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Abstract

Nonalcoholic fatty liver disease (NAFLD) is associated with obesity, insulin resistance, and
impaired glucose tolerance. We investigated whether metformin or changes in metabolic
measurements (weight, fasting plasma glucose (FPG), or fasting insulin (FI)) improved serum
alanine aminotransferase (ALT) activity, as a marker for NAFLD, in the Diabetes Prevention
Program (DPP). From 1996 to 1999, 2,153 participants without marked elevations of serum ALT
at baseline were randomized (1,081 to placebo, 1,072 to metformin) and treated for an average of
3.2 years. ALT increased during the first 2 years of the study, and was slightly but significantly
lower in the participants randomized to metformin. In regression models adjusted for sex, baseline
age, FPG, and FlI, these differences remained significant, but disappeared after adjustment for
weight, FPG, and FI changes at each examination. The 3-year cumulative incidence for
development of abnormal ALT concentrations was not significantly different ((mean +s.e.) 21.4 +
1.4% and 24.6 £ 1.4%, P = 0.11) in the metformin vs. placebo groups but was lower in individuals
in both groups that lost more weight by the end of year 1 (metformin: 19.4 + 2.4% vs. 27.5 £
3.7%, for highest vs. lowest quartile of weight loss; placebo: 18.7 + 3.4% vs. 28.8 £ 2.6%). Over 3
years of follow-up in persons at high risk for development of diabetes, serum ALT was
consistently lower in those treated with metformin compared with placebo. This effect was
mediated by weight loss, indicating that the effects of metformin therapy on ALT is via its effects
on weight.

INTRODUCTION

Unexplained modest elevations in serum aminotransferase activities are common in the
general population, and the majority of these are thought to be due to nonalcoholic fatty
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liver disease (NAFLD). NAFLD is closely linked to higher body weight, BMI, waist
circumference, and the associated metabolic features such as elevated fasting insulin (FI)
and triglyceride concentrations and low- and high-density lipoprotein levels (1-3). NAFLD
varies considerably in severity. In some patients liver biopsy shows bland steatosis without
apparent injury; in others there is inflammation and hepatocyte necrosis that is referred to as
nonalcoholic steatohepatitis (NASH). NASH is also associated with hepatic fibrosis, which
can be progressive, leading to cirrhosis, end-stage liver disease, and hepatocellular
carcinoma (4). Currently, there is no definitive therapy for NAFLD. Although weight loss is
recommended (5), the effect of weight loss achieved through lifestyle changes on hepatic
histology remains unproven (6). Several small trials have suggested that insulin sensitizing
agents such as metformin and the thiazolidinediones can improve the biochemical and
histologic features of NASH (7-9).

The Diabetes Prevention Program (DPP) was a large, randomized clinical trial that
compared the effects of a rigorous program of diet and exercise with treatment with either
metformin or placebo in overweight or obese adults with elevated fasting glucose and
impaired glucose tolerance. The intensive lifestyle intervention reduced the risk of diabetes
by 58% whereas metformin therapy reduced the risk by 31% as compared with placebo
treatment (10). Metformin also had a modest impact on body weight and waist
circumference. Participants who received metformin or placebo (but not those in the lifestyle
arm) had routine measurements of alanine aminotransferase (ALT). The current analysis
focuses on the impact of metformin treatment on serum ALT concentrations and the effect
of changes in weight, fasting glucose, and FlI.

METHODS AND PROCEDURES
Brief description of DPP

Detailed methods for the DPP were previously described (11). The trial was conducted at 27
sites around the United States. Criteria for enrollment were age of at least 25 years, BMI of
>24 kg/m? (>22 kg/m?2 for Asian Americans), a fasting glucose of 5.27—-6.94 mmol/l (<6.94
mmol/l in the American Indian centers) and a 2 h glucose of 7.77-11.04 mmol/l aftera 2 h
glucose tolerance test. Participants were ineligible if they had a history of excessive alcohol
intake, defined as any one of the following: (i) average consumption of three or more
alcoholic beverages daily; (ii) consumption of seven or more alcoholic beverages within a
24-h period in the past 12 months; (iii) clinical assessment of alcohol dependence based on
two or more positive responses to the CAGE questionnaire; or on other evidence available to
the clinic staff. Participants were randomly assigned to lifestyle intervention, metformin
(850 mg twice daily) or placebo (twice daily) and treated for an average of 3.2 years
(maximum 4.5 years) until main study results were announced and treatments unmasked.
Because serum enzyme concentrations were measured only at baseline in the lifestyle group,
this analysis was restricted to the metformin and placebo groups only. The primary outcome
for participants in DPP was development of diabetes according to the 1997 American
Diabetes Association criteria (12). Participants underwent semiannual measurements of
fasting glucose and body weight. A 75 g oral glucose tolerance test was performed yearly,
along with measurements of FI concentration and hemoglobin A;.. Glucose concentrations
were performed enzymatically using the Hitachi 917. Insulin concentrations were measured
by a double antibody radioimmunoassay. Assessment of alcohol use at baseline was
obtained using the modified version of the Block food frequency questionnaire (13).
Compliance with study medication was recorded every 3 months, and use of other medicines
was recorded semiannually.
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Measurements of aminotransferase

Participants were excluded from DPP if they had markedly elevated ALT or aspartate
aminotransferase (AST) concentrations at baseline as defined by age and sex: for age <47
years, ALT >46 U/l for women and >118 U/I for men; for age >47 years, ALT >58 U/I for
both men and women; for AST >66 U/I per criteria established by the DPP central
laboratory. For safety reasons, serum AST and ALT values were measured at baseline, 3
months and then every 6 months using the Hitachi 917 chemistry autoanalyzer only in those
randomly assigned to the metformin or placebo groups. Follow-up ALT and AST were not
measured in the intensive lifestyle group. Both assays were evaluated for drift over the
course of the study. Mean AST concentrations increased in 1999 by ~4 U/l regardless of
study visit (baseline, 3, 6 months etc.) consistent with assay drift. A similar change in ALT
concentrations was not found. For these reasons, this analysis was limited to ALT.

Statistical analysis

Pearson correlations were calculated for baseline measurements of ALT. To approximate a
normal distribution, ALT levels were log transformed. Geometric means for ALT values
were calculated for each treatment group and compared by analysis of variance. Regression
models controlled for covariates and repeated measures were used to compare ALT levels
over the study period in the placebo and metformin groups with least square means tests.
This was repeated in a sub-group reporting no alcohol use at baseline. Models were
controlled for age, sex, time in study and then for repeated measures including fasting
plasma glucose (FPG), Fl, change in weight, medicine use, and compliance with study
medication. Because FI was measured only annually, the previous value was carried forward
for calculations at 6-month visits. Examinations were counted whether or not the participant
had developed diabetes. Those who missed examinations for any reason, including death or
withdrawal of consent, were included in the analysis until their last examination.

We computed incidence rates of development of abnormal ALT defined as concentrations
above the sex-specific cut points at the 95th percentile based on National Health and
Nutrition Examination Survey data. For men the 95% cut point for ALT was 46 U/I; for
women the cut point was 35 U/I. Cumulative incidence of development of elevated ALT
values were analyzed by quartiles of change in weight, FPG, and FI concentrations from
baseline to year 1. Each quartile was then divided by treatment group, so changes in weight,
FPG, or FI were similar between quartiles, although number of individuals by quartile
differed by treatment as expected given the effect of metformin (e.g., more individuals on
metformin lost weight compared to placebo). Log rank test was used to compare cumulative
incidence after 3 years over the quartiles. Cox proportional hazards regression was used to
examine the effects of changes in all variables at year one with development of abnormal
ALT.

RESULTS

Baseline measurements for the metformin and placebo groups are shown in (Table 1). There
were no significant differences between the two groups. Average serum ALT was 17 U/l and
levels were above the National Health and Nutrition Examination Survey 95 percentile, sex-
specific cut points in 7%. Correlations adjusted for sex between baseline ALT values and
other clinical and laboratory characteristics are shown in Table 2. Higher ALT levels were
associated with higher body weight, BMI, FPG, and insulin (all associations had an
estimated correlation coefficient r > 0.08, P < 0.001).
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Changes in ALT in placebo and metformin groups

Figure 1 displays the geometric mean values for ALT in the metformin- and placebo-treated
groups over the first 48 months of the study. ALT rose over the study period, largely during
the first 2 years. This increase was greater in the placebo than the metformin groups, with
the difference in mean ALT becoming manifest by 6 months. The geometric mean over the
entire time period was lower in the metformin group than in the placebo group (ALT 19.3 U/
l'vs. 20.1 U/l P = 0.004).

The differences in mean ALT values between the metformin and placebo groups remained
significant when controlled for the baseline characteristics correlated with ALT levels: age,
sex, weight, and FPG and insulin concentrations. However, adjustment for changes in
weight, fasting glucose, and FI during the study abolished these differences (Figure 2).
Additional adjustments at each visit for compliance with study medication, or use of statins
or niacin did not change the results (data not shown). In the subset of participants reporting
no alcohol use at baseline, ALT values over time remained significantly lower in the
metformin than the placebo group (geometric mean 19.6 U/l vs. 20.4 U/I, P <0.05), and
similar to the full cohort, this difference was diminished and not significant after adjustment
for fasting glucose and insulin concentrations and weight loss at each visit.

Cumulative incidence for development of abnormal ALT

Because changes in weight, glucose, and insulin explained ALT differences between the
metformin and placebo groups, and because the eligibility criteria for DPP excluded
individuals with elevated ALT concentrations or apparent alcohol abuse, we also examined
cumulative incidence of development of abnormal ALT. In individuals with baseline ALT
levels below the 95 percentile of sex-specific National Health and Nutrition Examination
Survey cutoff, cumulative incidence of abnormal ALT was examined by quartile of change
in weight, fasting glucose, and FI concentrations at year one (mean changes for each
variable by quartile for are shown in Table 3). The 3-year cumulative incidence of abnormal
ALT was not significantly different (21.4 + 1.4% and 24.6 £ 1.4% in the metformin and
placebo groups, P = 0.11). The 3-year cumulative incidence of abnormal ALT was lower in
those with greatest weight loss (quartile 1) compared with those who gained weight (quartile
4) over the study for both the placebo and metformin groups (18.7 + 3.4% vs. 28.8 = 2.6%
for placebo and 19.4 + 2.4% vs. 27.5 + 3.7%, for metformin) with a significant trend to
favor lower rates with greater weight loss across the quartiles in both groups (P < 0.05)
(Figure 3a). Individuals in the placebo group with the greatest decrease in FPG (quartile 1)
had significantly lower cumulative incidence of abnormal ALT than those whose glucose
increased (quartile 4) (19.2 + 3.1% vs. 31.5 £ 2.8%, P < 0.001). This was not the case,
however, in the metformin group (21.8 £ 2.6% vs. 24.0 + 3.6%, P = 0.5). For FI, the
difference (P = 0.009 for metformin; P = 0.08 for placebo) across the quartiles was driven
by the higher cumulative incidence in the quartile in which FI concentrations increased
(Figure 3c). In post hoc analysis between the quartiles, in the metformin group there were no
significant differences in the cumulative incidence between quartiles 1-3, but significant
differences between quartiles 1-3 compared separately with quartile 4 (all P < 0.05). The
same trend was seen in the placebo group.

When change in weight, FPG, and FI were entered in Cox proportional hazard regression
models along with treatment group assignment (metformin vs. placebo), only weight loss
significantly predicted a lower rate of development of abnormal ALT levels (hazard rate

ratio = 0.972; 95% confidence interval = (0.95-0.99).

To analyze further the effect of weight loss on ALT, change in ALT concentrations from
baseline to year 1 were plotted against quartile of weight change at year 1 for both placebo
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and metformin cohorts (Figure 4). ALT reduction was associated with weight loss regardless
of assignment to placebo or metformin group.

DISCUSSION

During the DPP, serum ALT concentrations were on average lower in individuals randomly
assigned to metformin than in those assigned to placebo, even after adjustment for baseline
covariates. However, after further adjustment for changes in weight, and FPG and insulin
concentrations, this difference was no longer apparent. Furthermore, in an analysis of ALT
concentrations during the course of the study, the rate of onset of abnormal ALT values was
lower with lower fasting glucose concentrations in the placebo group, and was lower in both
groups in individuals whose FI concentrations did not increase. However, there was a
consistent decline in the 4 year cumulative incidence of abnormal ALT levels with greater
weight loss in both the placebo and metformin groups. Furthermore, the proportional
hazards models with all covariates showed that only weight loss was a significant predictor
for development of abnormal ALT. Thus, weight loss appears to be the most effective means
to lower or prevent an increase in ALT.

Asymptomatic elevations in aminotransferase concentrations are common, particularly in
individuals with risk factors for diabetes including overweight or obesity, or elevations in
insulin and glucose levels (1,3,14). In patients with NAFLD, impaired insulin action and
central adiposity are common and the degree of insulin resistance and obesity correlate with
increased hepatic steatosis (15-17). Serum ALT levels are often used to screen for liver
disease, including nonalcoholic fatty liver and NASH. However, patients with normal ALT
levels can have fatty liver and the presence of ALT elevations does not reliably separate
patients with pure fatty liver from those with NASH with accompanying ongoing
inflammation and necrosis (18-20). These studies suggest that in an increased risk for
hepatic steatosis is present even in individuals at high risk for diabetes who have normal
serum aminotransferase levels, such as those enrolled in the DPP.

Individuals taking metformin had slightly lower ALT concentrations throughout the study
(Figure 1), which suggests that metformin may be beneficial in persons at high risk for
NAFLD. However, the main effect of metformin was mediated by changes in metabolic
variables such as decreased FI concentrations, presumably reflecting decreased insulin
resistance, and most consistently by weight loss. ALT was also lower among individuals in
the placebo group who lost weight. Figure 4 suggests that mean ALT concentration during
the study was more closely tied to weight than to metformin use.

Metformin also lowers aminotransferase levels and decreases liver fat content in both
murine models of NAFLD (21) and humans with NASH (8,22). However, many of the
published studies in humans to date did not avoid bias or minimize potential confounders by
employing randomization. Similar to one pilot study (23), our data suggest that metformin's
effect on aminotransferase levels occurs mainly via its effect on weight. Metformin does
produce modest weight loss (as was evident in the DPP) (10) likely by producing a mild
anorexia, thus decreasing food intake (24,25). Studies of weight loss in individuals with
NAFLD suggest that even modest weight loss can produce improvements in markers for
NAFLD, namely ALT and imaging markers of liver fat (26-28). Even individuals with
NASH by biopsy demonstrate histologic improvement with weight loss (29,30). The
findings within the DPP support these smaller studies suggesting that weight loss (either via
metformin or other behavioral interventions) can improve or prevent NAFLD.

The proportional hazards model indicated that weight loss was the most important factor in
preventing increased ALT. It should be acknowledged though that it is difficult to
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disentangle the separate effects of weight loss and changes in glucose and insulin
concentrations, as the latter two tend to decrease with weight loss. In analyzing these
variables separately, lower concentrations of FPG and insulin concentrations were also
associated with lower 4 year cumulative incidence of abnormal ALT values. However, the
effect of decreasing glucose levels on ALT was less pronounced in the metformin group,
and likely blunted by the known effect of metformin on FPG. On the other hand, the
cumulative incidence of abnormal ALT values was only higher in those whose FI increased
significantly (Figure 3c). That lowering of FI was not more effective in preventing abnormal
ALT was surprising, as pioglitazone, an insulin sensitizer, decreases ALT and improves
liver histology (7).

Our study has several limitations. First, ALT rose slightly over the study period (Figure 1),
but this did not account for the differences seen as study time was included as a covariate in
the analysis. In addition, unlike AST in our study, examination of the ALT assay by
calendar time did not demonstrate assay drift over the study. Over the study enroliment
period of ~3 years, baseline ALT concentrations fell slightly while the 3- and 6-month ALT
concentrations rose slightly. This suggests that the reason for the rise in mean ALT levels
during the first 2 years of the study was the restrictive eligibility requirements for ALT
values; the subsequent rise indicating a regression to the mean following study entry. These
restrictive entry criteria also limit the clinical conclusions that can be drawn in terms of
treatment of asymptomatic elevated ALT concentrations, as the differences seen in ALT,
although statistically significant and based on larger numbers of individuals than in any
other treatment study, were small. Subjects enrolled in the DPP were not routinely tested for
other causes of liver disease, such as hepatitis B or C or hemochromatosis. However, the
reported prevalences of these diseases are only 0.5-2% (31,32). Although the prevalence of
hemochromatosis might be different in the DPP study population, a small case—control study
which examined markers of body iron stores and development of diabetes found that ferritin
concentrations on average were not elevated and none approached those diagnostic for
hemochromatosis (33).The other possible confounder was alcohol use, which was
determined by self-report. Alcohol use was low in the DPP cohort because heavy drinkers
were excluded, and the level of intake (as measured by the Block food frequency
questionnaire) remained stable for the duration of the study. Individuals in both the
metformin and placebo groups were also strongly cautioned during the study to avoid
excessive alcohol intake. Furthermore, when the analysis was restricted to individuals who
reported no alcohol use at baseline, a group unlikely therefore to begin using alcohol, the
results for ALT were similar. It also must be acknowledged that we did not have histologic
or imaging data on these individuals. Hence our results using ALT as a surrogate should be
interpreted with caution.

In the DPP, metformin use was associated with a small improvement in ALT levels over
time. Weight loss appeared to be the dominant mediator of this effect, and the 4 year
cumulative incidence for development of abnormal ALT values was lowest in those who lost
the most weight. These results suggest that metformin's effect on liver function tests and
hepatic steatosis is mediated primarily via its effect on weight, and that treatments targeting
modest weight loss via drug or lifestyle treatment may have a beneficial effect on NAFLD.
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Figure 1.

Mean ALT concentrations over time in study. ALT presented as geometric means. Overall
difference in ALT values compared by treatment group using repeated-measures analysis of
variance.
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Figure 2.

Mean ALT over time in study, adjusted for covariates. Means over study time calculated
using repeated-measures regression models adjusted for baseline age, sex, weight, fasting
plasma glucose, and fasting insulin and time in study (model 1), with further adjustments for
change in weight, fasting plasma glucose and insulin concentrations at each visit (model 2).
Groups compared by least squared means test. Error bars represent standard errors.
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Figure 3.

Three-year cumulative incidence for development of abnormal ALT by quartile of (a)
change in weight, (b) change in fasting plasma glucose concentrations, (c) change in fasting
insulin concentrations. Bars represent standard errors. Includes individuals with normal ALT
at baseline (below 95% sex-specific National Health and Nutrition Examination Survey
cutoffs of 46 U/l for men and 35 U/I for women), incidence rates for development of
abnormal ALT were calculated by quartiles of change in weight, FPG, and fasting insulin
concentrations at year 1 for both placebo and metformin groups. The log rank test was used
to compare cumulative incidence over the quartiles.
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Figure 4.

Mean ALT concentration by quartile of change in weight over study. Quartiles by change in
weight by end of study, quartile 1 (lowest) representing those with most weight loss.
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Table 1

Baseline characteristics of Diabetes Prevention Program study participants: metformin vs. placebo groups

Metformin Placebo
N (male/female) 1,073 (363/710) 1,082 (335/747)
Age (years) 50.9 +10.3 50.3+10.4
BMI (kg/m?) 33.9+6.6 342+6.7
FPG (mmol/l) 5.91 +0.47 5.92 + 0.47
2hrPG (mmol/l) 9.16 £ 0.95 9.13+0.95

Fasting insulin (pmol/l) 187.5+119.4 185.4 +118.8

ALT(U/l)a 17 (12-26) 17 (12-25)

Data expressed as means * s.d. except where indicated.

ALT, alanine aminotransferase; FPG, fasting plasma glucose; 2hrPG, 2-hour plasma glucose.

aMedian (interquartile range).
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Correlations between ALT and baseline variables

ALT

Ageb

Weight
BMI

FPG
2hrPG

Fasting insulin

—0.14

*

0.08

*

0.10

0.09*
0.02

*

0.18

FPG, fasting plasma glucose; 2hrPG, 2-hour plasma glucose.

a . .
ALT log transformed to approximate normality.

bAdjusted for sex.

*
P <0.05.
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