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Nonalcoholic steatohepatitis (NASH) is a common chronic liver disease for which there is no
known effective therapy. A proportion of patients with NASH progress to advanced ﬁbrosis
and cirrhosis. NASH is considered one of the clinical features of the metabolic syndrome in
which insulin resistance plays a central role. This prospective study evaluates the role of
insulin-sensitizing agent in treatment of NASH. Eighteen nondiabetic patients with biopsyproven NASH were treated with pioglitazone (30 mg daily) for 48 weeks. Tests of insulin
sensitivity and body composition as well as liver biopsies were performed before and at the
end of treatment. By 48 weeks, serum alanine aminotransferase values fell to normal in 72%
of patients. Hepatic fat content and size as determined by magnetic resonance imaging
decreased, and glucose and free fatty acid sensitivity to insulin were uniformly improved.
Histological features of steatosis, cellular injury, parenchymal inﬂammation, Mallory bodies, and ﬁbrosis were signiﬁcantly improved from baseline (all P < 0.05). Using strict
criteria, histological improvement occurred in two-thirds of patients. Pioglitazone was well
tolerated; the main side effects were weight gain (averaging 4%) and an increase in total body
adiposity. In conclusion, these results indicate that treatment with an insulin-sensitizing
agent can lead to improvement in biochemical and histological features of NASH and
support the role of insulin resistance in the pathogenesis of this disease. The long-term safety
and beneﬁts of pioglitazone require further study. (HEPATOLOGY 2004;39:188 –196.)

N

onalcoholic steatohepatitis (NASH) is a common but often silent chronic liver disease that
resembles alcoholic liver disease clinically and
histologically but occurs in persons who drink little or no
alcohol.1,2 NASH is part of a spectrum of nonalcoholic
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fatty liver disease that ranges from pure fatty liver (steatosis) to steatohepatitis and to cirrhosis.3 The prevalence of
NASH in the general population is unknown. Using elevated alanine aminotransferase (ALT) levels without an
explainable cause as a surrogate for the diagnosis of nonalcoholic fatty liver disease, the prevalence of NASH in
the United States was estimated to be 2.8%.4 While once
thought to be a benign condition, there is increasing evidence that NASH can lead to progressive ﬁbrosis and
eventually cirrhosis.3,5–7 Indeed, a proportion of cases of
cryptogenic cirrhosis may be “burnt out” NASH.8 Furthermore, long-standing NASH with cirrhosis has been
associated with the development of hepatocellular carcinoma.9
The pathogenesis of NASH is not well deﬁned. A “two
hit” hypothesis has been proposed, whereby steatosis (ﬁrst
hit) sensitizes the liver to a variety of metabolic injuries
(second hit) that lead to necrosis, inﬂammation, and ﬁbrosis.10,11 The primary cause of steatosis is thought to be
insulin resistance, which causes increased lipolysis and
delivery of free fatty acids to the liver.12 Most patients
with NASH have clinical and/or physiologic evidence of
insulin resistance.13 Thus, NASH may represent the he-
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patic component of the metabolic syndrome, which is
characterized by obesity, type 2 diabetes–insulin resistance, hypertriglyceridemia, and hypertension.
While there is no proven beneﬁcial therapy for NASH,
its association with insulin resistance has provided the
rationale for evaluation of medical therapies that increase
insulin sensitivity.14 Indeed, both the biguanides and the
thiazolidinediones (TZDs), two classes of antidiabetic
drugs that increase insulin sensitivity, have shown promising results in animal models of NASH and in small pilot
studies in humans. Metformin reduces hepatic steatosis in
ob/ob mice15 and has been reported as beneﬁcial in small
pilot studies in humans.16,34 Troglitazone, the ﬁrst TZD
to become commercially available, was found to lower
serum aminotransferase levels and improve hepatic histology in patients with NASH,17 but its potential for hepatotoxicity led to its subsequent withdrawal from use. Two
newer TZDs, rosiglitazone and pioglitazone, have proven
to have a low rate of hepatotoxicity and have been reported to improve aminotransferase levels and hepatic
steatosis in NASH.18,19
In this pilot, prospective clinical study, we evaluated
the effect of pioglitazone on hepatic histology in nondiabetic patients with biopsy-proven NASH. This study was
designed to test whether improvements in insulin sensitivity by pioglitazone were associated with improvements
in biochemical and histological features of NASH.

Methods
Patient Population. Adult nondiabetic patients with
biopsy-proven NASH were enrolled. Minimal histologic
criteria for steatohepatitis included steatosis involving at
least 5% of hepatocytes, lobular inﬂammation, and zone 3
ballooning degeneration. Inclusion criteria included age
18 years or above, elevated serum ALT or aspartate aminotransferase (AST) activities (ALT ⬎ 41 IU/L or AST ⬎
34 IU/L), and absence of signiﬁcant alcohol ingestion
(less than seven drinks per week during the previous year).
Exclusion criteria included overt diabetes (fasting blood
glucose ⱖ 126 mg/dL on two separate occasions, or therapy with antidiabetic drugs), presence of other forms of
liver disease, decompensated cirrhosis, contraindications
to liver biopsy, and presence of secondary causes of fatty
liver, such as gastrointestinal bypass surgery or medications that induce steatosis.
During a 3-month period of pretreatment evaluation,
patients were instructed to lose weight, follow a healthy
diet, and stop taking over-the-counter vitamin, mineral,
or herbal supplements. Multivitamins (one per day) were
provided throughout the course of the study, containing
standard recommended allowances for most vitamins (vi-
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tamin A, 5,000 IU; vitamin C, 90 mg; vitamin D, 400 IU;
vitamin E, 30 IU; thiamin, 3 mg; riboﬂavin, 3.4 mg;
niacin, 20 mg; vitamin B6, 3 mg; folic acid, 400 mcg;
vitamin B12, 9 mcg; biotin 30, mcg; pantothenic acid, 10
mg). Patients received standard nutrition counseling in
20- to 30-minute individual sessions by a trained nutritionist emphasizing a healthy lifestyle, gradual weight loss
(0.45– 0.9 kg per week), an increase in physical activity,
and use of the Food Guide Pyramid.20 Patients underwent a pretreatment evaluation including blood tests, abdominal ultrasound, and percutaneous liver biopsy (if not
performed within the previous year). Tests to evaluate
insulin sensitivity included an oral glucose tolerance test
(OGTT) and a frequently sampled intravenous glucose
tolerance test (FSIGT). Body composition was determined by dual-energy x-ray absorptiometry (DEXA). Hepatic fat content and liver volume were measured by
magnetic resonance imaging (MRI) of the liver. Measurements of waist and hip circumferences were performed by
a trained dietitian as recommended.21
After completion of the preevaluation, patients who
continued to fulﬁll the inclusion criteria, who had elevated serum aminotransferases, and who had no exclusion
criteria were started on a single 30 mg-tablet of pioglitazone (Actos, Takeda Pharmaceuticals, Lincolnshire, IL)
by mouth each day. No dose adjustments were made unless adverse reactions occurred. Therapy was continued
for 48 weeks. During therapy, patients were seen and had
blood tests done every 4 weeks. At the end of the 48-week
period, patients underwent reevaluation, including all
tests performed at entry, and liver biopsy, after which
pioglitazone was discontinued. The primary outcome
measure was an improvement in hepatic histology using
predetermined criteria (see Histological Analysis section).
Secondary outcome measures were improvements in serum aminotransferase levels and measures of insulin sensitivity. All patients gave written informed consent, and
the protocol and consent forms were approved by the
Institute Review Board of the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) of the
National Institutes of Health.
Oral Glucose Tolerance Test (OGTT). After a 12hour fast, subjects were given 75 g of oral glucose solution.
Plasma glucose, insulin, C-peptides, and free fatty acids
were obtained from an indwelling catheter at ⫺15, 0, 30,
60, 90, 120, and 180 minutes after the oral glucose load.22
Parameters derived from OGTT are summarized in Appendix B.
Frequently Sampled Intravenous Glucose Tolerance Test (FSIGT). After an overnight fast and before
administration of any medication, an intravenous glucose
bolus (0.3 g/kg body weight, 50g/dL) was administered
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over 2 minutes at time 0. An insulin bolus (0.05 U/kg)
was given at 20 minutes. Blood samples (3 mL) were
taken for glucose, insulin, C-peptide, and free fatty acid
levels at ⫺10, ⫺1, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16,
20, 22, 23, 24, 25, 27, 30, 40, 50, 60, 70, 80, 90, 100,
120, 160, and 180 minutes. Insulin sensitivity (SI) and
glucose effectiveness (SG) were predicted from the Minimal Model using SAAM II version 1.1.1 compartmental
model.23 Parameters derived from FSIGT are summarized in Appendix B.
Magnetic Resonance Imaging (MRI) of the Liver.
MRI scans were performed on a 1.5 Tesla scanner (General Electric Medical Systems, Milwaukee, WI). Axial inphase and out-of-phase breath-hold gradient echo scans
of the liver were obtained with the following parameters:
TR 9.3, TE 4.2 (IP); TR 7.3, TE 2 (OP), ﬂip angle 30,
256 ⫻ 128 matrix, 2NEX, and a slice thickness of 10 mm.
The analysis to quantify liver fat and measure liver volume
was done using the MEDx software analysis package (Sensor Systems, Inc., Sterling, VA) run on a LINUX platform. The modiﬁed Dixon method was used to assess the
hepatic fat fraction. Regions of interest (ROIs) were
placed in the liver on the in-phase scans to include maximum liver parenchyma without contamination with
blood vessels or motion artifacts. The Medx software
package then transposed these same ROIs onto the outof-phase images and calculated the hepatic fat fraction
(FF) based on the formula: FF ⫽ (Signal in-phase–Signal
out-of-phase)/(2 ⫻ Signal in-phase).24,25
Dual Energy X-ray Absorptiometry (DEXA).
Whole body composition measurement was made by using a Hologic QDR 4500A DEXA (Waltham, MA) in the
array-beam whole-body mode with software version
8.26a:3. Mass (in grams) of total body and regional fat
and bone mineral content was determined.35
Histological Analysis. Liver biopsies were obtained
using a 16-gauge Klatskin needle. A liver specimen of 15
mm with at least 10 portal tracts was considered adequate
for evaluation. After conclusion of the study, all liver biopsies samples were coded and read by a hepatic pathologist (D.E.K) without the knowledge of the patient or the
sequence of the biopsy. Six histological features of NASH
were scored semiquantitatively from 0 to 4, including
steatosis, acinar zone 3 hepatocellular injury (ballooning
degeneration), parenchymal inﬂammation, portal inﬂammation, perisinusoidal ﬁbrosis, and Mallory bodies (see
Appendix A). Ubiquitin immunostaining was used to
help identify Mallory bodies. Results were compared to
the reading and scoring made in an unblinded fashion at
the time of the biopsy. Intraobserver agreement between
two readings was good to excellent with  statistics ranging from 0.72 to 0.94.
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The primary outcome measure for this study was improvement in liver histology as assessed by the NASH
activity index. The NASH activity index was deﬁned by
the sum of scores for steatosis, parenchymal inﬂammation, and hepatocellular injury, and thus ranged from 0 to
12. Improvement was deﬁned as a decrease in the NASH
activity index of at least 3 points with improvements of at
least 1 point for each of the three features.
Statistical Analyses. All data were analyzed on an intention-to-treat basis. Two-sample t tests were used to
compare means for continuous variables, and when normality was questioned, the Mann-Whitney U test was
used for comparison of median values. Categorical variables were evaluated using chi-square or Fisher exact test.
Spearman rank correlation coefﬁcient was used to calculate correlation coefﬁcients between selected variables.
Weighted  coefﬁcients (r) were calculated to examine the
degree of intraobserver agreement between two histological scorings. Statistical analysis was primarily performed
with StatView software (SAS Institute Inc., 1999). For all
tests, a 2-tailed P value of ⱕ 0.05 was considered signiﬁcant.

Results
Patients Enrolled. Between March 2001 and April
2002, 25 patients suspected of having NASH were evaluated, and 18 were enrolled in the study. Reasons for
exclusion included patient unwillingness to undergo liver
biopsy (n ⫽ 2); normalization of aminotransferase levels
during the lead-in phase (n ⫽ 2); development of fasting
hyperglycemia, documented by fasting glucose ⱖ 126
mg/dL on two separate occasions (n ⫽ 1); liver biopsy
showing steatosis without inﬂammation and necrosis
(n ⫽ 1); and a complicating intercurrent illness (n ⫽ 1).
The 18 enrolled patients were either overweight or
obese (Table 1). Serum ALT levels ranged from 43 to 325
U/L and averaged 99 U/L. No enrolled patient had fasting hyperglycemia, although two had abnormal glucose
tolerance with 2-hour glucose levels in the diabetic range
(207 and 289 mg/dL). Liver histology showed NASH in
all patients, with the NASH activity index ranging from 3
to 11. No patient had cirrhosis, but 89% had ﬁbrosis, and
83% had Mallory’s hyaline. The median duration from
baseline liver biopsy to initiation of pioglitazone was 49.5
days (range, 6 –297 days).
Biochemical Responses (Table 2). During therapy,
serum ALT levels decreased in all patients, and after 48
weeks, both ALT and AST levels were in the normal range
in 13 patients (72%). Serum ALT levels fell from an average of 99 U/L at baseline to 40 U/L at 48 weeks (P ⬍
0.01). Similar improvements occurred in serum AST and
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Table 1. Demographic Features of Participants at Baseline
Feature

N (%)

N
Mean age (SD)
Male
Race
White
Hispanic
Mixed
Overweight, BMI 25–29 kg/m2
Obese, BMI ⱖ 30 kg/m2
Impaired fasting glucose, 110–125 mg/dL
2-hr Glucose*
DM (ⱖ200 mg/dL)
IGT (140–199 mg/dL)
Metabolic syndrome†

18
45.8 (10.6)
7 (39)
13 (72)
3 (17)
2 (11)
7 (39)
11 (61)
2 (11)
2 (11)
11 (61)
7 (39)

Abbreviations: BMI, body mass index; DM, diabetes mellitus; IGT, impaired
glucose tolerance.
*After 75 gm of glucose ingestion.
†Reference 31.

alkaline phosphatase values. The ALT decreases were
gradual, beginning after 4 weeks of treatment, and reaching lowest levels between 40 and 48 weeks (Fig. 1). Serum
glucose levels did not change signiﬁcantly, but indices of
insulin resistance improved, including mean fasting insulin (21% decrease, P ⫽ 0.02) and C-peptide levels (29%
decrease, P ⬍ 0.01) (Table 2). Free fatty acid levels decreased slightly (16% from baseline, P ⫽ 0.03). There
were no signiﬁcant changes in total cholesterol, triglycerides, LDL and HDL cholesterol levels.
Histological Responses (Table 3). Repeat liver biopsies were available on all 18 patients. Each of the component features of the NASH activity index (steatosis,
parenchymal inﬂammation, and hepatocellular injury)
Table 2. Fasting Biochemical Data at Baseline and
After 48 Weeks of Pioglitazone
Parameter

Pre
(n ⴝ 18)

Week 48
(n ⴝ 18)

P Value*

ALT (U/L)
AST (U/L)
Alk P (U/L)
Hct (%)
Glucose (mg/dL)
Insulin (U/mL)
C-peptide (ng/mL)
FFAm (Eq/L)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)

99 ⫾ 71
61 ⫾ 36
85 ⫾ 21
40.2 ⫾ 3.7
97.3 ⫾ 11.7
19.1 ⫾ 14.2
5.8 ⫾ 1.9
768 ⫾ 199
231 ⫾ 64
233 ⫾ 207
162 ⫾ 50
48 ⫾ 13

40 ⫾ 25
34 ⫾ 15
69 ⫾ 15
41.2 ⫾ 3.4
95.2 ⫾ 8.4
13.6 ⫾ 7.5
3.9 ⫾ 1.1
621 ⫾ 229
244 ⫾ 43
215 ⫾ 139
161 ⫾ 42
50 ⫾ 17

<0.001
0.001
<0.001
0.06
0.43
0.018
<0.001
0.03
0.22
0.52
0.83
0.33

NOTE. Data are presented as mean ⫾ SD. FFAm: mean free fatty acid levels
from three baseline visits and lasts three visits on pioglitazone.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase;
Alk P, alkaline phosphatase; Hct, [TK from AU]; LDL, low-density lipoprotein; HDL,
high-density lipoprotein.
*Paired t test.

Fig. 1. Serial mean serum alanine aminotransferase (ALT ⫾ SEM)
levels (normal ⱕ 41U/L) during 48 weeks of treatment with pioglitazone.

improved signiﬁcantly, as did ﬁbrosis and Mallory bodies.
Eleven patients (61%) had improvement in ﬁbrosis scores
(seven patients had one level reduction, and four patients
had two levels reduction of ﬁbrosis score). Fibrosis scores
were unchanged in four (22%) and increased in three
patients (17%). Nine patients (50%) had bridging ﬁbrosis at study entry. Among these nine patients, three (33%)
had stable ﬁbrosis, and six (67%) had improvement of
ﬁbrosis (four patients had stage 2, and two patients had
stage 1 ﬁbrosis at the end of the study).
Overall, the mean NASH activity score decreased from
8.0 (range, 3 to 11) at baseline to 4.0 (range, 1 to 7) at 48
weeks. The NASH activity score decreased by at least one
point in all patients (Fig. 2). A histological response was
deﬁned as a reduction in the NASH activity index by 3
points or more with improvements of at least 1 point each
in steatosis, parenchymal inﬂammation, and hepatocellular injury. Using this strict deﬁnition, 12 patients (67%)
had a histological response. Ten of these 12 (83%) also
had normal ALT levels at the end of therapy.
Anthropometric Results (Table 4). A majority of patients (72%) gained weight during pioglitazone therapy.
Table 3. Histological Data at Baseline and
After 48 Weeks of Pioglitazone
Parameter (0–4)

Pre
(n ⴝ 18)

Week 48
(n ⴝ 18)

P Value*

Presence of NASH (%)
Steatosis
Hepatocellular injury
Parenchymal inﬂammation
Portal inﬂammation
Mallory bodies
Fibrosis
NASH activity index (0–12)†

17 (94)
2.5 ⫾ 1.2
2.2 ⫾ 0.9
3.3 ⫾ 1.0
1.6 ⫾ 1.1
2.2 ⫾ 1.5
2.0 ⫾ 1.1
8.0 ⫾ 2.1

6 (33)
1.0 ⫾ 0.9
0.9 ⫾ 0.8
2.1 ⫾ 1.2
1.4 ⫾ 0.8
1.4 ⫾ 1.5
1.4 ⫾ 1.1
4.0 ⫾ 2.2

<0.01
<0.001
<0.001
<0.001
0.59
0.01
0.04
<0.001

NOTE. Data are presented as mean ⫾ SD.
Abbreviation: NASH, nonalcoholic steatohepatitis.
*Paired t test.
†Sum of steatosis, hepatocellular injury, and parenchymal inﬂammation.
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Table 5. Insulin Sensitivity Data at Baseline and
After 48 Weeks of Pioglitazone
Test

Parameter*

Pre (n ⴝ 18)

Week 48
(n ⴝ 17)

P Value†

OGTT

IGT (%)‡
DM (%)§
HOMA B (%)
HOMA-IR
QUICKI
ISI Gly OGTT
ISI FFA OGTT
SI (⫻ 10⫺4)
SG
AIRG
DI

11 (61)
2 (11)
231 ⫾ 169
4.3 ⫾ 3.0
0.32 ⫾ 0.03
0.53 ⫾ 0.30
0.56 ⫾ 0.30
1.26 ⫾ 0.53
0.016 ⫾ 0.005
1608 ⫾ 1486
0.17 ⫾ 0.15

6 (35)
0 (0)
150 ⫾ 103
2.6 ⫾ 1.9
0.34 ⫾ 0.03
0.81 ⫾ 0.31
0.99 ⫾ 0.34
2.75 ⫾ 1.49
0.017 ⫾ 0.004
1324 ⫾ 1554
0.28 ⫾ 0.28

0.017
<0.001
<0.001
<0.001
<0.001
<0.001
0.597
0.479
0.083

FSIGT㛳

Fig. 2. Pretreatment and posttreatment NASH activity index score
(n ⫽18). The NASH activity index score ranges from 0 to 12 and is the
sum of scores for steatosis (0 – 4), hepatocellular injury (0 – 4), and
parenchymal inﬂammation (0 – 4). Each circle represents one patient:
Solid circles represent patients with normal serum ALT levels (F, Wk 48
ALT ⱕ 41 U/L) , and open circles represent patients with elevated ALT
levels at 48 weeks (E, Wk 48 ALT ⬎ 41 U/L). Circles falling to the left
of the dashed line indicate improvement, and those falling on or to the
left of the solid line indicate improvement by 3 points or more, the
minimal criteria used for the deﬁnition of a histological response.

The average increase in weight was 3.5 (range, ⫺1.7 to
⫹13.3) kilograms, which represented a 4% increase from
baseline (range, ⫺1.7% to ⫹12.4%). Mean body mass
index increased 1.3 ⫾ 1.7 kg/m2 (P ⫽ 0.004). Waist
circumferences did not change, but waist-to-hip ratios
decreased signiﬁcantly (P ⫽ 0.004). Whole body composition by DEXA showed that the weight gain was mostly
due to an increase in adiposity, with signiﬁcant increases
in total fat mass (⫹3.1 ⫾ 3.6 kg, P ⫽ 0.002), but little or
no change in lean body mass (⫹0.2 ⫾ 2.2 kg, P ⫽ not
signiﬁcant). Weight gain was highly correlated with increase in total fat mass by DEXA ( [r];⫽0.93, P ⬍ 0.001).
In contrast, liver fat and liver volume as assessed by MRI
both decreased signiﬁcantly. There was a strong positive
correlation between changes of fat in the liver as deterTable 4. Anthropometric Data at Baseline and
After 48 Weeks of Pioglitazone
Parameter

Pre (n ⴝ 18)

Week 48 (n
ⴝ 18)

P Value*

Weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Waist/hip ratio
Total body fat (%)
Fat mass (kg)
Lean mass (kg)
Liver fat by MRI (%)
Liver volume by MRI (cc)

90.0 ⫾ 13.9
32.4 ⫾ 5.7
105.4 ⫾ 10.8
0.95 ⫾ 0.06
35.8 ⫾ 7.7
32.4 ⫾ 8.0
56.4 ⫾ 12.1
47.5 ⫾ 27.9
2276 ⫾ 537

93.5 ⫾ 14.5
33.7 ⫾ 6.3
104.1 ⫾ 11.6
0.91 ⫾ 0.07
37.6 ⫾ 8.2
35.5 ⫾ 10.0
56.6 ⫾ 11.9
22.8 ⫾ 22.8
1963 ⫾ 281

0.003
0.004
0.629
0.004
<0.001
0.002
0.640
0.001
0.02

NOTE. Data are presented as mean ⫾ SD.
Abbreviations: BMI, body mass index; MRI, magnetic resonance imaging.
*Paired t test.

NOTE. Data are presented as mean ⫾ SD.
Abbreviations: OGTT, oral glucose tolerance test; IGT, impaired glucose tolerance; DM, diabetes mellitus; HOMA B, homeostatic model assessment of pancreatic beta cell function; HOMA-IR, homeostatic model assessment of insulin
resistance; QUICKI, quantitative insulin sensitivity check index; ISI Gly, insulin
sensitivity index for glycemia; ISI FFA, insulin sensitivity index for free fatty acids;
FSIGT, frequently sampled intravenous glucose tolerance; SI, insulin sensitivity
index; SG, glucose effectiveness; AIRG, acute insulin response to glucose; DI,
disposition index.
*See Appendix A for descriptions.
†Paired t test.
‡2-hr glucose 140 –199 mg/dL.
§2-hr glucose ⱖ 200 mg/dL.
㛳n ⫽ 17.

mined by MRI and degrees of steatosis by liver biopsy
(r ⫽ 0.73, P ⫽ 0.003).
Oral Glucose Tolerance Test (Table 5). At baseline,
11 (61%) patients had impaired glucose tolerance, and
two (11%) had values consistent with diabetes (2-hr glucose values ⱖ 200 mg/dL). After treatment, only six subjects had impaired glucose tolerance, and no patient had
2-hr postglucose load values in the diabetic range. Insulin
sensitivity indices as determined by homeostasis model
assessment of insulin resistance (HOMA-IR) and quantitative insulin sensitivity check index (QUICKI) improved
signiﬁcantly after treatment (P ⬍ 0.001). ␤-cell secretion
as determined by homeostatic model assessment of pancreatic beta-cell function (HOMA B) percentage decreased by 77 ⫾ 120% (P ⫽ 0.02), and insulin sensitivity
index for free fatty acids derived from the OGTT also
improved (P ⬍ 0.0001).
Frequently Sampled Intravenous Glucose Tolerance Test (Table 5). Insulin sensitivity index (SI) improved uniformly in all 17 patients from whom values
were available (FSIGT was technically inadequate in one
patient). The mean increase of the insulin sensitivity index was 126 ⫾ 78% after 48 weeks of treatment. Glucose
effectiveness (SG) did not change signiﬁcantly, nor did the
acute insulin response to glucose (AIRG), the disposition
index (DI), or glucose disappearance (KG) rates (data not
shown).
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Side Effects and Adverse Events. Pioglitazone was
generally well tolerated. No patient developed worsened
serum ALT levels. Seventeen patients completed 48 weeks
of therapy without dose reduction or discontinuation.
One patient discontinued therapy after 3 weeks because
of dizziness. Blood glucose levels were not documented
during symptomatic episodes and were normal when
tested later. This patient continued to be followed in the
study, underwent repeat evaluation and liver biopsy, and
was included in the analysis on the basis of intention-totreat.
Weight gain was the major side effect of therapy, averaging 3.5 kg and occurring in 72% of patients. No patient
developed anemia or clinically apparent edema, reported
side effects of pioglitazone. One patient had a myocardial
infarction during therapy, and another suffered recurrent
autoimmune uveitis during the study period. Both adverse reactions were believed to be unrelated to pioglitazone therapy, and both patients continued to take
pioglitazone during these episodes.

Discussion
In this pilot study, we assessed whether pioglitazone
would improve insulin sensitivity and affect biochemical
and histological features of disease activity in nondiabetic
patients with NASH. All 18 patients enrolled had improvements in serum ALT levels, which became normal
in 72%. Liver histology showed improvements in the major features of NASH (steatosis, cell injury, inﬂammation,
Mallory bodies, ﬁbrosis), and two-thirds of the 18 patients reached the predetermined endpoint of histological
improvement. The improvement in steatosis was also
documented by hepatic imaging, in that MRI of the liver
showed marked decreases in liver fat and liver volume.
Most patients also had improvements in insulin sensitivity, as measured by oral and intravenous glucose tolerance
tests, and surrogate serum markers including fasting insulin, C-peptide, and free fatty acid levels.
The mechanisms of action of the TZDs are not fully
understood. The TZDs improve insulin resistance by increasing glucose disposal in muscle and decreasing hepatic
glucose output.26 The agents are agonists for the peroxisome
proliferator-activated receptor-gamma (PPAR␥), a nuclear
receptor expressed in adipose tissue, muscle, and the liver.
This nuclear receptor is expressed at the highest level in adipocytes, where it promotes cell differentiation27 and decreases lipolysis and free fatty acid release.28 The TZDs,
therefore, may act by redistributing lipid from muscle and
liver to peripheral adipocytes.29 The results of this clinical
study support this view, in that most patients had a decrease
in liver fat, but an increase in total body adiposity. By redistributing fat from the liver to the periphery, pioglitazone may
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act to reduce hepatic steatosis and susceptibility to concurrent hepatocellular injury (the second hit). Another TZD,
rosiglitazone has been shown to reduce hepatic fat content
and improve biochemical evidence of hepatic inﬂammation
in patients with NASH.18
Using strict predetermined criteria, histological improvement was identiﬁed in two-thirds of treated patients. Notably, the degree of histological improvement
was not reliably reﬂected by changes in serum aminotransferase levels. Thus, 83% of patients with a histological response had normal ALT levels, but so did 50% of
patients who did not achieve a histological response.
These results underscore the importance of hepatic histology as an endpoint for trials of therapy in NASH. Serum
ALT levels have been reported to improve with several
medical therapies of NASH, including vitamin E, ursodiol, and metformin. Without histological conﬁrmation
of improvement, serum ALT improvements cannot be
considered reliable in reﬂecting the efﬁcacy of therapy.
A major limitation of this study was the lack of a concurrently followed control group. The natural progression of
hepatic histology in NASH is not well deﬁned. A recent
placebo-controlled trial of ursodiol in NASH found that a
proportion of patients receiving placebo had decreases in
steatosis, but that improvements in inﬂammation and cell
injury were uncommon.30 Importantly, the histological improvements described in the current study involved all of the
major components of NASH, including steatosis, cellular
injury, parenchymal inﬂammation, Mallory’s hyaline, and
ﬁbrosis, a combination of features that have not been found
to improve spontaneously. Furthermore, the degrees of improvements in NASH activity scores were marked. At the
end of treatment, many patients no longer satisﬁed minimal
histological criteria for the diagnosis of deﬁnite NASH.
Thus, the improvements seen were not simple decreases in
amount of steatosis, but were histological remissions in disease. Improvements in ﬁbrosis scores also occurred, suggesting that resolution of cell injury might eventually lead to
resolution of ﬁbrosis.
Another important shortcoming of this study was that
patients were treated for 48 weeks only. Thus, it is unclear
whether the biochemical and histological improvements
can be sustained long-term. Furthermore, an important
side effect of therapy was weight gain, which averaged 3.5
kg. Patients with NASH are usually overweight or obese,
and therapies that lead to further weight gain must be
viewed with caution. Continued therapy with pioglitazone may lead to continued weight gain, which might
eventually reverse any beneﬁcial effect on hepatic steatosis. For these reasons, long-term studies that support the
continued efﬁcacy and safety of the TZDs or other insulin
sensitizing agents in NASH are needed before these med-
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ications can be recommended as routine therapy for
NASH.
The marked increase in overweight and obesity in the
Western world during the last two decades has major
implications for public health. While the cardiovascular
and diabetic complications of obesity have been the focus
of most attention, the possible hepatic effects of increased
body weight are also important and have brought NASH
to increasing medical attention. Prospective studies of

medical therapy of NASH are important in elucidating its
pathogenesis and developing means of ameliorating or
preventing injury.
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APPENDIX A
Summary of NASH Histological Scoring System
Feature

I. Steatosis

II. Hepatocellular Injury
(Ballooning degeneration/apoptosis/dropout cells)

III. Parenchymal inﬂammation

IV. Portal inﬂammation

V. Fibrosis

VI. Mallory bodies

Score

Description

0
1
2
3
4

Less than 5% of the cells
Between 5 and 25% of the cells
Between 25 and 50% of the cells
Between 50 and 75% of the cells
More than 75% of the cells

0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4

No features
Conﬁned to zone 3, involving less than 50% of central veins
Conﬁned to zone 3, involving more than 50% of central veins
Involving zones 2 and 3 (between 1/3 and 2/3 of parenchyma)
All acinar zones (more than 2/3 of the parenchyma)
No foci of inﬂammation
Fewer than one foci per two 20⫻ ﬁelds
One foci per two 20⫻ ﬁelds to one foci per one 20⫻ ﬁeld
One to two foci per one 20⫻ ﬁeld
More than two foci per one 20⫻ ﬁeld
No portal inﬂammation
Portal inﬂammation ⬍25% of the portal ﬁelds
Portal inﬂammation between 25 and 50% of portal ﬁelds
Portal inﬂammation between 50 and 75% of portal ﬁelds
Portal inﬂammation ⬎75% of portal ﬁelds
No ﬁbrosis
Sinusoidal/pericellular ﬁbrosis
Above and periportal ﬁbrosis
Bridging ﬁbrosis
Diffuse distortion of hepatic architecture with ﬁbrosis, regenerative
No Mallory bodies
Fewer than 2 per 10 20⫻ ﬁelds
From 2 per 10 20⫻ ﬁelds to 1 per 20⫻ ﬁeld
1 to 3 per 20⫻ ﬁeld
More than 3 per 20⫻ ﬁeld

HEPATOLOGY, Vol. 39, No. 1, 2004

PROMRAT ET AL.

195

APPENDIX B
Summary of Parameters Derived From OGTT and FSIGT
Abbreviation

OGTT
HOMA B (%)
HOMA-IR
QUICKI
ISI Gly OGTT

ISI FFA OGTT

FSIGT
SI
SG
AIRG

DI

Description

Formula

Homeostatic model assessment of pancreatic beta cell function.
Derived from fasting insulin and glucose.
Homeostatic model assessment of insulin resistance. Derived from
fasting insulin and glucose.
Quantitative insulin-sensitivity check index. Measurement of insulin
sensitivity. Derived from fasting insulin and glucose.
Insulin sensitivity index for glycemia. Derived from area under the
curve glucose (glc auc) and insulin measurements during the
OGTT.
Insulin sensitivity index for free fatty acids. Derived from area
under the curve FFA and insulin measurements during the
OGTT.

20⫻ fasting insulin (U / ml) / fasting
glucose (mmol/L) ⫺ 3.5
fasting insulin (U/ml) ⫻ fasting glucose
(mmol/L) / 22.5
1/log fasting insulin (U/ml) ⫹ log
fasting glucose (mg/dL)
2 / (1 ⫹ [insulin auc1 / 120 / 50.6] ⫻
[glc auc1 / 120 / 184.7]).

Insulin sensitivity index derived from the minimal model analysis
of the FSIGT.
Minimal model derived glucose effectiveness (the ability of
glucose to be taken up by the cells independent of insulin).
Acute insulin response to a glucose load. Derived by subtracting
the area under the ﬁrst 10 minutes of the insulin curve from
the baseline area under the insulin curve.
Disposition index. Insulin secretion multiplied by insulin sensitivity.
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