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Introduction

 

Patients with Type 2 diabetes experience not only disturbances
of metabolism and microvascular and macrovascular organ

damage, but also hepatic abnormalities. Abnormal liver tests
are more commonly found in those with Type 2 diabetes than
in non-diabetic subjects [1,2] and, in some patients, more
severe liver disease in the form of non-alcoholic steatohepatitis
(NASH) can occur [3]. This disease in its most severe form can
lead to cirrhosis and ultimately hepatic failure [4]. Therefore,
it is important to define effects on liver function of drugs used
to treat Type 2 diabetes.
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Abstract

 

Aims

 

Patients with Type 2 diabetes are at increased risk of liver damage. There-
fore, it is of particular importance to investigate the hepatic effects of drugs used
to treat such patients.

 

Methods

 

Liver testing results performed in four 1-year, randomized, double-
blind studies comparing effects of pioglitazone, metformin or a sulphonylurea,
gliclazide, in the treatment of over 3700 patients with Type 2 diabetes have been
analysed.

 

Results

 

Pioglitazone caused reductions in mean levels of hepatic enzymes of
between 3 and 18%, whilst gliclazide caused small increases of between 3 and
13%. Metformin treatment showed either small mean increases or decreases.
More patients receiving pioglitazone had liver tests within the normal range at
the end of treatment (

 

≥

 

 87%) compared with patients receiving metformin
(

 

≥

 

 80%) or gliclazide (

 

≥

 

 75%). Slightly fewer patients with pioglitazone than
with comparators showed a large increase (> 3 upper limit of normal) in alanine
aminotransferase levels at any time during treatment (pioglitazone 0.9%,
metformin 1.9%, gliclazide 1.9%).

 

Conclusions

 

During pioglitazone treatment there is a reduction in liver enzyme
levels. Although the mechanism of this effect is not clear, the results demonstrate
potential beneficial effects on the liver during treatment of patients with Type 2
diabetes with pioglitazone.
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The thiazolidinediones (TZDs) act on the peroxisome pro-
liferator receptor gamma (PPAR

 

γ

 

) to reduce insulin resistance,
thereby improving both blood glucose and other metabolic
abnormalities seen in Type 2 diabetes. The first of this class of
drugs to be marketed, troglitazone, was found to produce rare,
but severe hepatotoxicity [5]. Retrospective review of liver test
data from placebo-controlled trials suggested potential hepa-
totoxicity since more patients treated with troglitazone than
with placebo showed large increases in alanine aminotrans-
ferase (ALT) > 3 upper limit of normal (ULN) [6]. A number
of alternative hypotheses have been suggested for the hepato-
toxicity of troglitazone, including the presence of a tocopherol
moiety in the side chain of the molecule. The newer TZDs,
pioglitazone and rosiglitazone, do not contain this moiety and
careful examination of liver testing results performed during
placebo-controlled trials showed no suggestion of hepatotox-
icity [7,8]. In addition, fatal hepatotoxic reactions of a similar
nature and frequency to those reported with troglitazone have
not been seen in postmarketing surveillance of either pioglita-
zone or rosiglitazone pharmacotherapy.

There are reports of overall improvement in liver function
tests during treatment with pioglitazone [8] and rosiglitazone
[6,7]. However, few studies have compared liver effects of
TZDs with the older oral glucose-lowering agents, biguanides
and sulphonylureas [6]. This paper describes such a comparison
by combining results from active-comparator trials recruiting
over 3700 patients treated with pioglitazone, metformin or
gliclazide [9–12].

 

Patients and methods

 

Liver tests [aspartate aminotransferase (AST), ALT, 

 

γ

 

-glutamyl
transferase (GGT), alkaline phosphatase and bilirubin] were
performed at a central laboratory every 2 months during the
course of four large European, double-blind, randomized trials
performed in patients with Type 2 diabetes, comparing effects of
pioglitazone, metformin and a sulphonylurea, gliclazide. Those
with Type 2 diabetes with HbA

 

1c

 

 

 

≥

 

 7.5–8.5% and 

 

≤

 

 11.0% were
included in the studies. Subjects with abnormal liver tests could
be recruited providing ALT levels were below 2.5 times ULN,
even if the results of other liver tests were abnormal. Two trials
compared effects of the agents used as monotherapy in patients
naïve to oral therapy [9,10] and two trials used the drugs as
combination therapy [11,12]. The latter trials added either
pioglitazone or metformin in those not adequately controlled
by a sulphonylurea or added pioglitazone or gliclazide in subjects
not adequately controlled by metformin. In all the trials, a forced-
titration for the first 12–16 weeks of treatment was used until
achievement of a maximum dose (pioglitazone 45 mg daily,
metformin 2550 mg daily and gliclazide 320 mg daily), depend-
ent on tolerability. The maximum dose was then maintained for
the 1-year duration of the trial.

Blood for liver tests was collected every 2 months and analysed
at a central laboratory. In the individual trials, changes from
baseline (using a last observation carried forward approach) for
individual liver tests were documented. These results were
combined and have been compared between treatments using a

parametric repeated measures analysis. In addition, the numbers
of patients with abnormal liver tests before and after treatment
and at any time during treatment with the three different ther-
apeutic interventions in the trials have been calculated. Correla-
tions of changes in liver test values with changes in HbA

 

1c

 

[analysed by a central laboratory (Covance Central Laboratory
Services SA, Geneva, Switzerland) using the VARIANT HbA

 

1c

 

programme, which has an intra-assay variability of 

 

≤

 

 2.1%],
fasting free fatty acids and estimated insulin sensitivity were
investigated. The latter were derived from fasting plasma glucose
and immunoreactive insulin levels using the homeostasis model
assessment for insulin sensitivity (HOMA-S) [13].

All patients gave written, informed consent to participate in
the studies and local Ethics Committee approval was obtained
for each site. The studies were conducted in accordance with the
Declaration of Helsinki and the requirements of Good Clinical
Practice of the European Community.

 

Results

 

Table 1 shows important demographic variables and baseline
liver values combining data from the different trials. The
patients were representative of those with Type 2 diabetes,
with an entry mean HbA

 

1c

 

 of 8.7%. About 5% had known
concomitant liver disease as recorded by investigators. Mean
values of liver tests were within the normal range at baseline
but between 2% and 24% of patients (dependent on the test)
had individual tests outside of ULN. Between 10 and 19%
were receiving concomitant lipid-lowering therapy at baseline,
and the percentages were comparable between treatments
within the individual studies.

Decreases in HbA

 

1c

 

 levels were similar with pioglitazone
and the comparator treatments in the different trials (Table 2).
Table 2 also shows the mean changes in liver tests from base-
line to last value for the four individual trials and Fig. 1 shows
the mean percentage changes for the three different treatments
when combining all trials. Mean liver enzyme values showed
consistent decreases with pioglitazone, whereas increases were
seen with gliclazide. Metformin treatment resulted in no change
in mean AST and ALT values and decreases in GGT and
alkaline phosphatase. Combining results from all trials
showed that the differences between changes with pioglita-
zone and gliclazide were statistically significant for each liver
test (

 

P <

 

 0.001) and between pioglitazone and metformin
for ALT, GGT and alkaline phosphatase (

 

P <

 

 0.05). Changes
between metformin and gliclazide were statistically significant
for ALT, GGT and alkaline phosphatase (

 

P <

 

 0.01). The maxi-
mal improvement in liver tests with pioglitazone occurred
at about 8 weeks, although decreases were already seen at
4 weeks. Changes were maintained thereafter (Fig. 2).

The changes in mean values were reflected in the numbers of
those with liver values within the normal range at the end of
treatment (Table 3). There was a large decrease from baseline
to end of treatment in the number with liver values above the
normal range with pioglitazone. Of 411 patients who had an
ALT above normal range at baseline, 314 had levels within the
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normal range at the end of treatment with pioglitazone.
Metformin treatment resulted in a similar, but less marked
decrease in abnormal liver tests, whereas with gliclazide there
was no substantial change. There were slightly more patients

treated with metformin or gliclazide than with pioglitazone
showing large increases in ALT (> 3

 

×

 

 ULN) at any time during
treatment (pioglitazone 0.9%, metformin 1.9%, gliclazide
1.9%), although differences were not statistically significant.

Table 1 Baseline characteristics and mean liver test values for pioglitazone and non-pioglitazone treatments
 

Demographics
Pioglitazone 
n = 1857

Non-pioglitazone 
n = 1856

Age, years (SD) 57 (9) 57 (9)
Male/female (%) 55/45 57/43
BMI, kg/m2 (SD) 31.4 (5.3) 31.1 (5.3)
Diabetes duration, years (SD) 4.2 (4.8) 4.1 (4.7)
HbA1c, % (SD) 8.7 (1.0) 8.7 (1.0)
Known liver disease, % 5.9 4.7

Metformin Gliclazide
Mean liver test values n = 917 n = 939

AST, U/l (SD) 25 (12) 25 (12) 25 (12)
ALT, U/l (SD) 32 (17) 32 (18) 32 (17)
GGT, U/l (SD) 58 (5) 51 (3) 60 (6)
Alkaline Phosphatase, U/l (SD) 70 (22) 68 (25) 80 (25)
Bilirubin, µmol/ l (SD) 9 (6) 10 (5) 10 (5)

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyl transferase; BMI, body mass index.

Table 2 Mean percentage changes (± SD) in HbA1c, free fatty acids, HOMA-S and liver tests from baseline to last value in individual trials
 

Monotherapy Combination therapy

Trial 1 Trial 2
Trial 3 
Add on to SU 

Trial 4 
Add-on to met 

Pio 
n = 597

Met 
n = 597

Pio 
n = 624

Glic 
n = 626

Pio 
n = 319

Met 
n = 320

Pio 
n = 317

Glic 
n = 313

HbA1c, % −1.41 −1.50 −1.43 −1.35 −1.20 −1.36 −0.99 −1.01
FFAs, mmol/l −0.12 −0.04 −0.13 −0.02 −0.06 −0.01 −0.12 −0.05
HOMA-S 12.9 5.2 15.7 −7.9 9.9 5.5 15.8 5.5
AST, U/l (SD) –1 (51) 0 (38) –6 (31) 5 (38) 4 (37) 0 (31) −10 (28) 0 (30)
ALT, U/l (SD) −14 (91) –2 (50) −21 (32) 9 (44) –9 (47) 0 (37) −21 (28) 10 (44)
GGT, U/l (SD) −12 (84) –8 (74) −24 (44) 9 (62) −13 (60) −10 (31) −21 (46) 5 (31)
Bilirubin, U/l (SD) 6 (53) 5 (37) –1 (37) 13 (42) 11 (73) 10 (38) 8 (42) 11 (46)
Alkaline phosphatase, µmol/l (SD) –9 (22) −11 (19) −12 (20) 3 (20) –9 (17) −14 (17) −10 (21) 3 (19)

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; FFAs, free fatty acids; GGT, γ-glutamyl transferase; HbA1c, glycosylated 
haemoglobin; HOMA-S, homeostatis model assessment for insulin sensitivity.

Table 3 Percentage of patients with liver values above upper limit of normal at baseline and last visit for treatment with pioglitazone, metformin or 
gliclazide
 

Pioglitazone n = 1857 Metformin n = 917 Gliclazide n = 939 

Baseline Last visit Baseline Last visit Baseline Last visit

AST, % 10.4 5.0 12.9 9.4 11.0 9.4
ALT, % 23.5 8.1 24.0 20.0 24.2 24.5
GGT, % 23.1 12.8 23.2 17.6 20.1 18.8
Bilirubin, % 3.0 2.8 2.3 2.7 3.3 2.9
Alkaline phosphatase, % 3.6 2.0 3.7 1.9 3.6 4.4

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyl transferase.
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The changes in ALT were investigated for correlations with
changes in other variables to identify possible mechanisms for
the effects of pioglitazone. There was a weak correlation for
change in ALT, with change in HbA

 

1c

 

 for both pioglitazone and
metformin, but no correlation for gliclazide. Changes in fasting
fatty acids, which were reduced to the greatest extent by
pioglitazone (Table 2), showed no correlation with changes in
ALT with any treatment. Equally, changes in insulin sensitivity
as measured using HOMA-S, which showed the greatest change
with pioglitazone (Table 2), were not correlated with changes
in ALT.

 

Discussion

 

The results of liver testing from a large number of individuals
with Type 2 diabetes confirm that those with Type 2 diabetes
have higher than expected values of liver tests, with more than
20% at baseline having ALT > ULN in all treatment groups,
although mean values for the groups as a whole were within
the normal range of a non-diabetic population [14]. Treatment
with pioglitazone caused decreases in mean values of liver
tests. Furthermore, a greater number of patients with pioglita-
zone than with metformin or gliclazide had liver tests within
the normal range at last study visit. Although treatment with
metformin had no effect on ALT and AST, it decreased GGT
and alkaline phosphatase to levels that were comparable to
those achieved by pioglitazone and were significantly lower
than those with gliclazide.

The liver safety of pioglitazone was supported by the finding
that a smaller number of patients treated with pioglitazone
than with comparators had individual large increases in ALT.
Previously reported placebo-controlled studies have drawn
similar conclusions [7,8]. The 45-mg pioglitazone dose used by

over 80% in the two monotherapy studies and over 60% in the
two combination studies reported here [9–12] was, however,
higher than that used by subjects in the majority of earlier
studies and gives additional reassurance concerning the overall
liver safety of the drug.

The results with pioglitazone concur with data for rosiglita-
zone. Analyses of data from a prospective database comprising
13 double-blind and two active comparator-controlled trials
comparing ALT values in over 5000 patients with Type 2
diabetes treated with either rosiglitazone, placebo, metformin
or a sulphonylurea showed that rosiglitazone monotherapy
decreased serum ALT by a mean of 5 U/l [6]. In addition, the
prevalence of serum ALT levels > 3

 

×

 

 ULN was low and similar
to the other treatments (< 0.5%). Furthermore, an extensive,
comparative review of clinical trials and postmarketing reports
on the hepatic effects of TZDs concluded that the hepatotox-
icity that led to the withdrawal of troglitazone from the market
is not a class effect and is probably related to specific properties
of the molecule and not the TZD structure [15].

The mechanism for the effects of pioglitazone is unclear.
Reductions of liver enzymes occurred relatively early in the
treatment, before maximum effects on glucose levels were
seen, and therefore effects on other metabolic variables could
be involved. The studies showed that decreases in free fatty
acids produced by pioglitazone and not by other antihypergly-
caemic agents occur with a similar time course as decreases in
liver enzymes. This could result in a reduction of hepatic fat
[16] and lead to improvement of enzymes. However, there was
no correlation between the extent of change in fatty acids and
extent of decrease of liver enzymes, making this direct effect
unlikely. Since insulin resistance in itself is proposed to lead to
fatty changes in the liver [4], a correlation between improve-
ment in insulin sensitivity and reduction in liver enzymes might
have been expected. This was not the case in these studies.
However, insulin sensitivity was calculated using HOMA-S
[13], which is an indirect method, and may not be sensitive or
specific enough for use in such investigations. Measurement of
insulin sensitivity by more precise means (e.g. the euglycaemic
clamp) may have produced a different result.

Figure 1 Mean percentage changes (± SEM) in liver tests [alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyl 
transferase (GGT), bilirubin and alkaline phosphatase] from baseline to 
last value for pioglitazone, metformin and gliclazide when combining all 
trials. �, Pioglitazone; hatched, metformin; �, gliclazide. *P < 0.001 for 
pioglitazone vs. gliclazide; ‡P < 0.05 for pioglitazone vs. metformin; 
†P < 0.01 for metformin vs. gliclazide.

Figure 2 Mean change (± SEM) over time in alanine aminotransferase 
(ALT) with treatment with pioglitazone, metformin, and gliclazide. �, 
Pioglitazone; �, metformin; �, gliclazide.
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Alternatively, other effects of pioglitazone may play a role.
Patients with diabetes have increased levels of lipid peroxidation
products [17] and it has been shown that pioglitazone reduces
levels of these products in the liver of the alloxan-induced
diabetic rabbit [18]. The various anti-inflammatory effects of
pioglitazone, recently reviewed [19], may also be important.
Pioglitazone has been shown to prevent ethanol-induced liver
injury in animals by such an anti-inflammatory mechanism [20].

A common pathway for the effects of pioglitazone on the
liver may be its ability to increase adiponectin levels [21]. This
molecule has been shown to reduce alcoholic and non-alcoholic
fatty liver disease in mice by suppression of liver production of
the inflammatory cytokine, tumour necrosis factor, and effects
on hepatic lipogenesis and fatty acid oxidation [22]. In humans,
adiponectin levels have been demonstrated to be negatively
correlated with liver enzyme levels, independent of insulin
resistance [23]. In addition, increases in adiponectin seen during
treatment of patients with Type 2 diabetes with pioglitazone are
correlated with decreases of hepatic fat content [24]. Unfor-
tunately, adiponectin and inflammatory markers were not
measured in our studies to explore these hypotheses further.

Although the effects of pioglitazone treatment to reduce
liver enzyme levels are clear, the long-term role of the TZDs to
prevent or to treat steatohepatitis of Type 2 diabetes has not
been demonstrated in controlled trials. However, two un-
controlled 48-week studies in small numbers of patients with
NASH demonstrated improved hepatic histology using TZDs
[25,26]. Following treatment with 4 mg/day rosiglitazone, 10
of the patients who entered the first study (45%) no longer
fulfilled the accepted criteria for NASH [25]. In the second
study, 18 patients with NASH were treated with 30 mg/day
pioglitazone [26]. By week 48, there was a significant improve-
ment in histological features of NASH (steatosis, cell injury,
parenchymal inflammation, Mallory bodies and fibrosis).
Twelve (67%) of patients met the predetermined endpoint of
histological improvement and 13 (72%) achieved normal serum
ALT levels. A study with troglitazone failed to demonstrate
such an effect [27].

The results from the present studies in a large population
with Type 2 diabetes support the hepatic safety of pioglitazone
during treatment and show that, compared with other oral
agents, decreased levels of liver tests can be expected. These
results would support the further investigation of use of TZDs
to improve long-term hepatic outcome of those with Type 2
diabetes.
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