reducing future risk of diabetes, or optimising control in 
patients with diabetes, treating obesity and reducing cardiovascular risk. Interventional studies 
have tended to use improvements in LFTs and liver histology as surrogate end points, based on 
the assumption that these will reflect subsequent reductions in morbidity from NAFLD.

TABLE 2 Biochemical profile associated with NAFLD

Feature NAFLD ALD

ALT ↑ →
AST → ↑
ALT/AST ratio > 1.0 < 1.0

GGT →↑ ↑↑
Mean corpuscular volume → ↑
FPG →↑ →
HDL-cholesterol ↓ ↑↑
TGs ↑ ↑ or ↑↑

FPG, fasting plasma glucose; HDL, high-density lipoprotein.
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Lifestyle changes
Reduced calorie intake and increased physical activity are viewed as logical methods to reduce 
liver fat content. Two studies have shown that a reduction in weight by 10% significantly reduced 
elevated LFTs compared with subjects with NAFLD who did not lose as much weight.71,72 Park 
et al.72 from Republic of Korea reported a marked reduction in liver enzymes (AST and ALT) in 
those who lost weight, but not in those who did not. Ueno et al.73 from Japan reported that effects 
of intensive lifestyle modification over a 3-month period in overweight patients with NAFLD 
produced an improvement in the microscopic changes in liver tissue, but such changes did not 
attain significance.73 However, a reduction of three units in BMI normalised previously elevated 
AST and ALT levels.

Weight loss drugs
Published pilot data on orlistat, a weight loss drug that reduces fat absorption, have shown 
improvements in LFTs, ultrasound findings and microscopic changes in liver tissue.74,75 A further 
small study76 compared orlistat with another drug – sibutramine, an appetite suppressant – and 
the results showed an improvement in LFTs and reduced liver fat on ultrasound in both groups.

In a detailed review of the effects of lifestyle modification with and without the use of weight 
loss drugs in patients with steatosis and NASH, Harrison and Day77 concluded that a weight loss 
of 10% of body weight not only improved the biochemical measures seen in NAFLD, but also 
improved the histological changes seen in NASH. They also concluded that the evidence from a 
number of studies suggested that physical activity alone, or with only modest (3%) weight loss, 
was also effective in improving insulin sensitivity.

More recently, a high-quality systematic review by Musso et al.78 reviewed all treatments for 
NAFLD. The authors also concluded that weight loss improved or reversed NASH, but that it 
appeared from two randomised controlled trials (RCTs) that weight loss had to be at least 7% or 
9% for histological features to measurably improve. Musso et al.78 came to the same conclusion 
as Harrison and Day77 (but based on different studies) – that the evidence suggested that physical 
activity improved NAFLD independently of weight loss. These data, in turn, concur with 
evidence for an independent association of higher activity levels, albeit assessed by questionnaire, 
with lower GGT levels in a cohort study of British women.79

Drugs that control blood glucose levels
Trials using drugs that improve the body’s sensitivity to the effects of insulin have been 
performed in individuals with NAFLD. Two main drugs – metformin and thiazolidinediones 
(TZDs) (glitazones) – have been investigated. Metformin reduces glucose production in the 
liver and improves the uptake of circulating glucose in the blood by fat and muscle, whereas 
the glitazones improve the uptake of circulating glucose in the blood and are also believed to 
redistribute fat away from ectopic sources (particularly the liver) to subcutaneous areas, often 
with an overall increase in weight (substantial in some individuals).80

The glitazones have adverse effects, including oedema, higher risk of fracture and in addition 
the development and worsening of heart failure;81,82 and rosiglitazone moderately increases 
cardiovascular risk83,84 and has recently been suspended in Europe.

The evidence on metformin and the glitazones is reviewed in Chapter 2.

Non-alcoholic fatty liver disease and other drugs
Patients with NAFLD are likely to be considered for lipid-lowering statin therapy owing to their 
elevated lipid levels and increased cardiovascular risk. Statin therapy in NAFLD certainly appears 
safe and should not be avoided because of mildly abnormal LFTs.85 There is also some evidence 
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of improvement in liver histology on statin therapy from a small placebo-controlled study that 
was recently published.86 Other drugs studied have included vitamin E and fibrates. Vitamin E 
therapy has produced variable results87,88 and fibrate therapy has not shown benefit thus far.89 
In the only placebo-controlled studies so far, combination therapy with the bile component 
ursodeoxycholic acid (UDCA) with vitamin E for 2 years resulted in a significant reduction in 
steatosis.90 UDCA therapy alone did not improve changes in liver tissue, although there was an 
improvement in LFTs. In two small studies, treatment with the angiotensin II blocker, losartan, 
also led to improvements in liver histology.91,92

A review of all drugs for NAFLD was not in our remit, but we note the findings of the recent 
review by Musso et al.,78 who found that:

 ■ There is some evidence of benefit from treatment with polyunsaturated fatty acids. Trials are 
in progress.

 ■ Fibrates had no effect.
 ■ The evidence on statins was sparse, but there was some evidence of benefit from atorvastatin.
 ■ The lipid-lowering drug probucol lowered ALT, but also high-density lipoprotein (HDL), 

which might increase cardiovascular risk.
 ■ UDCA had little or no effect.
 ■ There were mixed results with antioxidants.
 ■ Pentoxifylline appeared to be of benefit; two RCTs are under way.
 ■ Telmisartan (an angiotensin receptor blocker) appeared to reduce fibrosis, the only drug to 

do that. It improved steatosis, ballooning and lobular inflammation. It led to a reduction in 
insulin resistance, and TG and total cholesterol (TC) levels. It is noteworthy that the effects of 
valsartan were less despite similar blood pressure effects. The liver effects of telmisartan may 
be related to its peroxisome proliferators-activated receptor (PPAR) gamma activity.

 ■ There was some evidence of benefit for l-carnitine.
 ■ Orlistat added to diet resulted in little difference – weight loss of 8% instead of 6% on 

diet alone.

Surgery
Recently, data on surgery for morbid obesity with 18- to 24-month follow-up have been 
published. There are two main types of surgery for obesity. One procedure, gastric bypass surgery, 
in essence involves reducing the size of the stomach, by bypassing a large section of the stomach 
and connecting it to the small intestine, and this can be done laparoscopically (keyhole surgery). 
The second procedure is adjustable gastric banding, and involves placing an adjustable band over 
the top part of the stomach, creating a pouch that reduces the size of the stomach, and is also 
done laparoscopically. Studies have shown improvement of NAFLD staging or even complete 
disease resolution following surgery. Mummadi et al.93 carried out a systematic review to explore 
effectiveness of bariatric surgery in patients with NAFLD and found that the procedure was safe, 
with resolution of steatosis in 91.6% of patients, improvement of steatohepatitis and fibrosis in 
81.3% and 65.5% of patients, respectively, and resolution of NASH in 69.5%.93

The effects of bypass surgery and concomitant weight loss (mean loss 50 kg), evaluated by liver 
biopsy, found considerable improvements in the prevalence of steatosis (90% preoperatively to 
2.9% post-operatively), hepatocellular ballooning (swelling of liver cells: 58.9% preoperatively to 
0% post-operatively) and fibrosis (50% down to 25%).94 In a similar study,95 there were similarly 
impressive reductions in steatosis, fibrosis and hepatocellular ballooning. In this latter study on 
a group of 18 patients, NASH resolved in 84% of patients and steatosis in 75%. Laparoscopic 
adjustable gastric banding with resultant weight loss has also led to promising improvements in 
liver histology.96,97 As obesity surgery is relatively novel, long-term outcome data are still limited, 
but should become more available as more of these procedures are performed.
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Musso et al.78 concluded that the RCTs of surgery had insufficient follow-up as yet, noting that 
liver enzymes fluctuated and did not always correlate with fibrosis and NASH. However, a review 
of bariatric surgery by Kushner and Noble98 noted that two studies had shown resolution or 
improvement in NASH and fibrosis after bariatric surgery.

Conclusion

In summary, NAFLD is a chronic liver condition with a spectrum from simple steatosis to liver 
failure, associated with metabolic disturbances that result in organ-specific and cardiovascular 
morbidity and mortality. It appears to be increasing in prevalence. Unless this trend is reversed, 
this is likely to lead to increased demands on NHS resources in the years to come.

Decision problems

The HTA commissioning brief for this review identified the main issues as being the clinical 
effectiveness and cost-effectiveness of the insulin sensitisers in NAFLD, with the expectation that 
a trial might be required.

The first aim of this review is therefore to assess the current evidence base, with possible 
outcomes as follows:

 ■ There may be enough evidence to show that these drugs are effective, and that a further trial 
is not necessary. Alternatively, there may be sufficient evidence to show that, though effective, 
the effect size is too small to make them worth pursuing as a therapy for NAFLD.

 ■ There may be insufficient evidence for use in therapy, but enough to justify a large trial.

If there were to be a large trial, one problem would be how to identify eligible patients. It would 
be impractical to carry out liver biopsies on large numbers of people, so we would need a non-
invasive screening test. Possible options are reviewed in Chapter 3.

Another consideration, which is outwith the scope of this review, is whether or not other drugs 
might be better options. The number of drugs that have been used suggests that none has been 
strikingly effective. Chekhov’s comment may be relevant: ‘When a lot of remedies are suggested 
for a disease, that means it can’t be cured’.99

However, the evidence suggests that NAFLD can be cured by sufficient weight loss. Unfortunately, 
adherence to lifestyle change is frequently poor.
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Chapter 2  

Clinical effectiveness

Methodology

Criteria for considering studies for this review
Types of studies
Systematic reviews and RCTs. There was no size restriction on the number of patients in trials, 
as those with inadequate numbers, and hence power, might be useful when combined in a meta-
analysis. Observational studies were considered for data on safety.

Types of participants
Participants of any age, sex or ethnic origin with NAFLD proven by liver biopsy.

Types of interventions
Metformin, pioglitazone or rosiglitazone given at any dose or any duration, given separately or in 
combination versus no intervention, placebo or other pharmacological interventions.

Types of outcome measures
Measures of disease progression such as:

 ■ fibrosis and cirrhosis
 ■ other hepatic-related morbidity, such as variceal bleeding or liver failure
 ■ cardiovascular events
 ■ quality of life (QoL)
 ■ new diabetes
 ■ adverse events.

Search strategy
Comprehensive systematic searches of electronic databases were performed in order to retrieve 
relevant papers.

Searches were conducted in the following sources to identify both published studies and 
meeting abstracts:

 ■ MEDLINE, 1950 to June 2010; EMBASE, 1980 to June 2010; Science Citation Index – 
Expanded, June 2010 (limited to meeting abstracts only); Conference Proceedings Citation 
Index – Science, June 2010; The Cochrane Library, 2005–2010; and authors’ reference lists. 
Websites such as ‘ClinicalTrials.gov’ were systematically searched to find any ongoing trials.

The following MEDLINE search strategy (Ovid) was adapted for use with the other databases:

1. fatty liver/
2. liver.tw.
3. (non-alcoholic or non alcoholic or nonalcoholic).tw.
4. (fatty or steato*).tw.
5. (NAFLD or NAFLD or NASH).tw.
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6. 4 and 3 and 2
7. 6 or 1 or 5
8. exp Metformin/
9. exp Thiazolidinediones/

10. (insulin sensit* or metformin or pioglitazone or rosiglitazone or thiazolidinedione* or 
glitazone*).tw.

11. 18 or 9 or 10
12. 7 and 11.

All of the relevant systematic reviews were searched for additional studies. No attempt was made 
to find unpublished studies. No language restriction was applied to the search strategy.

Details of the electronic search strategies used for the review of clinical effectiveness are given in 
Appendix 1.

Identification of studies
Abstracts and titles retrieved by the search strategy were assessed independently by two 
researchers and screened for inclusion and exclusion. Full texts of studies considered possible 
inclusions were obtained and each was examined by two reviewers independently. Any 
discrepancies between the two were resolved by discussions and with involvement of a third 
reviewer when necessary. The papers that did not meet the inclusion criteria were excluded.

Data extraction strategy
Two reviewers independently extracted data in a specially designed form, and data regarding 
study design and characteristics, details of the intervention and patient characteristics and 
outcomes were recorded in the form for each study. Differences in data extraction were resolved 
by discussion, referring back to the original papers and with involvement of a third reviewer 
when necessary.

Quality assessment strategy
To assess the quality of the RCTs, the following criteria were used: (1) method and description 
of randomisation; (2) allocation concealment; (3) blinding; (4) intention-to-treat (ITT) analysis; 
(5) percentage who completed the trial; (6) power calculation; and (7) similarity of group 
participants at baseline.

Best practice for each of the criteria would be as follows:

 ■ randomisation random assignment generated by computer
 ■ concealment of allocation those at point of implementing random allocation to treatment do 

not know to what the next patient will be allocated
 ■ blinding those assessing outcomes (e.g. the pathologist looking at biopsies) should not know 

which treatment patients were on
 ■ intention to treat patients remained on their allocated treatments throughout with 

no crossover
 ■ loss to follow-up all patients completed the trial with no losses to follow-up
 ■ baseline matching randomisation ensured that prognostically important variables were 

equally distributed across the arms.

Studies meeting most of these criteria were regarded as high-to-moderate quality.

Analysis
Meta-analyses of the outcomes were not possible, as outcomes were reported incompletely and in 
a variety of ways. Hence, all of the results are presented in text and tables.
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Results

Result of the searches
A total number of 1842 titles and abstracts were retrieved by the searches (Figure 5). The titles 
and abstracts were screened for inclusion and exclusion; 49 were considered possible inclusions 
and full texts of these were obtained. Out of these, 34 papers were excluded because of not 
meeting the inclusion criteria, not reporting outcomes of interest or not being RCTs. Details of 
the reasons for exclusion are given in Figure 5.

Full-text articles excluded with reasons, n = 29
• not randomised, n = 10
• follow-up data troglitazone, n = 1
• no hepatic outcomes, n =  1
• ongoing study, trial design, n = 1 
• outcome exclude, n = 1 
• not relevant outcomes-gluconeogenesis, n = 1
• addendum to the included studies with no
 relevant outcomes, n = 1
• not RCT, n = 1
• protocol (ongoing study), n = 1
• single arm, n = 4
• FLIRT trial extension, n = 1
• study has both metformin and pentoxifyline in
 the active arm, n = 1
• not diagnosed with NAFLD, hepatic safety study
 or no relevant outcomes, n = 2
• retrospective review, n = 1
• multifactorial treatment not assessing
 metformin, n = 1  
• not diagnosed with NAFLD
 (study about hepatic safety), n = 1

Total number of citation identified
from search strategy,

n = 1842

Studies retrieved for
further assessment, n = 176

Potentially relevant studies
(after evaluation of full text), n = 49

Final studies included in
the review, n = 15

Systematic reviews, n = 4
Cochrane review, n = 1

   Studies excluded as not
relevant, n = 127 

Studies discarded on the
basis of titles and abstracts,

n = 891
Duplicate, n = 775

FIGURE 5 Flow chart of search results.
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A total of 15 RCTs (14 full texts and one abstract100) fulfilled the inclusion criteria and were 
included in the review. Of the 15 studies included, four examined pioglitazone,101–104 eight 
metformin,87,100,105–110 one rosiglitazone111 and two trials compared the effects of metformin and 
rosiglitazone.112,113

A search for ongoing trials or reviews was carried out. An out-of-date Cochrane review on 
insulin sensitisers by Angelico et al.,114 in Rome, was found. It excluded people with T2DM, 
and included only three trials: two of metformin and one of pioglitazone. Four systematic 
reviews were also found but none included all of the trials now available. A systematic review 
by Musso et al.78 also included fully published trials and abstracts that had explored the efficacy 
of non-pharmacological interventions, UDCA, lipid-lowering drugs, antioxidants, anti-tumour 
necrosis factor alpha agents (pentoxifylline), anti-hypertensive drugs, endocannabinoid receptor 
antagonists, l-carnitine and bariatric surgery among patients with NASH/NAFLD.

Descriptions of included studies
The included trials (identified by first author and year) are reviewed in this section. Further 
details of these can be found in the data extraction tables in Appendix 2. Table 3 gives a summary 
of all of the included studies.

Pioglitazone
Aithal (2008)101 conducted a randomised, double-blind, placebo-controlled trial in 74 non-
diabetic patients, aged 18–70 years, diagnosed with NASH, confirmed by liver biopsy and 
ultrasound. The participants were randomised into two groups, one receiving pioglitazone 
30 mg/day, whereas the second group had placebo tablets. Both of these groups also received 
advice on diet and exercise. Mean BMI at baseline was 29.8 kg/m2 [standard deviation (SD) 
3.0 kg/m2] in the pioglitazone group and 30.8 kg/m2 (SD 4.1 kg/m2) in the control group. The 
treatment was carried out for 1 year. The primary aim of the study was to measure changes in 
liver histology by assessing liver biopsy specimens using staging and grading criteria proposed by 
Brunt et al.115

Belfort (2006)102 conducted a randomised, double-blind, placebo-controlled trial, to explore the 
effects of pioglitazone plus a calorie-restricted diet in patients with NASH. The treatment group 
received 30 mg of pioglitazone per day for the first 2 months, which was increased to 45 mg/day 
and remained unchanged until end of the study, whereas the control group received placebo 
pills. These interventions were combined with dietary advice in all the participants. They were 
advised to reduce their calorie intake by 500 kcal per day. Mean BMI at baseline was 33.5 kg/m2 
(SD 4.9 kg/m2) in the treatment group and 32.9 kg/m2 (SD 4.4 kg/m2) in the control group. The 
primary outcome measure was histological changes in liver assessed by the NASH histological 
scoring system proposed by Kleiner et al.116

Sanyal (2004),103 in a pilot study, compared the effects of pioglitazone along with an antioxidant 
(vitamin E) in 20 participants with NASH. In this prospective RCT, the first group took 
pioglitazone 30 mg/day in combination with vitamin E 400 international units (IU)/day, whereas 
the other group were on vitamin E only. The treatment was given for 6 months. Mean BMI at 
baseline was 32.5 kg/m2 (SD 4.3 kg/m2) in the pioglitazone group and 30.7 kg/m2 (SD 4.7 kg/m2) 
in the control group. The primary aim of the study was to explore the changes in liver histology 
using modified Brunt score.

Sanyal (2010)104 conducted a multicentre, randomised, double-blind, placebo-controlled trial 
to compare vitamin E and pioglitazone with placebo in NASH. A total of 247 participants were 
randomised into three groups, i.e. pioglitazone, vitamin E and placebo. Pioglitazone was given 
in a dose of 30 mg/day, vitamin E 400 (IU)/day, and placebo resembling either pioglitazone or 
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vitamin E. The treatment was given for 96 weeks, with an additional 24 weeks’ follow-up. Mean 
BMI at baseline was 34.0 kg/m2, 34.0 kg/m2 and 35.0 kg/m2 in pioglitazone, vitamin E and placebo 
group, respectively. The primary aim of the study was to explore the changes in liver histology.

Metformin
Bugianesi (2005)87 recruited 110 participants with NAFLD confirmed by liver biopsy. This 
was an open-label trial conducted in two units in Italy and the participants were followed 
up for 12 months. At one centre, metformin was compared with vitamin E and in the other 
it was compared against a prescriptive diet. One group of participants received metformin, 
with a maximum dose of 2000 mg/day, the second group either received vitamin E 400 IU 
twice a day (b.i.d.)/day or a weight-reducing prescriptive diet to determine a caloric deficit of 
500 kcal per day. In addition, all of the participants were encouraged to walk or to jog at least 
30 minutes a day. Mean BMI at baseline in metformin group was 28.7 kg/m2 (SD 3.6 kg/m2) (in 
both centres), 29.1 kg/m2 (SD 2.7 kg/m2) in the vitamin E group and 28.2 kg/m2 (SD 3.6 kg/m2) 
in the prescriptive diet group. The primary aim of this study was to compare the effects of 
metformin against vitamin E or prescriptive weight-reducing diet in terms of ALT normalisation, 
histological changes in liver, changes in liver enzymes and insulin resistance.

Garinis (2010)105 recruited 50 participants in an open-label trial and randomised them into 
two groups; one group (n = 25) received metformin plus hypocaloric diet (1300 kcal/day) and 
the second received hypocaloric diet only. Mean age of the participants in the metformin and 
placebo groups was 40.8 and 45.8 years, respectively. Mean BMI at baseline was 36.5 kg/m2 in the 
metformin group and 34.7 kg/m2 in the second. The participants were followed up for 6 months 
to explore the changes in liver steatosis confirmed by USG.

Haukeland (2009)106 recruited 48 participants with NAFLD in a double-blind RCT. The mean 
ages of the participants in the placebo and metformin group was 49.9 years and 44.3 years, 
respectively. All of the participants received general advice about a healthy lifestyle that included 
taking 30 minutes of physical activity a day, and a diet low in fat, especially saturated fat, 
and refined carbohydrates. Mean BMI at baseline in the placebo and metformin groups was 
31.4 kg/m2 and 30.3 kg/m2, respectively. The intervention was given for 6 months. Changes in 
steatosis, confirmed by liver biopsy, were measured.

Nadeau (2009)107 conducted a double-blind RCT and recruited 55 participants with fatty liver 
and elevated liver-associated enzymes. The participants were adolescents aged between 12 and 
18 years and received either metformin or placebo capsules. Mean age of the participants was 
15.1 years. Both groups underwent a dietary assessment and watched a standardised video 
about healthy eating habits. The participants were treated for 6 months and the progression or 
regression of the fatty liver was measured by liver ultrasound and other biochemical examination. 
Mean BMI at baseline was 39.6 kg/m2 [standard error (SE) 0.98 kg/m2)] and 40.2 kg/m2 
(SE 1.8 kg/m2) in the metformin and placebo groups, respectively.

Nar (2009)108 recruited 34 participants with newly diagnosed T2DM and NAFLD (diagnosed 
by ultrasound) to explore the effect of metformin on plasma leptin levels. The participants 
on metformin were given the maximum dose of 1700 mg of metformin per day, whereas the 
other group was only on diet and exercise. Dietary advice was given by a dietician and the 
recommended exercise was walking for a minimum of 30 minutes at least 3 days a week. The 
progression of liver disease was measured by liver ultrasound and biochemical examinations. 
Mean BMI at baseline was 31.0 kg/m2 (SE 4.0 kg/m2) in the metformin group and 33.7 kg/m2 
(SE 6.0 kg/m2) in the control group.
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Shields (2009)109 conducted a pilot study of a prospective, randomised, placebo-controlled trial 
conducted in 19 participants with insulin resistance and NASH. The intervention group received 
500 mg of metformin daily titrated to 1000 mg, and dietary counselling with recommendation to 
lose weight and take 30 minutes of aerobic exercise four times a week. The control group received 
the same diet and exercise advice. The primary aim of the study was to assess the histological 
changes in liver using criteria proposed by Brunt et al.115 Mean BMI at baseline in the treatment 
group was 32.2 kg/m2 (SD 4.9 kg/m2) and 32.8 kg/m2 (SD 4.9 kg/m2) in the control group. The 
participants were treated for 1 year.

Torres (2009)100 conducted an open-label, randomised trial (reported as an abstract only) and 
recruited 108 participants with NASH to compare the effects of rosiglitazone against rosiglitazone 
and metformin in combination. Details given are scarce and the abstract gives results for the first 
49 (of 108) participants who have completed the trial to date. The third group of participants 
receiving rosiglitazone and losartan was not considered in the present review. Mean age of the 
participants was 48.9 years. Mean BMI at baseline was 33.3 kg/m2.

Uygun (2004)110 conducted an RCT of metformin in 36 participants with NASH, insulin 
resistance and elevated liver enzyme concentrations. The treatment group received metformin in 
the dose of 850 mg twice daily plus dietary treatment, whereas the control group received only 
dietary treatment. In addition, all obese participants were advised to lose weight with a restriction 
of calorie intake to 1600–1800 calories per day. The interventions were given for 6 months and 
the groups were followed up for another 6 months. The primary aim of the study was to compare 
the effects of these interventions on liver histology and insulin resistance. Mean BMI of the 
treatment and control groups at baseline was 30.1 kg/m2 (SD 3.4 kg/m2) and 28.4 kg/m2 (SD 
3.9 kg/m2), respectively.

Rosiglitazone
Ratziu [Fatty Liver Improvement with Rosiglitazone Therapy (FLIRT) trial] (2008)111 recruited 
64 participants with NASH to a double-blind, placebo-controlled RCT. The treatment group 
received rosiglitazone 4 mg daily for the first month, and then 8 mg daily until end of the trial. 
Both groups were instructed to lose weight, to follow a healthy diet and to exercise at least 
twice a week, if they were obese or overweight. No specialised nutritional counselling was 
implemented. The primary aim of the study was to assess if there had been a > 30% reduction or 
even a complete disappearance of hepatic steatosis at end of the study compared with the baseline 
findings. The progression of the liver histology was assessed using the Brunt scoring system. 
Mean BMI at baseline in the rosiglitazone group was 31.5 kg/m2 (SD 6 kg/m2), whereas it was 
30.5 kg/m2 (SD 4.4 kg/m2) in the placebo group.

Metformin and rosiglitazone
Idilman (2008)112 recruited participants over 18 years with newly diagnosed NASH to compare 
the effect of metformin and rosiglitazone. The participants were randomised into three 
groups: one received diet and exercise plus metformin 850 mg b.i.d., the second group diet and 
exercise plus rosiglitazone 8 mg per day, and the third group was on diet and exercise alone. 
The intervention was carried out for 48 weeks with 6 months of post-intervention follow-up. 
The primary aim of the study was unclear; however, the authors compared the effects of these 
interventions in terms of metabolic, biochemical and histological parameters. The progression 
or regression of the liver disease was assessed by liver biopsy using criteria proposed by Brunt et 
al.115 and a NAFLD activity score (NAS) by Kleiner et al.116 Mean BMI at baseline was 31.2 kg/m2 
(SD 3.6 kg/m2) in the insulin sensitisers group and 32.2 kg/m2 (SD 5.1 kg/m2) in the diet and 
exercise group.
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Omer (2010)113 conducted an open-label, single-centre RCT and recruited 64 participants with 
NAFLD and T2DM or impaired glucose metabolism. The participants were randomised into 
three different groups and received metformin or rosiglitazone or both. All the groups also 
received dietary counselling from an endocrinologist and dieticians, and were also encouraged 
to do regular exercise 12 weeks prior to the intervention and also during the study period. The 
intervention was given for 12 months and at the end histological changes were assessed using 
Kleiner et al.’s grading system.116 The mean age of the participants receiving metformin or 
rosiglitazone or both was 48 years, 49.3 years and 49.6 years, respectively. Mean BMI at baseline 
was 30.8 kg/m2 in the metformin group, 28.4 kg/m2 in the rosiglitazone group and 32.5 kg/m2 in 
the metformin and rosiglitazone group.

Quality of included studies
A summary of the quality of the studies is given in Table 4. Full details are given in Appendix 3.

Internal validity
Randomisation
The majority of the studies described the randomisation procedure. In some100,105,107,108,112,113 the 
descriptions were unclear or not given. Aithal (2008),101 Sanyal (2004)103 and Ratziu (2008)111 
used block randomisation. Belfort (2006),102 Haukeland (2009)106 and Shields (2009)109 used 
computerised allocation. Bugianesi (2005)87 used random sequence and the randomisation 
was centralised in one centre. Sanyal (2010)104 randomised participants centrally by the 
Data Coordinating Centre (DCC) and the participants were assigned in permuted blocks 
of treatments.

The methods of allocation concealment were reported in only four studies;87,104,106,111 in the 
remaining papers the method of allocation concealment was either not clear or not reported.

Sample size
Descriptions of study power were given in only four studies.101,104,111,117 The remaining studies did 
not report if the power was calculated. Two of the 15 trials103,109 were pilot studies.

Similarity of groups at baseline
In the majority of the studies, patients in the arms were similar to each other at baseline. 
Aithal (2008)101 reported that all other parameters were similar between groups except that the 
pioglitazone group had lower alkaline phosphatase and fasting insulin levels than the placebo 
group. Sanyal (2010)104 reported that all three groups were similar in demographic, clinical, 
laboratory results, and the NASH scores. However, about 17%, 18% and 28% in the placebo, 
vitamin E and pioglitazone groups, respectively, did not have hepatocellular ballooning on 
assessment of their initial biopsy specimen. Shields (2009)109 stated that the treatment group 
was older and predominantly male. Haukeland (2009)106 reported that the participants on 
metformin were younger, less often treated for hypertension and slightly more obese. Omer 
(2010)113 reported that all groups were similar at baseline, except that baseline serum insulin 
was significantly higher in the metformin group and in the group that was on a combination of 
metformin and rosiglitazone than in the rosiglitazone group.

Intention-to-treat analysis
Only three studies87,104,109 conducted an ITT analysis. Haukeland (2009)106 had done per-protocol 
analysis. The descriptions of completion rate, loss to follow-up and withdrawals were given in all 
the studies except those by Nar (2009)108 and Torres (2009).100 Torres (2009) has published results 
only for the first 49 participants that have completed the trial and in addition reported that a total 
of 108 participants have been randomised to date. Three studies87,111,112 had no dropouts.
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Detection bias
Out of 15 trials, only six101,102,104,106,107,111 were double-blind, placebo-controlled trials. 
The remaining trials were unblinded. In the unblinded trials, the pathologists reviewing 
liver biopsies100,103,106,107,109,111,112 and radiologists conducting ultrasound108 were blinded to 
treatment arms.

External validity
The trials were conducted in the UK, France, Italy, Turkey, Norway and the USA, with none of 
them in Asian or African countries.

Main results
The following outcomes are summarised in this section:

1. liver histology
2. glycosylated haemoglobin (HbA1c)
3. fasting plasma glucose (FPG)
4. weight/BMI
5. blood pressure
6. lipid parameters
7. liver biochemistry
8. insulin sensitivity/resistance
9. QoL

10. conversion to diabetes/impaired glucose tolerance/metabolic syndrome.

Details of all outcomes are given in the tables below (see Tables 5–12).

Liver histology
Pioglitazone
All four studies101–104 collected liver biopsy specimens at baseline and at the end of the study. The 
studies used different grading and staging methods to report the progression or regression of 
liver histology. Aithal (2008)101 used a NASH histological grading system developed by Brunt 
et al.,115 Sanyal (2004)103 used modified Brunt scores, whereas Belfort (2006)102 followed criteria 
proposed by Kleiner et al.116 to report on histological changes of liver with pioglitazone. Sanyal 
(2010)104 used a grading system proposed by Brunt et al.115 and Kleiner et al.116

Aithal (2008)101 followed up participants for 12 months and at the end of the study found that 
steatosis, hepatocellular injury, lobular inflammation, Mallory bodies and fibrosis were all 
improved with pioglitazone 30 mg/day. There was some improvement with placebo, but this was 
limited to hepatic steatosis, whereas all other parameters worsened during the study period. 
The reduction in hepatocellular injury, Mallory bodies and fibrosis was statistically significant 
with pioglitazone compared with placebo (Table 5). Belfort (2006)102 reported that at 6-months’ 
follow-up, the only improvement seen in the placebo group was a reduction in inflammation, 
whereas with pioglitazone there were improvements in all parameters and the differences were 
statistically significant compared with placebo (see Table 5). Sanyal (2004)103 found that there 
were significant histological changes from baseline to end with both vitamin E and pioglitazone 
(see Table 5). However, there were no significant improvements in inflammation and fibrosis 
with vitamin E. The changes in cytological ballooning, Mallory’s hyaline and inflammation were 
statistically significant with pioglitazone compared with vitamin E (see Table 5). Sanyal (2010)104 
found significant changes in most histological parameters with both vitamin E and pioglitazone 
compared with placebo; however, the difference between vitamin E and pioglitazone was not 
significant for any of the parameters.
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TABLE 5 Liver histology (pioglitazone studies)

Study Outcome Change from baseline
p-value (from 
baseline to end) p-value (between groups)

Pioglitazone

Aithal 2008101

(Brunt et al.115): 
n (%)

Steatosis Decrease: Pio: 15/31 (48%); Pbo: 
11/30 (37)

Increase: Pio: 1/31 (3.2%); Pbo: 
3/30 (10)

Not given p = 0.19

Hepatocellular injury Decrease: Pio: 10/31 (32); Pbo: 
3/30 (10)

Increase: Pio: 4/31 (13); Pbo: 12/30 
(40)

p = 0.005

Lobular inflammation Decrease: Pio: 14/31 (45); Pbo: 8/30 
(27%)

Increase: Pio: 4/31 (13); Pbo: 3/30 
(10)

p = 0.25

Portal inflammation Decrease: Pio: 8/31 (26); Pbo: 7/30 
(23)

Increase: Pio: 8/31 (26); Pbo: 11/30 
(37%)

p = 0.67

Mallory bodies Decrease: Pio: 8/31 (26); Pbo: 1/30 
(3)

Increase: Pio: 0/31 (0); Pbo: 3/30 
(10)

p = 0.004

Fibrosis Decrease: Pio: 9/31 (29); Pbo: 6/30 
(20)

Increase: Pio: 0/31 (0); Pbo: 6/30 
(20)

p = 0.05

Belfort 2006102

(Kleiner et al.116)

Steatosis Improvement: Pio: 65%; Pbo: 38%

Reduction in score of ≥ 2: Pio: 9/21 
(43%); Pbo: 0/14 (0%)

Not given Improvement: p = 0.003; 
reduction in score of ≥ 2: 
p = 0.004

Ballooning necrosis Improvement: Pio: 54%; Pbo: 24% p = 0.02

Lobular inflammation Improvement: Pio: 65%; Pbo: 29% p = 0.008

Combined 
necroinflammation

Improvement: Pio: 85%; Pbo: 38%

Patients with reduction in score of 
≥2: Pio: 11/24 (46); Pbo: 3/21 (14)

Improvement: p = 0.001; 
reduction in score of ≥ 2: 
p = 0.02

Fibrosis Improvement: Pio: 46%; Pbo: 33%

Reduction in score: Pio: 5/12 (42%); 
Pbo: 1/6 (17%)

Improvement:0.08; reduction 
in score of ≥ 2: p = 0.31

Sanyal 2004103 
(modified Brunt 
score)

Steatosis grade Pio: –1.4; Vit E: –0.8 Pio: p = 0.002; Vit E: 
p = 0.02

p = NS

Cytological ballooning Pio: –1; Vit E: –0.7 Pio: p = 0.01; Vit E: 
p = 0.055

p = 0.002

Mallory’s hyaline Pio: –0.7; Vit E: –0.2 Pio: p = 0.02; Vit E: 
p = 0.055

p = 0.03

Pericellular fibrosis Pio: –0.7; Vit E: –0.3 Pio: p = 0.03; Vit E: NS p = NS

Inflammation Not given Not given p = 0.001

Portal fibrosis Pio: –0.2; Vit E: –0.1 Pio: NS; Vit E: NS p = NS

continued
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Study Outcome Change from baseline
p-value (from 
baseline to end) p-value (between groups)

Sanyal 2010104 
(Brunt et al.115/
Kleiner et al.116)

Fibrosis (%) Pio: –0.4; Vit E: –0.3; Pbo: –0.1 Not given Pio vs Pbo: p = 0.10; Vit E vs 
Pbo: p = 0.19; Vit E vs Pio: 
p = 0.78

Steatosis (%) Pio: –0.8; Vit E: –0.7; Pbo: –0.1 Pio vs Pbo: p < 0.0001; Vit E vs 
Pbo: p < 0.0001; Vit E vs Pio: 
p = 0.41

Amount (foci) of lobular 
inflammation (%)

Pio: –0.7; Vit E: –0.6; Pbo: –0.2 Pio vs Pbo: p = 0.0009; Vit E 
vs Pbo: p = 0.008; Vit E vs Pio: 
p = 0.59

Portal, chronic 
inflammation (%)

Not given Not given

Ballooning 
degeneration (%)

Pio: –0.4; Vit E: –0.5; Pbo: –0.2 Pio vs Pbo: p = 0.01; Vit E vs 
Pbo: p = 0.03; Vit E vs Pio: 
p = 0.59

Metformin

Bugianesi 200587

(modified Brunt 
score): n (%)

Fat Met: –20 Met: p = 0.004 Not given

Necroinflammation Met: –0.65 Met: p = 0.012

Fibrosis Met: –0.7 Met: p = 0.012

NASH index Met: –2.06 Met: p < 0.0001

Garinis 2010105 
(liver ultrasound)

Liver steatosis Improved/disappeared: Met: 5/20 
(25%); Pbo: 6/25 (24%)

Moderate to mild: Met: 2/20 (10%); 
Pbo: 5/25 (20%)

Disappeared: Met: 3/20 (15%); Pbo: 
1/25 (4%)

Met: p < 0.0001; Pbo: 
p = 0.029

Not given

Haukeland 2009106 
(Kleiner score)

Steatosis Proportion with improvement: Met: 
25%; Pbo: 38%

Met: p = 0.10; Pbo: 
p = 0.033

p = 0.52

Ballooning necrosis Proportion with improvement: Met: 
5%; Pbo: 13%

Met: p = 0.058; Pbo: 
p = 1.0

p = 0.61

Lobular inflammation Proportion with improvement: Met: 
15%; Pbo: 33%

Met: p = 0.21; Pbo: 
p = 0.59

p = 0.29

Fibrosis Proportion with improvement: Met: 
5%; Pbo: 17%

Met: p = 1.0; Pbo: 
p = 0.56

p = 0.066

Steatosis as % of 
hepatocytes with fat, 
(mean)

Met: –8; Pbo: –7 Met: p = 0.024; Pbo: 
p = 0.052

p = 0.09

NAS Met: 0.3; Pbo: –0.42

Proportion with improvement: Met: 
20%; Pbo: 50%

Met: p = 0.23; Pbo: 
p = 0.12

p = 0.066; proportion with 
improvement (p = 0.060)

Nadeau 2009107 
(liver ultrasound)

Fatty liver by ultrasound 
(n,%)

Met: –4 (13%); Pbo: 2 (15%) Met: p < 0.04 p < 0.04

Nar 2009108 (liver 
ultrasound)

Grade of hepatic 
steatosis

Results unclear – report decreases in 
liver echogenicity, but table suggests 
increase?

Met: p = NS; Pbo: 
p = NS

p = 0.043

TABLE 5 Liver histology (pioglitazone studies) (continued)
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Metformin
Eight studies examined the effect of metformin on liver histology.87,100,105–110 Five 
studies87,100,106,109,110 carried out liver biopsy at baseline and at the end of the study to report 
histological changes of the liver while three105,107,108 used liver ultrasound.

Out of the five87,100,109,110,115 that used liver biopsy, three studies87,109,110 used the scoring system 
proposed by Brunt et al.115 and the other106 used criteria proposed by Kleiner et al.116 One study100 
did not mention which grading system was used to assess liver histology.

Bugianesi (2005)87 carried out a second liver biopsy only in participants treated with metformin, 
but not in the control groups because of ‘ethical issues’. Metformin significantly reduced the 

Study Outcome Change from baseline
p-value (from 
baseline to end) p-value (between groups)

Shields 2009109 
(Brunt scores)

Grade Met: –0.11; Pbo: –0.35 Not given p = 0.67

Steatosis Met: –0.09; Pbo: –0.65 p = 0.23

Ballooning Met: –0.22; Pbo: –0.28 p = 0.967

Intra-acinar 
inflammation

Met: 0.11; Pbo: –0.12 p = 0.478

Portal tract 
inflammation

Met: –0.22; Pbo: –0.08 p = 0.523

Fibrosis Met: –0.05; Pbo: 0.2 p = 0.447

NAS Met: –0.9; Pbo: –1.2 p = 0.108

Torres 2009100 Steatosis Met + Rosi: –23.1%; Rosi: –24.5% Not given Not given

Inflammation grade Met + Rosi: –8.7%; Rosi: –12.5%

Fibrosis grade Met + Rosi: –45.6%; Rosi: –15%

Uygun 2004110 
(Brunt scores)

Necroinflammatory 
score

Met: –0.26; Pbo: –0.11 Met: p = 0.31; Pbo: 
p = 0.62

Not given

Fibrosis Met: –0.02; Pbo: 0.07 Met: p = 0.96; Pbo: 
p = 0.91

Steatosis (USG 
abdomen)

Met: –0.64; Pbo: –0.25 Met: p = 0.038; Pbo: 
p = 0.17

Rosiglitazone

Ratziu 2008111 
(Brunt scores)

Steatosis grade Reduction, mean (%): Rosi: –20 
(26%); Pbo: –5 (23%)

Not given p = 0.02

Hepatocyte ballooning Rosi: 0.13, SD 0.71; Pbo: 0.23, SD 
0.8

p = 0.61

Lobular necrosis and 
inflammation

Rosi: –0.09, SD 0.73; Pbo: –0.13, 
SD 0.81

p = 0.86

Mallory bodies Not given Not given

Perisinusoidal fibrosis Rosi: –0.03, SD 0.54; Pbo: –0.06, 
SD 0.63

p = 0.83

Fibrosis (stage) Rosi: 0.03, SD 0.95; Pbo: –0.18, 
SD 1.14

p = 0.43

NAS score, median 
(IQR)

Not given p = 0.60

continued

TABLE 5 Liver histology (pioglitazone studies) (continued)
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percentage of fat in liver and also reduced necroinflammation, fibrosis and the NASH index (see 
Table 5). Haukeland (2009)106 found a slight reduction in all the parameters of liver histology with 
both metformin and placebo, but no significant difference between arms (see Table 5). Shields 
(2009)109 compared the efficacy of metformin and diet and exercise in participants with NASH, 
and found no statistically significant differences between the groups in regards to NAS, individual 
components of NAS or fibrosis. However, the authors reported that both the interventions had 
caused improvements in steatosis and NAS.

Uygun (2004)110 compared metformin against dietary treatment alone and found no significant 
differences between the groups in terms of NAS and fibrosis. There was slight decrease in 
the necroinflammatory activity with metformin, whereas no changes were seen with dietary 
treatment. The frequency of participants achieving improvements was significantly greater with 
metformin (46% vs 10%) than with diet alone and the difference between the two was reported to 
be statistically not significant (p = 0.17). In addition to liver biopsy, Uygun (2004)110 had carried 
out liver ultrasound to explore the changes in liver steatosis with the two treatments and found 
the changes from baseline to end was significant (p = 0.038) with metformin than with diet alone.

Three trials105,107,108 used only liver ultrasound to report the progression or regression of NAFLD. 
Garinis (2010)105 reported that the proportions of participants in whom liver steatosis improved 
or disappeared were not different between the two groups, i.e. one taking metformin plus 
hypocaloric diet and the second only on dietary treatment (25% vs 24%). In some, the liver 
steatosis disappeared completely, and this was more common in the metformin group than in the 
control group (15% vs 4% – p-value not given). Nadeau (2009)107 quantified the severity of fatty 
liver using a scoring system of 0, 1, 2 and 3, where ‘0’ meant absence of fatty liver and ‘1’, ‘2’ and 
‘3’ represented mild, moderate or severe fatty liver, respectively. There was some improvement 
in fatty liver with metformin (74% in baseline vs 61% at the end; p < 0.04) and in some (three 
participants) it completely resolved, whereas the participants on placebo had no improvements. 

TABLE 5 Liver histology (pioglitazone studies) (continued)

Study Outcome Change from baseline
p-value (from 
baseline to end) p-value (between groups)

Metformin vs rosiglitazone

Idilman 2008112 
(Brunt et al.115)

Steatosis Met: –1; Rosi: –1; Pbo: –0.5 Met: p = NS; Rosi: 
p < 0.05; Pbo: p = NS

Not given; p < 0.05 insulin 
sensitisers vs baseline

Lobular inflammation Met: 0; Rosi: 0; Pbo: 0 Met: p = NS; Rosi: 
p = NS; Pbo: p = NS

Ballooning Met: 0; Rosi: –1; Pbo: 0 Met: p = NS; Rosi: 
p = NS; Pbo: p = NS

Not given; p < 0.05 insulin 
sensitisers vs baseline

Portal inflammation Met: 0.5; Rosi: 1; Pbo: –1 Met: p = NS; Rosi: 
p = NS; Pbo: p = NS

Not given

Fibrosis Met: 0; Rosi: 1; Pbo: 0 Met: p = NS; Rosi: 
p = NS; Pbo: p = NS

NAS Met: –1; Rosi: –2; Pbo: 1 Met: p = NS, Rosi: 
p = NS; Pbo: p = NS

NR; p < 0.05 insulin sensitisers 
vs baseline 

Brunt’s grade Met: –0.5; Rosi: –1; Pbo: 0 Met: p = NS; Rosi: 
p = NS; Pbo: p = NS

Not given

Omer 2010113 
(Kleiner et al.116)

NAS Not given Met: p = 0.726; Rosi: 
p = 0.012; Met + Rosi: 
p = 0.026

Not given

IQR, interquartile range; Met, metformin; NR, not reported; NS, not significant; Pbo, placebo; Pio, pioglitazone; Rosi, rosiglitazone.
The p-values that are given in the paper as NS, were also reported in this table as NS.
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The difference between the two groups was significant (p < 0.04). Nar (2009)108 reported that both 
groups, i.e. metformin with lifestyle interventions versus diet and exercise alone, had significant 
improvements (p < 0.05) in grades of liver echogenicity at end of the study, but the difference 
between the two groups was not significant.

In Torres (2009),100 the combination of metformin and rosiglitazone had no greater effect than 
rosiglitazone alone in terms of steatosis (–23.1% with combination, –24.5% with rosiglitazone) 
and inflammation (–8.7% with combination, –12.5% with rosiglitazone), but more effect on 
fibrosis (–45.6% with combination vs –15% with rosiglitazone, p-value not reported).

Rosiglitazone
One trial111 compared rosiglitazone with placebo. The Brunt scoring system115 was used to assess 
liver histology, and the modified Kleiner et al.116 criteria for steatosis.

Ratziu (2008)111 found a significantly greater reduction (> 30%) in hepatic steatosis (47% vs 16%; 
p = 0.014) with rosiglitazone than with placebo. There were some improvements in ballooning, 
inflammation and fibrosis, but the changes were not significantly different between treatments. 
The authors found no significant difference in the mean variation of the composite NAS, but 
the ranked assessment of pretreatment and end-of-treatment liver biopsy specimens showed a 
significantly greater effect with rosiglitazone than with placebo. The proportion of participants 
progressing to hepatocyte ballooning, portal inflammation and overall fibrosis was lower with 
rosiglitazone than with placebo (p < 0.05).

Metformin vs rosiglitazone
Two trials112,113 compared the effects of metformin and rosiglitazone. Idilman (2008)112 assessed 
liver histology by the Brunt et al.115 scoring system and Omer (2010)113 by Kleiner et al.116 Idilman 
(2008)112 also assessed NAS by using the criteria proposed by Kleiner et al.116 (see Table 5). 
Idilman (2008)112 performed a second biopsy at the end of the study in 29 participants with 
NASH (eight in the diet and exercise group and 21 in the treatment group) and found greater 
improvements in hepatic steatosis, ballooning and NAS score in the treatment groups than in the 
diet and exercise group. Omer (2010)113 found that the NAFLD score significantly decreased in 
the groups that were on combination treatment (p = 0.026) and rosiglitazone (p = 0.012), whereas 
no significant changes were observed in the metformin group. None of the treatments had a 
significant effect on fibrosis.

Glycosylated haemoglobin
Out of 15 trials, only six101,102,106,108,111,113 reported changes in HbA1c levels (Table 6). The reduction 
in HbA1c levels was greater with insulin sensitisers than with placebo. The changes ranged from 
–0.2% to –0.7% with pioglitazone, –0.23% to –1.2% with metformin, –0.18% to –1.2% with 
rosiglitazone and from +0.17% to –0.6% with placebo. The reductions with pioglitazone101,102 and 
metformin106,108 were significantly greater than with placebo. Rosiglitazone111,113 led to a greater 
reduction in HbA1c levels than metformin in one head-to-head trial.113

Fasting plasma glucose
Eleven trials87,101,102,104,106–108,110–113 reported FPG changes (Table 7). In most trials, the reduction 
in FPG levels with insulin sensitisers was significantly greater than with placebo. In the placebo 
group, FPG levels increased in most trials. The changes ranged from –0.17 to –1.11 mmol/l with 
pioglitazone, from +0.05 to –3.19 mmol/l with metformin and from –0.78 to –0.93 mmol/l with 
rosiglitazone. Omer (2010)113 found a greater reduction in FPG with rosiglitazone (–0.78 mmol/l) 
than with a combination of rosiglitazone and metformin (–0.42 mmol/l), whereas there was an 
increment in FPG with metformin (+0.05 mmol/l). In Idilman (2008),112 there was reduction 
in FPG with rosiglitazone (–0.7 mmol/l) and metformin (–0.26 mmol/l), whereas there was an 
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increment with diet and exercise (+0.15 mmol/l). Similarly, in Ratziu (2008),111 rosiglitazone 
led to a significantly greater reduction in FPG levels than placebo (–0.93 mmol/l, SD 1.72, vs 
+0.55mmol/l, SD 1.74).

Weight-related outcomes
Three pioglitazone trials101,102,104 reported this outcome (Table 8). In all three trials, participants 
taking pioglitazone gained weight (+2.5 to +4.7 kg), whereas those on placebo lost weight 
(–0.5 to –3.5 kg); however, in one trial104 the participants in the control group also gained 
weight. In the latter trial, the participants in the control group were taking either vitamin E 
or placebo. Two trials105,106 reported changes with metformin. Participants lost between 4.3 
and 6.7 kg with metformin, whereas those in the placebo arm gained 0.3 kg in one trial106 and 
those on a hypocaloric diet in the other trial lost 5.2 kg.105 Two trials100,111 reported changes with 
rosiglitazone and the results varied between the two. In Torres (2009),100 weight was reduced 
in the rosiglitazone-only group (–1.3%); however, there was no significant difference to the 
reduction in the combined metformin and rosiglitazone group (–3.3%). In contrast, participants 
on rosiglitazone in the trial by Ratziu (2008)111 gained weight (+1.5 kg, SD 5.2 kg), whereas those 
on placebo lost weight (–1 kg, SD 0.5 kg).

With pioglitazone, BMI increased with changes ranging between +0.7 to +1.8 kg/m2, whereas 
with metformin and rosiglitazone BMI was reduced and the changes ranged between –0.4 and 
–3.2 kg/m2 and between –0.3 and –0.6 kg/m2, respectively. The reduction also occurred in the 
participants taking a combination of rosiglitazone and metformin (–1.3 kg/m2)113 and the change 
was greater than with rosiglitazone. In all of the pioglitazone trials, except Belfort (2006),102 
the BMI of the participants in the control group increased. All of the participants in Belfort 
(2006)102 were also on a hypocaloric diet, whereas the participants in Aithal (2008)101 received 
diet and exercise advice. In the remaining pioglitazone trials none of the participants received 
any other interventions. In most of the metformin trials, reduction in BMI also occurred in 
the control group and the changes ranged between +1.5 and –2.5 kg/m2. In two head-to-head 
trials,112,113 reduction in BMI was greater with metformin (–1.8 to –3.2 kg/m2), followed by 
those taking a combination of metformin and rosiglitazone (–1.3 kg/m2) and finally those 
only on rosiglitazone (–0.3 to –0.6 kg/m2). The changes with metformin and a combination of 
metformin and rosiglitazone were significant from baseline to end, but were not significant with 
rosiglitazone alone.

Some studies used other parameters such as waist–hip ratio, waist or hip circumference and body 
fat content. Only two pioglitazone101,103 and one metformin108 study reported waist–hip ratio. The 
change in waist–hip ratio with pioglitazone was very small (0 to +0.02 with pioglitazone vs 0 to 
–0.01 with placebo). There was reduction in waist–hip ratio with metformin, but not greater than 
the reduction in the control group (–0.02 to –0.04 in metformin group vs –0.05 in control group; 
p = not significant).105,108 The change in body fat content with pioglitazone was inconclusive. 
One trial103 found a reduction in both the pioglitazone and control groups (vitamin E) (greater 
reduction in the control group; –4.4% vs –2.9%), but there were increases with pioglitazone in 
the other two trials.102,104 Only one head-to-head trial112 reported this outcome and it found that 
the reduction in body fat was higher in the participants on diet and exercise (–2%), followed by 
metformin (–1.9%) and rosiglitazone (–0.9%). In the same trial, it was found that the reduction 
in waist circumference was greater with metformin (–6.6 cm) than with rosiglitazone (–2.5 cm) 
or diet and exercise (–2.4), and the findings were not different for hip circumference (–1.6 cm 
with metformin, –1 cm with rosiglitazone and –0.8 cm with a combination of metformin and 
rosiglitazone). Another head-to-head trial113 reported that the reduction in waist circumference 
was greater with metformin (–4.2 cm) than with rosiglitazone (–1 cm) or a combination of 
metformin and rosiglitazone (–2.9 cm).
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Blood pressure
Only Aithal (2008),101 and none of the metformin trials, reported this outcome (Table 9). 
Pioglitazone led to reductions in both systolic blood pressure (SBP) and diastolic blood pressure 
(DBP), but changes also occurred in the placebo group with no significant difference between 
the groups.

Lipid profiles
Eleven of the 15 trials reported the changes in lipid profiles (Table 10).87,101,102,104–108,110–112 The 
changes with pioglitazone were not significant for any of the parameters when compared with 
control except for TG levels (p = 0.003) in Belfort (2006).102 In Sanyal (2010),104 vitamin E led to 
greater reduction in most lipid parameters than pioglitazone and placebo; however, the difference 
was significant only for low-density lipoprotein (LDL) cholesterol. There was a reduction in some 
of the lipid parameters with metformin, but the changes were significant only in Haukeland 
(2009).106 The participants in this trial were on either metformin or placebo, and all of the 
participants received advice on healthy lifestyle. The reduction in TC levels and LDL levels were 
significantly greater with metformin than with placebo. With rosiglitazone, the findings were 
mixed. Idilman (2008)112 (where all the participants were also on diet and exercise) found a 
greater reduction in TC and TGs with metformin than with rosiglitazone (–0.24 vs –0.16 mmol/l 
for TC, –0.42 vs –0.28 mmol/l for TG), but the reduction in TC, but not TGs, was greater with 
diet and exercise alone (–0.52 mmol/l for TC and –0.16 mmol/l for TG). In contrast to these 
findings, Ratziu (2008)111 (where none of the participants was on any form of diet or exercise 
regime) found an increment in all parameters of the lipid profile with rosiglitazone, whereas there 
was a reduction in TC and LDL cholesterol (–0.24 vs +0.45 mmol/l for TC, –0.32 vs +0.41 mmol/l 
for LDL) with placebo, and the changes were significant between the groups.

Alanine aminotransferase
There was a significantly greater reduction in ALT levels with pioglitazone in all the trials except 
in the trial by Sanyal (2004)103 (Table 11). In Sanyal (2004),103 the reduction was greater in the 
control group (vitamin E) than the pioglitazone group [–75 unit/litre (U/l) vs –65 U/l; p = not 
significant (NS)]. In contrast to this finding, in Sanyal 2010,104 the reduction with vitamin E 
was not greater than the reduction seen with pioglitazone (–40.8 U/l with pioglitazone, –37 U/l 
with vitamin E and -20.1 U/l with placebo). The changes in ALT levels with pioglitazone ranged 
between –37.7 and –65 U/l, –37.0 U/l and –75 U/l with vitamin E, and –6.9 and –21 U/l with 
placebo. The changes were significantly different between the groups.

In all of the trials, a significant reduction from baseline to end occurred with metformin (see 
Table 11). The reductions ranged between –15 and –37.1 U/l in the metformin group and 
between –6.8 and –40.7 U/l in the control group. The change in ALT with rosiglitazone was 
not different to those caused by a combination of metformin and rosiglitazone (Torres 2009100) 
(–46.3% vs –46.5%). Metformin led to a greater reduction in ALT levels than rosiglitazone.112

Insulin sensitivity
Most trials reporting insulin sensitivity used homeostatic model assessment–insulin resistance 
(HOMA–IR) (Table 12). Pioglitazone showed varying results, with Aithal (2008)101 reporting 
an increase in insulin resistance with pioglitazone and Sanyal (2010)104 reporting a reduction 
with pioglitazone and an increase with vitamin E or placebo. Aithal (2008)101 argued that 
the increment in insulin resistance with pioglitazone could have occurred because all of the 
participants were non-diabetic and a relatively low dose of pioglitazone was used.101 In most 
trials, metformin led to a significant reduction in insulin resistance from baseline to end, 
but there was no significant difference with placebo. In one trial (Haukeland 2009106), both 
metformin and placebo (+0.58% with metformin and +0.63% with placebo) led to an increase 
in insulin resistance. However, the difference between the two was not statistically significant 
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(p = 0.71). In Idilman (2008)112 (–2.9 HOMA–IR score with rosiglitazone, –2.1 score with 
metformin and +0.1 score with placebo) and Omer (2010)113 (–1.1 score with rosiglitazone, 
–0.8 score with metformin), rosiglitazone led to a greater reduction in insulin resistance than 
metformin. In Ratziu (2008),111 there was a reduction with rosiglitazone and an increase in the 
placebo group [–1.41 interquartile range (IQR) vs +0.61 IQR]. Two trials (Omer 2010113 and 
Torres 2009100) reported that the changes in insulin resistance were greater with a combination 
of metformin and rosiglitazone than with either rosiglitazone or metformin alone (–1.6 with 
combination in Omer;113 in Torres100 –51.8% with a combination vs –50.2% with rosiglitazone).

Quality of life
Only Sanyal (2010)104 reported health-related QoL, assessed using the Short Form 
questionnaire-36 items (SF-36). There was reduction in both the physical and mental 
components with pioglitazone (reduction by a mean of –0.9 in the physical component of SF-36 
and a reduction by a mean of –1.9 in the mental component of SF-36), but only in the physical 
component with placebo (mean score of –0.3 physical component and mean score of +0.4 
mental component), and only in the mental component (mean score of –0.5 mental component 
and mean score of +0.4 physical component) with vitamin E. However, the changes were not 
significantly different between the groups.

Conversion to diabetes/impaired glucose tolerance/metabolic syndrome
Two studies (Idilman 2008112 and Sanyal 2010104) reported frequency of new-onset diabetes at the 
end of the study, and one study (Garinis 2010105) compared the total number of participants with 
impaired glucose tolerance at baseline and end of the study. In Sanyal (2010),104 two participants 
in the vitamin E group and none in the placebo or pioglitazone group developed new-onset 
diabetes. Idilman (2008)112 reported that two participants in the group on diet and exercise alone 
and a total of six (combined number for both rosiglitazone and metformin) in the remaining 
groups developed diabetes by the end of the study. Garinis (2010)105 found that the number of 
participants who had impaired glucose tolerance at baseline reduced at the end of the study in 
the group taking metformin (three at baseline and two at end), whereas the number remained 
unchanged in the control group (three at baseline and three at end). The numbers in some of 
these groups are quite small.

Discussion

Summary
Fifteen RCTs were included in this review. Four trials examined the effects of pioglitazone, seven 
examined metformin, one rosiglitazone and three compared metformin against rosiglitazone. 
The duration of most trials ranged between 6 months and 1 year, and only one trial104 lasted 
96 weeks with a 24-week follow-up. The total number of participants analysed in this review was 
881 (751 excluding participants who received rosiglitazone in combination with other drugs or 
rosiglitazone on its own). In all of the pioglitazone trials, the dose of pioglitazone was 30 mg once 
a day. The dose of metformin varied between 1 and 2.5 or 3 g/day, with most trials using 1.7 g/day. 
The dose of rosiglitazone ranged between 4 and 8 mg/day. In most trials, the participants in 
the control group as well as in the intervention group also received other measures including 
counselling on diet and exercise, use of a hypocaloric diet and lifestyle modifications.

Pioglitazone was found to improve all parameters of liver histology, was better than placebo or 
diet and exercise or a hypocaloric diet, but no better than vitamin E.
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Results with metformin were mixed. In comparison with placebo or diet and exercise, some 
studies suggested that metformin led to some improvements in steatosis and necroinflammation, 
but not in fibrosis. However, in most studies the changes seen with metformin were not 
significantly different from those in the control arms. The Bugianesi trial87 reported clear 
improvements in histology with metformin, but no biopsies were done in the control arm. The 
ultrasound trials suggest that metformin led to improved liver echogenicity compared with diet 
and exercise. Uygun et al.110 found significant differences with ultrasound (p = 0.038), but not 
with biopsy.

Rosiglitazone showed significant improvement in hepatic steatosis and very little improvement 
in any of the other parameters. In head-to-head trials comparing metformin and rosiglitazone, 
the results varied. Idilman (2008)112 found greater improvements in hepatic steatosis, ballooning 
and fibrosis with metformin than diet and exercise alone. ‘Rosiglitazone only’ led to a reduction 
in hepatic steatosis. The overall improvement in NAFLD score from baseline to end was better 
with either metformin or rosiglitazone than with diet and exercise (Idilman 2008112). Omer 
(2010)113 found significant improvement in NAFLD score with rosiglitazone and a combination 
of rosiglitazone and metformin and no significant changes occurred with metformin alone.

Pioglitazone was better than any control groups (placebo, diet or exercise) in terms of 
improvement of ALT, insulin sensitivity, and FPG, but led to weight gains of 2.5–4.7 kg, and 
increases in BMI of 0.7–4.7 kg/m2. The changes in waist–hip ratio, waist or hip circumference and 
body fat with pioglitazone were not significant. Metformin led to greater reduction in weight, 
BMI and waist or hip circumference than rosiglitazone or a combination of the two. Although 
there were reductions in lipid parameters, ALT and insulin resistance with metformin, the 
changes were similar to those with placebo or lifestyle modifications or rosiglitazone.

Rosiglitazone was better than metformin in terms of HbA1c levels, FPG and insulin sensitivity, 
but the changes in weight were inconclusive, with one trial (Ratziu 2008111) showing better results 
with rosiglitazone and the other with a combination of rosiglitazone and metformin (Torres 
2009100). The reductions in BMI, body fat and waist or hip circumference were not greater with 
rosiglitazone. The changes in lipid profiles with rosiglitazone were inconclusive. A combination 
of metformin and rosiglitazone was found to be similar to rosiglitazone alone in terms of ALT 
reduction and insulin resistance (Torres 2009100).

Strengths and limitations
Strengths
We carried out an up-to-date systematic search to identify all trials that explored the effectiveness 
of insulin sensitisers in patients with NAFLD. We included only RCTs either published in full or 
as an abstract. There were no language restrictions.

Limitations
There were only two head-to-head trials comparing the effects of different insulin sensitisers 
against each other and, therefore, no firm conclusions can be made about their relative 
effectiveness. Given recent evidence, pioglitazone would have been a more useful comparator 
than rosiglitazone because of its better cardiovascular risk profile. There are also doubts about 
comparisons of pioglitazone and metformin against vitamin E. Although Sanyal (2010)104 found 
that effect of vitamin E was similar to pioglitazone in terms of histological changes to the liver, no 
firm conclusions can be made that vitamin E would be as effective as insulin sensitisers.
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The trials were not long enough to make firm conclusions that insulin sensitisers would be 
effective for long periods of time. Only one trial lasted 96 weeks, and the comparison was against 
vitamin E, whose effect on NAFLD is not proven.

Because the data were inadequately reported, meta-analyses could not be done. Therefore, our 
results are reported only as texts and tables. Out of 15 studies, only three87,104,109 had carried out an 
ITT analysis. We made no attempts to find unpublished studies.

There are also doubts about some of the findings. Bugianesi (2005)87 conducted a follow-up 
biopsy only in the participants who were on metformin, but not in the control groups, because 
the physicians taking care of the participants in the control group did not support a second one. 
The findings showed a marked improvement in liver steatosis with metformin, but without a 
control biopsy the findings are inconclusive. It is noteworthy that Haukeland (2009),106 with 
a much larger sample size, found improvements also in the placebo group. Torres (2009)100 
reported findings of only the first 49 participants who completed a trial that is still ongoing. The 
preliminary findings, however, suggest that rosiglitazone alone was as effective as when combined 
with metformin.

There are also doubts about the generalisability of the findings. Three of the trials were conducted 
in Turkey, one each in the UK and Italy, and the rest in the USA. The total number of participants 
in most trials was small, i.e. < 50, and, in addition, the methodological quality of some trials was 
low. We did not explore the safety and tolerability of these drugs as these are well documented. In 
some trials there were concerns about loss to follow-up. In three trials107,109,110 one or more arms 
had loss to follow-up of > 20%, raising the risk of bias and generalisability of the results.118

Other systematic reviews114,119,120 on the effectiveness of insulin sensitisers in patients with 
NAFLD were identified, but they differed from this review. Angelico et al.114 included only three 
RCTs. Chavez-Tapia et al.119 included non-RCTs and Socha et al.120 also included trials that 
compared efficacy of non-insulin sensitisers in patients with NAFLD. A systematic review by 
Musso et al.78 included trials that compared the efficacy of non-pharmacological interventions 
and all drugs in patients with NASH/NAFLD. The findings from these reviews were inconclusive 
regarding the effectiveness of insulin sensitisers and suggested that more trials were needed. Our 
findings showed improvements in some outcomes with insulin sensitisers. There is need for more 
head-to-head trials with relevant comparators and a bigger sample size with participants followed 
up for longer durations of time.

Conclusions

There were some improvements in liver histology and other parameters with pioglitazone, but 
there was a lack of evidence that metformin improved liver histology, compared with placebo or 
diet and exercise, in mainly short-term trials. There were only two head-to-head trials comparing 
rosiglitazone with metformin.
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Chapter 3  

Diagnosis of non-alcoholic fatty liver disease 
and its stages

Introduction

This chapter examines the ways in which NAFLD is diagnosed and the differentiation of simple 
steatosis from NASH. The main interest is in doing this in a non-invasive manner.

Liver biopsy has traditionally been viewed as being necessary for accurately diagnosing and 
staging NAFLD.121–123 However, there has been much interest in alternative means of diagnosing 
the condition for the following reasons:

 ■ Prevalence of NAFLD It is believed that NAFLD affects approximately 25–30% of adults 
in Western countries.123–126 Performing liver biopsies on such a large number of people is 
not feasible.127

 ■ Risks of liver biopsy Biopsy is an invasive procedure and is associated with complications 
including haemorrhage and death, although the risk of these complications is very low 
(mortality risk about 0.1%).123,126After a review of the literature, Gaidos et al.128 estimated the 
risk of death after liver biopsy to be around 0.01%.

 ■ Costs of biopsy Biopsy is not an inexpensive test. Therefore, its use in a large number of trial 
people is not feasible.126

 ■ Accuracy of biopsy ‘Biopsy-only’ samples a small amount of hepatic tissue. It is recognised, 
however, that pathological changes in chronic liver disease may not be evenly distributed 
throughout the liver. Therefore, sampling a relatively small area of tissue could give rise to 
false-negative results.121,123,125,126,129

If there is to be a large trial to provide better evidence on the effectiveness of insulin sensitisers, 
it will need to be based on a diagnostic method other than liver biopsy, especially if patients are 
to be recruited from the more advanced stages than simple steatosis. Ultrasound at baseline, 
combined with alcohol history, could establish a diagnosis of NAFLD but not the stage, such as 
differentiating steatosis from NASH.

Methods

A systematic search was undertaken on electronic bibliographic databases, MEDLINE (1950 to 
June 2010) and EMBASE (1980 to June 2010). Searches were developed by using relevant medical 
subject heading (MESH) terms with explosion of the MESH terms when necessary.

The following search strategy was used:

1. Liver.tw
2. (non-alcoholic or non alcoholic or nonalcoholic).tw
3. (fatty or steato*).tw.
4. (NAFL or NAFLD or NASH).tw
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5. exp *Diagnosis/
6. diagnos*.tw.
7. Fatty Liver/di [Diagnosis].

The searches were limited to the English language. Search results from both databases were 
imported into Reference Manager 12 (Thomson Reuters, Philadelphia, PA, USA). Duplicates 
were removed before two authors (NW and RH) scanned the list independently to identify 
relevant papers. Any discrepancies were resolved by consensus.

Full texts of all potentially relevant studies were obtained.

Study selection
Articles for review were selected, based on whether or not they seemed likely to have data on 
non-invasive alternatives to liver biopsy, ideally with liver biopsy used as a comparator. Reviews 
were selected in the first instance.

Quality assessment
The intention was to assess the quality of review articles using recognised appraisal frameworks, 
for example the Critical Appraisal Skills Programme (CASP)130 or the Scottish Intercollegiate 
Guidelines Network (SIGN).131 However, the majority of reviews did not describe the search 
strategy adopted, their inclusion and exclusion criteria or how included studies were appraised. 
Therefore, this section aims to simply summarise their findings and conclusions.

Diagnosis of non-alcoholic fatty liver disease

Guidelines recently published by the Italian Association for the Study of the Liver (AISF)125 
recommend that NAFLD can be diagnosed based on clinical history, clinical examination, 
laboratory tests [e.g. full blood count (FBC), LFTs, fasting glucose, etc.] and an abdominal 
ultrasound scan. The AISF guidelines recommend that liver biopsy be performed on individuals 
believed to be at high risk of NASH (e.g. age > 45 years, obesity, diabetes/insulin resistance, 
etc.), although the guidance does not state how many of these risk factors should be present 
before considering biopsy.125 The guideline also recommends that biopsy should be considered 
if a patient still has evidence of steatosis on abdominal ultrasound scan or deranged LFTs 
6–12 months after commencing lifestyle modifications following diagnosis.125

Myers126 also advocates a multifaceted approach to the diagnosis of NAFLD, stating that 
individual parameters may be misleading.126 People with NAFLD may have no or non-specific 
symptoms, and laboratory tests may also be of limited value when used on their own (e.g. ALT 
levels may vary in people with NAFLD).

Myers126 states that abdominal ultrasound scans are the most frequently used imaging tool for 
diagnosing NAFLD in the USA. However, it is recognised that ultrasound is also subject to 
limitations. It may fail to detect mild steatosis,126,127,132–134 suffers from poor performance when 
used on morbidly obese individuals134 and is vulnerable to inter- and intra-observer variability.134 
Such variability may reflect factors such as differences in the criteria used to diagnose steatosis 
and differences in ultrasound transducers as well as differences in the populations studied.132 
Furthermore, ultrasound scans cannot distinguish between steatosis and NASH.126,127,132–134

Therefore, it might be argued that abdominal ultrasound may not add enough to the combination 
of clinical history, clinical examination and laboratory tests to influence clinical management, 
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because of the lack of proven treatment options, other than weight loss.5 However, it could still be 
used to screen patients for trials.

Imaging with modalities other than ultrasound has also been explored. Computerised 
tomography (CT) scanning is also able to detect steatosis and has been said to be ‘… more 
reliable for detecting and grading fatty infiltration of the liver than ultrasonography.’132 However, 
CT scanning requires the use of ionising radiation, reducing its usefulness.123,125 In addition, CT 
scanning does not appear to have a role in distinguishing between steatosis and NASH.5,122,129,135

Magnetic resonance imaging has also been used as a means of diagnosing NAFLD, with Ma et 
al.133 describing MRI as ‘… one of the most sensitive modalities for detection and characterisation 
of fatty infiltration of the liver’.

The AISF guideline states that MRS is ‘… probably the most accurate and fastest method of 
detecting liver fat’.125 The technique allows detailed examination of particular areas of interest 
within the liver. However, MRS is expensive125,126 and may not be routinely available in radiology 
departments.123,125,126

Chemical shift-based MRI techniques have also been reported as being able to diagnose 
steatosis.5,122,123,135 Chemical shift imaging techniques have been modified during recent years, 
and have been described as ‘… the most common MRI modality to evaluate NAFLD…’ in 
clinical practice.122 In comparison with MRS, chemical shift imaging is said to have ‘… a shorter 
acquisition time, can measure fat content throughout the liver instead on in one or just a few 
voxels, no special misregistration errors, as well as easier and faster processing’.122 Cassidy et al.121 
recommend the use of chemical shift imaging as opposed to MRS in clinical practice, stating that 
‘in most clinical situations, chemical shift imaging provides adequate detection in a fraction of 
time’. However, they state that the sensitivity of chemical shift imaging appears to increase with 
increasing steatosis,121 although Charatcharoenwitthaya and Lindor132 claim that ‘… gradient-
echo techniques have been shown to accurately quantify the hepatic fat fraction at low or near 
normal level’.132

Biochemical tests have also been suggested for the diagnosis of NAFLD. The SteatoTest 
(BioPredictive, Paris, France) combines several demographic variables (e.g. age, gender) with 
laboratory analyses (e.g. cholesterol, TGs, glucose, ALT, etc.) to assess steatosis.126,135 An initial 
study that recruited individuals with a range of chronic liver conditions (e.g. hepatitis C, alcoholic 
liver disease) in addition to NAFLD reported favourable results.126 Further independent studies 
involving people with NAFLD are required to assess the utility of the test.126,135

In summary, there appears to be an emerging view that steatosis can be diagnosed without the 
need for liver biopsy on the basis of clinical history, clinical examination and laboratory tests, 
supported by imaging. Abdominal ultrasound scanning appears to be the most commonly used 
modality, although it is subject to several limitations. CT and MRI also appear to be useful tools, 
although their use may be limited by concerns regarding exposure to ionising radiation and cost, 
respectively.

Diagnosis of non-alcoholic steatohepatitis

Although it appears that NAFLD may be diagnosed without liver biopsy, the recently published 
guidelines produced by AISF describe biopsy as being ‘… an irreplaceable diagnostic tool to 
differentiate NASH from NAFLD’,125 a view shared by others.127,132 Note that the terminology can 
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be confusing. The term NAFLD is sometimes used to cover the whole spectrum, but at other 
times to refer to the stages before NASH.

However, as previously described, the prevalence of NAFLD together with the invasive nature 
of, and the risks associated with, liver biopsy has led to interest in developing new means of 
differentiating between these conditions. Some of these are described below.

Laboratory markers of fibrosis
The guideline recently issued by AISF states that several biochemical indicators of fibrosis have 
been investigated as means of reducing the number of people requiring liver biopsy.125 However, 
AISF describes these as having not yet been rigorously tested and validated, as well as being 
unavailable within many laboratories.125 Therefore, AISF states that these ‘do not avoid the need 
to perform liver biopsy in clinical practice.’125

Myers126 categorised such markers as signifying oxidative stress, inflammation or hepatocyte 
apoptosis.126 With respect to the evaluation of markers of oxidative stress, he describes the results 
as generally being ‘… disappointing and/or inconsistent …’, concluding that ‘… additional studies 
are necessary before markers of oxidative stress can be used clinically to differentiate simple 
steatosis from NASH’.

With respect to biomarkers of inflammation, Myers126 states that a marker which has been ‘… 
validated and is ready for clinical use is not available.’ With respect to hepatocyte apoptosis, 
Myers discussed research concerning the use of caspase-generated fragments of cytokeratin-18 
(CK-18). Although encouraging, Myers126 states the findings require validation ‘… in large-scale, 
multicentre studies that include more diverse patient populations.’

Clinical scores for fibrosis
Several clinical scoring systems, or fibrosis marker panels, have been developed with the aim of 
differentiating NASH from NAFLD (e.g. NAFLD fibrosis score, European Liver Fibrosis panel, 
etc.).125,126 Some of these are subject to patent.126

These scoring systems attempt to identify people at risk of fibrosis through measuring indicators 
such as BMI together with various biochemical parameters. The biochemical parameters can be 
described as:

 ■ indirect markers of fibrosis in that they ‘… reflect alterations in hepatic function, but do not 
directly reflect extracellular matrix (ECM) metabolism (e.g. liver biochemistry, platelets)’126

 ■ direct markers of fibrosis in that they ‘… reflect the dynamics of the ECM [extracellular 
matrix] turnover (e.g. matrix metalloproteinases and their inhibitors, collagens, 
hyaluronic acid)’.126

Both indirect and direct markers are subject to limitations. For example, changes in some indirect 
markers may be observed only in the advanced stages of chronic liver disease.136 Changes in 
direct markers may be due to non-hepatic disease.136

In many cases, the biochemical parameters within fibrosis marker panels are a mixture of 
direct and indirect markers.126 Many of these panels were developed for use among patients 
with chronic hepatitis C infection, but their use in other conditions, including NAFLD, is 
being explored.126

Poynard et al.137 undertook a review of biomarkers of liver fibrosis associated with chronic 
hepatitis C, chronic hepatitis B, alcoholic liver disease, NAFLD and mixed causes. They identified 
14 biomarkers, nine of which were not patented and five that were. Only patented biomarkers 
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were considered in detail within the review. Two of the authors have connections to a company 
marketing one of the patented biomarkers considered – FibroTest (Biopredictive, Paris, 
France). They found no significant differences between the five patented tests. With respect to 
performance in relation to the aetiology of fibrosis, the authors stated that most studies had been 
performed among patients with chronic hepatitis C, with only one test – FibroTest – having 
‘… been investigated specifically in the four most frequent chronic liver disease(s)’. Only three 
of the studies of patented biomarkers included in the review – two involving FibroTest (267 
patients) and one involving the European Liver Fibrosis panel (61 patients) – examined the use 
of biomarkers among individuals with NAFLD. The authors stated that ‘neither biomarkers nor 
biopsy are sufficient alone to take definitive decision(s) in a given patient …’ and suggested ‘… a 
moratorium on liver biopsy as a first line procedure while awaiting studies demonstrating biopsy 
cost-utility vs that of biomarkers’.

Poynard137 and another author138 contributing to the above review (both of whom have 
connections to the company marketing FibroTest) contributed to a further review focusing 
on FibroTest as a measure of liver fibrosis. The majority of studies identified assessed the use 
of the test among patients with chronic hepatitis C. Only two studies examining the use of the 
test among patients with NAFLD were identified, both of which were included in the earlier 
review.137 Similar to the conclusions of the earlier review, the authors stated: ‘FibroTest may 
be an alternative to liver biopsy in the four more common liver diseases – namely, HCV, HBV, 
NAFLD and ALD. However, neither biomarkers nor biopsy alone are sufficient to allow definitive 
decisions to be made for a given patient, and all clinical and biological data must be taken 
into account.’

The AISF guideline125 did not refer to FibroTest, although it referred to several other fibrosis 
marker panels not included within the Poynard review137 [e.g. BAD (BMI, age, T2DM), BAAT 
(BMI, age, ALT, TG), HAIR (hypertension, ALT, insulin resistance), BARG (BMI, age, AST/ALT 
ratio, HbA1c or glucose), NAFLD Fibrosis Score, BARD (BMI, AST/ALT ratio, T2DM), Clinical 
Scoring System for Predicting NASH]. Studies describing the use of some of these were published 
outwith the time period covered by Poynard et al.137 (February 2001 to July 2007). The AISF 
guideline states: ‘These indices, particularly the NAFLD fibrosis score, should be considered in 
evaluating patients for liver biopsy.’125

The majority of studies evaluating the use of fibrosis marker panels have involved people with 
chronic hepatitis C. Some marker panels have been investigated among patients with NAFLD, 
although for some the findings of initial studies require to be confirmed by further research.135,136 
At the current time, the relative ability of these panels to differentiate NASH from NAFLD is 
unclear, and comparisons are difficult as a consequence of studies using a variety of scoring 
systems and end points in the assessment of fibrosis.135

At present, the consensus view appears to be that fibrosis panels should be used as an adjunct to 
liver biopsy rather than as a substitute. Myers126 states: 

‘Most experts would agree that the most rational approach is to use these markers as a 
complement to liver biopsy on a case-by-case basis. It would be unrealistic to expect any 
index to completely replace liver biopsy which offers a wealth of additional information 
… It is important to remember that up to a third of patients suspected of having NAFLD 
have another cause of liver enzyme elevations identified by liver biopsy.’126

Imaging
Ultrasound scanning
Ultrasound scanning is said to be unable to distinguish between steatosis and 
steatohepatitis.122,123,132 However, initial studies of contrast-enhanced ultrasound have been more 
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encouraging, although further evaluation involving larger numbers of patients with NAFLD is 
required.127,132

Transient elastography
Transient elastography (TE) is a technique that may supplement traditional USG. TE aims to 
measure liver stiffness, a variable that is believed to be associated with the degree of fibrosis. A 
mechanical pulse is generated at the skin surface, which is propagated through the liver. The 
velocity of the wave is measured by ultrasound. The velocity is directly related to the stiffness of 
the liver, which, in turn, affects the degree of fibrosis: the stiffer the liver is, the greater the degree 
of fibrosis.139 The technique has been used in a range of liver conditions, but relatively few studies 
have described its use in NAFLD.126,135,136

The results of TE are influenced by factors including elevated ALT levels124,125,136 and possibly 
by the degree of steatosis.125,126,136 In addition, it is technically difficult in the presence of 
obesity.126,127,132,135,136,140 Furthermore, cut-off points between stages of fibrosis have been said to 
be unclear, and may vary with aetiology.126 As a consequence, Myers126 states: ‘In light of these 
unresolved issues, and despite the widespread use of TE in patients with NAFLD, much further 
investigation is necessary to guide the optimal incorporation of this promising technology 
into routine clinical practice’,126 a sentiment echoed by Charatcharoenwitthaya and Lindor.132 
Browning,127 however, is less optimistic: ‘Further study is required to determine if FibroScan [a 
commercially available TE machine] is a viable method for differentiating patients who have 
NAFLD with no fibrosis from those who have minimal or no fibrosis … However, based upon 
data available for staging other forms of liver disease, this seems unlikely.’127

Computed tomography scanning
The AISF guideline states that, in contrast to individuals with simple steatosis, those with NASH 
‘… have a greater liver span and increased caudate-to-right-lobe-ratio.’125 Charatcharoenwitthaya 
and Lindor, however, state that although some studies have reported differences between patients 
with NAFLD and NASH that are evident on CT scanning, in their opinion the technique is 
unable to reliably differentiate between steatosis and steatohepatitis,132 a view also shared by 
others.122,127,135

Studies have examined the use of dynamic contrast-enhanced CT as a means of diagnosing 
fibrosis.127,140 However, the majority of studies have been conducted among people with 
cirrhosis,127,140 so it is uncertain if the technique will be able to diagnose earlier stage fibrosis.140 
Nevertheless, Browning believes that based upon current knowledge of liver perfusion in NAFLD 
‘… the utility of this imaging modality in staging NAFLD is questionable.’127

Therefore, the current consensus appears to be that CT scanning does not have a role to play in 
distinguishing NAFLD from NASH.

Magnetic resonance imaging
Browning states that standard MRI cannot differentiate between NAFLD and NASH,127 with 
Castera140 describing its ability to diagnosis early-stage fibrosis as being ‘limited’.135 Although a 
small number of studies have described changes relating to liver fibrosis on MRI, its sensitivity or 
specificity has not been reported.140

Contrast-enhanced MRI has been suggested as a means of diagnosing fibrosis, and a limited 
number of studies having shown encouraging results in staging of advanced hepatic fibrosis.140 
Browning127 states that ‘Much more work is needed, however, to fully evaluate the utility and 
limitations of such contrast-based methodologies’. Furthermore, the possibility of allergic 
reactions associated with contrast agents140 may also prove a barrier to the future use of 
the technique.
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Diffusion-weighted MRI is another technique that has been investigated as a non-invasive means 
of diagnosing liver fibrosis.140 It appears that the technique can distinguish between normal and 
cirrhotic liver, but its ability to differentiate earlier stages of fibrosis has been less positive.140

Magnetic resonance spectroscopy allows an assessment of the ‘… concentrations of different 
chemical components within tissues’.140 However, the results of the technique are sensitive 
to movement, and require the patient being examined to lie as still as possible during 
the examination.140

Bonekamp140 states that although proton MRS appears to be of limited use in distinguishing 
NAFLD from NASH, initial studies evaluating phosphorous MRS have shown some promise, 
although the technique requires more thorough evaluation. In addition, the need for special 
equipment, together with considerable operator experience, makes it unlikely that it will be a 
widely accessible technique in the short term, even if it is proved to be effective.140

The use of magnetic resonance elastography (MRE) has also been suggested as a means of 
differentiating NAFLD from NASH. In contrast to conventional TE, MRE is said to be unaffected 
by obesity, and may also be unaffected by steatosis.126 However, although there appear to be some 
encouraging results using this technique, Myers126 counsels that: ‘Future studies will be necessary 
to validate these findings and confirm the cost-effectiveness of MRE before it gains widespread 
clinical use.’126 Similarly, Bonekamp et al. state ‘… more studies including larger patient 
populations are needed to confirm the sensitivity and specificity of MRE and to standardise the 
technique to make results comparable.’140

Other considerations

Ability to compare markers
Interpreting the current data on the effectiveness of non-invasive markers of liver fibrosis is 
challenging as a consequence of:

 ■ small number of patients recruited in some studies135

 ■ assessment of fibrosis varies across studies135

 ■ the performance of tests being dependent on the prevalence of severe fibrosis in the 
study population.136

Area under receiver operating characteristic curve (AUROC) estimates are a commonly used 
measure of the effectiveness of diagnostic and screening tests. However, Poynard et al.,137 with 
reference to biochemical markers of liver fibrosis, have discussed the need for standardisation 
when comparing the AUROC estimates to take account of differences in the prevalence of stage 
of fibrosis between studies.137

Quality of reviews studied
Many of the reviews studied in the preparation of this section referred to an extensive body of 
research. However, as described above, methodological issues associated with primary studies 
limit the strength of the conclusions that they can draw.

Furthermore, with respect to identifying non-invasive means of distinguishing NAFLD from 
NASH, although a large number of techniques have been studied, in general the volume of 
evidence underpinning individual approaches among individuals with NAFLD appears limited. 
There is, therefore, a need for additional high-quality research in this area, focusing on those 
approaches assessed as holding greatest promise.
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As described, many of the reviews studied in the preparation of this section referred to a large 
number of papers. However, the majority contained no description of how these papers were 
identified, inclusion and exclusion criteria or appraisal methods. In the majority of reviews, it was 
not clear if the conclusions were based upon an assessment of the quality of the primary studies 
referred to. Therefore, there is also a need for rigorous systematic reviews of methodologically 
robust primary research.

Conclusions

There appears to be an emerging view that simple steatosis can be diagnosed without the 
need for liver biopsy, on the basis of clinical history, clinical examination and laboratory tests, 
and ultrasound.

Although several non-invasive means of distinguishing simple steatosis from NASH have been 
studied, at the current time it appears that liver biopsy is required to differentiate between these 
conditions. However, this issue has been the focus of much research and further studies may 
help to identify if any of the approaches discussed, or novel techniques, could become acceptable 
alternatives. However, there is a need for high-quality research to enable approaches to be 
compared against liver biopsy and each other.

Implications for trials and diagnostic research needs

If we assume that (1) a definitive trial of drug intervention in NAFLD will require a large number 
of patients followed for several years and (2) liver biopsy will not be feasible or perhaps ethical, 
then we have to consider other approaches.

One consideration concerns who should be included in a trial. It would be desirable to intervene 
in time to prevent fibrosis, so the most important aspect of diagnosis might be to distinguish 
between those without fibrosis and those with. Progression to fibrosis might be a key end point.

Non-invasive methods of distinguishing those with simple steatosis from those with NASH are, 
as yet, unproven. However, it could be argued that inclusion of patients with simple steatosis in 
a trial of an old tried and tested drug, such as metformin, would do them no harm, and might 
well do good (e.g. reducing the chance of progression to diabetes), and that therefore a screening 
test that lacked specificity could be allowed. The Italian guideline panel of tests might be used, 
perhaps combined with MRS or MRE for follow-up, with reduction in steatosis as one outcome. 
Unfortunately, in trials to date, metformin does not appear to improve histology, and trials might 
be better done using newer and more expensive drugs such as liraglutide.

Several diagnostic measures appear promising, but require further evaluation. One is TE, 
except in the more obese. NFS has been reported to be reliable in the LEAD (Liraglutide Effect 
and Action in Diabetes) trials.141 MRE appears promising but requires further evaluation and 
standardisation. Even if too expensive for routine use, it could be trialled against liver biopsy in a 
small trial and, if reliability is proven, it could then be used as the reference standard in trials of 
treatment to assess the accuracy of TE and NAFLD Fibrosis Score (NFS).

This chapter was only a rapid review of recent evidence on diagnostic options, and a full 
systematic review would be worthwhile as a prelude to primary diagnostics research.
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Chapter 4  

Review of economics studies

The search strategy used is in Appendix 1.

Few studies were found.

Baumeister et al.142 set out to estimate the inpatient and outpatient costs for people with fatty liver 
disease (FLD), using data from the Study of Health in Pomerania database. They used ultrasound 
hyperechogenicity (‘bright liver’) and ALT levels to identify people with FLD. However, although 
they identified people with ‘at-risk’ drinking of alcohol, they did not provide data broken down 
by lesser levels of alcohol use, and so it is not possible to extract data on the costs of NAFLD. 
One problem with such studies is that people with FLD are at higher risk of other metabolic 
conditions such as diabetes and hypertension. Baumeister et al.142 adjusted for comorbidities and 
found that people with FLD still had higher outpatient costs.

A study from the USA by Younossi and Singer,143 available at present only as an abstract, used 
Markov modelling to estimate lifetimes costs of NAFLD and reported that NAFLD led to costs of 
several billion US dollars (undiscounted).

Dan et al.144 surveyed health-related QoL in people with NAFLD who had been referred to a 
Liver Service. This implies that they were symptomatic, and may have been on the more severely 
affected end of the NAFLD spectrum. Dan et al.144 compared the NAFLD group with patients 
with chronic hepatitis B or C (but who were not on treatment with interferon, which reduces 
QoL while patients are taking it). The NAFLD group had the poorest QoL. They differed from 
the hepatitis groups by being much more likely to be obese (76% vs 14% and 36%), diabetic 
(26% vs 4% and 8%) and hypertensive (39% vs 9% and 14%). However, Dan et al.144 reported 
that the reduced QoL in the NAFLD group persisted after adjusting for obesity (which itself 
reduces QoL).

David et al.145 from the NASH Clinical Research Network (CRN) Research Group administered 
the SF-36 to 713 people enrolled in two studies, one an observational cohort, the other the 
PIVENS (Pioglitazone Versus Vitamin E Versus Placebo for the Treatment of Non-diabetic 
Patients with Non-alcoholic Steatohepatitis) trial. Most (61%) had NASH, and 28% had fibrosis 
or cirrhosis. All had had liver biopsy. So as with the Dan study,144 there is some selection towards 
the severe end of the NAFLD spectrum. The results in the NAFLD group were compared with 
the general US population and adjusted for age. Because the general population also have chronic 
diseases (including, at the relevant age, 22% with diabetes and 27% with hypertension), David et 
al.145 compared the NAFLD group with the whole general population and after excluding those in 
the general population with chronic diseases. In the NAFLD/NASH group, 72% were obese.

The NASH groups had poorer SF-36 scores than the general population, by about five points 
(SF-36 is a 100-point scale) when compared with the whole general population, and by 11 points 
when compared with the general population with those with chronic diseases excluded. Within 
the NASH groups, there was a gradient, so that, overall, QoL declined along the spectrum: 
general population > NAFLD > NASH > fibrosis > cirrhosis.
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Physical health status was reduced more than mental health, with vitality/fatigue most affected. 
As the authors note, in a cross-sectional study cause and effect cannot be determined, so either 
NAFLD reduces physical activity or those with reduced physical activity are more likely to 
develop NAFLD.

Another study146 from the NASH CRN Network looked at the QoL in children aged 5–17 years 
with NAFLD, mean age 12.6 years, mean BMI 33, with nearly all obese (defined as BMI ≥ 95th 
percentile). The patients were recruited from the observational NAFLD database, and from a 
trial group [TONIC (Treatment of Nonalcoholic Fatty Liver Disease in Children), see Chapter 5]. 
All had biopsy-proven NAFLD. The measure used was the Pediatric Quality of Life Inventory 
(PedsQL), with healthy children used as control subjects. The NAFLD children had poorer QoL 
scores (mean 73) than the healthy children (mean 84). Thirty-nine per cent of the NAFLD group 
had reduced QoL. Interestingly, the parents of the NAFLD children scored them lower (65) than 
the children did themselves. The study did not adjust for the effect of obesity, so much of the QoL 
deficit might have been due to obesity. The authors called for a study of QoL in obese children 
without NAFLD.

Similar findings were reported by Kerkar et al.147 from a pilot study in 17 children aged 
8–18 years, also using PedsQL, but reported in abstract form only at present.

The value of early liver biopsy has been assessed by Gaidos et al.128 by decision analysis modelling. 
They carried out modelling comparing two options, early biopsy and no biopsy. They assumed 
that patients with confirmed NASH would be treated with insulin sensitisers or bariatric surgery. 
Patients in the no-early-biopsy arm would not receive treatment until there was evidence of 
disease progression. They assumed that mortality from liver biopsy was 1 in 1000 biopsies, but 
that 3% would have sufficient complications to require a hospital stay. They concluded that an 
early biopsy policy would reduce mortality at 5 years from 0.53% to 0.32%, and progression to 
severe disease from 4.4% to 2.4%.

The conclusions from the sparse evidence available are that:

 ■ More advanced degrees of NAFLD reduce QoL.
 ■ NASH and its sequelae are costly to health services.
 ■ Future studies need to disentangle the effects on QoL of NAFLD itself, from co-conditions 

such as obesity and diabetes.
 ■ We need longer follow-up to assess frequency and speed of progression, in order to base 

modelling on more data and fewer assumptions.
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Chapter 5  

Discussion

Statement of principal findings

 ■ NAFLD in its various stages is becoming more common and is an increasing health problem, 
because of the rising prevalence of obesity and insulin resistance.

 ■ Three insulin-sensitising drugs were covered in this review. Rosiglitazone is no longer 
relevant because it has been withdrawn from use. Metformin is still used, but its effect on 
liver histology is modest. Pioglitazone was more effective in improving liver histology, 
but can have adverse effects, including oedema, weight gain, precipitation of heart failure 
and fractures.

 ■ Weight loss by diet and exercise is effective in reducing liver fat, but compliance is often an 
issue. Bariatric surgery is highly effective.

 ■ Simple steatosis can be diagnosed by non-invasive means, but, at present, liver biopsy 
remains the only proven method of distinguishing between steatosis and NASH. Newer 
non-invasive methods show promise, but further research is required. This seems to be the 
highest research priority at present because of the impracticality of doing large trials of new 
agents if liver biopsies are required at entry and end of trial.

 ■ Of the newer agents, the angiotensin receptor blocker telmisartan (which also has PPAR 
gamma activity) and the glucagon-like peptide-1 (GLP-1) analogues show sufficient promise 
to be considered for trials.

 ■ Trials should probably be in NASH rather than the relatively benign simple steatosis.
 ■ As one of the (anonymous) NIHR HTA programme referees noted, an overall finding is a 

shortage of high-quality evidence, including health economics aspects.
 ■ Lifestyle measures remain worthy of consideration. Weight loss by calorie restriction has 

been shown to be effective in reducing hepatic steatosis77 but, as usual, the problem is 
compliance. When compliance is ensured by bariatric surgery, leading to the loss of large 
amounts of weight, there is improvement or resolution of NAFLD in up to 90% of patients.98 
There is general pessimism about the long-term success of non-surgical management of 
obesity,148 but some successes have been achieved. Goodpaster et al.149 found that severely 
obese people (mean BMI 44 kg/m2) lost on average 12 kg over 12 months by a combination 
of calorie restriction and physical activity, with the activity (moderate intensity equivalent to 
brisk walking for 300 minutes a week) having an additive effect to calorie restriction. Lazo et 
al.150 also had good results in a study of diet and physical activity in 96 people with T2DM. 
The patients had MRS at baseline and after 12 months. NAFLD was defined as steatosis of 
over 5.5%. The patients aimed to achieve 10% weight loss by 12 months. The mean reduction 
in BMI was 2.7% (34.7 kg/m2 baseline, 32 kg/m2 at 12 months). The proportion with liver fat 
content under 5.5% rose from 67% at baseline to 80% at end, with an impressive fall in those 
with 10–20% steatosis from 17.4% at baseline to 6.5% at 12 months.

 ■ The usual caveats apply to both the Lazo and Goodpaster studies149,150 – 12 months is a short 
time in lifestyle change and the effect may not be sustained after the intervention ends.
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Some issues

Defining ‘non-alcoholic’
Vuppalanchi and Chalasani151 have pointed out the lack of a consistent definition of the level of 
alcohol consumption compatible with a definition of NAFLD.

Progression to diabetes
The trials have been too short to assess whether or not treatment with any drugs will prevent 
progression to diabetes.

Which drug?
If there is to be a large trial, would insulin sensitisers be the best drug to test? Rosiglitazone 
would not be included, because its cardiovascular risk profile makes pioglitazone the drug 
of choice in the TZDs, and rosiglitazone has been withdrawn from use in the UK. However, 
pioglitazone is not without risk – oedema, heart failure, fractures. The safety of the glitazones was 
reviewed in a recent report published in the Health Technology Assessment journal.84

Metformin, which has been used for more than 50 years, has been proven to be safe in those who 
can tolerate it – a small proportion have to stop because of gastrointestinal symptoms.

Evidence from the LEAD trials is that liraglutide is effective in improving NAFLD. Armstrong et 
al.,141 so far, by abstract only, have reported that many patients in the LEAD trials had advanced 
NAFLD, but that liraglutide 1.8 mg reduced the NFS score. However, there were no data on 
the 1.2-mg dose in this abstract. The National Institute for Health and Clinical Excellence 
(NICE) in a recent appraisal concluded that the 1.8 mg was not recommended by NICE 
because the marginal benefits did not justify the large increase in marginal cost.152 In passing, 
it should be noted that most of these patients were also on metformin, which casts doubt on its 
long-term effectiveness.

Two recent abstracts provide further information on the effects of GLP-1 analogues on NAFLD. 
Gardner et al.153 in a small study gave an unspecified incretin mimetic to seven diabetic patients. 
Liver fat was reduced from mean 29% to 16%.

Horton et al.154 pooled data from two DURATION (Diabetes therapy Utilization: Researching 
changes in A1c, weight and other factors Through Intervention with Exenatide ONce weekly) 
trials on 223 patients on once-weekly exenatide and reported improvements in ALT and AST, 
although values are not given in the abstract.

A trial in non-alcoholic fatty liver disease/steatosis

If a trial is restricted to the steatosis stage of NAFLD, diagnosis could be on the basis of 
clinical history (particularly around alcohol intake, history of hypertension, obesity, T2DM, 
hyperlipidaemia, cardiovascular diseases), clinical examination (BMI, hypertension or stigmata 
of other liver disease), laboratory tests (the usual LFTs plus exclusion of viral hepatitis, 
autoimmune disease, haemochromatosis, Wilson’s disease, and perhaps those with alpha-1 
antitrypsin deficiency), plus some form of imaging to confirm the excess of fat in the liver, such 
as transabdominal ultrasound.

There would have to be long duration of follow-up because simple steatosis is fairly benign.
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A trial in non-alcoholic steatohepatitis

The main problem with any trial in NASH is that at present we have insufficient knowledge 
that any other diagnostic test could replace liver biopsy. Various options such as panels of test 
could be assessed against liver biopsy (note that some panels are patented and affordability 
could be a problem). A NASH trial would also have to be long term (perhaps 10 years?). 
Assessment of diagnostic options would involve assessing surrogate markers to see how well they 
detected progression or regression of inflammatory infiltrates and fibrosis. It is worth noting 
that these are still surrogates whose importance is the risk of progression to liver failure or 
hepatocellular cancer.

The group in which intervention might be most likely to be cost-effective comprises those with 
NASH and fibrosis. End points would be similar to a NASH-alone group, but a trial would need 
smaller numbers. Unfortunately, to identify this group, we would currently need liver biopsy. 
Ultrasound elastography is becoming more available, but is less reliable in the more overweight 
patients, such as those with BMI > 30 or 35 kg/m2. (There is a special probe for the more obese, 
but it is currently expensive.)

As reported in Chapter 3, other options such as MRI elastography appear promising, but cost and 
availability would cause problems.

Hence the main research need appears to be to identify reliable and affordable non-invasive 
alternatives to liver biopsy. It may be that methods such as MRI elastography, although not being 
affordable in routine care, could be trialled against liver biopsy, and if reliable as assessed against 
the histological gold standard, could then be used in larger trials to assess the reliability of less 
expensive non-invasive methods.

A Health Technology Assessment trial?

An HTA trial may therefore be a combined diagnostic and therapeutic one, possibly with the 
following features:

 ■ It should be in a higher risk group, such as those with NASH.
 ■ Biopsy would be done, in a least a subgroup, and compared with other diagnostic options.
 ■ The drugs to be trialled might be pioglitazone versus a weekly GLP-1 agonist?
 ■ There should also be more research into how to promote adherence to weight loss.

The main cause of death in people with NAFLD is cardiovascular disease rather than cirrhosis.

Current trials

Searches for current trials have identified the following from the Clinical Trials Register. Several 
rosiglitazone trials are still registered, but will probably be discontinued.

Pioglitazone
NCT00633282
A Phase II RCT of pioglitazone 15 mg every day (q.d.) for 16 weeks, compared with a lifestyle 
arm (aerobic exercise and calorie restriction) and berberine, in patients with T2DM of no more 
than 1 year’s duration, and fatty liver confirmed by ultrasound. Start date March 2008, end date 
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September 2011. Primary outcome measure is glycaemic control. Secondary outcomes include 
liver fat content by nuclear magnetic resonance spectroscopy.

 ■ http://clinicaltrials.gov/ct2/show/NCT00633282

NCT00681733
Pentoxifylline Versus Pioglitazone In Non-Alcoholic Steatohepatitis (NASH). This trial may have 
been completed because the estimated completion date was December 2008.

 ■ http://clinicaltrials.gov/ct2/show/NCT00681733

NCT00994682 (University of Texas Health Science Center, San Antonio, 
TX, USA; Pentoxifylline Versus Pioglitazone In Non-Alcoholic 
Steatohepatitis trial) 
This is reported to be a Phase IV RCT of pioglitazone 30 mg per day orally for 8 weeks, increased 
if well tolerated, titrated to 45 mg per day until end of study (18 and 36 months), compared 
with placebo, in patients with or without T2DM. Start date December 2008, end date July 2013. 
Primary outcome measure includes liver histology at 18 and 36 months. Secondary outcomes 
include measurement of liver fat content by MRS at 18 and 36 months.

 ■ http://clinicaltrials.gov/ct2/show/NCT00994682

NCT01002547
This seems to be a similar Phase IV RCT of pioglitazone 30 mg per day for 8 weeks, if well 
tolerated titrated to 45 mg per day until end of study (next 3 years) in combination with vitamin E 
400 IU orally twice daily, compared against placebo in combination with vitamin E 400 IU orally 
twice daily in patients with T2DM. Start date June 2010, end date July 2015. Primary outcome 
measure is liver histology at 18 and 36 months. Secondary outcomes include measurement of 
liver fat content by MRS at 18 and 36 months.

 ■ http://clinicaltrials.gov/ct2/show/NCT01002547

NCT01068444
A Phase II RCT of pioglitazone 30 mg per day for 6 months and then 3 months’ follow-up after 
treatment, compared against placebo in patients with the diagnosis of NASH with or without 
cirrhosis confirmed by liver biopsy. Start date April 2009, end date July 2012. Primary outcomes 
include comparison of steatosis and LFT at 9 months. Secondary outcomes include comparison 
of necroinflammation and fibrosis.

 ■ http://clinicaltrials.gov/ct2/show/NCT01068444

Metformin
NCT00063635 (Treatment of Nonalcoholic Fatty Liver Disease in 
Children; TONIC)
A Phase III RCT of metformin 500 mg twice daily compared with vitamin E 400 IU twice daily 
and matching dose of placebo, in patients with NAFLD confirmed by biopsy. Start date August 
2005, end date April 2010 (last updated January 2010). Primary outcome measures include 
sustained reduction in ALT to either 50% of baseline value or < 40 U/l at 96 weeks. Secondary 
outcomes include reduction in AST, GGT, change in liver histology and change in insulin 
resistance indices.
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 ■ http://clinicaltrials.gov/ct2/show/NCT00063635

NCT00081328 (TODAY; Treatment Options for type 2 Diabetes in 
Adolescents and Youth) 
A Phase III RCT of metformin 1000 mg b.i.d. compared against metformin 100 mg 
b.i.d. + rosiglitazone 4 mg b.i.d. or metformin 1000 mg b.i.d. + behavioural TODAY lifestyle 
programme in patients aged 10–17 years with diabetes for < 2 years. Start date May 2004, end 
date February 2013. Primary outcome measures include loss of glycaemic control at 6 months. 
Secondary outcome measures include safety and other complications.

http://clinicaltrials.gov/show/NCT00081328

NCT00134303
A Phase IV RCT of metformin compared against placebo in patients receiving bariatric surgery 
for obesity. Start date June 2005, end date December 2010 (last updated June 2010). Primary 
outcome measures include number of patients with histological amelioration of NASH after 
1 year. Secondary outcome measures include number of patients with normalisation of ALT and 
normalisation of steatosis on ultrasound after 1 year.

 ■ http://clinicaltrials.gov/ct2/show/NCT00134303

NCT00247117
An open-label, non-RCT of metformin in patients with NASH (types 2–4) and ALT level more 
than two times normal range. Start date January 2004, estimated to complete by August 2005 (last 
updated October 2006). Primary outcome includes histological and biochemical change in 1 year. 
Secondary outcome: none.

 ■ http://clinicaltrials.gov/ct2/show/NCT00247117

NCT00303537
A Phase II and III RCT of metformin compared against placebo in patients with histologically 
proven NAFLD of < 18 months. Start date November 2004, estimated to complete by June 2008 
(last updated June 2007). Primary outcome measure is grade of steatosis during repeat biopsy at 
6 months. Secondary outcome measures include grade of necroinflammation by repeat biopsy, 
liver density by computer scan and serum ALT level (all at 6 months).

 ■ http://clinicaltrials.gov/ct2/show/NCT00303537

NCT00736385
A Phase IV RCT of metformin 2000 mg (Glucophage) daily for 12 months compared against 
placebo 2000 mg daily in patients with biopsy-proven NAFLD within 12 months of study 
initiation. Start date April 2009, end date July 2011. Primary outcome measures include 
measurements of insulin sensitivity, hepatic insulin clearance, and altered parameters of 
lipid metabolism, changes in the histological features that define NAFLD, and quantitative 
measurements of visceral and peripheral fat during 24 months. Secondary outcome measures 
include insulin sensitivity and lipid metabolism during 24 months.

 ■ http://clinicaltrials.gov/ct2/show/NCT00736385
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Conclusions

Given the number of pioglitazone and metformin studies listed above, the priority now is 
probably for trials involving newer agents such as the GLP-1 agonists, or possibly the less 
expensive and orally administered dipeptidyl peptidase-4 (DPP-4) inhibitors, the gliptins.

The most important question might be whether or not it is possible to prevent progression of 
NASH to fibrosis, but a study to determine that would be difficult because the timescale required 
would be uncertain (as we lack data on how many progress and over what timescale) and because 
of the need for liver biopsies to establish NASH and to monitor progression.
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Appendix 1  

Search strategy

Literature search strategy

For the introduction
 ■ We checked NICE, HTA, SIGN and NHS evidence.
 ■ Searched MEDLINE for general reviews.
 ■ Aetiology, pathology, natural history – searched MEDLINE, limits clinical queries.
 ■ Checked guidelines from the following professional bodies:

 – American Gastroenterological Association
 – American Association for the Study of the Liver; The British Association for the Study of 

the Liver
 – The British Society of Gastroenterology
 – The European Association for the Study of the Liver.

Epidemiology (prevalence and incidence)
 ■ MEDLINE 1990 – current and EMBASE 1990 – current.
 ■ Non-alcoholic fatty liver disease terms plus (incidence or prevalence).tw.
 ■ Web of Science for abstracts.
 ■ Google search for grey literature.

Ovid MEDLINE(R) 1996 to week 3 August 2009
1. exp *fatty liver/
2. (non-alcoholic or non alcoholic or nonalcoholic).tw.
3. (fatty and liver).tw.
4. 3 and 2
5. steato*.tw.
6. 2 and 5
7. (NAFL or NAFLD or NASH).tw.
8. 6 or 4 or 1 or 7
9. limit 8 to (English language and yr=“1999 -Current” and “diagnosis (specificity)”).

Clinical effectiveness search strategy

Ovid MEDLINE(R) 1950 to week 2 June 2010
1. fatty liver/
2. liver.tw.
3. (non-alcoholic or non alcoholic or nonalcoholic).tw.
4. (fatty or steato*).tw.
5. (NAFLD or NAFLD or NASH).tw.
6. 4 and 3 and 2
7. 6 or 1 or 5
8. exp Metformin/
9. exp Thiazolidinediones/
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10. (insulin sensit* or metformin or pioglitazone or rosiglitazone or thiazolidinedione* or 
glitazone*).tw.

11. 8 or 9 or 10
12. 7 and 11.

Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, 22 June 2010
1. liver.tw.
2. (non-alcoholic or non alcoholic or nonalcoholic).tw.
3. (fatty or steato*).tw.
4. (NAFLD or NAFLD or NASH).tw.
5. 1 and 2 and 3
6. 4 or 5
7. (insulin sensit* or metformin or pioglitazone or rosiglitazone or thiazolidinedione* or 

glitazone*).tw.
8. 6 and 7.

EMBASE 1980 to 2010 week 24
1. *fatty liver/
2. liver.tw.
3. (non-alcoholic or non alcoholic or nonalcoholic).tw.
4. (fatty or steato*).tw.
5. (NAFLD or NAFLD or NASH).tw.
6. 2 and 3 and 4
7. 1 or 5 or 6
8. exp metformin/
9. exp thiazolidinediones/

10. (insulin sensit* or metformin or pioglitazone or rosiglitazone or thiazolidinedione* or 
glitazone*).tw.

11. 8 or 9 or 10
12. 7 and 11.

Science Citation Index – Expanded plus Conference Proceedings Citation 
Index – Science, 1970 to June 2010

The following conferences were also covered:

 ■ American Gastroenterological Association (Gastroenterology)
 ■ American Association for the Study of Liver Diseases (Hepatology)
 ■ European Association for the Study of the Liver (J Hepatol)
 ■ American College of Gastroenterology (Am J Gastroenterol).

1. TS=liver
2. TS=(non-alcoholic or non alcoholic or ‘nonalcoholic’)
3. TS=(fatty or steato*)
4. #3 and #2 and #1
5. TS=(NAFL or NAFLD or NASH)
6. #5 OR #4
7. TS= (insulin sensit* or metformin or piolitazone or rosiglitazone or thiazolidinedione*)
8. #7 AND #6
9. #7 AND #6 Refined by: Document Type=(MEETING ABSTRACT).
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Cochrane
Up to June 2010
1. (liver):ti,ab,kw and (non-alcoholic or non alcoholic or nonalcoholic):ti,ab,kw and (fatty or 

steato*):ti,ab,kw
2. (NAFL or NASH or NAFLD):ti,ab,kw
3. (#1 OR #2)
4. MeSH descriptor Metformin explode all trees
5. MeSH descriptor Thiazolidinediones explode all trees
6. (insulin sensit* or metformin or pioglitazone or rosiglitazone or glitazone* or 

thiazolidinediones*):ti,ab,kw
7. (#4 OR #5 OR #6)
8. (#3 AND #7).

Search alerts
Search alerts were set up in MEDLINE and EMBASE to run daily.

Diagnostics search strategy

Ovid MEDLINE(R) 1950 to June 2010
1. liver.tw.
2. (non-alcoholic or non alcoholic or nonalcoholic).tw.
3. (fatty or steato*).tw.
4. (NAFL or NAFLD or NASH).tw.
5. exp *Diagnosis/
6. diagnos*.tw.
7. Fatty Liver/di [Diagnosis]
8. 1 and 3 and 2
9. 8 or 4

10. 6 or 5
11. 10 and 9
12. 11 or 7
13. limit 12 to English language.

June 2010
EMBASE 1980 to June 2010
1. liver.tw.
2. (non-alcoholic or non alcoholic or nonalcoholic).tw.
3. (fatty or steato*).tw.
4. (NAFL or NAFLD or NASH).tw.
5. exp *Diagnosis/
6. diagnos*.tw.
7. Fatty Liver/di [Diagnosis]
8. 1 and 3 and 2
9. 8 or 4

10. 6 or 5
11. 10 and 9
12. 11 or 7
13. limit 12 to English language.
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Cost effectiveness search strategy

Ovid MEDLINE(R) 1950–2010
1. Fatty Liver/
2. liver.tw.
3. (non-alcoholic or non alcoholic or nonalcoholic).tw.
4. (fatty or steato*).tw.
5. (NAFLD or NAFLD or NASH).tw.
6. 2 and 3 and 4
7. 1 or 5 or 6
8. “Costs and Cost Analysis”/
9. “Cost of Illness”/

10. exp Economics/
11. exp Health Status/
12. exp “Quality of Life”/
13. Quality-Adjusted Life Years/
14. (health state* or health status).tw.
15. (qaly$or EQ5D or EQ-5D or euroqol or euro-qol or SF-36 or SF36).tw.
16. (markov or time trade off or standard gamble or hrql or hrqol or diabilit$).tw.
17. (quality adj2 life).tw.
18. (decision adj2 model).tw.
19. (pharmacoeconomics$or pharmaco-economic$or economics$or cost-effective* or cost 

benefit).tw.
20. (utilit* adj3 (cost* or analys* or score* or health or value* or assessment*)).tw.
21. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20
22. 7 and 21.

Web of Science 2010 (meeting abstracts)
TS=liver
TS=(non-alcoholic or nonalcoholic or ‘non alcoholic’)
TS=(fatty or steato*)
#3 AND #2 AND #1
TS=(NAFL or NAFLD or NASH)
#5 OR #4
TS=quality of life
TS=(pharmacoeconomic* or pharmaco-economic* or economic* or cost-effective* or cost–
benefit or decision model or health state* or health status)
TS= (qaly$or EQ5D or EQ-5D or euroqol or euro-qol or SF-36 or SF36 or decision model 
or utilit*)
#9 OR #8 OR #7
#10 AND #6
#10 AND #6 Refined by: Document Type=(MEETING ABSTRACT).
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Appendix 2  

Characteristics of included studies

TABLE 13 Characteristics of included trials

Study/design Participants Interventions Outcome measures

Pioglitazone

Aithal 2008101

Country: UK

Focus: effect of 
pioglitazone in non-
diabetic participants 
with NASH

Design: randomised, 
double-blind, 
placebo-controlled 
trial

Multicentre: 
two hospitals 
(Nottingham, Derby)

Duration: 1 year

Follow-up: no 
post-intervention 
follow-up

Total number: 74

n Pio: 37; 31 completed

n Pbo: 37; 30 completed

Inclusion criteria: age 18–70 years, NASH

Diagnosis: liver biopsy (standard protocol) 
and ultrasound; NASH: histology, presence 
of fat plus evidence of hepatocyte injury and 
inflammation or fibrosis

Definition of non-alcoholic: Men < 210 g/week, 
women < 140 g/week

IGT/diabetes (including diagnostic criteria): NR

Exclusion criteria: alcohol excess, other liver 
diseases, diabetes mellitus, only hepatic 
steatosis, weight-reduction medication, 
pregnant or lactating women, current or 
previous heart failure, renal impairment; 
taking drugs associated with fatty liver, e.g. 
methotrexate, amiodarone, tamoxifen, valproate, 
etc.); diabetes mellitus diagnosed before or at 
the time of recruitment

Age: Pio: 52 years (28–71 years); Pbo: 55 years 
(27–73 years)

Sex: Pio: 30% female; Pbo: 49% female

BMI: Pio: 29.8 kg/m2, SD 3.0; Pbo: 30.8 kg/m2, 
SD 4.1

Ethnicity: NR

Fibrosis: (Brunt scores)

Pio: none: 26%, 1; 7%, 2; 45%, 3; 16%, 4; 6%

Pbo: none: 17%, 1; 7%, 2; 40%, 3; 23%, 4; 
13%

Stage/severity of NAFLD: NASH (see Results 
section for detailed Brunt scores)

Previous treatment: NR

Comorbidities: NR

Pio: 30 mg/day 
pioglitazone

Pbo: placebo tablets

Both groups: diet/
exercise advice

Adherence: 1/61 missed 
3.3% of tablets, 60/61 
were > 99% adherent; 
18/30 in placebo 
group and 14/31 in 
pioglitazone group fully 
compliant with lifestyle 
advice, the rest partly 
compliant

Run-in period: 
3 months, seen by a 
dietician, instructed to 
reduce calorie intake 
by 500 kcal/day and 
to perform modest 
exercise 30–40 minutes 
per day at least 5 days/
week

Co-interventions/
co-medications: four 
patients on lipid-
lowering drugs (stable 
dose for 3 months); 
advice on diet/exercise 
reinforced at each 
follow-up visit

Primary: liver histology

Progression/regression of liver disease: liver 
histology; liver biopsy specimens graded 
according to the NASH histological scoring 
system (Promrat et al. 2004,155 Brunt et al. 
1999115)

IGT → diabetes: no

NGT → IGT/diabetes: no

HbA
1c

: yes

FPG: yes

Weight change: weight, BMI, waist–hip ratio

Blood pressure: diastolic, systolic BP

Lipid parameters: TC, HDL, LDL, TGs

Liver biochemistry: bilirubin, albumin, ALT, 
GGT, ferritin

Insulin resistance: yes, HOMA

Health-related QoL: no

Mortality: no

Other: C-peptide, fasting insulin, 
adiponectin, leptin, resistin

Timing of assessment: at 2-month intervals 
throughout the study

continued
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Study/design Participants Interventions Outcome measures

Belfort 2006102

Country: USA

Focus: effect of 
pioglitazone plus a 
calorie-restricted 
diet in participants 
with NASH

Design: randomised, 
double-blind, 
placebo-controlled 
trial

Multicentre: 
three centres in 
San Antonio, TX 
(University Health 
Centre; Audie L 
Murphy Division, 
South Texas 
Veterans Health 
Care System; 
Brooke Army 
Medical Center)

Duration: 6 months

Follow-up: 4 weeks

Total number: 55 with impaired glucose 
tolerance or diabetes enrolled; control group 
of 10 healthy participants with normal glucose 
tolerance and without fatty liver

n Pio: 26; 23 completed

n Pbo: 21; 17 completed

Inclusion criteria: NASH

Diagnosis: liver biopsy (standard clinical 
indications), medical history, physical 
examination, routine blood tests

Definition of non-alcoholic: > 12–15 g of alcohol 
per day, or > 12 oz of beer, 5 oz of wine, or 
1.5 oz of distilled spirits

IGT/diabetes (including diagnostic criteria): 
impaired glucose tolerance or T2DM (75-g oral 
glucose tolerance test)

Exclusion criteria: levels of plasma ALT and AST 
≥ 2.5 upper limit of normal; FPG ≥ 13.3 mmol/l; 
type 1 diabetes, heart disease, hepatic disease 
(other than NASH), renal disease; receiving 
metformin, TZDs or insulin

Age: Pio: 51 years, SD 7.0; Pbo: 51 years, SD 
10.0

Sex: Pio: 46% female; Pbo: 67% female

BMI: Pio: 33.5 kg/m2, SD 4.9; Pbo: 32.9 kg/m2, 
SD 4.4

Ethnicity: NR

Fibrosis: (Kleiner scores)

Pio: none: 8%, 1; 46%, 2; 19%, 3; 27%, 4; 0%

Pbo: none: 28.5%, 1; 43%, 2; 19%, 3; 9.5%, 
4; 0%

Stage/severity of NAFLD: NASH (see Results 
section for detailed Kleiner scores)

Diabetes duration: NR

Previous treatment: NR

Comorbidities: NR

Pio: 30 mg/day 
pioglitazone for the 
first 2 months and then 
increased to 45 mg/day 
until the end of the 
study

Pbo: placebo pills

Both groups: diet 
(reduce calorie intake by 
500 kcal per day)

Adherence: assessed by 
means of a pill count on 
follow-up visits

Run-in period: 4 weeks, 
interviewed by research 
dietician, instructed not 
to change the calorie 
content of their diet or 
their level of physical 
activity

Co-interventions/co-
medications: advice on 
diet reinforced at each 
follow-up visit

Primary: liver histology

Progression/regression of liver disease: liver 
histology; liver biopsy specimens graded 
according to the NASH histological scoring 
system (Kleiner et al.)116

IGT → diabetes: no

NGT → IGT/diabetes: no

HbA
1c

: yes

FPG: yes

Weight change: weight, BMI, fat (%)

Blood pressure: no

Lipid parameters: TC, HDL, LDL, TGs

Liver biochemistry: ALT, AST

Health-related QoL: no

Insulin resistance/sensitivity: yes

Mortality: no

Other: hepatic fat content (MRS), whole body 
fat, lipid insulin, free fatty acids, cytokine, 
adiponectin concentrations, tumour necrosis 
factor-alpha (TNF-α), transforming growth 
factor-beta (TGF-β), insulin secretion, 
endogenous glucose production, and the 
rate of glucose disappearance after a 75-g 
oral glucose load (oral glucose tolerance 
test)

Timing of assessment: metabolic variables 
assessed at baseline at the end of the 
study, liver biopsy at baseline and after 
6 months; every 2 weeks participants seen 
at the general clinic and vital signs, physical 
examination, the results of home glucose 
monitoring, compliance with the study drug 
(confirmed by pill count) and adverse events 
were assessed

TABLE 13 Characteristics of included trials (continued)
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Study/design Participants Interventions Outcome measures

Sanyal 2004103

Country: USA

Focus: effect of 
insulin sensitiser 
(pioglitazone) along 
with an antioxidant 
(vitamin E) in 
participants with 
NASH

Design: prospective 
RCT, single centre

Duration: 6 months

Run-in before 
randomisation: 
3 months

Treatment: 
6 months

Follow-up: no 
post-intervention 
follow-up

Total number: 20

n Pio + Vit E: 10; 8 completed

n Vit E: 10; all completed

Inclusion criteria: NASH

Diagnosis: liver biopsy; included if 
macrovesicular steatosis, and (1) ≥ 1 of the 
following: cytological ballooning, Mallory’s 
hyaline, pericellular fibrosis, and (2) varying 
degrees of inflammation and portal fibrosis

Definition of non-alcoholic: non-alcoholic 
induced nature of the disease established by 
clinical interview of the participants

IGT/diabetes (including diagnostic criteria): NR

Exclusion criteria: age < 18 years; diabetes 
mellitus; cirrhosis; weight gain or loss of > 5 lb 
in past month; severe comorbid conditions 
limiting life expectancy to < 1 year; pregnancy; 
symptomatic gallstone disease; those being 
considered for or who had bariatric surgery; 
iatrogenic NASH; concomitant presence of 
other causes of liver disease (e.g. hepatitis 
C); participants on stable doses of drugs for 
hyperlipidaemia for > 6 months could continue, 
those requiring dose modification or starting 
drugs within this time frame were excluded

Age: Pio + Vit E: 47.0 years, SD 12.0; Vit E: 
46.0 years, SD 13.0

Sex: Pio + Vit E: 40% female; Vit E: 60% female

BMI: Pio + Vit E: 32.5 kg/m2, SD 4.3; Vit E: 
30.7 kg/m2, SD 4.7

Ethnicity: all Caucasians

Fibrosis:

Pio + Vit E: (from graph) pericellular fibrosis 
grade 1.3, SD 0.3; portal fibrosis grade 1, SD 
0.3

Vit E: (from graph) pericellular fibrosis grade 1.2, 
SD 0.3; portal fibrosis grade 0.7, SD 0.3

Stage/severity of NAFLD: NASH (details see 
results section)

Previous treatment: drugs for hyperlipidaemia

Pio + Vit E: pioglitazone 
30 mg/day + Vitamin E 
400 IU orally every day

Vit E: Vitamin E 400 IU 
orally every day

Both groups: 
standardised 
recommendations about 
diet and exercise

Adherence: not reported

Run-in period: followed 
up for 3 months prior 
study to ensure that 
everyone had a stable 
weight and had been 
given similar diet and 
exercise prescriptions.

Co-interventions/
co-medications: 
participants receiving 
stable doses of drugs 
for hyperlipidaemia for 
more than 6 months 
continued to take these

Primary: improvement in liver histology

Progression/regression of liver disease: liver 
histology; liver biopsy specimens graded 
according to the NASH histological scoring 
system (modified Brunt scores)

IGT → diabetes: no

NGT → IGT/diabetes: no

HbA
1c

: no

FPG: no

Weight change: BMI, waist–hip ratio, fat (%)

Blood pressure: no, (hypertension)

Lipid parameters: TC, HDL, TG

Liver biochemistry: ALT, AST, bilirubin

Health-related QoL: no

Insulin resistance/sensitivity: metabolic 
clearance of glucose measured by glucose 
infusion rate during low-dose insulin 
infusion, fasting insulin level and fasting free 
fatty acid level

Mortality: no

Other: metabolic end points included: overall 
insulin sensitivity; sensitivity of lipolysis to 
insulin; lipid and carbohydrate oxidation 
rates; mitochondrial fatty acid oxidation; 
hepatic glucose output and its sensitivity to 
insulin

Timing of assessment: after randomisation, 
seen initially at week 2 and then at week 
4, subsequently seen at months 3 and 6. 
Laboratory studies were obtained at monthly 
intervals and reviewed by the principal 
investigator. End of the study, participants 
underwent a euglycaemic hyperinsulinaemic 
clamp and then after 1–2 weeks a liver 
biopsy examination was performed

continued

TABLE 13 Characteristics of included trials (continued)
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Study/design Participants Interventions Outcome measures

Sanyal 2010104

Country: USA

Focus: effects of 
TZDs and vitamin E 
in NASH

Design: multicentre, 
randomised, 
placebo-controlled, 
double-masked 
clinical trial

Centre: multicentre

Duration: 96 weeks

Follow-up: additional 
24 weeks

Total number: 247 randomised

n Pio: 80; 70 completed

n Vit E: 84; 80 completed

n Pbo: 83; 72 completed

Inclusion criteria: ≥ 18 years; liver biopsy 
obtained within 6 months before randomisation

Diagnosis: liver biopsy; definite or possible NAS 
of ≥ 5, or definite steatohepatitis (confirmed 
by two pathologists) with NAS of 4, a score of 
at least 1 for hepatocellular ballooning was 
required in all cases

Definition of non-alcoholic: alcohol consumption 
of more than 20 g per day in women and more 
than 30 g in men of at least three consecutive 
months during the previous 5 years, as 
assessed with the use of the Lifetime Drinking 
History questionnaire of Skinner et al. and the 
self-administered Alcohol Use and Disorders 
Identification Test (AUDIT)

IGT/diabetes (including diagnostic criteria): NR

Exclusion criteria: adults with diabetes; alcohol 
consumption as given above; cirrhosis, hepatitis 
C or other liver diseases, heart failure (NYHA 
class II or IV), receiving drugs known to cause 
steatohepatitis

Age: Pio: 47.0 years, Vit E: 46.6 years, Pbo: 
45.5 years

Sex: Pio: 58.8% female, Vit E: 61.9% female, 
Pbo: 57.8% female

BMI: Pio: 34.0 kg/m2, Vit E: 34 kg/m2, Pbo: 
35 kg/m2

Ethnicity: Hispanic Pio: 18.8%, Vit E: 19.0%, 
Pbo: 7.2%; Non-White Pio: 18.8%, Vit E: 
15.2%, Pbo: 11.0%

Fibrosis: Pio: 86.2%, Vit E: 83.1%, Pbo: 80.7%

Stage/severity of NAFLD: see Results section

Previous treatment: NR

Comorbidities: NR

Pio: pioglitazone 30 mg 
once daily

Vit E: 800 IU, natural 
form, once daily

Pbo: placebo identical 
to Pio once daily or 
placebo identical to 
Vitamin E

Both groups: all 
participants were 
given a standardised 
set of pragmatic 
recommendations 
about lifestyle changes 
and diet; discouraged 
from adding other 
drugs that are used 
for nonalcoholic 
steatohepatitis to their 
regimen

Adherence: NR

Run-in period: 
participants were not 
allowed to use any 
prescription or over-
the-counter medication 
or herbal remedy 
taken with an intent 
to improve or treat 
NASH or liver disease 
or obesity or diabetes 
for the 3 months before 
liver biopsy as well as 
the 3 months before 
randomisation

Co-interventions/co-
medications: NR

Primary: Improvement in histological 
findings, which required an improvement 
by 1 or more points in the hepatocellular 
ballooning score; no increase in the fibrosis 
score; and either a decrease in the activity 
score for NAFLD to a score of 3 or less or a 
decrease in the activity score of at least 2 
points, with at least a 1-point decrease in 
either the lobular inflammation or steatosis 
score

Progression/regression of liver disease: liver 
biopsy (analysis based on Kleiner scores)

IGT → diabetes: no

NGT → IGT/diabetes: yes

HbA
1c

: no

FPG: yes

Weight change: weight, BMI, waist 
circumference, waist–hip ratio, triceps 
skinfold, mid-upper arm circumference, 
trunk (% fat), total (% fat)

Blood pressure: no

Lipid parameters: TG, TC, HDL, LDL

Liver biochemistry: ALT, AST, GGT, bilirubin, 
alkaline phosphatase

Health-related QoL: yes

Insulin resistance/sensitivity: HOMA–IR

Mortality: yes

Timing of assessment: Participants were 
seen at 8 weeks (2-month intervals) after 
randomisation through 96 weeks; a follow-
up liver biopsy was conducted at the week 
96 visit

TABLE 13 Characteristics of included trials (continued)



© Queen’s Printer and Controller of HMSO 2011. This work was produced by Shyangdan et al. under the terms of a commissioning contract issued by 
the Secretary of State for Health.

87 Health Technology Assessment 2011; Vol. 15: No. 38DOI: 10.3310/hta15380

Study/design Participants Interventions Outcome measures

Metformin

Bugianesi 200587

Country: Ankara, 
Turkey

Focus: effect 
of metformin, 
prescriptive diet 
or vitamin E in 
participants with 
NAFLD

Design: open-label 
RCT

Multicentre: two 
units – Bologna (BU) 
and Turin (TU), Italy

Duration: 12 months

Follow-up: no 
post-intervention 
follow-up

Total number: 110 participants with NAFLD

n Met: 55; 55 completed

n Vit E: 28; 28 completed

n diet: 27; 27 completed

Inclusion criteria: NAFLD

Diagnosis: liver biopsy (Brunt criteria with minor 
modifications)

Definition of non-alcoholic: alcohol consumption 
< 20g/day

IGT/diabetes (including diagnostic criteria): oral 
glucose tolerance test

Met: IGT: Bologna 4%, Turin15%; diabetes: 
Bologna 10%, Turin 12%

Vit E: IGT: 7%; diabetes: 4%

Diet: IGT: 7%; diabetes: 4%

Exclusion criteria: evidence of advanced clinical 
or biochemical liver disease or cirrhosis, alcohol 
consumption > 20 g/day, positive screening for 
viral hepatitis B and C, autoimmune phenomena 
indicating autoimmune hepatitis or celiac 
disease, presence of gene markers of familial 
haemochromatosis, previously diagnosed 
diabetes, severe or morbid obesity (≥ 35 kg/m2)

Age: Met: Bologna 42 years, SD 10.0, Turin 
45 years, SD 10.0; Vit E: 40 years, SD 10.0; 
Diet: 41 years, SD 10.0

Sex: Met: Bologna 24% female, Turin 31% 
female; Vit E: 0% female; Diet: 15% female 
(p = 0.006)

BMI: Met: 28.7 kg/m2, SD 3.6; Vit E: 29.1 kg/m2, 
SD 2.7; Diet: 28.2 kg/m2, SD 3.6

Ethnicity: NR

Fibrosis: Met: 93%; Vit E: 91%; Diet: 77%

Stage/severity of NAFLD: NASH index (details 
see Results section)

Previous treatment: NR

Met: metformin daily 
maximum dose of 
2000 mg/day, the dose 
was progressively 
increased from 250 mg 
b.i.d. to the maximum 
dose at 500-mg weekly 
intervals

Vit E: vitamin E 400 IU 
b.i.d.

Diet: weight reducing 
prescriptive diet to 
determine a caloric 
deficit of 500 kcal 
per day (determining 
a weight loss of 
approximately 
500 g/week)

All groups: 2 hours 
nutritional counselling 
by an experienced 
dietician on the 
basis of a dietary 
investigation; all 
participants encouraged 
to walk or to jog at least 
30 minutes daily

Adherence: compliance 
tested by pill counts 
in participants on 
metformin and vitamin 
E; in participants 
on prescriptive diet 
only weight loss 
was considered as a 
compliance marker; 
compliance always 
exceeded 90% of 
prescribed dose

Run-in period: none

Co-interventions/co-
medications: NR

Primary: ALT normalisation

Progression/regression of liver disease: liver 
histology

IGT → diabetes: no

NGT → IGT/diabetes: change in proportion 
of participants with metabolic syndrome

HbA
1c

: yes

FPG: yes

Weight change: BMI, waist–hip ratio

Blood pressure: diastolic and systolic BP

Lipid parameters: TC, HDL, TGs

Liver biochemistry: ALT level, AST level, GGT, 
alkaline phosphatase

Health-related QoL: no

Mortality: no

Other: insulin resistance (HOMA), 
assessment of iron status (serum iron, 
transferrin saturation, ferritin), lactic acid

Timing of assessment: biochemical and 
clinical control visits every 3 months; 
second liver biopsy only on 17 metformin-
treated participants and in none of the two 
control groups
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Garinis 2010105

Country: Italy

Focus: comparison 
of the efficacy of 
low-dose metformin 
plus dietary 
treatment vs dietary 
treatment alone

Design: prospective, 
randomised study

Centre: Endocrine 
Unit of University 
Magna Graecia 
of Cantanzaro for 
treatment of obesity 
and overweight

Duration: 6 months

Follow-up: no 
post-intervention 
follow-up

Total number: 50 participants

n Met: 20; 15 completed

n C: 25; 25 completed

Inclusion criteria: BMI > 25 kg/m2, liver steatosis

Diagnosis: USG

Definition of non-alcoholic: alcohol intake 
< 20 g/day

Exclusion criteria: participants with evidence of 
heart disease, renal failure and diabetes, even 
if newly discovered, smoking habits, alcohol 
intake of more 20 g per day, signs of hepatic 
virus infection (participants were tested for 
hepatitis B antigen or hepatitis C antibodies), the 
presence of clinical or biochemical evidence of 
autoimmune, metabolic or genetic liver diseases 
and use of drugs known to induce liver steatosis

Age: Met: 40.8 years, SD 13; C: 45.8 years, 
SD 13.6

Sex: Met: 90% female; C: 80% female

BMI: Met: 36.5 kg/m2, SD 4. 9; diet alone: 
34.7 kg/m2, SD 2.5

Ethnicity: NR

Fibrosis: NR

Stage/severity of NAFLD: see Results section

Previous treatment: NR

Comorbidities: NR

Met: Metformin was 
started at a dose of 
250 mg b.i.d. and was 
increased after a week 
to the final dose of 
500 mg b.i.d.

C: dietary treatment 
alone

Both groups: hypocaloric 
(1300 kcal) diet

Adherence: NR

Run-in period: no

Co-interventions/co-
medications: none

Primary: liver steatosis amelioration or 
disappearance, as evaluated by USG

Progression/regression of liver disease: 
USG (liver steatosis graded as mild, 
moderate and severe: mild, mild increase 
in liver echogenicity; moderate, increased 
liver echogenicity that obscured hepatic 
and portal vein walls; severe, posterior 
attenuation of the deep liver parenchyma)

IGT → diabetes: no

NGT → IGT/diabetes: no

HbA
1c

: no

FPG: yes

Weight change: BMI, waist–hip ratio, waist 
circumference (cm)

Blood pressure: no

Lipid parameters: TC, HDL, TGs,

Liver biochemistry: ALT level, AST level, 
alkaline phosphatase

Health-related QoL: no

Mortality: no

Other: Insulin resistance (HOMA), HOMA–IR, 
assessment of iron status (serum iron, 
transferrin, ferritin concentration)

Timing of assessment: once in every 
8 weeks
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Haukeland 2009106

Country: Norway

Focus: effect of 
metformin on 
liver histology in 
participants with 
NAFLD

Design: randomised, 
double-blind, 
placebo-controlled 
trial

Multicentre: Four 
University hospitals

Duration: 6 months

Follow-up: no 
post-intervention 
follow-up

Total number: 48

n Met: 24; 20 completed

n Pbo: 24; 24 completed

Inclusion criteria: adults with NAFLD

Diagnosis: histologically verified NAFLD within 
18 months prior to inclusion; participants with 
simple steatosis where included if they had 
elevated transaminases (> ULN) and impaired 
glucose tolerance or T2DM

Definition of non-alcoholic: alcohol consumption 
< 24 g/day (alcohol history assessed by the 
physicians who admitted the participants based 
on all alcohol-containing drinks ingested during 
a typical 4-week period)

IGT/diabetes (including diagnostic criteria): NR

Exclusion criteria: weight change > 5 kg since 
biopsy, previous or ongoing treatment with 
insulin, metformin or TZDs, kidney failure, 
pharmacologically treated heart failure, 
significant coronary heart disease (NYHA 
classes III and IV), moderate to severe chronic 
obstructive lung disease, liver cirrhosis or 
liver diseases other than NAFLD and alcohol 
consumption > 24 g/day

Age: Met: 44.3 years, SD 9.0; Pbo: 49.9 years, 
SD 12.8

Sex: Met: 20% female; Pbo: 33% female

BMI: Met: 31.4 kg/m2, SD 3.9; Pbo: 30.3 kg/m2, 
SD 3.3

Ethnicity: Caucasian Met: 85%; Pbo: 88%

Fibrosis: Met: 40%; Pbo: 58%

Stage/severity of NAFLD: see Results section for 
detailed Kleiner scores

Previous treatment: NR

Comorbidities: Met: 45% abnormal glucose 
tolerance, 20% T2DM, 25% hypertension; Pbo: 
50% abnormal glucose tolerance, 33% T2DM, 
54% hypertension

Met: metformin 
maximal daily dose 
2500 mg or 3000 mg 
(if body weight was 
> 90 kg); starting dose 
500 mg/day, medication 
was increased every 
week until maximum 
dose was reached 
after 4 or 5 weeks (if 
side effects occurred, 
dose was transiently or 
permanently reduced to 
a dose tolerated by the 
patient) (average dose 
at 4 or 5 weeks was 
2.6, SD 0.4 g/day)

Pbo: equivalent dosing 
of placebo tablets

Both groups: all 
participants received 
general advice about 
a healthy lifestyle i.e. 
physical activity at least 
30 min daily and diet 
low in fats, particularly 
saturated fat, and 
refined carbohydrates

Adherence: pill counting

Run-in period: none

Co-interventions/co-
medications: NR

Primary: changes in liver steatosis between 
the index biopsy and the second biopsy

Progression/regression of liver disease: liver 
biopsy, histopathological changes assessed 
according to the criteria defined by Kleiner 
et al.;116 liver steatosis by CT; NAS

IGT → diabetes: NR

NGT → IGT/diabetes: NR

HbA
1c

: yes

FPG: yes

Weight change: BMI, body weight

Blood pressure: yes

Lipid parameters: TC, HDL, TGs, TGs

Liver biochemistry: AST level, ALT level, GGT

Health-related QoL: NR

Mortality: NR

Other: Insulin resistance (HOMA–IR), insulin, 
leptin, adiponectin, tumour necrosis factor

Timing of assessment: participants were 
seen monthly at the research units for blood 
sampling and assessment of the compliance 
(pill counting), body weight and adverse 
events; second liver biopsy taken at the end 
of treatment
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Nadeau 2009107

Country: USA

Focus: effect 
of metformin 
and lifestyle 
recommendations 
in adolescents 
with fatty liver 
and elevated liver 
associated enzymes

Design: double-blind 
design

Centre: urban 
health-care system 
including school-
based health 
centres in Denver, 
CO, USA

Duration: 6 months

Follow-up: no 
post-intervention 
follow-up

Total number: 55 enrolled

n Met: 37; 28 completed

n Pbo: 13; 10 completed

Inclusion criteria: adolescents aged 
12–18 years; two of the three of the following: 
acanthosis nigricans, BMI > 30 kg/m2 or > 95% 
for age, or family history of T2DM

Diagnosis: liver ultrasound

Definition of non-alcoholic: adolescents with 
current or prior alcohol consumption excluded

IGT/diabetes (including diagnostic criteria): 
insulin resistance (fasting insulin level 
> 25 microunits/ml or homeostasis model 
assessment > 3.5)

Exclusion criteria: pre-existing diabetes; 
pregnancy; serum creatinine > 1.5 mg/dl; 
significant heart disease; liver disease other 
than NAFLD

Age: 15.1 years (range 12–18 years)

Sex: Met: 68% female; Pbo: 62% female

BMI: Met: 39.6 kg/m2, SE 0.98; Pbo: 40.2 kg/
m2, SE 1.8

Ethnicity: Met: 32% African American, 62% 
Hispanic, 3% Caucasian, 3% Asian/Pacific 
Islanders; Pbo: 38% African American, 46% 
Hispanic, 8% Caucasian

Fibrosis: NR

Stage/severity of NAFLD: see Results sections 
for details

Previous treatment: NR

Comorbidities: NR

Subgroups: fatty vs normal liver parameters

Met: metformin 
capsules, started initially 
with 500 mg once daily, 
increased to 500 mg 
twice daily at 1 month 
and then to 850 mg 
twice daily at 2 months

Pbo: placebo capsules, 
equivalent dosing 
scheme to metformin

Both groups: underwent 
a dietary assessment 
and watched a 
standardised video 
about healthy eating 
habits. Wellness 
education emphasised 
balanced meals 
with modest calorie 
reduction; decreased 
fat and simple sugar 
consumption; increased 
fibre, fruit and vegetable 
intake; and regular 
aerobic exercise. 
Participants chose 
three specific dietary 
or exercise goals and 
were given a calendar to 
record progress on their 
goals and medication 
compliance

Adherence: pill count 
and review of the 
participants’ pill 
calendar to assess 
compliance (pill counts 
similar between groups)

Run-in period: none

Co-interventions/co-
medications: NR

Primary: fatty liver

Progression/regression of liver disease: 
liver ultrasound; severity of fatty liver was 
quantitated using a scoring system (0 = no 
fatty liver, 1 = mild fatty liver, 2 = moderate 
fatty liver and 3 = severe fatty liver); 
participants with an ultrasound reading of 1, 
2 or 3 were considered to have NAFLD

IGT → diabetes: no

NGT → IGT/diabetes: no

HbA
1c

: no

FPG: yes

Weight change: BMI

Blood pressure: no

Lipid parameters: Cholesterol, HDL, LDL, TG

Liver biochemistry: GGT, AST, ALT

Health-related QoL: no

Insulin resistance/sensitivity: insulin, 2 hours 
glucose, 2 hours insulin

Mortality: no

Other: insulin, total protein, creatinine

Timing of assessment: outcomes reported 
for screening and 6-month visit
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Nar 2009108

Country: Turkey

Focus: effect of 
metformin on 
plasma leptin levels 
in obese patients 
with T2DM and 
NAFLD

Design: parallel RCT, 
single centre

Duration: 6 months

Follow-up: no 
post-intervention 
follow-up

Total number: 34

n Met: 19/19 completed (presumably)

n C: 15/15 completed (presumably)

Inclusion criteria: newly diagnosed T2DM, no 
anti-diabetic medications, obese (BMI > 30 kg/
m2)

Diagnosis: ultrasonic evidence of NAFLD (both 
liver-kidney contrast and vascular blurring)

Definition of non-alcoholic: 30 patients with no 
alcohol consumption, 4 patients with < 100 g of 
ethanol/month

IGT/diabetes (including diagnostic criteria): NR 

Exclusion criteria: suspected acute or chronic 
viral hepatitis, autoimmune hepatitis, history 
of malignancy, impaired renal function, 
haemodynamic instability, diseases or pituitary, 
adrenal glands or pancreas, prolonged use of 
corticosteroids or sex hormones, use of anti-
hyperlipidaemic agents, use of anti-obesity 
medication

Age: Met: 49.4 years SE 8.6; C: 44.5 years 
SE5.9

Sex: Met: 79% female; C: 67% female

BMI: Met: 31.0 kg/m2, SE 4.0; C: 33.7 kg/m2, 
SE 6.0

Ethnicity: NR

Fibrosis: NR

Stage/severity of NAFLD (grade of hepatic 
steatosis): Met: normal: 21%, low: 63%, 
moderate: 16%; C: normal: 27%, low: 53%, 
moderate: 20%

Diabetes duration: newly diagnosed

Previous treatment: NR

Comorbidities: Met: macroangiopathy: 26.7%, 
autonomic neuropathy: 5.6%, peripheral 
neuropathy: 26.7%, retinopathy: 35.7%; 
C: macroangiopathy: 15.4%, autonomic 
neuropathy: 7.1%, peripheral neuropathy: 
15.4%, retinopathy: 25.0%

Met: 1700 mg/day 
metformin (starting at 
850 mg/day in week 
1 and increased to 
1700 mg/day thereafter) 
plus diet/exercise

C: diet/exercise only

Both groups: exercise: 
walking a minimum 
of 30 minutes at 
least 3 days/week; 
consultation with 
dietician

Adherence: adherence 
to metformin (pill count) 
and diet/exercise; 74% 
with good dietary/
exercise adherence

Run-in period: none

Co-interventions/co-
medications: NR

Primary: plasma leptin

Progression/regression of liver disease: 
USG: low grade (< 30%), moderate grade 
(30 to 50%), high grade (> 50%) (Yajima et 
al. 1983)156

IGT → diabetes: NR

NGT → IGT/diabetes: NR

HbA
1c

: yes

FPG: yes

Weight change: yes, BMI, waist–hip ratio

Blood pressure: no

Lipid parameters: yes, total and HDL, LDL 
cholesterol, TGs

Liver biochemistry: ALT, AST

Insulin resistance: yes, HOMA

Health-related QoL: no

Mortality: no

Other: leptin, insulin

Timing of assessment: every 2 months
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Shields 2009109

Country: USA

Focus: effect of 
diet, exercise 
and metformin in 
participants with 
insulin resistance 
and NASH

Design: prospective, 
randomised, 
placebo-controlled 
trial

Centre: 
gastroenterology 
clinics at the Naval 
Medical Centre, San 
Diego, CA

Duration: 1 year

Follow-up: no 
post-intervention 
follow-up

Total number: 19

n Met: 9; 9 completed

n Pbo: 10; 7 completed

Inclusion criteria: NASH and one of the following: 
BMI > 27 kg/m2, a fasting blood sugar between 
6.11 and 6.94 mmol/l; a diagnosis of polycystic 
ovarian syndrome; metabolic syndrome; age 
> 17 years, an unremarkable serological 
evaluation for chronic liver

Diagnosis: histological diagnosis of NASH 
defined by the presence of cytological ballooning 
and inflammation in addition to steatosis, liver 
biopsy within 18 months of enrolment

Definition of non-alcoholic: > 20 g/day or 
80 g/week

IGT/diabetes (including diagnostic criteria): NR

Exclusion criteria: known diabetes mellitus (type 
1 or 2), a fasting blood sugar > 6.94 mmol/l, 
prior history of alcoholic liver disease, any 
other known chronic liver disease, renal 
insufficiency (serum creatinine > 1.2), a known 
allergic reaction to metformin, prior use of an 
insulin-sensitising agent such as metformin 
or a TZD, gastric bypass within 2 years, 
untreated thyroid disease, coagulopathy, chronic 
thrombocytopenia, significant alcohol use during 
previous 2 years

Age: Met: 50.2 year, SD 9.1; Pbo: 44.4 years, 
SD 12

Sex: Met: 11% female; Pbo: 50% female

BMI: Met: 32.2 kg/m2, SD 4.9; Pbo: 32.8 kg/m2, 
SD 4.9

Ethnicity: Met: Hispanic 11%, Caucasian 67%, 
Asian 11%, African American 11%; Pbo: 
Hispanic 10%, Caucasian 50%, Asian 40%, 
African American 0%

Fibrosis: (Brunt scores) Met: 1.61; Pbo: 1.7

Stage/severity of NAFLD: Kleiner score, see 
Results section

Previous treatment: NR

Comorbidities: NR

Met: metformin 500 mg 
daily, titrated to 
1000 mg daily if serum 
amino transferases did 
not show improvement

Pbo: placebo

Both groups: referred to 
a dietician for a dietary 
counselling (DASH-
Dietary Approaches 
to Stop Hypertension), 
recommendations 
for weight loss and 
30 minutes aerobic 
exercise four times a 
week

Adherence: NR

Run-in period: none

Co-interventions/co-
medications: NR

Primary: liver histology

Progression/regression of liver disease: 
liver histology; liver biopsy specimens 
graded according to the NASH histological 
scoring system (Brunt scores); in addition all 
biopsies were given a NAS as proposed by 
Kleiner et al.116

IGT → diabetes: no

NGT → IGT/diabetes: no

HbA
1c

: no

FPG: no

Weight change: yes

Blood pressure: no

Lipid parameters: yes

Liver biochemistry: yes

Health-related QoL: no

Insulin resistance/sensitivity: yes

Mortality: no

Other: overall improvement in BMI, HOMA–
IR and serum aminotransferase

Timing of assessment: participants seen 
2 weeks after enrolment and at 6-week 
intervals thereafter; repeat liver biopsy was 
performed after completion of the therapy
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Uygun 2004110

Country: Turkey 
(Ankara)

Focus: effect 
of metformin 
in participants 
with NASH, 
insulin resistance 
and elevated 
liver enzyme 
concentrations

Design: RCT

Centre: outpatient 
clinics

Duration: 6 months

Follow-up: 6 months 
– MET group

Total number: 36 participants enrolled

n Met: 17; 15 (88%) completed in 6 months and 
11 (65%) in 12 months

n Pbo: 17; 17 completed

Inclusion criteria:

Diagnosis: liver biopsy and histopathological 
examination; ultrasound of the abdomen; a 
detailed clinical and laboratory evaluation, 
including liver enzyme concentrations, hepatitis 
markers and autoantibodies

Definition of non-alcoholic: < 100 g ethanol 
per month; diagnosed by history and also 
participants spouse or one of the family 
members asked about the alcohol intake

IGT/diabetes (including diagnostic criteria): NR

Exclusion criteria: contraindication for 
metformin, possible liver disease other than 
NASH, history of malignant disease, impaired 
renal function (serum creatinine > 1.5 mg/dl), 
heart failure, history of lactic acidosis, severe 
infection, hypoxic status, serious acute and 
chronic illnesses, homodynamic instability, age 
> 70 years, diabetes mellitus or the current 
use of any drugs that may affect the results; 
elevated gamma-glutamyl transpeptidase 
activity (> 75 U/l, indicating possible concealed 
alcohol intake)

Age: Met: 39.8 years, SD 10.6 (range 22–64); 
Pbo: 41.5 years, SD 9.1 (range: 23–61)

Sex: Met: 35% female; Pbo: 41% female

BMI: Met: 30.1 kg/m2, SD 3.4; Pbo: 28.4 kg/
m2, SD 3.9

Ethnicity: NR

Fibrosis: (Brunt fibrosis scores)

Met: 0.94, SD 1.02; Pbo: 1.05, SD 1.1

Stage/severity of NAFLD: see Results section for 
Brunt scores

Previous treatment: NR

Comorbidities: Met: obesity (6), hyperlipidaemia 
(2), obesity and hyperlipidaemia (8) and 
undefined (1); Pbo: obesity (5), hyperlipidaemia 
(3), obesity and hyperlipidaemia (7) and 
undefined (2)

Met: metformin 850 mg 
twice daily plus dietary 
treatment

Pbo: dietary treatment 
alone

Both groups: 
consultation with 
dietician for restriction 
of patients’ intake of 
lipids and non-complex 
carbohydrates; all 
obese and overweight 
participants were 
advised to lose weight 
with a restriction of 
daily calorie intake to 
1600–1800 calories 
per day

Adherence: assessed by 
questionnaire; in both 
groups nearly one-half 
of patients reported 
good compliance 
with their dietary 
recommendations 
whereas the compliance 
was moderate or poor in 
the others

Run-in period: none

Co-interventions/co-
medications: NR

Primary: unclear

Progression/regression of liver disease: liver 
histology; liver biopsy specimens graded 
according to the NASH histological scoring 
system (Brunt scores)

IGT → diabetes: no

NGT → IGT/diabetes: no

HbA
1c

: no

FPG: yes

Weight change: BMI

Blood pressure: no

Lipid parameters: cholesterol, TGs

Liver biochemistry: ALT, AST,

Health-related QoL: no

Insulin resistance/sensitivity: HOMA (%)

Mortality: no

Other: insulin, C-peptide,

Timing of assessment: participants in the 
metformin group contacted by telephone 
in the first and second weeks of treatment 
and questioned about any side effects 
attributed to the drug; also warned of 
possible hypoglycaemia and gastrointestinal 
side effects due to metformin; in both 
groups all serum parameters (and, in the 
metformin group, the serum lactate level) 
were repeated at the end of the first, third 
and sixth months of treatment; ultrasound 
of the abdomen and liver biopsy at baseline 
and at the end of the study if informed 
consent had been obtained. In both groups, 
the participants were advised to maintain 
their dietary recommendations after the 
study period and were recalled for clinical 
evaluation and liver enzyme concentrations 
every 3 months

Four participants in Met group and seven in 
the dietary-alone group refused the control 
liver biopsy, even though written consent 
was given prior the study. Therefore, control 
biopsy was done in 13 in the Met and 10 in 
the diet-alone group

continued
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Rosiglitazone

Ratziu 2008 (FLIRT 
trial)111

Country: France

Focus: efficacy 
and safety of 
rosiglitazone in 
participants with 
NASH

Design: randomised, 
double-blind, 
placebo-controlled 
trial

Centre: single 
institution 
(presumably 
hospital)

Duration: 12 months

Follow-up: 4 months

Total number: 64

n Rosi: 32; 32 completed

n Pbo: 32; 31 completed

Inclusion criteria: 18–75 years, histological 
diagnosis of NASH

Diagnosis: liver biopsy performed within 
12 months before inclusion; steatosis > 20% 
and the presence of either hepatocyte 
ballooning or intralobular hepatocyte necrosis, 
all signs with centrolobular accentuation; 
elevated ALT level was defined as a baseline 
level > 28 IU/l in women and 35 IU/l in men 
and at least two other abnormal values in the 
6 months before baseline

Definition of non-alcoholic: daily alcohol 
consumption of < 30g in men and 20 g in 
women whether current or in the past

IGT/diabetes (including diagnostic criteria): NR

Exclusion criteria: presence of bland steatosis 
on liver biopsy or steatosis with non-specific 
inflammation; any cause of liver disease other 
than NASH, including suspicion of drug-induced 
liver injury; treatment with insulin for diabetes 
or with UDCA; cardiac insufficiency (NYHA Class 
> 1); current or past treatment with drugs that 
can induce steatohepatitis; neoplastic disease; 
Child class B or C cirrhosis; pregnancy; organ 
transplantation; haemoglobin level < 10 g/dl; 
polymorphonuclear count < 750/mm;3 platelet 
count < 50,000/mm3

Age: Rosi:53.1, SD 11.5, Pbo: 54.1, SD 10.4

Sex: Rosi: 41% female, Pbo: 42% female

BMI: Rosi: 31.5, SD 6 kg/m2, Pbo: 30.5, SD 
4.4 kg/m2

Ethnicity: NR

Fibrosis: (Brunt scores)

Rosi: 91%, Pbo: 97%

Stage/severity of NAFLD: see Results section

Previous treatment: History of treatment with 
diabetes – metformin: 16 (Rosi: 7, Pbo: 9); 
sulfamide: 10 (Rosi: 7, Pbo: 3); none: 3 (Rosi: 
1, Pbo: 2)

Comorbidities: NR

Rosi: rosiglitazone 4 mg 
daily for the first month, 
8 mg daily until end 
of treatment and then 
discontinued

Pbo: placebo

Both groups: instructed 
to lose weight if 
they were obese or 
overweight, to follow 
a healthy diet and to 
exercise at least twice 
a week; no specialised 
nutritional counselling 
was implemented

Adherence: NR

Run-in period: no

Co-interventions/co-
medications: NR

Primary: reduction in steatosis > 30% 
between baseline and end of treatment 
or disappearance of steatosis at end of 
treatment

Progression/regression of liver disease: 
liver histology; liver biopsy specimens 
graded according to the NASH histological 
scoring system (Brunt scores); steatosis 
semi-quantitatively assessed by the per 
cent of hepatocyte involved within a lobule 
(0–100% steatosis score) and by using 
a four-grade classification modified from 
Kleiner et al.; non-alcoholic fatty liver 
disease activity score (NAS) calculated 
according to Kleiner et al.116

IGT → diabetes: no

NGT → IGT/diabetes: no

HbA
1c

: yes

FPG: yes

Weight change: BMI, waist circumference,

Blood pressure: no (but arterial 
hypertension)

Lipid parameters: TGs, HDL

Liver biochemistry: ALT, AST, GGT level, 
bilirubin level

Health-related QoL: no

Insulin resistance/sensitivity: HOMA index 
and quantitative insulin-sensitivity check 
index (QUICKI)

Mortality: no

Other: serum leptin, adiponectin, insulin 
level, metabolic syndrome (%)

Timing of assessment: during treatment, 
participants were followed up at months 1 
and 2 and then every 2 months until end of 
treatment when liver biopsy was performed.

At the end of the follow-up, all participants 
were asked to participate in a 2-year, 
open-label, extension trial of rosiglitazone 
irrespective of what they received during the 
1-year, double-blinded phase of the trial
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Rosiglitazone/metformin

Idilman 2008112

Country: Turkey

Focus: insulin 
sensitisers 
(metformin, 
rosiglitazone) in the 
treatment of NASH

Design: parallel RCT, 
single centre

Duration: 48 weeks

Follow-up: 6 months 
post-intervention

Total number: 74

n Met: 24; 24 completed

n Rosi: 25; 24 completed

n C: 25; 25 completed

Inclusion criteria: newly diagnosed NASH, age 
> 18 years

Diagnosis: diagnosis based on biochemical, 
radiological and histological criteria, including 
abnormal serum ALT levels, abnormal ECHO 
pattern on sonography consistent with fatty 
infiltration; liver biopsy documenting steatosis 
and ballooning degeneration, with or without 
necroinflammatory activity, portal inflammation, 
fibrosis or cirrhosis

Definition of non-alcoholic: women < 15 g/day, 
men < 20 g/day

IGT/diabetes (including diagnostic criteria): 
unclear

Exclusion criteria: confounding disease including 
acute hepatitis (A, B, C) and/or chronic viral 
hepatitis; heart or renal disease, other forms of 
liver disease (e.g. autoimmune, drug induced, 
metabolic)

Age: insulin sensitisers: 47.9 years, SD 8.3; C: 
45.8 years, SD 10.4

Sex: insulin sensitisers: 56% female; C: 64% 
female

BMI: insulin sensitisers: 31.2 kg/m2, SD 3.6; C: 
32.2 kg/m2, SD 5.1

Ethnicity: NR

Fibrosis: unclear

Stage/severity of NAFLD (NAS): insulin 
sensitisers: 5 (3 to 8); C: 4 (3 to 8)

Previous treatment: NR

Comorbidities: insulin sensitisers: 21% 
hyperlipidaemia; C: 20% hyperlipidaemia

Met: diet and exercise 
plus metformin 850 mg 
b.i.d. (1700 mg)

Rosi: diet and exercise 
plus rosiglitazone 
8 mg/day

C: diet and exercise 
alone

All groups: diet and 
exercise programme: 
exercise included 
walking (initially 300 
steps/day for 3 days, 
then adding 500 steps 
at 3-day intervals until 
10,000 steps attained) 
and jogging (20 minutes 
b.i.d.), improvement in 
associated conditions 
such as moderate/
severe hyperlipidaemia, 
discontinuation of 
potentially hepatotoxic 
drugs; diet: 25 kcal/
kg × ideal body weight, 
three meals containing 
60% carbohydrate, 25% 
fat and 15% protein 
provided for each 
individual; adherence 
to diet and exercise 
encouraged during 
6-month follow-up

Adherence: adherence 
to diet and exercise 
monitored; adherence 
was judged to be 
insufficient in both 
groups

Run-in period: none

Co-interventions/co-
medications: 15 patients 
with hyperlipidaemia 
(five in diet/exercise-
only group and 10 
in insulin sensitiser 
group) were on lipid-
reduced diet and anti-
hyperlipidaemic agents 
and continued this 
treatment throughout 
the study

Primary: unclear

Progression/regression of liver disease: liver 
histology; liver biopsy performed before 
intervention and after 48 weeks; histological 
features interpreted according to the criteria 
given by Brunt et al.,115 NAS according to 
Kleiner et al.116

IGT → diabetes: no

NGT → IGT/diabetes: no

HbA
1c

: no

FPG: yes

Weight change: BMI, body fat content, waist 
and hip circumference

Blood pressure: no

Lipid parameters: cholesterol, TGs

Liver biochemistry: ALT, AST, GGT, ALP, 
bilirubin

Insulin resistance: yes, HOMA

Health-related QoL: NR

Mortality: NR

Other: insulin, serum iron, ferritin, copper, 
ceruloplasmin; anti-nuclear, anti-smooth 
muscle and anti-mitochondrial antibodies

Timing of assessment: baseline, after 
4 weeks, then at 3-month intervals

continued

TABLE 13 Characteristics of included trials (continued)
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Study/design Participants Interventions Outcome measures

Omer 2010113

Country: Turkey

Focus: effects of 
insulin-sensitising 
agents in 
participants with 
NAFLD with T2DM 
or impaired glucose 
metabolism

Design: open-label, 
randomised, single-
centre study

Multicentre: 
hepatology and 
endocrinology 
outpatients clinic

Duration: 12 months

Follow-up: no 
post-intervention 
follow-up

Total number: 64

n Met: 22; 19 completed

n Rosi: 20; 20 completed

n Met + Rosi: 22; 22 completed

Inclusion criteria: NAFLD; being on a dietary 
and exercise programme for at least 12 weeks 
before enrolment

Diagnosis: elevated ALT for at least 6 months 
before enrolment; NAS at least five in liver 
biopsy performed within 6 months before 
enrolment

Definition of non-alcoholic: alcohol consumption 
< 20 g/day

IGT/diabetes (including diagnostic criteria): 
patients with impaired glucose metabolism 
(T2DM or impaired glucose tolerance)

Exclusion criteria: use of oral anti-diabetics, 
insulin or a chemotherapeutic agent; presence 
of other chronic liver diseases, such as 
metabolic liver diseases, autoimmune liver 
diseases, and chronic viral hepatitis B or C, 
HIV infection; pregnancy or lactation; being a 
candidate for organ transplantation; presence of 
a malignancy; renal function impairment (serum 
creatinine > 1.5 mg/dl in men and > 1.4 mg/dl 
in women), and clinically significant systematic 
illness

Age (years): Met: 48.0 years, SD 9.8; Rosi: 
49.3 years, SD 6; Met + Rosi: 49.6 years, SD 
9.1

Sex: Met: 32% female; Rosi: 55% female, 
Met + Rosi: 50% female

BMI: Met: 30.8 kg/m2, SD 6.6; Rosi: 28.4 kg/m2, 
SD 4.1; Met + Rosi: 32.5 kg/m2, SD 7.0

Ethnicity: NR

Fibrosis: proportion not reported

Stage/severity of NAFLD: NAS – see Results 
section

Previous treatment: NR

Comorbidities: NR

Met: metformin 
1700 mg/day

Rosi: rosiglitazone 
4 mg/day

Met + Rosi: metformin 
1700 mg/day and 
rosiglitazone 4 mg/day

Both groups: dietary 
counselling by 
endocrinologists 
and dieticians, and 
encouraged to do 
exercise for 12 weeks 
before study medication 
and also to continue this 
programme during the 
entire study

Adherence: NR

Run-in period: 
12 weeks with exercise 
programme

Co-interventions/co-
medications: NR

Primary: histological changes in liver

Progression/regression of liver disease: Liver 
biopsy, assessed according to criteria by 
Kleiner et al.;116 NAS; total NAFLD score

IGT → diabetes: NR

NGT → IGT/diabetes: NR

HbA
1c

: yes

FPG: no

Weight change: BMI, waist circumference

Blood pressure: NR

Lipid parameters: TC, HDL, LDL, TGs

Liver biochemistry: AST level, ALT level, GGT, 
alkaline phosphates

Health-related QoL: NR

Insulin sensitivity/resistance: HOMA–IR

Mortality: NR

Other: transferrin saturation, ferritin, insulin, 
blood urea nitrogen, creatinine

Timing of assessment: follow-up every 
months for the first 3 months and then 
every 3 months

TABLE 13 Characteristics of included trials (continued)
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Study/design Participants Interventions Outcome measures

Torres 2009100

Country: NR 
(presumably USA –
San Antonio, TX)

Focus: effect of 
rosiglitazone or 
rosiglitazone and 
metformin in 
combination after 
1 year of therapy 
in participants with 
NASH

Design: randomised 
open-label trial

Multicentre: NR

Duration: 1 year

Follow-up: no 
post-intervention 
follow-up

Total number: 108 randomised, preliminary 
results for 49 participants reported

n Rosi: 15 completed

n Rosi + Met: 16 completed

Rosi + Los: 18 completed (not considered here)

Inclusion criteria: screened for other aetiologies 
of chronic liver disease including daily alcohol 
intake of 20 g

Definition of non-alcoholic: < 20 g per day

IGT/diabetes (including diagnostic criteria):

Exclusion criteria:

Age (years): mean age 48.9? SD 9.2 years

BMI: mean BMI 33.3? SD 5.1 kg/m2

Ethnicity: NR

Fibrosis: NR

Stage/severity of NAFLD: NR

Previous treatment: NR

Comorbidities: NR

Rosi: 4 mg rosiglitazone 
twice daily

Rosi + Met: 4 mg 
rosiglitazone and 
500 mg metformin twice 
daily

Rosi + Los: 4 mg 
rosiglitazone and 
50 mg losartan once 
daily for 48 weeks (not 
considered here)

Both groups: NR

Adherence: NR

Run-in period: NR

Co-interventions/co-
medications: NR

Primary: histopathological changes in liver

Progression/regression of liver disease: liver 
biopsy

IGT → diabetes: NR

NGT → IGT/diabetes: NR

HbA
1c

: no

FPG: no

Weight change: weight

Blood pressure: no

Lipid parameters: no

Liver biochemistry: AST level, ALT level,

Health-related QoL: no

Insulin sensitivity/resistance: mean HOMA–
IR

Mortality: NR

Timing of assessment: NR

ECHO, echocardiogram; IGT, impaired glucose tolerance; lb, pound; Los, losartan; Met, metformin; NGT, normal glucose tolerance; NR, not 
reported; NYHA, New York Heart Association; oz, ounce; Pbo, placebo; Pio, pioglitazone; Rosi, rosiglitazone; ULN, upper limit of normal; 
Vit E, vitamin E.

TABLE 13 Characteristics of included trials (continued)
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Appendix 4 

Protocol

Technology Assessment Report commissioned by the NIHR HTA 
programme on behalf of the National Institute for Health and 
Clinical Excellence

Project 09/16

Final protocol 23 February 2010

Title Insulin sensitizers in treatment of non-alcoholic fatty liver disease 
Aberdeen TAR team

Contact 
Professor Norman Waugh 
Section of Population Health 
Polwarth Building 
Foresterhill 
Aberdeen AB25 2ZD 
n.r.waugh@abdn.ac.uk

Plain English summary
Non-alcoholic fatty liver disease (NAFLD) is a common disease due to a build up of fat in the 
cells of the liver. It can range from causing no symptoms at all, to severe damage (cirrhosis) of 
the liver, and death. Liver disease is common in those who drink to excess, but liver disease can 
also occur in people who drink little or no alcohol (defined as less than one unit, 10g, a day), 
especially if they are fat.

NAFLD is becoming more common because of the rise in obesity, and it is estimated that about 
20% of people in the USA have it. It is also the most common cause of liver disease in children.

In the early stages of NAFLD, the liver is simply full of fat (steatosis), but this can progress to 
inflammation (steatohepatitis), and then to scarring and cirrhosis. It used to be seen typically in 
middle age, but with increasing levels of obesity in children, cases have been reported in children 
under 10.

Most people who get NAFLD are overweight or obese, and there is a close association with 
insulin resistance. More than half of the people with NAFLD will also have type 2 diabetes, and 
many will have high cholesterol levels. There is an increased risk of heart disease.

Treatment should start with diet and weight loss, aided by physical activity, and if sufficient 
weight is lost, the condition will improve. However adherence to lifestyle changes is often poor.



106 Appendix 4

Because NAFLD is usually seen in people who have insulin resistance, a group of drugs which 
improve the body’s sensitivity to insulin have been tried. These drugs are called the insulin 
sensitisers – metformin, pioglitazone and rosiglitazone. 

This review will examine the evidence for the effectiveness of these drugs in NAFLD.

Decision problem
 ■ Key question: what is the clinical and cost-effectiveness of metformin, rosiglitazone and 

pioglitazone in NAFLD?
 ■ Should the HTA Programme seek to commission further primary research in the value of 

insulin-sensitisers in NAFLD?

It will be assumed that first-line treatment will be with lifestyle changes (diet, physical activity 
and weight loss), and that the insulin-sensitisers will be used as a second-line addition to those. A 
Cochrane review on dietary interventions by Rex Wang and colleagues is in progress, and we will 
not examine the literature on that.

Given recent evidence on the relative vascular risks of pioglitazone and rosiglitazone 
(summarised in the HTA monograph on newer drugs for type 2 diabetes), our prior position will 
be that pioglitazone is preferred. We will exclude any studies which used troglitazone, an earlier 
glitazone which is no longer used because it caused liver damage.

The population of interest will be those with diagnosed NAFLD, and the HTA Programme 
commissioning brief specifies that the patient group of most interest is people with evidence 
of fibrosis.

Sub-groups will include:

 ■ Those with type 2 diabetes.
 ■ Children and adolescents.
 ■ Those with other features of the metabolic syndrome such as hypertension 

and hyperlipidaemia.
 ■ Those with and without fibrosis.
 ■ Ethnic groups at higher risk.

Diagnosis
There is a problem with the diagnosis of NAFLD. The current consensus is that it can only be 
diagnosed on the basis of a liver biopsy. This could be a major hindrance to any trials which 
need to recruit large numbers of patients, perhaps especially if young people are involved. 
Liver biopsy can have complications, such as bleeding, at any age.

Hence it would not be feasible to mount a large trial of insulin-sensitisers if the diagnosis has to 
be based on liver biopsy. We are aware that research into alternative methods of diagnosis, such 
as panels of liver tests, ultrasound and MRI, is underway. For detecting NAFLD, ultrasound 
and MRI have been suggested. For detecting liver fibrosis, various non-invasive alternatives 
to liver biopsy have been suggested, including combinations of blood tests (“serum marker 
panels”), and either transient or real-time elastography. 

The HTA Programme is commissioning a full review of evidence on non-invasive methods 
for the assessment and monitoring of more advanced stages, liver fibrosis and cirrhosis (HTA 
number 09/07), and so this review will not duplicate that. This review is more concerned 
with a trial which would seek to prevent people reaching those stages.
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The aim for diagnosis is therefore to distinguish those patients with simple steatosis from 
those who have steatohepatitis. 

We will therefore carry out a brief review of alternatives to biopsy at earlier stages, such as NASH.

 What we will try to do is identify non-invasive tests which could be used to recruit patients 
to a trial, even if that meant accepting that the tests were sensitive but not specific. The 
safety and adverse effects of the drugs under review are well-known and that the drugs are well 
tolerated and safe. Hence a case could be made that using a test which had good sensitivity but 
not very good specificity, would be suitable for identifying patients for a trial, on the grounds that 
including some people who had fatty livers but had not progressed to NASH, would do them no 
harm, but possibly some good.

However it might reduce the power of the study by reducing the frequency of adverse 
outcomes in the placebo arms.

Our aim will not be to make a firm recommendation as to what diagnostic tests should 
be used in a trial, but rather to suggest non-invasive options which the HTA Programme 
could include in the vignette and then the CB. It would then be up to bidders to justify 
their choices. 

Report methods for synthesis of evidence of clinical effectiveness
A review of the evidence for clinical effectiveness will be undertaken systematically following the 
general principles recommended in NHS CRD Report No.4.

Criteria for considering studies for this review
Types of studies: systematic reviews and randomised clinical trials. There will be no size 
restriction on number of patients in trials, since those with inadequate numbers and hence 
power, might be useful when combined in a meta-analysis. Observational studies may be used for 
data on safety and for assessing diagnostic methods.

We note the Cochrane review on insulin sensitisers by Francesco Angelico and colleagues in 
Rome. It excluded people with type 2 diabetes, and only included three trials, two of metformin 
and one with pioglitazone. Our scoping searches suggest that there may be another nine trials 
which need to be considered.

Types of participants: Participants of any age, sex, or ethnic origin with NAFLD proven by liver 
biopsy or other methods. 

Types of interventions: Metformin, pioglitazone, or rosiglitazone at any dose or duration, 
given separately or in combination versus no intervention, placebo, or other pharmacological 
interventions of proven effectiveness.

Types of outcome measures: Measures of disease progression such as fibrosis and cirrhosis, other 
hepatic-related morbidity such as variceal bleeding liver failure, hepatic-related and all-cause 
mortality, cardiovascular events, quality of life, new diabetes, adverse events. We include some of 
these for completeness but do not expect studies to be large enough or long enough to report on 
all of these outcomes.

We will check the diagnostic methods used in previous trials, and if data permit, we will compare 
the findings of liver biopsy with those of non-invasive tests. We will carry out searches on 
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diagnostic methods other than liver biopsy. Ideally, these would compare new tests with liver 
biopsy as the gold standard.

Search methods for identification of studies
We will search the following sources

 ■ MEDLINE
 ■ EMBASE
 ■ The Cochrane Library (all sections)
 ■ Science Citation Index Expanded (SCI expanded) and Conference Proceedings Citation 

Index- Science (CPCI-S)
 ■ Contact with experts in the field
 ■ Scrutiny of bibliographies of retrieved papers

We will search for articles published since 2005, since a Cochrane review included studies found 
by searches to February 2006. No language restrictions will be applied to the search strategy, but 
we may not be able to translate studies in languages other than English, German and French.

Data collection and analysis
Study Selection
Study selection will be made independently by two reviewers. Discrepancies will be resolved by 
discussion, with involvement of a third reviewer when necessary.

Data extraction
Data will be extracted by one reviewer, using a standardised data extraction form, and checked 
by a second. Discrepancies will be resolved by discussion, with involvement of a third reviewer 
when necessary.

The quality of the individual studies will be assessed by one reviewer, and independently checked 
for agreement by a second reviewer. Any disagreements will be resolved by consensus and if 
necessary a third reviewer will be consulted. The quality of the clinical effectiveness studies will 
be assessed according to criteria based on NHS CRD Report No.4.

Existing systematic reviews will be quality assessed, summarised and results compared. Reasons 
for differences between the reviews will be investigated and possible reasons for conflicting 
results will be investigated in a narrative review. 

RCTs published since the existing systematic reviews will be added and included if appropriate in 
a new meta-analysis. If not, evidence synthesis of all RCTs which meet our inclusion criteria will 
be done using a narrative review. 

Searches will be carried out for on-going research.

We will contact the authors of the Cochrane review and if they are updating it in our timescale, 
will offer collaboration. If they are not doing it in our timescale, we will invite them to act as peer 
reviewers of the unpublished draft final report. 

Report methods for synthesising evidence of cost-effectiveness
We will review the literature on cost-effectiveness but will not undertake any de novo modelling.
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Products
The main product from this review will be a short report for publication in the HTA monograph 
series, but as requested in the commissioning brief, we will also produce a vignette on the 
desirability of new primary research for the Pharmaceutical Panel of the HTA Programme. 
We will also aim to submit a version suitable for publication in an appropriate journal. We will 
contact the authors of the Cochrane review with a view to helping them update their review.

Competing interests of authors
None.
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Dr Tara Gurung 
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Dr Nazim Ghouri 
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126 University Place 
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126 University Place 
University of Glasgow 
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Norman Waugh 
Professor of Public Health 
University of Aberdeen 
Tel. 01224 555998 
n.r.waugh@abdn.ac.uk

An expert in liver disease is being approached to join the team.

Timetable/milestones
Assessment Report to be delivered by end July 2010.



© Queen’s Printer and Controller of HMSO 2011. This work was produced by Shyangdan et al. under the terms of a commissioning contract issued by 
the Secretary of State for Health.

111 Health Technology Assessment 2011; Vol. 15: No. 38DOI: 10.3310/hta15380

Health Technology Assessment programme

Director,
Professor Tom Walley, CBE,
Director, NIHR HTA programme, Professor of Clinical Pharmacology, 
University of Liverpool

Deputy Director,
Professor Hywel Williams,
Professor of Dermato-Epidemiology,
Centre of Evidence-Based Dermatology,
University of Nottingham

Prioritisation Group
Members

Chair,
Professor Tom Walley, CBE,
Director, NIHR HTA 
programme, Professor of Clinical 
Pharmacology, University of 
Liverpool

Professor Imti Choonara, 
Professor in Child Health, 
Academic Division of Child 
Health, University of Nottingham
Chair – Pharmaceuticals Panel

Dr Bob Coates,
Consultant Advisor – Disease 
Prevention Panel

Dr Andrew Cook,
Consultant Advisor – Intervention 
Procedures Panel

Dr Peter Davidson,
Director of NETSCC, Health 
Technology Assessment

Dr Nick Hicks,
Consultant Adviser – Diagnostic 
Technologies and Screening Panel, 
Consultant Advisor–Psychological 
and Community Therapies Panel

Ms Susan Hird,
Consultant Advisor, External 
Devices and Physical Therapies 
Panel

Professor Sallie Lamb,
Director, Warwick Clinical Trials 
Unit, Warwick Medical School, 
University of Warwick
Chair – HTA Clinical Evaluation 
and Trials Board

Professor Jonathan Michaels,
Professor of Vascular Surgery, 
Sheffield Vascular Institute, 
University of Sheffield
Chair – Interventional Procedures 
Panel

Professor Ruairidh Milne,
Director – External Relations

Dr John Pounsford,
Consultant Physician, Directorate 
of Medical Services, North Bristol 
NHS Trust
Chair – External Devices and 
Physical Therapies Panel

Dr Vaughan Thomas,
Consultant Advisor – 
Pharmaceuticals Panel, Clinical 
Lead – Clinical Evaluation Trials  
Prioritisation Group

Professor Margaret Thorogood,
Professor of Epidemiology, Health 
Sciences Research Institute, 
University of Warwick
Chair – Disease Prevention Panel

Professor Lindsay Turnbull,
Professor of Radiology, Centre for 
the MR Investigations, University 
of Hull
Chair – Diagnostic Technologies 
and Screening Panel

Professor Scott Weich,
Professor of Psychiatry, Health 
Sciences Research Institute, 
University of Warwick
Chair – Psychological and 
Community Therapies Panel

Professor Hywel Williams,
Director of Nottingham Clinical 
Trials Unit, Centre of Evidence-
Based Dermatology, University of 
Nottingham
Chair – HTA Commissioning 
Board
Deputy HTA Programme Director

HTA Commissioning Board
Chair,
Professor Hywel Williams,
Professor of Dermato-Epidemiology, Centre 
of Evidence-Based Dermatology, University of 
Nottingham

Deputy Chair,
Professor Jon Deeks,
Department of Public Health and 
Epidemiology, University of Birmingham

Professor Tom Walley, CBE,
Professor of Clinical Pharmacology, Director, 
NIHR HTA programme, University of 
Liverpool

Members

Professor Ann Ashburn,
Professor of Rehabilitation and 
Head of Research, Southampton 
General Hospital

Professor Peter Brocklehurst,
Professor of Women's Health, 
Institute for Women's Health, 
University College London

Professor Jenny Donovan,
Professor of Social Medicine, 
University of Bristol

Professor Jonathan Green,
Professor and Acting Head of 
Department, Child and Adolescent 
Psychiatry, University of 
Manchester Medical School

Professor John W Gregory,
Professor in Paediatric 
Endocrinology, Department of 
Child Health, Wales School of 
Medicine, Cardiff University

Professor Steve Halligan,
Professor of Gastrointestinal 
Radiology, University College 
Hospital, London

Professor Freddie Hamdy,
Professor of Urology, Head of 
Nuffield Department of Surgery, 
University of Oxford

Professor Allan House,
Professor of Liaison Psychiatry, 
University of Leeds

Dr Martin J Landray,
Reader in Epidemiology, Honorary 
Consultant Physician, Clinical 
Trial Service Unit, University of 
Oxford 

Professor Stephen Morris,
Professor of Health Economics, 
University College London, 
Research Department of 
Epidemiology and Public Health, 
University College London

Professor Irwin Nazareth,
Professor of Primary Care and 
Head of Department, Department 
of Primary Care and Population 
Sciences, University College 
London

Professor E Andrea Nelson,
Professor of Wound Healing and 
Director of Research, School of 
Healthcare, University of Leeds

Professor John David Norrie,
Chair in Clinical Trials and 
Biostatistics, Robertson Centre for 
Biostatistics, University of Glasgow

Dr Rafael Perera,
Lecturer in Medical Statisitics, 
Department of Primary Health 
Care, University of Oxford



Current and past membership details of all HTA programme ‘committees’ are available from the HTA website (www.hta.ac.uk)

112 Health Technology Assessment programme

Professor Barney Reeves,
Professorial Research Fellow 
in Health Services Research, 
Department of Clinical Science, 
University of Bristol

Professor Martin Underwood,
Professor of Primary Care 
Research, Warwick Medical 
School, University of Warwick

Professor Marion Walker,
Professor in Stroke Rehabilitation, 
Associate Director UK Stroke 
Research Network, University of 
Nottingham

Dr Duncan Young,
Senior Clinical Lecturer and 
Consultant, Nuffield Department 
of Anaesthetics, University of 
Oxford

Observers

Dr Tom Foulks,
Medical Research Council

Dr Kay Pattison,
Senior NIHR Programme 
Manager, Department of Health

HTA Commissioning Board (continued)

HTA Clinical Evaluation and Trials Board
Chair,
Professor Sallie Lamb, 
Director,  
Warwick Clinical Trials Unit, 
Warwick Medical School, 
University of Warwick and Professor of 
Rehabilitation, 
Nuffield Department of Orthopaedic, 
Rheumatology and Musculoskeletal Sciences, 
University of Oxford

Deputy Chair,
Professor Jenny Hewison,
Professor of the Psychology of Health Care, 
Leeds Institute of Health Sciences, 
University of Leeds

Programme Director, 
Professor Tom Walley, CBE, 
Director, NIHR HTA programme, Professor of 
Clinical Pharmacology, University of Liverpool

Members

Professor Keith Abrams,
Professor of Medical Statistics, 
Department of Health Sciences, 
University of Leicester

Professor Martin Bland,
Professor of Health Statistics, 
Department of Health Sciences, 
University of York

Professor Jane Blazeby,
Professor of Surgery and 
Consultant Upper GI Surgeon, 
Department of Social Medicine, 
University of Bristol

Professor Julia M Brown,
Director, Clinical Trials Research 
Unit, University of Leeds

Professor Alistair Burns,
Professor of Old Age Psychiatry, 
Psychiatry Research Group, School 
of Community-Based Medicine, 
The University of Manchester & 
National Clinical Director for 
Dementia, Department of Health

Dr Jennifer Burr,
Director, Centre for Healthcare 
Randomised trials (CHART), 
University of Aberdeen

Professor Linda Davies,
Professor of Health Economics, 
Health Sciences Research Group, 
University of Manchester

Professor Simon Gilbody,
Prof of Psych Medicine and Health 
Services Research, Department of 
Health Sciences, University of York 

Professor Steven Goodacre,
Professor and Consultant in 
Emergency Medicine, School of 
Health and Related Research, 
University of Sheffield

Professor Dyfrig Hughes,
Professor of Pharmacoeconomics, 
Centre for Economics and Policy 
in Health, Institute of Medical 
and Social Care Research, Bangor 
University

Professor Paul Jones,
Professor of Respiratory Medicine, 
Department of Cardiac and 
Vascular Science, St George‘s 
Hospital Medical School, 
University of London

Professor Khalid Khan,
Professor of Women’s Health and 
Clinical Epidemiology, Barts and 
the London School of Medicine, 
Queen Mary, University of London

Professor Richard J McManus,
Professor of Primary Care 
Cardiovascular Research, Primary 
Care Clinical Sciences Building, 
University of Birmingham

Professor Helen Rodgers,
Professor of Stroke Care, Institute 
for Ageing and Health, Newcastle 
University

Professor Ken Stein,
Professor of Public Health, 
Peninsula Technology Assessment 
Group, Peninsula College 
of Medicine and Dentistry, 
Universities of Exeter and 
Plymouth

Professor Jonathan Sterne,
Professor of Medical Statistics 
and Epidemiology, Department 
of Social Medicine, University of 
Bristol

Mr Andy Vail, 
Senior Lecturer, Health Sciences 
Research Group, University of 
Manchester

Professor Clare Wilkinson,
Professor of General Practice and 
Director of Research North Wales 
Clinical School, Department of 
Primary Care and Public Health, 
Cardiff University

Dr Ian B Wilkinson,
Senior Lecturer and Honorary 
Consultant, Clinical Pharmacology 
Unit, Department of Medicine, 
University of Cambridge

Observers

Ms Kate Law,
Director of Clinical Trials, 
Cancer Research UK

Dr Morven Roberts,
Clinical Trials Manager, Health 
Services and Public Health 
Services Board, Medical Research 
Council



© Queen’s Printer and Controller of HMSO 2011. This work was produced by Shyangdan et al. under the terms of a commissioning contract issued by 
the Secretary of State for Health.

113 Health Technology Assessment 2011; Vol. 15: No. 38DOI: 10.3310/hta15380

Diagnostic Technologies and Screening Panel
Members

Chair,
Professor Lindsay Wilson 
Turnbull,
Scientific Director of the 
Centre for Magnetic Resonance 
Investigations and YCR Professor 
of Radiology, Hull Royal Infirmary

Professor Judith E Adams,
Consultant Radiologist, 
Manchester Royal Infirmary, 
Central Manchester & Manchester 
Children’s University Hospitals 
NHS Trust, and Professor of 
Diagnostic Radiology, University 
of Manchester

Mr Angus S Arunkalaivanan,
Honorary Senior Lecturer, 
University of Birmingham and 
Consultant Urogynaecologist 
and Obstetrician, City Hospital, 
Birmingham

Dr Diana Baralle,
Consultant and Senior Lecturer 
in Clinical Genetics, University of 
Southampton

Dr Stephanie Dancer,
Consultant Microbiologist, 
Hairmyres Hospital, East Kilbride

Dr Diane Eccles,
Professor of Cancer Genetics, 
Wessex Clinical Genetics Service, 
Princess Anne Hospital

Dr Trevor Friedman,
Consultant Liason Psychiatrist, 
Brandon Unit, Leicester General 
Hospital

Dr Ron Gray,
Consultant, National Perinatal 
Epidemiology Unit, Institute of 
Health Sciences, University of 
Oxford

Professor Paul D Griffiths,
Professor of Radiology, Academic 
Unit of Radiology, University of 
Sheffield

Mr Martin Hooper,
Public contributor

Professor Anthony Robert 
Kendrick,
Associate Dean for Clinical 
Research and Professor of Primary 
Medical Care, University of 
Southampton

Dr Nicola Lennard,
Senior Medical Officer, MHRA

Dr Anne Mackie,
Director of Programmes, UK 
National Screening Committee, 
London

Mr David Mathew,
Public contributor

Dr Michael Millar,
Consultant Senior Lecturer in 
Microbiology, Department of 
Pathology & Microbiology, Barts 
and The London NHS Trust, Royal 
London Hospital

Mrs Una Rennard,
Public contributor

Dr Stuart Smellie,
Consultant in Clinical Pathology, 
Bishop Auckland General Hospital

Ms Jane Smith,
Consultant Ultrasound 
Practitioner, Leeds Teaching 
Hospital NHS Trust, Leeds

Dr Allison Streetly,
Programme Director, NHS Sickle 
Cell and Thalassaemia Screening 
Programme, King’s College School 
of Medicine

Dr Matthew Thompson,
Senior Clinical Scientist and GP, 
Department of Primary Health 
Care, University of Oxford

Dr Alan J Williams,
Consultant Physician, General and 
Respiratory Medicine, The Royal 
Bournemouth Hospital

Observers

Dr Tim Elliott,
Team Leader, Cancer Screening, 
Department of Health

Dr Joanna Jenkinson,
Board Secretary, Neurosciences 
and Mental Health Board 
(NMHB), Medical Research 
Council

Professor Julietta Patnick,
Director, NHS Cancer Screening 
Programme, Sheffield

Dr Kay Pattison,
Senior NIHR Programme 
Manager, Department of Health

Professor Tom Walley, CBE,
Director, NIHR HTA 
programme, Professor of Clinical 
Pharmacology, University of 
Liverpool

Dr Ursula Wells,
Principal Research Officer, Policy 
Research Programme, Department 
of Health

Disease Prevention Panel
Members

Chair,
Professor Margaret Thorogood,
Professor of Epidemiology, 
University of Warwick Medical 
School, Coventry

Dr Robert Cook,
Clinical Programmes Director, 
Bazian Ltd, London

Dr Colin Greaves,
Senior Research Fellow, Peninsula 
Medical School (Primary Care)

Mr Michael Head, 
Public contributor

Professor Cathy Jackson,
Professor of Primary Care 
Medicine, Bute Medical School, 
University of St Andrews

Dr Russell Jago,
Senior Lecturer in Exercise, 
Nutrition and Health, Centre 
for Sport, Exercise and Health, 
University of Bristol

Dr Julie Mytton,
Consultant in Child Public Health, 
NHS Bristol

Professor Irwin Nazareth,
Professor of Primary Care and 
Director, Department of Primary 
Care and Population Sciences, 
University College London

Dr Richard Richards, 
Assistant Director of Public 
Health, Derbyshire County 
Primary Care Trust

Professor Ian Roberts,
Professor of Epidemiology and 
Public Health, London School of 
Hygiene & Tropical Medicine

Dr Kenneth Robertson,
Consultant Paediatrician, Royal 
Hospital for Sick Children, 
Glasgow

Dr Catherine Swann,
Associate Director, Centre for 
Public Health Excellence, NICE

Mrs Jean Thurston,
Public contributor

Professor David Weller,
Head, School of Clinical Science 
and Community Health, 
University of Edinburgh

Observers

Ms Christine McGuire,
Research & Development, 
Department of Health

Dr Kay Pattison,
Senior NIHR Programme 
Manager, Department of Health

Professor Tom Walley, CBE,
Director, NIHR HTA 
programme, Professor of Clinical 
Pharmacology, University of 
Liverpool



Current and past membership details of all HTA programme ‘committees’ are available from the HTA website (www.hta.ac.uk)

114 Health Technology Assessment programme

External Devices and Physical Therapies Panel
Members

Chair,
Dr John Pounsford,
Consultant Physician North Bristol 
NHS Trust

Deputy Chair,
Professor E Andrea Nelson,
Reader in Wound Healing and 
Director of Research, University 
of Leeds

Professor Bipin Bhakta,
Charterhouse Professor in 
Rehabilitation Medicine, 
University of Leeds

Mrs Penny Calder,
Public contributor

Dr Dawn Carnes,
Senior Research Fellow, Barts and 
the London School of Medicine 
and Dentistry

Dr Emma Clark,
Clinician Scientist Fellow & Cons. 
Rheumatologist, University of 
Bristol

Mrs Anthea De Barton-Watson,
Public contributor

Professor Nadine Foster,
Professor of Musculoskeletal 
Health in Primary Care Arthritis 
Research, Keele University

Dr Shaheen Hamdy,
Clinical Senior Lecturer and 
Consultant Physician, University 
of Manchester

Professor Christine Norton,
Professor of Clinical Nursing 
Innovation, Bucks New University 
and Imperial College Healthcare 
NHS Trust

Dr Lorraine Pinnigton,
Associate Professor in 
Rehabilitation, University of 
Nottingham

Dr Kate Radford,
Senior Lecturer (Research), 
University of Central Lancashire

Mr Jim Reece,
Public contributor

Professor Maria Stokes,
Professor of Neuromusculoskeletal 
Rehabilitation, University of 
Southampton

Dr Pippa Tyrrell,
Senior Lecturer/Consultant, 
Salford Royal Foundation 
Hospitals’ Trust and University of 
Manchester

Dr Nefyn Williams,
Clinical Senior Lecturer, Cardiff 
University

Observers

Dr Kay Pattison,
Senior NIHR Programme 
Manager, Department of Health

Dr Morven Roberts,
Clinical Trials Manager, Health 
Services and Public Health 
Services Board, Medical Research 
Council

Professor Tom Walley, CBE,
Director, NIHR HTA 
programme, Professor of Clinical 
Pharmacology, University of 
Liverpool

Dr Ursula Wells,
Principal Research Officer, Policy 
Research Programme, Department 
of Health

Interventional Procedures Panel
Members

Chair,
Professor Jonathan Michaels,
Professor of Vascular Surgery, 
University of Sheffield

Deputy Chair,
Mr Michael Thomas, 
Consultant Colorectal Surgeon, 
Bristol Royal Infirmary

Mrs Isabel Boyer,
Public contributor

Mr Sankaran Chandra Sekharan, 
Consultant Surgeon, Breast 
Surgery, Colchester Hospital 
University NHS Foundation Trust 

Professor Nicholas Clarke, 
Consultant Orthopaedic Surgeon, 
Southampton University Hospitals 
NHS Trust

Ms Leonie Cooke,
Public contributor

Mr Seumas Eckford, 
Consultant in Obstetrics & 
Gynaecology, North Devon 
District Hospital

Professor Sam Eljamel,
Consultant Neurosurgeon, 
Ninewells Hospital and Medical 
School, Dundee

Dr Adele Fielding,
Senior Lecturer and Honorary 
Consultant in Haematology, 
University College London 
Medical School

Dr Matthew Hatton, 
Consultant in Clinical Oncology, 
Sheffield Teaching Hospital 
Foundation Trust

Dr John Holden, 
General Practitioner, Garswood 
Surgery, Wigan

Dr Fiona Lecky,
Senior Lecturer/Honorary 
Consultant in Emergency 
Medicine, University of 
Manchester/Salford Royal 
Hospitals NHS Foundation Trust

Dr Nadim Malik, 
Consultant Cardiologist/Honorary 
Lecturer, University of Manchester

Mr Hisham Mehanna, 
Consultant & Honorary Associate 
Professor, University Hospitals 
Coventry & Warwickshire NHS 
Trust

Dr Jane Montgomery, 
Consultant in Anaesthetics and 
Critical Care, South Devon 
Healthcare NHS Foundation Trust

Professor Jon Moss,
Consultant Interventional 
Radiologist, North Glasgow 
Hospitals University NHS Trust

Dr Simon Padley, 
Consultant Radiologist, Chelsea & 
Westminster Hospital

Dr Ashish Paul, 
Medical Director, Bedfordshire 
PCT

Dr Sarah Purdy, 
Consultant Senior Lecturer, 
University of Bristol

Dr Matthew Wilson,
Consultant Anaesthetist, 
Sheffield Teaching Hospitals NHS 
Foundation Trust

Professor Yit Chiun Yang, 
Consultant Ophthalmologist, 
Royal Wolverhampton Hospitals 
NHS Trust

Observers

Dr Kay Pattison,
Senior NIHR Programme 
Manager, Department of Health

Dr Morven Roberts,
Clinical Trials Manager, Health 
Services and Public Health 
Services Board, Medical Research 
Council

Professor Tom Walley, CBE,
Director, NIHR HTA 
programme, Professor of Clinical 
Pharmacology, University of 
Liverpool

Dr Ursula Wells,
Principal Research Officer, Policy 
Research Programme, Department 
of Health



© Queen’s Printer and Controller of HMSO 2011. This work was produced by Shyangdan et al. under the terms of a commissioning contract issued by 
the Secretary of State for Health.

115 Health Technology Assessment 2011; Vol. 15: No. 38DOI: 10.3310/hta15380

Pharmaceuticals Panel
Members

Chair,
Professor Imti Choonara,
Professor in Child Health, 
University of Nottingham

Deputy Chair,
Dr Yoon K Loke,
Senior Lecturer in Clinical 
Pharmacology, University of East 
Anglia

Dr Martin Ashton-Key,
Medical Advisor, National 
Commissioning Group, NHS 
London

Dr Peter Elton,
Director of Public Health, Bury 
Primary Care Trust

Dr Ben Goldacre,
Research Fellow, Epidemiology 
London School of Hygiene and 
Tropical Medicine

Dr James Gray,
Consultant Microbiologist, 
Department of Microbiology, 
Birmingham Children’s Hospital 
NHS Foundation Trust

Dr Jurjees Hasan,
Consultant in Medical Oncology, 
The Christie, Manchester

Dr Carl Heneghan,
Deputy Director Centre for 
Evidence-Based Medicine and 
Clinical Lecturer, Department of 
Primary Health Care, University 
of Oxford

Dr Dyfrig Hughes,
Reader in Pharmacoeconomics 
and Deputy Director, Centre for 
Economics and Policy in Health, 
IMSCaR, Bangor University

Dr Maria Kouimtzi,
Pharmacy and Informatics 
Director, Global Clinical Solutions, 
Wiley-Blackwell

Professor Femi Oyebode,
Consultant Psychiatrist and Head 
of Department, University of 
Birmingham

Dr Andrew Prentice,
Senior Lecturer and Consultant 
Obstetrician and Gynaecologist, 
The Rosie Hospital, University of 
Cambridge

Ms Amanda Roberts,
Public contributor

Dr Gillian Shepherd,
Director, Health and Clinical 
Excellence, Merck Serono Ltd

Mrs Katrina Simister,
Assistant Director New Medicines, 
National Prescribing Centre, 
Liverpool

Professor Donald Singer,
Professor of Clinical 
Pharmacology and Therapeutics, 
Clinical Sciences Research 
Institute, CSB, University of 
Warwick Medical School

Mr David Symes,
Public contributor

Dr Arnold Zermansky,
General Practitioner, Senior 
Research Fellow, Pharmacy 
Practice and Medicines 
Management Group, Leeds 
University

Observers

Dr Kay Pattison,
Senior NIHR Programme 
Manager, Department of Health

Mr Simon Reeve,
Head of Clinical and Cost-
Effectiveness, Medicines, 
Pharmacy and Industry Group, 
Department of Health

Dr Heike Weber,
Programme Manager, Medical 
Research Council

Professor Tom Walley, CBE,
Director, NIHR HTA 
programme, Professor of Clinical 
Pharmacology, University of 
Liverpool

Dr Ursula Wells,
Principal Research Officer, Policy 
Research Programme, Department 
of Health

Psychological and Community Therapies Panel
Members

Chair,
Professor Scott Weich,
Professor of Psychiatry, University 
of Warwick, Coventry

Deputy Chair,
Dr Howard Ring, 
Consultant & University Lecturer 
in Psychiatry, University of 
Cambridge 

Professor Jane Barlow,
Professor of Public Health in 
the Early Years, Health Sciences 
Research Institute, Warwick 
Medical School

Dr Sabyasachi Bhaumik,
Consultant Psychiatrist, 
Leicestershire Partnership NHS 
Trust 

Mrs Val Carlill,
Public contributor

Dr Steve Cunningham, 
Consultant Respiratory 
Paediatrician, Lothian Health 
Board 

Dr Anne Hesketh, 
Senior Clinical Lecturer in Speech 
and Language Therapy, University 
of Manchester 

Dr Peter Langdon,
Senior Clinical Lecturer, School 
of Medicine, Health Policy and 
Practice, University of East Anglia

Dr Yann Lefeuvre, 
GP Partner, Burrage Road Surgery, 
London 

Dr Jeremy J Murphy, 
Consultant Physician and 
Cardiologist, County Durham and 
Darlington Foundation Trust 

Dr Richard Neal,
Clinical Senior Lecturer in General 
Practice, Cardiff University

Mr John Needham, 
Public contributor

Ms Mary Nettle, 
Mental Health User Consultant

Professor John Potter, 
Professor of Ageing and Stroke 
Medicine, University of East 
Anglia 

Dr Greta Rait, 
Senior Clinical Lecturer and 
General Practitioner, University 
College London 

Dr Paul Ramchandani, 
Senior Research Fellow/Cons. 
Child Psychiatrist, University of 
Oxford 

Dr Karen Roberts, 
Nurse/Consultant, Dunston Hill 
Hospital, Tyne and Wear 

Dr Karim Saad, 
Consultant in Old Age Psychiatry, 
Coventry and Warwickshire 
Partnership Trust 

Dr Lesley Stockton,
Lecturer, School of Health 
Sciences, University of Liverpool

Dr Simon Wright, 
GP Partner, Walkden Medical 
Centre, Manchester 

Observers

Dr Kay Pattison,
Senior NIHR Programme 
Manager, Department of Health

Dr Morven Roberts,
Clinical Trials Manager, Health 
Services and Public Health 
Services Board, Medical Research 
Council

Professor Tom Walley, CBE,
Director, NIHR HTA 
programme, Professor of Clinical 
Pharmacology, University of 
Liverpool

Dr Ursula Wells,
Principal Research Officer, Policy 
Research Programme, Department 
of Health



Current and past membership details of all HTA programme ‘committees’ are available from the HTA website (www.hta.ac.uk)

116 Health Technology Assessment programme

Expert Advisory Network
Members

Professor Douglas Altman,
Professor of Statistics in Medicine, 
Centre for Statistics in Medicine, 
University of Oxford

Professor John Bond,
Professor of Social Gerontology 
& Health Services Research, 
University of Newcastle upon Tyne

Professor Andrew Bradbury,
Professor of Vascular Surgery, 
Solihull Hospital, Birmingham

Mr Shaun Brogan,
Chief Executive, Ridgeway 
Primary Care Group, Aylesbury

Mrs Stella Burnside OBE,
Chief Executive, Regulation and 
Improvement Authority, Belfast

Ms Tracy Bury,
Project Manager, World 
Confederation of Physical Therapy, 
London

Professor Iain T Cameron,
Professor of Obstetrics and 
Gynaecology and Head of the 
School of Medicine, University of 
Southampton

Professor Bruce Campbell,
Consultant Vascular & General 
Surgeon, Royal Devon & Exeter 
Hospital, Wonford

Dr Christine Clark,
Medical Writer and Consultant 
Pharmacist, Rossendale

Professor Collette Clifford,
Professor of Nursing and Head 
of Research, The Medical School, 
University of Birmingham

Professor Barry Cookson,
Director, Laboratory of Hospital 
Infection, Public Health 
Laboratory Service, London

Dr Carl Counsell,
Clinical Senior Lecturer in 
Neurology, University of Aberdeen

Professor Howard Cuckle,
Professor of Reproductive 
Epidemiology, Department 
of Paediatrics, Obstetrics & 
Gynaecology, University of Leeds

Professor Carol Dezateux,
Professor of Paediatric 
Epidemiology, Institute of Child 
Health, London

Mr John Dunning, 
Consultant Cardiothoracic 
Surgeon, Papworth Hospital NHS 
Trust, Cambridge

Mr Jonothan Earnshaw,
Consultant Vascular Surgeon, 
Gloucestershire Royal Hospital, 
Gloucester

Professor Martin Eccles,
Professor of Clinical Effectiveness, 
Centre for Health Services 
Research, University of Newcastle 
upon Tyne

Professor Pam Enderby,
Dean of Faculty of Medicine, 
Institute of General Practice 
and Primary Care, University of 
Sheffield

Professor Gene Feder,
Professor of Primary Care 
Research & Development, Centre 
for Health Sciences, Barts and The 
London School of Medicine and 
Dentistry

Mr Leonard R Fenwick,
Chief Executive, Freeman 
Hospital, Newcastle upon Tyne

Mrs Gillian Fletcher,
Antenatal Teacher and Tutor and 
President, National Childbirth 
Trust, Henfield

Professor Jayne Franklyn,
Professor of Medicine, University 
of Birmingham

Mr Tam Fry,
Honorary Chairman, Child 
Growth Foundation, London

Professor Fiona Gilbert,
Consultant Radiologist and NCRN 
Member, University of Aberdeen

Professor Paul Gregg,
Professor of Orthopaedic Surgical 
Science, South Tees Hospital NHS 
Trust

Bec Hanley,
Co-director, TwoCan Associates, 
West Sussex

Dr Maryann L Hardy,
Senior Lecturer, University of 
Bradford

Mrs Sharon Hart,
Healthcare Management 
Consultant, Reading

Professor Robert E Hawkins,
CRC Professor and Director of 
Medical Oncology, Christie CRC 
Research Centre, Christie Hospital 
NHS Trust, Manchester

Professor Richard Hobbs,
Head of Department of Primary 
Care & General Practice, 
University of Birmingham

Professor Alan Horwich,
Dean and Section Chairman, 
The Institute of Cancer Research, 
London

Professor Allen Hutchinson,
Director of Public Health and 
Deputy Dean of ScHARR, 
University of Sheffield

Professor Peter Jones,
Professor of Psychiatry, University 
of Cambridge, Cambridge

Professor Stan Kaye,
Cancer Research UK Professor of 
Medical Oncology, Royal Marsden 
Hospital and Institute of Cancer 
Research, Surrey

Dr Duncan Keeley,
General Practitioner (Dr Burch & 
Ptnrs), The Health Centre, Thame

Dr Donna Lamping,
Research Degrees Programme 
Director and Reader in 
Psychology, Health Services 
Research Unit, London School of 
Hygiene and Tropical Medicine, 
London

Professor James Lindesay,
Professor of Psychiatry for the 
Elderly, University of Leicester

Professor Julian Little,
Professor of Human Genome 
Epidemiology, University of 
Ottawa

Professor Alistaire McGuire,
Professor of Health Economics, 
London School of Economics

Professor Neill McIntosh,
Edward Clark Professor of Child 
Life and Health, University of 
Edinburgh

Professor Rajan Madhok,
Consultant in Public Health, South 
Manchester Primary Care Trust

Professor Sir Alexander Markham,
Director, Molecular Medicine 
Unit, St James’s University 
Hospital, Leeds

Dr Peter Moore,
Freelance Science Writer, Ashtead

Dr Andrew Mortimore,
Public Health Director, 
Southampton City Primary Care 
Trust

Dr Sue Moss,
Associate Director, Cancer 
Screening Evaluation Unit, 
Institute of Cancer Research, 
Sutton

Professor Miranda Mugford,
Professor of Health Economics 
and Group Co-ordinator, 
University of East Anglia

Professor Jim Neilson,
Head of School of Reproductive 
& Developmental Medicine 
and Professor of Obstetrics 
and Gynaecology, University of 
Liverpool

Mrs Julietta Patnick,
Director, NHS Cancer Screening 
Programmes, Sheffield

Professor Robert Peveler,
Professor of Liaison Psychiatry, 
Royal South Hants Hospital, 
Southampton

Professor Chris Price,
Director of Clinical Research, 
Bayer Diagnostics Europe, Stoke 
Poges

Professor William Rosenberg,
Professor of Hepatology and 
Consultant Physician, University 
of Southampton

Professor Peter Sandercock,
Professor of Medical Neurology, 
Department of Clinical 
Neurosciences, University of 
Edinburgh

Dr Philip Shackley, 
Senior Lecturer in Health 
Economics, Sheffield Vascular 
Institute, University of Sheffield

Dr Eamonn Sheridan,
Consultant in Clinical Genetics, St 
James’s University Hospital, Leeds

Dr Margaret Somerville,
Director of Public Health 
Learning, Peninsula Medical 
School, University of Plymouth

Professor Sarah Stewart-Brown,
Professor of Public Health, 
Division of Health in the 
Community, University of 
Warwick, Coventry

Dr Nick Summerton, 
GP Appraiser and Codirector, 
Research Network, Yorkshire 
Clinical Consultant, Primary Care 
and Public Health, University of 
Oxford

Professor Ala Szczepura,
Professor of Health Service 
Research, Centre for Health 
Services Studies, University of 
Warwick, Coventry

Dr Ross Taylor,
Senior Lecturer, University of 
Aberdeen

Dr Richard Tiner,
Medical Director, Medical 
Department, Association of the 
British Pharmaceutical Industry 

Mrs Joan Webster,
Consumer Member, Southern 
Derbyshire Community Health 
Council

Professor Martin Whittle,
Clinical Co-director, National 
Co-ordinating Centre for Women’s 
and Children’s Health, Lymington





NETSCC, Health Technology Assessment 
Alpha House
University of Southampton Science Park 
Southampton SO16 7NS, UK
Email: hta@hta.ac.uk
www.hta.ac.uk ISSN 1366-5278
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