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SUMMARY
Background—Non-alcoholic steatohepatitis (NASH) is a form of progressive fatty liver disease
that is strongly associated with insulin resistance, which suggests that insulin sensitizing agents
such as metformin may be beneficial for NASH.

Aim—To assess the effects of metformin on insulin sensitivity, body composition, serum alanine
aminotransferase (ALT) levels and liver histology in patients with NASH.

Methods—Patients underwent liver biopsy, metabolic profiling and imaging studies before and
at the end 48 weeks of metformin (2000 mg/day) therapy. The primary endpoint was a three-point
improvement in the histological NASH activity index.

Results—Of 28 patients enrolled, 26 (13 females; average age 44 years) completed 48 weeks of
treatment and underwent repeat metabolic studies, imaging and liver biopsy. Thirty per cent
achieved a histological response. Most patients lost weight, the average being 6 kg. There was a
marked association between weight loss and improvements in NASH activity index and ALT
levels (both, P < 0.01). Insulin sensitivity also improved, but the degree of change did not
correlate with histological improvement.

Conclusion—Metformin leads to improvements in liver histology and ALT levels in 30% of
patients with NASH, probably by its effects in causing weight loss.

INTRODUCTION
Non-alcoholic steatohepatitis (NASH) is a clinicopathological entity characterized by
histological features resembling alcoholic liver disease that occurs in persons who consume
little or no alcohol.1 NASH is a part of the spectrum of non-alcoholic fatty liver disease
(NAFLD) and is defined by of the presence of ballooning (zone 3) hepatocellular injury and
inflammation in addition to steatosis.2 NASH is a progressive liver disease that can result in
fibrosis, cirrhosis and, in some cases, liver cancer.3 While some degree of fatty liver is
present in up to 30% of adult Americans, frank NASH occurs in <5%.4 NASH is typically
associated with obesity, type II diabetes, dyslipidaemia and the metabolic syndrome.4
Because of the steady rise in obesity in the US, the prevalence of liver disease caused by
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NASH is likely to increase in the next two decades. The close association of obesity and
diabetes with NASH suggests that insulin resistance may play a role in its pathogenesis.5

How insulin resistance leads to fatty liver injury is not clear. The ‘two-hit’ hypothesis of the
pathogenesis of NASH proposes that a first hit (obesity, diet) induces fatty liver and a
second leads to the inflammation and cell injury.5 Factors that have been suggested to cause
the second hit include insulin resistance, cytokines, free fatty acids or intracellular oxidative
stress. In vitro and in vivo models of fatty liver disease suggest that cytokines produced by
adipocytes (‘adipokines’) might be important in NASH leading to dysfunction in fatty acid
oxidation in the liver and preventing export of free fatty acids and triglycerides. 6, 7 These
adipokines may also activate stellate cells and lead to deposition of collagen and fibrosis.8
Improving insulin sensitivity by weight loss or by pharmacological agents therefore may
reverse some of these processes either directly or by decreasing oxidative stress and
lowering proinflammatory cytokine secretion.

Several pilot studies in patients with NASH have shown that treatment with the insulin-
sensitizing thiazolidinediones (TZDs) can lead to improvements in biochemical and
histological features of NASH.9–13 The degree of improvement in liver disease correlates to
some degree with the degree of improvement in insulin sensitivity, but appears to be more
directly associated with changes in fatty acid metabolism and fat distribution. Importantly,
use of TZDs is often associated with weight gain, which may ultimately limit the efficacy of
these agents and is distressing to patients, many of whom are already overweight or obese.
Metformin is another anti-diabetic medication that improves insulin sensitivity but is
associated with weight loss rather than weight gain. Metformin is also relatively inexpensive
and has an excellent long-term track record for safety and tolerance. Metformin has been
shown to cause reversal of fatty liver in leptin-deficient mice, an animal model for NASH.14
In patients with NAFLD, several groups have now shown that metformin leads to
improvement in serum aminotransferase levels and liver histology;15–17 but, detailed
changes in histological, anthropometric and metabolic parameters and measures of insulin
sensitivity and their correlations have not been described.

We have conducted a small, open-label study of a 1-year course of metformin in 28 patients
with well-characterized NASH and report results on clinical, biochemical, metabolic,
radiographic and histological features.

METHODS
Patient population

Enrolment criteria for this open-label study were (i) age above 18 years, (ii) elevations in
alanine aminotransferase (ALT) or aspartate aminotransferase (AST) levels on at least two
occasions or fatty liver on ultrasound during the previous 6 months, (iii) alcohol intake of <1
drink/day (10–12 g of alcohol) and (iv) liver biopsy findings diagnostic for NASH (see
below). Exclusion criteria included previous use of metformin or other anti-diabetic
medications, other known forms of liver disease, decompensated liver disease, bariatric
surgery, recent exposure to hepatotoxic medications, active substance abuse, pregnancy or
inability to practice birth control and presence of any other medical (symptomatic coronary
artery disease, congestive heart failure, renal failure, severe lung disease or malignancy) or
psychiatric condition that might interfere with the treatment and assessment of response.

Baseline evaluation
Patients were initially screened during an out-patient clinic visit with brief medical history,
review of outside medical records and routine blood tests. Patients suspected of having
NASH were given instructions to lose weight and follow a healthy diet and were encouraged
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to stop all herbal, vitamins and over-the-counter medications or supplements. None of the
patients took any herbal product or medication that is known to cause weight loss or affect
hepatic steatosis during the trial. All patients received standard nutritional counselling by a
trained nutritionist emphasizing the need to maintain a healthy life style and gradual weight
loss (~0.45 kg/week).

Patients found to be eligible during screening were monitored with clinic visits for routine
blood tests at 4-week intervals during which they also underwent a 2-h oral glucose
tolerance test (OGTT), a frequently sampled intravenous glucose tolerance test (FSIGT),
careful measurements of weight and waist hip ratio and abdominal ultrasound. Body fat
composition was measured by dual-energy X-ray absorptiometry (DEXA). Hepatic fat
content and liver volume were determined by magnetic resonance imaging (MRI) of the
liver. Visceral and subcutaneous abdominal fat were measured using computed tomography
(CT) of the abdomen. Details of the conduct and interpretation of imaging results and
glucose tolerance testing have been previously described8 and are described in the
supplementary materials. Careful determination of waist and hip circumference and body
mass index [BMI = weight in kg/(height in m)2] was made at baseline and at 48 weeks.

Patients who did not have a liver biopsy that was available for interpretation within the
previous 12 months underwent percutaneous liver biopsy. Biopsy specimens were read
under code and scored using defined criteria for degree of steatosis (0–4), cellular injury or
ballooning degeneration (0–4), parenchymal inflammation (0–4) and perisinusoidal fibrosis
(0–4).9 The presence of cirrhosis and Mallory bodies was also recorded. The criteria for the
diagnosis of NASH for this study were the presence of steatosis and a total score of 4 or
more of the NASH activity index which was defined as the sum of the individual scores for
steatosis, cellular injury and inflammation, thus ranging from 0 to 12.

Insulin resistance assessment—Insulin resistance was assessed by two different
techniques. Using fasting glucose and insulin values on the morning of the OGTT, insulin
resistance was determined using the homeostasis model assessment (HOMA).18 HOMA was
calculated from fasting glucose and insulin levels in all 26 subjects who completed the
study. Twenty-one subjects also had insulin resistance determined from the insulin
sensitivity index using data from the FSIGT.19

Therapy and monitoring
After complete medical evaluation and liver biopsy, patients who qualified for therapy were
started on metformin in an initial dose of 500 mg once daily. After 2 weeks, the dose was
increased to 500 mg twice daily and after 4 weeks to the full dose of 1000 mg twice daily.
Subsequent dose reductions were carried out based on tolerance, with particular attention to
gastrointestinal upset and abdominal bloating. Patients were seen in the out-patient clinic,
had a brief medical history and examination and routine blood tests at 2 and 4 weeks after
enrolment and every 4 weeks thereafter. The oral and intravenous glucose tolerance tests
were repeated after 40 and 44 weeks respectively and liver biopsy and imaging tests at 48
weeks. Metformin was discontinued after 48 weeks in patients without diabetes on the pre-
treatment evaluation.

The primary outcome measure was improvement in liver histology, which was defined as a
three-point decrease in the NASH activity index with a decrease in at least two of the
component scores and no worsening of fibrosis or increase in Mallory bodies. Secondary
endpoints included improvements in serum aminotransferase levels and insulin sensitivity.
All components of this study were approved by the Institutional Review Board of the
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) and patients
gave written informed consent. An investigation of new drug application (no. 67,551) for
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use of metformin in patients with NASH was held by the senior investigator (JHH). This
study was registered in Clinicaltrials.gov (NCT00063232).

Statistical analyses
Statistical analysis plan was defined a priori. Paired t-tests were performed to test the
statistical significance of the primary endpoint and all the before and after treatment
measures. Two sample t-tests were used to compare the means for continuous variables and
Mann–Whitney U-tests were used for nonparametric variables. Categorical variables were
tested using Fisher’s exact test. Spearman rank correlation coefficient was used to examine
the association between selected variables. Statistical analysis was performed using
GraphPad Prism 4 Software (Graph Pad Software Inc., San Diego, CA, USA). A two-tailed
P-value of 0.05 was considered statistically significant.

RESULTS
Patients enrolled

Twenty-eight adult patients with biopsy-proven NASH were enrolled in the study and 26
completed the 48 weeks of therapy and underwent follow-up metabolic testing, imaging and
repeat liver biopsy. The two drop-outs included a 26-year-old woman who stopped therapy
after 12 weeks because she had moved and her employment did not allow time for travel for
outpatient visits and a 53-year-old woman who stopped therapy after 24 weeks because of
desire to pursue other treatments. These patients were not included in further analyses.

Baseline features
The 26 patients included 13 women and the average age was 44 years. All patients were
either overweight (31%) or obese (69%) (Table 1). Although no patient was being treated
for diabetes at the time of enrolment, seven patients (27%) fulfilled the criteria for having
diabetes and another eight (31%) had impaired glucose tolerance. Average serum ALT
levels were 70 U/L (normal = 6–41 U/L) and AST 47 U/L (normal 9–34 U/L). On the day
metformin was started, five patients had normal ALT and seven had normal AST levels. All
patients had NASH on liver biopsy and NASH activity index scores ranged from 4 to 10
(median = 8). All but 4 patients had some degree of fibrosis and one had cirrhosis on pre-
treatment liver biopsy.

Metformin therapy
Metformin treatment was well tolerated. No serious adverse events occurred and no patient
stopped therapy because of side effects. The most common side effect was mild and
intermittent diarrhoea with variable amounts of abdominal bloating and discomfort that
affected most patients to some degree during the first few weeks of treatment. However,
diarrhoea and intestinal upset resolved despite continuation of full doses of therapy in all
except two patients who underwent dose reduction at 12 and 16 weeks; one being
maintained on 1500 mg and one on 1000 mg daily. No patient developed hypoglycaemia,
evidence of lactic acidosis, congestive heart failure or renal dysfunction.

Biochemical results
Overall, average serum ALT and AST levels improved minimally during the study and the
differences between mean baseline and end-of-treatment aminotransferase values were not
statistically significant (Table 2). Changes in aminotransferase levels appeared to be
dichotomous, in that ALT levels fell into the normal range in nine patients and AST levels in
six patients by the end of treatment, but changed minimally overall. ALT levels remained in
the normal range in four of the five patients who had normal values at the start of therapy so
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that the proportion of patients with normal ALT levels was significantly higher at the end of
treatment (50% vs. 19%; Fisher’s exact test: P = 0.04). Other biochemical test results did not
change appreciably including serum bilirubin, albumin, prothrombin time and cholesterol or
triglyceride levels. There were mild increases in mean HDL cholesterol levels. Blood
counts, including haematocrit, total white blood cell count and platelet count did not change
(data not shown).

Liver histology
Twenty-six patients underwent follow-up liver biopsy after 48 weeks of metformin
treatment (Table 3). All features of the NASH activity index improved somewhat, the
changes being the greatest for cellular injury and less for parenchymal inflammation and
steatosis. Mallory bodies were less evident in follow-up liver biopsies. The average NASH
activity index improved significantly, falling from 8.2 to 5.9 (P < 0.001). The primary
outcome (a three-point improvement in NASH activity index with improvements in at least
two components of the score and no worsening of fibrosis or increase in Mallory bodies)
was achieved by eight patients (31%), all of whom also had improvements in serum
aminotransferase elevations. Among the 26 patients, 20 showed improvement (nine had a
threepoint or greater, 11 a one- to two-point improvement), five had no change and one had
a two-point increase in the NASH activity index.

In contrast to activity scores, liver fibrosis scores decreased minimally and not significantly
after 48 weeks of therapy (mean NASH fibrosis scores 1.7 initially vs. 1.5 at end of
treatment). Overall, eight patients had a one or more point improvement in fibrosis scores,
14 had no change and four had worsening of one or two points.

Anthropometric changes
Patients on metformin often lost weight and the average weight loss during the 48 weeks of
treatment was 6 kg (change in weight range: +1.3 to −18.9 kg; Table 4). The weight loss
was maximal during the first 6 months, but continued throughout the treatment period
(Figure 1). Weight loss, similar to the histological and biochemical improvements, appeared
to be dichotomous: 18 patients (69%) lost at least 2 kg and five (19%) lost more than 10 kg
of weight. In the remaining eight patients, average weight did not change. There was a
strong positive correlation between weight change and changes in serum aminotransferase
levels (for ALT: r = 0.52, P = 0.005; for AST, r = 0.50, P = 0.009) and between weight loss
and decreases in NASH activity index scores (r = 0.76, P < .0001).

There was a slight average decrease in waist circumference, but a similar decrease in hip
circumference, so that the average waist/hip ratio did not change (Table 4). Whole body
composition by DEXA showed that the weight loss was because of decreases in both lean
body and fat mass so that the per cent body fat decreased minimally (34.3–33.2%). The liver
fat as assessed by MRI also decreased minimally from 14.9% to 13.0% (P = 0.50) without a
significant change in total liver volume. Total abdominal fat did not change; however,
visceral fat decreased (200–170 cm2), while subcutaneous fat increased (254–290 cm2) as
estimated by cross sectional CT.

Changes in measures of insulin sensitivity
Improvements in fasting blood glucose, insulin, C-peptide and free fatty acid levels occurred
during metformin treatment, but most of the changes did not reach statistical significance
(Table 5). Impaired glucose tolerance was present in eight and diabetes in seven patients
before therapy, this distribution shifting to 13 with impaired glucose tolerance and three
with diabetes at the end of therapy. Fasting blood glucose and insulin results showed
significant improvements in HOMA by 44% (P = 0.04). HOMA values improved in all
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except four patients and improved more in patients with a histological response. FSIGT
results (in 21 patients who were tested before and after treatment) showed no significant
change in acute insulin response to glucose (AIRG), insulin sensitivity index (SI), glucose
effectiveness (SG) or glucose disposition index (DI).

Differences between responders and nonresponders
Eight patients (31%) met the histological criteria of response and the remaining 18 were
classified as nonresponders, although many of them had some degree of histological
improvement (Table 6). At baseline, responders had a lower average BMI than
nonresponders, but this difference was not statistically significant. None of the patients with
baseline BMI of 40 or more achieved a histological response on treatment. There was no
significant difference between responders and nonresponders at baseline with regard to other
features such as average age, ALT, AST, HOMA, NASH activity index and fibrosis scores.

On therapy, responders were more likely to lose weight. Furthermore, there was a trend for
decreases in ALT and AST being greater among the responders than nonresponders (Table
6). However, the histological responders and nonresponders did not different with regard to
improvements in HOMA, decreases in hepatic fat or hepatic volume (by MRI) or changes in
total, visceral and subcutaneous fat.

Changes in weight over the 48 weeks of therapy in relationship to response are shown in
Figure 2. After 48 weeks of metformin treatment, the average weight change was −10.5 kg
in responders vs. −4.0 kg in nonresponders (P = 0.02). All histological responders lost more
than 5 kg during therapy (range 5.7–18.7 kg) and three responders were no longer
overweight (BMI <25) at the end of 48 weeks of treatment.

Figure 2 also shows the changes in weight during follow-up to at least 24 weeks after
treatment which was available on 24 patients, five of whom (one responder and four
nonresponders) had diabetes and asked to remain on metformin. During follow-up, the
average body weight increased in both responders and nonresponders. Indeed, all except two
patients gained at least one kilogram in weight, the average weight gain being 4.1 kg. The
two exceptions to the weight gain comprised one patient with diabetes on metformin (−0.1
kg weight change) and another patient who attributed her weight loss (−5.7 kg) to severe
situational depression.

Responders were also more likely to have improvements in serum ALT levels during
therapy than nonresponders; the average levels in responders decreasing to within the
normal range by the end of therapy (Figure 3). At the end of treatment, ALT levels were
normal in all except one responder (whose ALT level was 59 U/L). When metformin was
stopped, however, serum ALT levels tended to rise towards baseline.

Finally, HOMA values improved markedly during the first 8 weeks of starting metformin,
improving more among responders than among nonresponders; thereafter, HOMA values
remained constant, although decreased slightly among responders (Figure 4). By 48 weeks,
HOMA values in responders ranged from 1.2 to 3.1 (mean = 1.9) and were normal (<2.5) in
six of the eight; in contrast, in nonresponders, HOMA values ranged between 1.1 and 17.4
(mean = 5.5) and were normal in only four of 18. With stopping therapy, HOMA values
began to rise towards baseline levels among both responders and nonresponders.

Analysis by degree of improvement in NASH activity index showed a close association of
improved histology with weight loss during treatment, which was the strongest when
expressed as per cent weight loss (r = 0.79, P < 0.00001) (Figure 5). Improvements in
NASH activity index scores also correlated with the degree of improvement in serum ALT
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levels (r = 0.6, P < 0.01), but not with improvement in HOMA values expressed as either
absolute or per cent change (r = 0.26, P = 0.18).

DISCUSSION
In this pilot study, a 48-week course of metformin in doses of 2 gm daily was associated
with improvements in liver histology and insulin sensitivity in over half of patients with
NASH. Approximately 30% of patients met strict predefined histological criteria for
response, and in these patients, there was also an improvement in serum aminotransferase
levels. Histological improvements were found predominantly in hepatocellular injury and
parenchymal inflammation, with fewer effects on steatosis and little measurable effects on
portal inflammation or fibrosis. Importantly, metformin also caused weight loss. Twenty one
of the 26 patients (81%) lost weight during the 48 weeks of treatment and in five (19%), the
weight loss was marked (>10 kg). Strikingly, the patients with the most weight loss tended
to have the greatest improvement in liver histology and those with no weight loss tended to
have no improvement in histology. Statistical analyses showed that improvements in hepatic
histology correlated most closely with weight loss rather than improvements in insulin
sensitivity.

Many studies have demonstrated that metformin therapy can lead to weight loss;15, 16, 20–
22 and for this reason, it is considered the first choice of anti-diabetic medications for
treatment of type 2 diabetes in obese patients. The mechanism by which metformin causes
weight loss remains unknown. When questioned, patients in this study with weight loss
attributed it to the drug, which they felt allowed them to control their appetite better. The
metabolic effects of metformin are thought to be mediated through the activation of
adenosine monophosphate (AMP) activated protein kinase in hepatic and peripheral tissues
either directly or indirectly through another serine–threonine kinase known as LKB1.23 The
activation of AMP kinase leads to transactivation of genes that inhibit gluconeogenesis and
lipogenesis and promote fatty acid and glucose uptake in liver and muscle. These effects
appear to be responsible for the insulin sensitizing activity of metformin. AMP kinase is also
present in the hypothalamus where it may play a role in the regulation of food intake. Thus,
AMP kinase plays a central and critical role in the regulation of energy balance and fatty
acid and glucose metabolism as well as appetite and satiety.

There are no currently proven and approved therapies for NAFLD or NASH, although
several agents have appeared promising in pilot studies. In particular, the TZDs have been
found to induce biochemical and histological remission in disease in a high proportion of
patients. In three open-label studies and in a small randomized, placebo controlled trial, 6- or
12-month courses of pioglitazone or rosiglitazone were associated with improvements in
serum aminotransferase levels and decreases in hepatic steatosis and cell injury in up to 70%
of patients.9, 10, 13 Unlike with metformin, the improvements in NASH associated with TZD
therapy were accompanied by weight gain rather than loss. Furthermore, the weight gain on
TZDs was primarily in fat mass and was associated with a redistribution of fat, away from
the liver and central sites and more to the periphery and subcutaneous areas of the body.9
This redistribution of fat was also associated with improvements in insulin signalling and
increases in adiponectin levels. Thus, the beneficial effects of the TZDs in NASH may have
a cause different from that associated with metformin. With metformin therapy, there was
little evidence of redistribution of fat and weight loss that occurred was associated with
decreases in both lean body and fat mass. These findings suggest that the beneficial effects
of metformin therapy on NASH are mediated, at least in part, by weight loss. It is unclear
whether the benefits of metformin are greater than might be achieved with weight loss from
diet and exercise alone or with a weight loss medication that does not directly affect insulin
sensitivity.15
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This study enrolled patients with well-characterized NASH and used strict histological
criteria for diagnosis as well as assessment of benefit. The strengths of this study were the
use of maximum doses of metformin and use of multiple measures of body composition,
insulin sensitivity and liver disease status in a carefully followed up cohort with excellent
compliance and follow-up. The major limitation of this study was the lack of a control
group. Previous controlled trials of therapy of NASH have shown that spontaneous
improvements in serum aminotransferase levels and hepatic steatosis can occur even in
placebo-treated patients.24 However, the same studies showed little spontaneous
improvement in hepatocellular injury or inflammation, the major effects that were seen with
TZD and metformin therapy.9, 24 In a recent pooled analysis of placebo-treated patients
from five randomized controlled studies in NASH, a two-point improvement in steatosis
score or any improvement in hepatocellular injury was rarely seen with placebo treatment.25

Furthermore, significant weight loss was uncommon in placebo-treated patients.

Another limitation of this study was that patients were treated for 48 weeks only. Weight
loss and improvements in ALT levels continued for the duration of therapy, but stopping
treatment was followed promptly with weight gain followed by increases in serum
aminotransferase levels. Therapies for NASH are likely to require long-term treatment, and
it is not clear whether the apparent beneficial effects of metformin on weight and liver
histology would be sustained with longer treatment. On the other hand, long-term therapy
might be required to demonstrate decreases in hepatic fibrosis. Future studies are needed to
assess metformin given over a longer period of time and in comparison with a control group
on placebo therapy or in a behavioural weight loss programme.

Thus, in a small, open label trial in well-characterized patients with NASH, metformin
therapy was associated with improvements in insulin sensitivity in most patients and with
weight loss, decreases in serum aminotransferase levels and improvements in liver histology
in approximately 30% of patients. These results provide evidence that metformin is effective
in a subset of NASH patients and that the beneficial effects may be mediated largely through
weight loss.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Changes in body weight in 26 patients treated with metformin for 48 weeks.
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Figure 2.
Changes in average weight in eight responders and 18 nonresponders to a 48-week course of
metformin. The diamonds represent the mean weights of the eight responders and the
squares, the mean weights of the 18 nonresponders during therapy and then again when
measured 6 months later (in eight responders and 16 nonresponders who were seen between
20 and 32 weeks after stopping therapy).
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Figure 3.
Changes in mean serum alanine aminotransferase (ALT) in eight responders and 18
nonresponders during a 48-week course of metformin. Squares represent the mean values of
the 18 nonresponders, the diamonds, the mean values for the eight responders. While ALT
levels did not change overall, there was a gradual fall into the normal range in the
responders and by the end of therapy, the mean level was 30 U/L and levels were normal in
seven of the eight patients. After stopping therapy, ALT levels rose in the eight
nonresponders, but remained largely unchanged in the 16 nonresponders who were followed
up (including four nonresponders who remained on metformin).
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Figure 4.
Changes in average homeostasis model assessment (HOMA) values in eight responders and
18 nonresponders to a 48-week course of metformin. The diamonds represent the mean
HOMA values of the eight responders and the squares, those of the 18 nonresponders during
therapy and then again when measured 4, 12 and 24 weeks later (in eight responders, only
one remaining on metformin and 16 nonresponders, four remaining on metformin).
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Figure 5.
Correlation between per cent change in body weight and change in NASH activity index
after 48 weeks of metformin. The eight squares represent responders and the 18 circles
represent nonresponders. There was a positive significant correlation between decrease in
NASH activity index score and decrease in body weight in kilograms (r = 0.78: P < 0.0001).
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Table 1

Baseline demographics

Characteristics n (%)

Number of patients 26*

Mean age (s.d.) in years 44 (13.7)

Female gender 13 (50)

Race/ethnicity

  Non-Hispanic White 17 (65)

  Hispanic White 4 (15)

  Asian 5 (19)

  African-American 0 (0)

Overweight (BMI ≥25 and <30 kg/m2) 8 (31)

Obese (BMI ≥30 and <40 kg/m2) 13 (50)

Severely obese (BMI ≥40 kg/m2) 5 (19)

Impaired glucose tolerance† 8 (31)

Diabetes† 7 (29)

BMI, body mass index; s.d., standard deviation.

*
Two patients dropped out (weeks 12 and 24) and are not included in the analysis.

†
Impaired glucose tolerance is defined by fasting glucose 110–125 or ≥160 mg/dL after 2-h glucose load, while diabetes is defined by a fasting

glucose ≥125 or ≥200 mg/dL after a 2-h glucose load.
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Table 2

Biochemical data at baseline and after 48 weeks of metformin

Parameter Pre Week 48 P-value*

ALT (U/L)† 70 (59) 63 (51) 0.63

Normal ALT (<42 U/L) 5 (19%) 13 (50%) 0.04

AST (U/L)† 47 (28) 43 (23) 0.64

Normal AST (<35 U/L) 7 (27%) 12 (46%) 0.14

Total bilirubin (mg/dL)† 0.8 (0.4) 0.9 (0.3) 0.91

Albumin (gm/dL)† 4.0 (0.3) 4.1 (0.3) 0.34

Total Cholesterol (mg/dL)† 184 (32) 184 (33) 0.98

Triglycerides (mg/dL)† 165 (62) 172 (88) 0.76

LDL Cholesterol (mg/dL)† 122 (29) 116 (32) 0.44

HDL Cholesterol (mg/dL)† 42 (8) 48 (16) 0.09

ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

*
For continuous data, P-value based on two-sided paired t-test; for dichotomous data, P-value based on Fisher’s exact test.

†
Values are given as mean (s.d.).

Aliment Pharmacol Ther. Author manuscript; available in PMC 2010 November 23.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Loomba et al. Page 18

Table 3

Histological data at baseline and after 48 weeks of metformin

Parameter (0–4) Pre (n = 26) Week 48 (n = 26) P-value*

Presence of NASH   26 (100%)   18 (69%) <0.01

Portal inflammation† 1.9 (1.1) 1.6 (1.0) 0.23

Parenchymal inflammation† 3.5 (0.8) 2.9 (1.1) 0.03

Cellular injury† 2.1 (0.6) 1.0 (0.6) <0.001

Mallory’s hyalin† 2.3 (1.6) 1.6 (1.4) 0.07

Steatosis† 2.6 (1.1) 2.0 (1.2) 0.06

Fibrosis† 1.7 (1.1) 1.5 (1.0) 0.43

NASH activity index (0–12) †,‡ 8.2 (1.5) 5.9 (2.2) <0.001

NASH, non-alcoholic steatohepatitis.

*
For continuous data, P-values are calculated by two-sided paired t-tests; for dichotomous data, P-values are based on Fisher’s exact test.

†
Mean (s.d.).

‡
NASH activity index represents the sum of scores for parenchymal inflammation (0–4), cellular injury (0–4) and steatosis (0–4).
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Table 4

Anthropometric data at baseline and after 48 weeks of metformin

Parameter Pre Week 48 P-value*

Weight (kg) 98.1 (24.6) 92.2 (25.5) 0.40

BMI (kg/m2) 33.9 (6.8) 31.8 (7.3) 0.28

Waist circumference (cm) 111.0 (16.6) 107.6 (16.5) 0.47

Hip circumference (cm) 113.2 (13.6) 110.2 (13.7) 0.17

Waist/hip ratio 0.98 (0.06) 0.98 (0.05) 0.86

Total body fat (%) 34.3 (9) 33.2 (7.5) 0.53

Fat mass (kg) 32.1 (10.0) 29.5 (9.7) 0.22

Lean mass (kg) 59.4 (15.3) 57.3 (16.1) 0.61

Liver fat by MRI† (%) 14.9 (9.4) 13.0 (8.4) 0.50

Liver volume by MRI† (cc) 2213 (547) 2156 (580) 0.74

Total fat by CT (cm2) 453 (210) 460 (223) 0.66

Visceral fat by CT (cm2) 200 (76) 170 (66) 0.001

Subcutaneous fat by CT (cm2) 254 (161) 290 (185) 0.008

Values are given as mean (s.d.).

BMI, body mass index; MRI, magnetic resonance imaging; CT, computerized tomography.

*
P-value based on two-sided paired t-test.

†
n = 16 patients.
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Table 5

Insulin sensitivity at baseline and after 40 weeks of metformin

Parameter Pre Week 40–48 P-value*

Normal glucose tolerance (n) 11 10 0.29

Impaired glucose tolerance (n) 8 13

Diabetes (n) 7 3

Fasting glucose (mg/dL)† 106 (45) 99 (15) 0.43

Fasting insulin (µU/mL)† 32 (36) 22 (15) 0.19

Fasting C-peptide (ng/mL)† 4.7 (2.1) 3.9 (1.4) 0.12

Fasting free fatty acids (µEq/L)† 587 (256) 546 (224) 0.53

Oral glucose tolerance test HOMA-IR† 7.8 (7.5) 4.4 (3.6) 0.04

FSIGT (21 pts with paired testing) SI (×10−4)‡ 2.92 2.41 0.46

  SG
‡ 0.014 0.015 0.82

  AIRG
‡ 541.4 633.5 0.42

  DI‡ 1067.3 1114.4 0.87

HOMA-IR, homeostatic model assessment of insulin resistance; FSIGT, frequently sampled intravenous glucose tolerance; SI, insulin sensitivity
index; SG, glucose effectiveness; AIRG, acute insulin response to glucose; DI, disposition index.

*
P-value based on two-sided paired t-test.

†
Values are given as mean (s.d.).

‡
n = 21 patients.
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Table 6

Comparison of histological responders and nonresponders to metformin therapy

Parameter Responders (n = 8) Nonresponders (n = 18) P-value*

Age (years)† 47.8 (13.0) 42.8 (14.1) 0.38

Baseline weight (kg)† 89.5 (20.5) 102.1 (25.7) 0.20

Baseline BMI 25–30 kg/m2 3 (38%) 5 (28%) 0.28

Baseline BMI 30–40 kg/m2 5 (63%) 8 (44%)

Baseline BMI >40 kg/m2 0 5 (28%)

Initial ALT (U/L)† 60 (27) 75 (69) 0.43

Initial AST (U/L)† 40 (13) 50 (29) 0.26

Initial HOMA† 8.5 (7.6) 7.5 (7.6) 0.77

Initial NASH activity index† 8.8 (0.7) 7.9 (1.7) 0.09

Initial fibrosis score† 2.1 (0.6) 1.6 (1.2) 0.13

Change in weight (kg)† −10.5 (5.7) −4.0 (4.6) 0.02

Change in BMI (kg/m2)† −3.8 (2.2) −1.4 (1.7) 0.02

Change in ALT (U/L)† −29 (30.5) +2.1 (53) 0.08

Change in AST (U/L)† −13 (15.1) +1.2 (30) 0.13

Change in HOMA-IR† −6.5 (7.8) −2.0 (6.7) 0.19

Change in NASH fibrosis† −0.6 (1.1) −0.1 (0.9) 0.21

Change in hepatic fat (% by MRI) −0.8% (2.5) −0.2% (4.5) 0.67

Change in hepatic volume (cc) −107 (205) −66 (321) 0.72

Change in total abdominal fat (cc) −10 (72) +14 (71) 0.45

Change in subcutaneous fat (cc) +30 (69) +39 (64) 0.38

Change in visceral fat (cc) −41 (36) −25 (46) 0.37

BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HOMA, homeostatic model assessment; NASH, non-
alcoholic steatohepatitis; MRI, magnetic resonance imaging.

*
P-value <0.05 was considered statistically significant.

Categorical variables are presented as proportion and continuous variables are presented as (†)mean (s.d.). A two-sided Mann–Whitney U-test and
Fisher’s exact test for categorical variables were conducted to assess statistical significance.
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