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Medication combinations that improve the efficacy of thiazolidinediones or ameliorate
weight-gain side effects of therapy represent an attractive potential treatment for (NASH).
The aim of this randomized, open-label trial was to assess the efficacy of rosiglitazone and
metformin in combination versus rosiglitazone and losartan, compared to rosiglitazone
alone, after 48 weeks of therapy. A total of 137 subjects with biopsy-proven NASH were
enrolled and randomly assigned to receive either 4 mg twice-daily of rosiglitazone, 4 mg of
rosiglitazone and 500 mg of metformin twice-daily, or 4 mg of rosiglitazone twice-daily
and 50 mg of losartan once-daily for 48 weeks. Patients were screened for other etiologies
of chronic liver disease, including daily alcohol intake in excess of 20 g. Repeat liver biopsy
was performed after 48 weeks of therapy and reviewed in a blinded fashion by a single
expert hepatopathologist. The primary aim of the study was to assess for differences
between treatment groups in the improvement of steatosis, hepatocellular inflammation,
and fibrosis. In total, 108 subjects completed the trial. Primary outcome revealed no sig-
nificant difference between treatment groups in all histologic parameters (steatosis, P 5
0.137; hepatocellular inflammation, P 5 0.320; fibrosis, P 5 0.229). Overall improve-
ment in steatosis, hepatocellular inflammation, ballooning degeneration, and fibrosis was
observed (P � 0.001). Serum aminotransferases were reduced in all three groups (P <
0.001 within treatment, P > 0.05 between groups). Metformin did not significantly miti-
gate weight gain (P 5 0.051). Conclusions: Forty-eight weeks of combination therapy with
rosiglitazone and metformin or rosiglitazone and losartan confers no greater benefit than
rosiglitazone alone with respect to histopathology. (HEPATOLOGY 2011;54:1631-1639)
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N
onalcoholic fatty liver disease (NAFLD) and
its most clinically relevant subset, those with
nonalcoholic steatohepatitis (NASH), are a

growing health concern throughout the world. The

clinical importance of NAFLD is well established and
extends beyond primary liver disease to include higher
rates of cardiovascular and other metabolic complica-
tions and increased overall mortality.1-4

The ideal treatment for NASH has yet to be deter-
mined. Obesity and insulin resistance are inextricably
linked to NASH, and, therefore, therapies directed at
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weight reduction and improved insulin sensitivity have
been investigated. Lifestyle modification is currently the
initial recommendation, but short of recommending diets
void of processed sugars and saturated fat,5,6 the ideal
diet is not known. Recently, cross-sectional, self-reported
data from a large cohort of well-defined NAFLD patients
demonstrated that only vigorous exercise (�75 minutes/
week) was associated with a decreased likelihood of hav-
ing NASH.7 Lifestyle modification may be limited in its
clinical utility, because patients often cannot maintain ei-
ther dietary changes or exercise habits.
Pharmacotherapy is widely accepted for many chronic

medical conditions, and agents that improve hepatic his-
tology would be quite useful. The thiazolinedione (TZD)
class of insulin sensitizers have shown variable efficacy in
NASH, but are limited by side effects, such as weight gain
and, possibly, osteopenia and cardiovascular disease.8-11

Although data suggest that up to 47% of patients resolve
NASH with pioglitazone, improvement in hepatic fibrosis
has shown modest, if any, improvement with TZD ther-
apy.8-11 In three previous studies with pioglitazone, fibro-
sis improvement was observed in 29%-46% of patients,
but was not significantly different than placebo.8-10 In a
previous study with rosiglitazone, 16% of patients showed
improved fibrosis and only 3% worsened, compared with
16% and 19%, respectively, for placebo.11

Given the modest effects of TZDs on NASH reso-
lution and fibrosis regression, studies aimed at combi-
nation therapies that synergistically improve insulin re-
sistance seemed laudable. Two medications thought to
be good candidates for combination included the bi-
guanide, metformin, and the angiotensin receptor
blocker (ARB) class of drugs. In addition to the posi-
tive benefit of modest weight loss with metformin,
data suggest an improvement in serum aminotransfer-
ases when used as monotherapy in NASH patients.
Unfortunately, metformin has not been shown to sig-
nificantly improve hepatic histology as monotherapy in
the treatment of NASH.12,13 ARBs were developed as
antihypertensive medications that now have utility in a
variety of diseases, including heart failure and chronic
kidney disease. This versatile therapeutic drug class
may also have utility in NASH, because early evidence
suggests that they may improve insulin resistance14,15

and hepatic fibrosis.16

Subsequently, this study was designed to compare
the therapeutic efficacy of three treatment regimens in
biopsy-proven NASH patients: rosiglitazone alone,
rosiglitazone plus metformin, and rosiglitazone plus
losartan.

Patients and Methods

Patients were recruited for this randomized, open-
labeled, prospective, clinical trial from March 2007
to March 2010 from the outpatient Hepatology and
Gastroenterology Clinics at Brooke Army Medical
Center (BAMC; San Antonio, TX). The protocol was
approved by the BAMC Institutional Review Board,
and all subjects gave written informed consent. The
study was investigator-initiated, and no funding was
received.
Subjects. Patients 18-70 years of age with biopsy-

proven NASH were enrolled. NASH was confirmed
on liver biopsy by the presence of steatosis, hepatocel-
lular inflammation, and hepatocyte ballooning degen-
eration, with or without fibrosis, utilizing the Brunt
criteria.17 Liver biopsy must have been within the 6
months before enrollment, or else a repeat-baseline
liver biopsy was required to be eligible for
enrollment.
Exclusion criteria included the following: patients

with New York Heart Association class 3 or 4 heart
failure, insulin-requiring diabetics, patients with a his-
tory of TZD, metformin, or ARB use in the 3 months
before enrollment, alcohol consumption >20 g/day in
a female and >30 g/day in a male, serum creatinine
on initial screening of greater than 1.4, known hyper-
sensitivity to a study drug, known history of diabetic
ketoacidosis, and pregnant or breast-feeding females.
Patients were also excluded if there was evidence of co-
existent chronic liver disease to include viral hepatitis,
Wilson’s disease, autoimmune hepatitis, hemochroma-
tosis, primary biliary cirrhosis, or primary sclerosing
cholangitis.
Design. Eligible patients were randomly assigned

using a computer-generated, random-sequence grid
maintained by the principal investigator to one of
three treatment arms: rosiglitazone 4 mg by mouth
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twice-daily, rosiglitazone 4 mg and metformin 500 mg
by mouth twice-daily, or rosiglitazone 4 mg twice-daily
and losartan 50 mg daily (Fig. 1). All medication doses
were selected based on the usual starting does of these
medications. All patients were counseled on reducing
caloric intake and increasing physical activity as part of
standard-of-care therapy for NASH patients. Alcohol
use greater than 20 g/day in females and 30 g/day in
females was assessed by direct questioning on the
screening physical exam. Patients were counseled to
limit their alcohol use to 1-2 drinks per week during
the course of the study ,and this was reviewed during
follow-up visits. Demographic data collected at screen-
ing included age, sex, and race. Weight, height, and
vital signs were collected at screening and at end of
the study. Body mass index (BMI) was calculated by
weight in kilograms divided by the square of the
height in meters. Blood pressure was recorded at the
screening visit. Subjects enrolled in the rosiglitazone
and losartan arm had a repeat blood-pressure check at
1 week into the protocol to evaluate for hypotension.
Laboratory data were collected at 0, 24, and 48

weeks, consisting of fasting insulin level, fasting lipid
panel, fasting glucose, hemoglobin A1c, C-reactive
protein, basic metabolic panel, and liver function
panel. The homeostasis model assessment for insulin
resistance (HOMA-IR) was used to calculate insulin
resistance, according to the following formula: (milli-
grams of glucose per deciliter � microunits of insulin
per milliliter) � 406. In addition, a comprehensive
metabolic panel was checked at 4, 16, and 36 weeks
to monitor serum aminotransferase levels.
An additional 5-mL serum aliquot was collected at

weeks 0 and 48 and frozen for future analysis.

Patients were questioned regarding adverse events at
every telephone encounter relaying laboratory results
and at the time of requests for study-drug refills.
After 48 weeks of treatment, a repeat liver biopsy

was performed to assess for improvement in histopa-
thology. All liver biopsies were reviewed by a single
expert pathologist in a blinded fashion. Liver biopsies
were performed using a 14-gauge BARDVR trucut nee-
dle with an average pre- and post-tissue length of 1.5
cm. Histopathologic parameters evaluated included the
presence and degree of steatosis, hepatocellular inflam-
mation, hepatocyte ballooning degeneration, Mallory-
Denk bodies, and pericellular or other fibrosis. Hepa-
tocellular inflammation and ballooning in the setting
of steatosis were required to make the diagnosis of
NASH. Steatosis with fibrosis alone or steatosis with
inflammation alone did not qualify as NASH. Liver
biopsies also were scored using the Nonalcoholic Fatty
Liver Disease Activity Score (NAS), which assesses ste-
atosis, inflammation, and ballooning degeneration with
Mallory-Denk bodies.18 Steatosis was graded as 0
for <5%, 1 for 5%-33%, 2 for 33%-66%, and 3 for
>66% steatosis. Inflammation was graded as 0
for none, 1 for <2 foci per 20� field, 2 for 2-4 foci
per 20� field, and 3 for >4 foci per 20� field. Hepa-
tocellular ballooning degeneration was graded as 0 for
none, 1 for mild/few, and 2 for moderate-marked/
many. Fibrosis was staged as the following: stage 1 for
zone 3 perivenular, perisinusoidal/pericellular fibrosis,
focal or extensive; stage 2 for stage 1 disease with focal
or extensive periportal fibrosis; stage 3 for bridging
fibrosis, focal or extensive; and stage 4 for cirrhosis.
Primary and Secondary Outcomes. The primary

outcome was a difference in the improvement of

Fig. 1. Study design. Eligible patients were randomly assigned to one of three treatment arms: rosiglitazone 4 mg by mouth twice-daily, rosigli-
tazone 4 mg and metformin 500 mg by mouth twice-daily, or rosiglitazone 4 mg twice-daily and losartan 50 mg daily. Laboratory data were col-
lected at 0, 24, and 48 weeks, consisting of fasting insulin level, fasting lipid panel, fasting glucose, hemoglobin A1c, C-reactive protein, basic
metabolic panel, and liver function panel. A comprehensive metabolic panel was checked at 4, 16, and 36 weeks to monitor serum aminotrans-
ferase levels.
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steatosis, hepatocellular inflammation, or fibrosis
between treatment groups. A minimum 1-point
improvement in each quartiled graded parameter was
required to meet the primary end-point. Secondary
outcomes included overall changes in steatosis, hepato-
cellular inflammation, hepatocyte ballooning degenera-
tion, fibrosis, NAS, insulin, and alanine aminotransfer-
ase (ALT), as all three groups received rosiglitazone
therapy. Changes in weight, other metabolic parame-
ters, and other liver enzymes were additional secondary
end-points.
Statistical Analysis. The primary analysis was a

per-protocol analysis. Comparisons for primary and
secondary outcomes were made using a two-factor
analysis of variance (treatment, time), with repeated
measures on one factor (time). Correlations were
determined by linear regression analysis with back-
ward elimination. Sample size was derived using a
look-up table, based on employing the methods of
Kraemer and Thiemann (1988), to obtain an initial
sample size. The sample size was adjusted with 1,000
iterations of a Monte Carlo simulation until the
power was between 80% and 85%, with a level of
confidence of 95%. With 45 subjects per group, an
0.8 standard deviation would be detected between
groups. An additional 5 patients were added to allow
for dropouts.

Results

Study Subjects. In the fall of 2010, the U.S. Food
and Drug Administration (FDA) restricted rosiglitazone

to type II diabetics, prematurely halting the study at
137 patients enrolled. Of the 135 subjects that under-
went randomization, 41 were assigned to receive rosi-
glitazone alone, 49 were assigned to receive rosiglita-
zone and metformin, and 45 were assigned to receive
rosiglitazone and losartan (Fig. 2). Baseline characteris-
tics were well matched between groups with respect to
age, percent of diabetic subjects, gender, race, bio-
chemical markers, metabolic factors, and histologic
findings (Table 1). The difference in baseline NAS was
significantly different (P ¼ 0.014), with rosiglitazone
alone having a higher baseline NAS, compared to the
other two study groups. After a planned blinded, inde-
pendent expert pathologist review at the completion of
the study, 19 subjects were excluded based on the
absence of stringent criteria for the diagnosis of NASH
on their initial liver biopsy: 5 subjects (6%) in the
rosiglitazone-alone arm, 9 subjects (19%) in the rosi-
glitazone and metformin arm, and 5 subjects (5%) in
the rosiglitazone and losartan arm.
Primary Outcome. A total 108 subjects underwent

an end-of-treatment liver biopsy. There was no statisti-
cally significant difference between rosiglitazone,
rosiglitazone and metformin, and rosiglitazone and los-
artan with respect to improvement in steatosis (25%,
28%, and 25%; P ¼ 0.137), hepatocellular inflamma-
tion (27%, 10.2%, and 19%; P ¼ 0.320), or fibrosis
(48%, 30%, and 18%; P ¼ 0.229). When data were
reanalyzed, eliminating the 19 patients without NASH
at baseline, no differences, with respect to steatosis, he-
patocellular inflammation, or fibrosis, were found
between groups (Table 2).

Fig. 2. Study-subject flow diagram
for screening and randomization.
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Secondary Outcomes: Histologic Features. When
the 89 patients with NASH on initial liver biopsy
were analyzed for within-group comparisons, signifi-
cant improvement was noted for steatosis, necroinflam-
mation, ballooning degeneration, and fibrosis (P �
0.001) (Table 2). Improvement in fibrosis mildly
correlated with low baseline values for steatosis (rho ¼
�0.449), glucose (rho ¼ �0.341), HOMA-IR (rho ¼
�0.325), hemoglobin A1c (rho ¼ �0.352), and
triglycerides (rho ¼ �0.315).
The NAS also improved significantly within all

treatment arms. Good correlation (rho ¼ 0.621) of
the initial NAS with the change in NAS was noted. In
general, the higher the initial NAS, the greater the
change in NAS tended to be.

NASH resolution was seen in 36% of all patients,
ranging from 29% in the rosiglitazone and losartan
arm to 46% in the rosiglitazone alone arm. NASH
resolution did not correlate with change in ALT level
(rho ¼ 0.042) nor HOMA-IR (rho ¼ 0.140).
Clinical and Biochemical Parameters. Change in

weight over the 48 weeks of therapy approached statis-
tical significance between groups (P ¼ 0.051). Both
rosiglitazone only and rosiglitazone and losartan arms
had a mean increase in weight (0.9 and 3.7 kg),
whereas the rosiglitazone and metformin arm had a
mean decrease in weight (�1.2 kg) (Fig. 3). BMI
within groups showed significant difference with
respect to time (P ¼ 0.018). The rosiglitazone and los-
artan group was found to have a significant increase in

Table 1. Baseline Characteristics of the Study Subjects*

Characteristic Rosiglitazone (n 5 31) Rosiglitazone and Metformin (n 5 37) Rosiglitazone and Losartan (n 5 40) P Value

Demographic factors

Age (yrs) 47.6 (6 9.0) 49.7 (6 10.4) 50.6 (6 10.6) 0.454

Diabetics (HgA1c �6.5) (%) 13 16 20 0.726

Gender (male) (%) 65 51 75 0.097

Race or ethnic group (%)† 0.283

Caucasian 65 76 55

African American 0 5 5

Hispanic 32 19 18

Other 3 0 8

Serum biochemical levels

Alanine aminotransferase (U/L) 89.5 (6 51.6) 73.8 (6 64.1) 94.5 (6 76.0) 0.366

Aspartate aminotransferase (U/L) 54.7 (6 24.2) 52.0 (6 37.1) 60.1 (6 51.6) 0.671

Alkaline phosphatase (U/L) 92.1 (6 32.6) 96.1 (6 30.3) 86.9 (6 19.0) 0.335

C-reactive protein (mg/dL) 0.8 (6 1.0) 0.7 (6 0.6) 0.7 (6 0.6) 0.711

Lipids

Triglycerides (mg/dL) 237.3 (6 264.9) 181.7 (6 98.7) 173.3 (6 106.8) 0.236

Total cholesterol (mg/dL) 214.8 (6 56.4) 208.5 (6 41.6) 201.2 (6 42.0) 0.474

Low-density lipoprotein (mg/dL) 133.8 (6 35.7) 127.2 (6 32.4) 126.7 (6 37.8) 0.659

Metabolic factors

Weight (kg) 98.0 (6 18.9) 94.7 (6 20.9) 98.8 (6 23.2) 0.676

Body mass index (kg/m2)‡ 33.6 (6 4.1) 33.1 (6 6.4) 32.9 (6 5.9) 0.865

Fasting serum glucose (mg/dL) 100.5 (6 16.0) 106.7 (6 33.6) 103.6 (6 24.3) 0.625

Insulin (lIU/mL) 23.2 (6 15.8) 24.7 (6 19.3) 25.4 (6 12.8) 0.854

HgA1c (%) 5.8 (6 0.5) 5.9 (6 0.9) 6.0 (6 0.7) 0.317

Insulin resistance§ 5.7 (6 4.5) 6.5 (6 5.4) 6.7 (6 4.2) 0.658

Liver histologic findings

NAFLD activity score (NAS)k 5.1 (6 1.4) 4.1 (6 1.6) 4.9 (6 1.2) 0.014

Steatosis 3.1 (6 0.9) 2.7 (6 0.9) 2.9 (6 0.8) 0.192

Lobular inflammation 1.6 (6 0.8) 1.3 (6 0.8) 1.6 (6 0.6) 0.129

Ballooning 1.2 (6 0.5) 1.0 (6 0.6) 1.2 (6 0.5) 0.141

Fibrosis stage¶ 1.4 (6 1.0) 1.2 (6 0.9) 1.5 (6 1.0) 0.460

Absence of ballooning on central review 6% 19% 5% 0.229

*Plus-minus values are means 6 standard deviation. To convert the values for triglycerides to millimoles per liter, multiply by 0.01129. To convert the values for

cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for glucose to millimoles per liter, multiply by 0.05551.

†Race or ethnic group was self-reported.

‡Body mass index is the weight in kilograms divided by the square of the height in meters.

§The homeostasis model assessment for insulin resistance (HOMA-IR) was used to calculate insulin resistance, according to the following formula: (milligrams of

glucose per deciliter � microunits of insulin per milliliter) � 405. Higher numbers indicate greater insulin resistance.
kTotal nonalcoholic fatty liver disease (NAFLD) activity score (NAS) was assessed on a scale of 0-8, with higher scores indicating more severe disease; the com-

ponents of this measure include steatosis (assessed on a scale of 0-3), lobular inflammation (assessed on a scale of 0-3), and hepatocellular ballooning

(assessed on a scale of 0-2).

¶Fibrosis was assessed on a scale of 0-4, with higher scores indicating more severe fibrosis.
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BMI (P ¼ 0.001, P � 0.0167; significant with Bon-
feronni’s correction).
Significant improvement in glucose, insulin, and

HOMA-IR (P � 0.001) (Table 3) was observed in all
three groups. The addition of metformin did not
improve fasting glucose, insulin, HOMA-IR, aspartate
aminotransferase (AST), or ALT more than the other
two arms (P � 0.05). Mean AST and ALT levels
among all subjects significantly improved over the 48
weeks of therapy (P � 0.001) (Fig. 3).
Diabetics. Overall, 18 of the 108 subjects had dia-

betes, as noted by a hemoglobin A1c of �6.5 at time
of enrollment, and were equally distributed in each
arm (13% versus 16% versus 20%; P ¼ 0.726). Dia-
betic subjects had a higher initial mean NAS, com-
pared to nondiabetic subjects (5.75, 5.67, and 5.25
versus 5.0, 3.84, and 4.51). NAS significantly
improved in diabetic subjects, compared to nondia-
betic subjects (P ¼ 0.046), with respect to treatment
and time, but this appeared to be largely the result of
improvement in steatosis (P ¼ 0.006). No difference
in NASH resolution was seen.
Adverse Events. Twenty-seven subjects did not com-

plete the study. Ten patients were lost to follow-up.
Two patients decided not to participate. Two patients

separated from the armed services during the study
and were no longer eligible for medical care. One
patient declined a second liver biopsy. Twelve patients
withdrew with the recommendation from their physi-
cian, 1 each for the following reasons: diarrhea, head-
ache, nausea, fatigue, emotional liability, terminal pros-
tate cancer, orthopedic injuries, hysterectomy,
noncardiac chest pain, IgA nephropathy, lightheaded-
ness, and weight gain.

Discussion

Insulin resistance is thought to be a key component
in the pathogenesis of NASH. Consistent with this,
across all treatment arms, patients treated with rosigli-
tazone improved their insulin sensitivity, reduced their
serum aminotransferases, and showed benefits in he-
patic histology. Histopathologic evidence of NASH
resolved in 36% of cases, comparable to previous stud-
ies with pioglitazone.8,10 Additionally, improvement in
the NAS (71%-77%) was similar to our previous study
with pioglitazone10 and better than an earlier study
done with rosiglitazone.11

Histopathologic improvements in some patients
were observed, but universal improvement is lacking.

Table 2. Changes in Histopathology After 48 Weeks of Treatment

Variable Rosiglitazone

Rosiglitazone

and Metformin

Rosiglitazone

and Losartan

P Value* Between

Groups P Value Overall

Number of subjects 26 28 35

Changes from baseline in histologic features†

Steatosis

Subjects with improvement (%) 62 82 71

Mean change in score �0.85 �0.82 �0.74 0.905 <0.001

Lobular inflammation

Subjects with improvement (%) 46 39 34

Mean change in score �0.58 �0.32 �0.34 0.46 <0.001

Hepatocyte ballooning degeneration

Subjects with improvement (%) 42 39 34

Mean change in score �0.35 �0.18 �0.32 0.692 0.001

Fibrosis‡

Subjects with improvement (%) 50 59 37

Mean change in score �0.7 �0.59 �0.32 0.302 <0.001

NAFLD activity score§

Subjects with improvement (%) 77 71 71

Mean change in score �1.77 �1.32 �1.37 0.671 <0.001

Resolution of definite NASH 46 36 29

(% of subjects)

*P values were calculated with the use of the two-factor analysis of variance (treatment, time) with repeated measures on one factor (time). There was no differ-

ence between groups for the primary outcome; however, study subjects receiving rosiglitazone statistically improved histologically overall.

†Listed percent subjects with improvement for each histologic feature of the liver required improvement by 1 or more points.

‡Fibrosis was assessed on a scale of 0-4, with higher scores indicating more severe fibrosis.

§Total nonalcoholic fatty liver disease (NAFLD) activity was assessed on a scale of 0-8, with higher scores indicating more severe disease; the components of

this measure include steatosis (assessed on a scale of 0-3), lobular inflammation (assessed on a scale of 0-3), and hepatocellular ballooning (assessed on a

scale of 0-2).

Abbreviation: NASH, nonalcoholic steatohepatitis.
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Explanations for why more patients do not improve
their histology or resolve NASH with TZD therapy
are eagerly sought. The pathogenesis of NASH is likely
much more complicated and multifaceted than what
can be overcome with insulin-sensitizer therapy alone.
Evidence from the PIVENS trial suggests a benefit
from vitamin E, implying that oxidative stress may
play more of a significant role in the pathogenesis of
NASH than previously thought. Both environmental
and genetic influences are also likely involved. For
example, it has recently been shown that daily fructose
consumption in middle-aged adults is associated with

increased inflammation and ballooning degeneration,
two histopathologic components that comprise the
NAS and are required for the diagnosis of NASH.19

Improvement in these variables with TZD therapy
may have been abrogated in the setting of ongoing
fructose ingestion that was not accounted for in this
trial. Furthermore, genetic influences, in the form of
single-nucleotide polymorphisms (SNPs), have recently
been linked to hepatic steatosis and disease severity.20-23

It is unknown whether these SNPs, or others yet un-
identified, may impair histopathologic response to
TZD therapy.

Fig. 3. Mean changes over time in aminotransferase levels, insulin resistance, and weight, according to study group. Mean values are shown
for alanine aminotransferases levels (A), aspartate aminotransferases levels (B), insulin resistance (C), and weight (D) among the 31 subjects in
the rosiglitazone group, 37 subjects in the rosiglitazone and metformin group, and 40 subjects in the rosiglitazone and losartan group. All avail-
able data were included in the calculation of means; data were missing for less than 10% of subjects. Insulin resistance was calculated accord-
ing to the homeostasis model assessment, with the use of the following formula: (milligrams of glucose per deciliter x microunits of insulin per
milliliter) � 405.

Table 3. Means and Changes in Means in Serum Biochemical Levels and Metabolic Factors*

Variable Rosiglitazone (n 5 31) Rosiglitazone and Metformin (n 5 37) Rosiglitazone and Losartan (n 5 40) P Valuey Overall

Serum biochemical levels

Alanine aminotransferase (D)‡ 49.9 (�39.6) 38.8 (�35.0) 45.8 (�48.7) <0.001

Aspartate aminotransferase (D) 37.2 (�17.4) 32.1 (�19.9) 38.4 (�21.7) <0.001

Alkaline phosphatase (D) 66.8 (�25.3) 66.0 (�30.1) 66.0 (�20.9) <0.001

Metabolic factors

Weight kg (D) 98.9 (0.9) 93.5 (�1.2) 100.9 (3.7) 0.269

Body mass index§ 33.9 (0.3) 33.0 (�0.1) 33.7 (0.8) 0.018

Fasting serum glucose (D) 93.5 (�7.0) 96.8 (�7.9) 93.4 (�10.2) <0.001

Insulin (D) 14.5 (�8.7) 13.0 (�11.7) 19.1 (�6.3) <0.001

Insulin resistance (D)k 3.4 (�2.3) 3.2 (�3.4) 4.5 (�2.2) <0.001

**All available data were included in the calculation of means; data were missing for less than 10% of subjects.

†P values were calculated with the use of the two-factor analysis of variance (treatment, time) with repeated measures on one factor (time) (within-group com-

parison). There was no difference between groups.

‡D is the change in mean baseline and mean end-of-study value.

§The body mass index is the weight in kilograms divided by the square of the height in meters.
kThe homeostasis model assessment for insulin resistance (HOMA-IR) was used to calculate insulin resistance, according to the following formula: (milligrams of

glucose per deciliter x microunits of insulin per milliliter) � 405. Higher numbers indicate greater insulin resistance.
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Unfortunately, our study did not show a benefit
with the addition of metformin or losartan to rosiglita-
zone and leads to the conclusion that adjuvant thera-
pies are thus ineffective. However, it is possible that
the dose and/or type of concomitant study medication,
and/or length of therapy, may have been incorrect.
Metformin, though mitigating weight gain when
added to rosiglitazone, was not associated with a sig-
nificant improvement in insulin resistance, compared
with the other arms. The dose of metformin was only
1,000 mg daily in this trial, and this may have been
suboptimal, given that evidence suggests a dose
response for plasma glucose and hemoglobin A1c up
to a dose of 2,500 mg daily.24

Although the concept of ARB therapy to treat
NAFLD is plausible, its effect, when added to rosigli-
tazone, was not evident in this study. Previous data
have shown that in the setting of liver injury, the re-
nin angiotensin system is activated and up-regulated,
which contributes to the recruitment of inflammatory
cells and activation of hepatic stellate cells.25 In
uncontrolled human trials, losartan was shown to
down-regulate hepatic stellate cells26 and improve se-
rum aminotransferases as well as hepatic histology.27

The apparent ineffectiveness of losartan in this study
is disheartening, but does not rule out this class of
medications as being potentially efficacious in NASH
patients. Again, the dose of losartan may have been
inadequate to have a synergistic effect. However, the
study patients were not selected based on hyperten-
sion, and there was concern that treating normoten-
sive patients with higher doses of losartan may have
led to unintended negative consequences. Alterna-
tively, in relation to NAFLD, it appears that other
ARBs may be more efficacious than losartan. In rat
models, telmisartan has shown comparable efficacy to
pioglitazone in improving hepatic steatosis, necroin-
flammation, and fibrosis.28,29 This is likely attribut-
able to its pleiotrophic effects on peroxisome prolifer-
ator-activated receptor gamma up-regulation.30 A
subsequent trial by Georgescu et al. in 54 hyperten-
sive NASH patients studied the effects of telmisartan
20 mg daily versus valsartan 80 mg daily for 20
months, and found that HOMA-IR significantly
improved in both groups, but more so in the telmi-
sartan group. Additionally, the NAS was significantly
lower in the telmisartan group, compared with the
valsartan group.28

The importance of liver biopsy to determine histo-
logic change warrants mention. Changes in serum
aminotransferases or insulin resistance did not predict
histologic improvement and, therefore, should not be

used as surrogate markers in evaluating the effective-
ness of therapy. This underscores the need for pre- and
postliver biopsy in all NASH clinical treatment trials,
because proven, noninvasive tests to determine
NAFLD severity are still lacking.
Limitations of this type of study are realized. The

lack of blinding and a placebo control is apparent.
However, given that four previously published double-
blind, randomized, placebo-controlled trials with TZD
therapy have already been completed and have gener-
ally shown benefit, it seemed unethical to treat biopsy-
proven NASH patients with a placebo for 1 year and
then subject them to a repeat liver biopsy. An addi-
tional limitation was the type of TZD chosen for this
trial. During the course of this study, a black-box
warning was issued by the FDA, and rosiglitazone use
became quite restricted as a result of an association
with myocardial ischemia.31 Subsequently, study
enrollment was halted at 137 patients, short of the
enrollment goal of 150. Because of additional patient
dropout, the possibility of a type II error cannot be
excluded. Six patients enrolled in our study had to dis-
continue the study early as a result of this occurrence,
but agreed to undergo repeat liver biopsies at the
6-month point. Two of these patients did not meet
the strict histopathologic criteria for NASH on rere-
view by our hepatopathologist and thus were not
included in the analysis. The remaining 4 patients
improved their NAS by 1, 3, 4, and 7 points, respec-
tively, and 3 of the 4 resolved NASH.
In conclusion, dual-agent therapy with metformin

or losartan added to a rosiglitazone backbone did not
improve histopathology, when compared to rosiglita-
zone alone. However, further study with an alternative
ARB, such as telmisartan, or higher doses of metfor-
min may be warranted.
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