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Abstract Our aım was to evaluate effects of metformin,
rosiglitazone, and diet with exercise in nonalcoholic fatty
liver disease. Forty-seven patients (mean age, 44 ± 10 years;
17 female) whose ALT levels had been high for at least
6 months and with hepatosteatosis detected by liver biopsy
and/or USG were enrolled in this study. Of these, 12 were
treated with 850 mg/day metformin (group 1), 11 with
4 mg/day rosiglitazone (group 2), and 24 with diet and ex-
ercise (group 3) for 1 year. ALT normalization at months 6
and 12 was accepted as treatment response. Liver biopsy was
performed in all patients in groups 1 and 2 before treatment
and 12 patients (4 in group 1, 8 in group 2) after treatment;
but in group 3 it was performed only in patients who ap-
proved this procedure (12 patients). Body mass index did
not change in groups 1 and 2, but it decreased significantly
in group 3 (30 ± 3 to 28 ± 2 kg/m2) at month 12. Treat-
ment response rate was 33.3, 54.5, and 54.2% in groups
1, 2, and 3, respectively, at month 6. This rate was 22.2,
37.5, and 41.2 in groups 1, 2, and 3, respectively, at month
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12. Rate of steatosis and stage of fibrosis did not change
after treatment. Diet with exercise seems to be superior to
metformin and rosiglitazone. Decreasing treatment response
at month 12 compared to month 6 may be due to fluctua-
tions of ALT levels. Treatment response should be evalulated
histologically.
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Nonalcoholic fatty liver disease (NAFLD) was first described
in obese nondiabetic women who did not use alcohol in
1980 by Ludwig [1]. Macrovesicular steatosis with Mallory’s
hyaline and mixed inflammatory infiltrate and focal hepato-
cyte necrosis were shown in these patients’ liver biopsies.
NAFLD is a clinicopathologic term that reflects liver damage
over a wide spectrum: from simple steatosis to steatohepatitis
and cirrhosis [2–5]. The prevalance of NAFLD is 10–24%
in the general population. NAFLD is a common cause of
asymptomatic elevation of aminotransferase levels, in up to
90% of cases, once other causes of liver disease are excluded
[2]. Worldwide, the importance of NAFLD is increasing, be-
cause of its high prevalance and possible progressive course.
In the literature, there are many studies on the pathogenesis
and treatment of NAFLD in recent years. Obesity, type II
diabetes mellitus, and hyperlipidemia are the main causes of
NAFLD. Insulin resistance is important in the pathogenesis.
Diet and exercise are effective to the treatment of insulin
resistance [6–8]. However, many drugs such as gemfibrozil,
clofibrate [9], ursodeoxycholic acid, acetylcysteine, vitamin
E, metformin [10–12], and thiazolidinediones (troglitazone,
rosiglitazone, pioglitazone) [13–17] have been investigated
for the treatment of NAFLD. Drugs that improve insulin sen-
sitivity are the most popular agents in this area. But there is
no accepted effective medication in the treatment of NAFLD
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and there is no published study that compares the effects
of diet with exercise to those of drugs that improve insulin
resistance alone. We aimed to evaluate and compare the ef-
fects of metformin, rosiglitazone, and diet with exercise in
NAFLD.

Materials and methods

Forty-seven patients whom aminotransferase levels had been
high for at least 6 months and who had hepatosteatosis de-
tected by liver biopsy (35 patients) and/or USG (12 patients)
were enrolled in this study. Other causes of liver diseases
were excluded (viral, autoimmune, and metabolic). Patients
had not used alcohol in the past and did not use it during the
study period.

Patients taking another drug were excluded from this
study. Metformin and rosiglitazone were given to conse-
qutive patients who agreed to the control liver biopsy. Diet
with exercise was planned for patients who did not agree to
control liver biopsy. Of the patients, 12 were treated with
850 mg/day metformin (group 1), 11 with 4 mg/day rosigli-
tazone (group 2), and 24 with diet and exercise (group 3)
for 1 year. Exercise was planned as walking briskly for a
minimum of 30 min at least 2 days per week. Extra meals
were put away and amounts of main meals (breakfast, noon,
evening) were decreased. We planned to work together with a
dietician for patients who did not lose weight at evaluations,
but no one needed a dietician’s help.

At the first visit, physical examination (including body
mass index [BMI]) and biochemical analysis (glucose, blood
urea nitrogen [BUN], creatinine, alanine aminotransferase
[ALT], aspartate aminotransferase [AST], alkaline phos-
phatase [ALP], γ -glutamyl transpeptidase [GGT], triglyc-
erides, cholesterol, HDL, LDL, insulin, C-peptide, trans-
ferrin saturation, ferritin, and whole blood count) were
done in all patients. Insulin resistance (IR) was determined
by homeostasis model assessment (HOMA) (fasting in-
sulin [µU/ml] × fasting glucose [mmol/L]/22.5) [18]. Val-
ues >1.64 were accepted as IR. Patients were monitored
monthly in groups 1 and 2, and every 3 months in group 3. At
every evaluation, physical examination and glucose, BUN,
creatinine, ALT, AST, ALP, GGT, and whole blood count
were reevaluated. At month 12, all biochemical tests were
reanalyzed. ALT normalization was accepted as treatment re-
sponse and evaluated at months 6 and 12. Before treatment,
all patients in groups 1 and 2 underwent liver biopsy and 12
of them (4 in group 1, 8 in group 2) had a control biopsy
after treatment. In group 3, liver biopsy was performed only
for patients who accepted the procedure before treatment
(12 patients).

Liver biopsies were obtained by Menghini technique
using a 16-G Braun needle. Tissue sections were fixed

in buffered formalin and cut from paraffin-embedded
blocks. They were stained with hematoxylin/eosin, Masson’s
trichrome, and Prussian blue. Histological findings were
evaluated by Brunt et al’s [19] classification for NAFLD.
All biopsy specimens were evaluated blindly by a single
pathologist.

Statistical analyses were done with SPSS 10.0, Windows
version. Categorical variables were evaluated by multicol-
umn chi-square test and continual variables analyzed by one-
way ANOVA, post hoc multiple comparision, and Tukey’s b
tests among the groups. Pre- and posttreatment biochemical
parameters were evaluated by paired t test in each group.
Histological findings were evaluated by Wilcoxon signed
ranks test, Kruskal-Wallis test, and Kendall’s τ–b correla-
tion where appropriate.

This study was performed after approval by the com-
mittee of Istanbul University, Istanbul Medical Fac-
ulty, Department of Internal Medicine and Division of
Gastroenterohepatology.

Results

Baseline characteristics of patients were similar in all groups,
except ALP and glucose levels. Demographic and biochem-
ical features of patients are reported in Table 1. Rates of dia-
betic patients were 16.6, 9.1, and 20.8% in groups 1, 2, and 3,
respectively. Impaired glucose (fasting glucose >110 mg/dl)
tolerance rates were 33.3, 9.1, and 8.3% in groups 1, 2, and
3, respectively. Hypertriglyceridemia (>150 mg/dl) and hy-
percholesterolemia (>200 mg/dl) rates were 50% and 58.8%
in group 1, and 18% and 45.4% in group 2, and both of them
were 54.1% in group 3, respectively.

All patients were obese (>28 kg/m2) in group 1. Over-
weight (>25 kg/m2) patient rates were 81% and 91% in
groups 2 and 3, respectively. Obesity rates were 66.6,
54.5, and 70.8%, in groups 1, 2, and 3 and IR rates
(by HOMA >1.64) were 90, 60, and 83.3% in groups 1,
2, and 3, respectively.

Ferritin levels were <300 ng/ml in all groups. Also, trans-
ferrin saturations were under 45% in all patients, except for
two in group 1.

BMI did not change in groups 1 and 2, but decreased
significantly in group 3 (30 ± 3 to 28 ± 2 kg/m2) at month
12 (P < 0.05) (Fig. 1). A positive correlation was detected
between BMI and ALT levels (r = 0.268, P = 0.042). At
month 6, mean ALT levels were 57.5 ± 15.9, 40 ± 20,
and 45 ± 19 IU/L in groups 1, 2, and 3 and the treatment
response rate was 33.3, 54.5, and 54.2% in groups 1, 2, and 3,
respectively (P > 0.05, not significant). Treatment response
rates were higher in groups 3 and 2 than in group 1. At month
12, these rates were 22.2, 37.5, and 41.2% in groups 1, 2,
and 3, respectively (P > 0.05; Fig. 2 and Table 2). At the end
of treatment IR did not change in any of the groups.
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Table 1 Demographic and
biochemical features of the three
groups

Group 1:
Metformin
(N = 12)

Group 2:
Rosiglitazone
(N = 11)

Group 3: Diet +
exercise
(N = 24) P∗

Age (mean, years) 42.5 ± 8.8 43.3 ± 8.8 46.6 ± 12.1 >0.05
Gender (F/M) 3/9 5/6 9/15 >0.05
BMI (kg/m2) 31.3 ± 5.2 27.8 ± 3.9 30 ± 3 >0.05
Fasting glucose (mg/dl) 120 ± 47 92.9 ± 19.1 104.8 ± 15.3 <0.05
BUN (mg/dl) 14.08 ± 4.03 14.6 ± 5.9 17.1 ± 5.4 >0.05
Creatinine (mg/dl) 0.8 ± 0.1 0.8 ± 0.1 0.8 ± 0.2 >0.05
AST (IU/L) 45.4 ± 18.1 52 ± 22.5 49.4 ± 17.6 >0.05
ALT (IU/L) 90.5 ± 35.9 95.6 ± 29.4 84 ± 31.6 >0.05
ALP (IU/L) 213.4 ± 113.3 196.5 ± 70.6 119.2 ± 50.3 <0.05
GGT (IU/L) 77.1 ± 53.9 92.7 ± 139.5 58.3 ± 45.4 >0.05
Triglycerides (mg/dl) 235.4 ± 240.7 139.5 ± 75.6 159.8 ± 81 >0.05
Cholesterol (mg/dl) 205.8 ± 36.9 195.2 ± 60.2 208.9 ± 40.4 >0.05
HDL (mg/dl) 54.1 ± 51.8 44.7 ± 17 44.1 ± 11.4 >0.05
LDL (mg/dl) 127.5 ± 37.8 122.4 ± 46.3 134 ± 39.9 >0.05
Fe (µg/dl) 114.8 ± 29.3 102.5 ± 19.5 102.7 ± 24.5 >0.05
TDBK (µg/dl) 348 ± 67.5 377.2 ± 43 339.2 ± 47.2 >0.05
Transferrin saturation (%) 34.1 ± 12.4 27.1 ± 6.05 30.6 ± 9.9 >0.05
Ferritin (ng/ml) 144.5 ± 57.9 116.6 ± 62.8 122.5 ± 98 >0.05
C-peptide (ng/ml) 5 ± 2.1 5 ± 2.6 3.1 ± 0.4 >0.05
Insulin (µIU/ml) 14.9 ± 6.6 13.4 ± 9.9 12.4 ± 4.4 >0.05
HOMA-IR 4.5 ± 2.3 3.4 ± 3.6 2.9 ± 1.1 >0.05

∗One-way ANOVA. P value
shows the correlation between
groups 1, 2, and 3. Significant
values in boldface.

Histological findings are listed in Table 3. Periportal hep-
atocellular glycogenated nuclei were detected in 25% of pa-
tients. After treatment, the rate of macrovesicular steatosis
regressed from 58.75 to 52.5% in all groups, with a regres-
sion from 68.8 ± 10.3 to 58.8 ± 13.7% (P = 0.066) in group

Fig. 1 BMI (kg/m2) before and after treatment

1 and from 53.8 ± 13.7 to 49.4 ± 25.9% (P = 0.329) in group
2. The regression rate of steatosis was not significantly differ-
ent between these two groups (P = 0.07). In group 2, fibrosis
decreased in two of eight patients (stage 3 to 2, stage 4 to 3)
and progressed in one patient (stage 1 to stage 2) (Figs. 3A
and 3B and 4A and 4B).

Posttreatment histological findings are listed in Table 4.
There was no correlation between rate of macrovesicular
steatosis and treatment response (r = –0.052, P = 0.879) and
serum ALT levels (r = 0.038, P = 0.899).

Monthly ALT levels were also evaluated in patients who
had a control liver biopsy (Fig. 5). Monthly treatment
response rates were 50, 66.6, 50, 33.3, 41.6, 66.6, 58.3, 50,
41.6, 50, 50, and 41.6% in 1 year, respectively.

Fig. 2 Response rates of the three groups at months 6 and 12
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Table 3 Histological features of patients before treatment

Diet +
Metformin Rosiglitazone exercise
(N = 12) (N = 11) (N = 12)

Steatosis (%/n)
Grade 1 — 9.09/1 16.6/2
Grade 2 33.3/4 36.6/4 25/3
Grade 3 41.6/5 36.6/4 50/3

Steatohepatitis (%/n)
Grade 1 16.6/2 18.8 /2 8.3 /1
Grade 2 8.3/1 — —
Grade 3 — — —

Fibrosis (%/n)
Stage 1 16.6/2 9.09/1 16.6/2
Stage 2 8.3/1 — 8.3/1
Stage 3 — 9.09/1 —
Stage 4 — 9.09/1 —

Discussion

To date, NAFLD has been accepted as a benign disease.
Based on the increasing published cases and studies, NAFLD
is thought to be a serious disease, which can lead to cirrhosis
[3, 4]. The natural history is still unclear.

Especially in patients with high ALT levels, theraupetic
approaches are still being investigated. There is no accepted
standard medication in the treatment of NAFLD. Because
IR has an important role, nowadays drugs that improve in-
sulin sensitivity such as metformin and thiazolidinedione
(troglitazone, rosiglitazone, pioglitazone) are the most pop-
ular agents [13–17]. Also, there is no reported study that
compares the efficacy of drugs with that of diet and exer-
cise. In this study, we evaluated the effects of metformin,
rosiglitazone, and diet with exercise in the treatment of
NAFLD.

To evaluate the real efficacy of drugs, we did not put the
patients treated with metformin or rosiglitazone on a diet. In
medication groups, nobody lost weight after treatment and
the BMI did not change. In the study by Tetri-Neuschwander
et al [15] on the effects of rosiglitazone on NASH, the BMI
increased after treatment (from 34.1 to 36.4 kg/m2). Another
study on vitamins E and C reported similar results for BMI
(increasing after treatment) [20]. Overweight and obesity
are accepted as risk factors for NAFLD. Thus, if the BMI
changes after treatment, we cannot actually evaluate drugs’
efficacy. We believe that the unchanged BMI after treatment
in groups 1 and 2 provided a correct comparison of med-
ication and diet with exercise. Although the BMI did not
change in groups 1 and 2, a statistically significant decrease
was detected in group 3. This shows that the observed effects
in groups 1 and 2 depend only on the medications. BMI has
not been evaluated in any study in the literature from this
perspective [13].
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Fig. 3 Histological regression. (A) Before treatment: portal fibrosis
and pericellular fibrosis in periportal region. (B) After treatment: portal
fibrosis

IR was analyzed by HOMA [18] because it is an easy
and reliable method. In our cases, IR did not change after
treatment in any group.

In the literature, Marchesini et al. [11] first studied met-
formin on humans. They treated 20 patients with metformin
(1500 mg/day for 4 months) and ALT levels returned to nor-
mal in 50% of patients. Uygun et al. [12] and Kadayıfcı
[21] reported similar results. They randomized 36 patients
into two groups (diet alone and metformin, 1700 mg/day,
plus diet for 6 months). At the end of treatment, metabolic
and histologic improvement (except fibrosis) was detected in
patiens treated with metformin plus diet. In our study, ALT
normalization rate was 22.2% at month 12. Compared with
other studies, this rate is low. This result may be due to the
low metformin dose used in our study or the diet in addi-
tion to metformin therapy, which could have increased the
response rate in other studies. We thought that one variable’s
effect could be evaluated only in the case where other vari-
ables remained unchanged. For this reason, we did not give
the diet to the patients in medication groups. In metformin
group, only four patients underwent control liver biopsy. In

Fig. 4 Histological progression. (A) Before treatment: mild portal-
portal fibrosis and pericellular fibrosis in portal region. (B) After treat-
ment: obvious portal-portal fibrosis and pericellular fibrosis

these patients, after treatment, the percentage of macrovesic-
ular steatosis decreased (from 68.8 ± 10.3 to 58.8 ± 13.7%;
P = 0.066). This result is not statistically significant. If the
number of patients had been higher in our group, the result
might have been significant.

There are limited numbers of studies on rosiglitazone in
the literature. In some studies, necroinflammation improved
and fibrosis regressed in type II diabetes mellitus [14] and
NASH [15] with rosiglitazone therapy. Mayerson et al. [14]
treated type II diabetic patients with rosiglitazone (4 mg/tid)
and they showed decreasing hepatosteatosis by proton NMR.
Tetri-Neuschwander et al. [15] treated 30 patients diagnosed
with NASH with rosiglitazone (4 mg/tid) for 48 week. They
reported regression of necroinflammation and improvement
of serum ALT levels in 45% of 22 patients completing the
therapy. They also observed an improvement in IR. In our
study, we treated 11 patients with rosiglitazone (4 mg/day)
for 1 year. Serum ALT levels returned to normal in 37.5% of
eight patients completing 1 year of therapy. In the rosiglita-
zone group, a control liver biopsy was performed in all pa-
tients completing therapy. Although macrovesicular steatosis
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-Ş
60

%
m

ac
ro

ve
si

cu
la

r
70

%
m

ac
ro

ve
si

cu
la

r
20

%
m

ic
ro

ve
si

cu
la

r
8.

N
-T

70
%

m
ac

ro
ve

si
cu

la
r

60
%

m
ac

ro
ve

si
cu

la
r

9.
M

-T
60

%
m

ac
ro

ve
si

cu
la

r
B

ri
dg

in
g

ne
cr

os
is

70
%

m
ac

ro
ve

si
cu

la
r

Fo
ca

l,
PS

,P
C

,P
P

fib
ro

si
s

10
.M

-G
65

%
m

ac
ro

ve
si

cu
la

r
C

ir
rh

os
is

65
%

m
ac

ro
ve

si
cu

la
r

B
ri

dg
in

g
ne

cr
os

is
L

I,
B

D
,P

I
(m

ild
)

L
I,

B
D

,P
I

(m
ild

)
11

.M
A

T
65

%
m

ac
ro

ve
si

cu
la

r
Fo

ca
l,

PV
,P

S,
PC

fib
ro

si
s

11
.M

A
T

L
I,

B
D

,P
I

(m
ild

)

Springer



Dig Dis Sci (2007) 52:2359–2367 2365

Ta
bl

e
4

C
on

tin
ue

d

Pr
et

re
at

m
en

t
Po

st
tr

ea
tm

en
t

St
ea

to
si

s
St

ea
to

he
pa

tit
is

Fi
br

os
is

St
ea

to
si

s
St

ea
to

he
pa

tit
is

Fi
br

os
is

D
ie

t+
ex

er
ci

se
1.

R
-Y

25
%

m
ac

ro
ve

si
cu

la
r

4.
İ-
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Fig. 5 Monthly ALT (IU/L) levels of patients who had a control liver
biopsy. Arrow indicates upper limit of normal values

did not change, serum ALT levels returned to normal in two
patients. In this group, fibrosis regressed in two patients,
and serum ALT level returned to normal in one of them
at the end of treatment. Fibrosis progressed in one patient
with a high ALT level at the end of treatment. Although
it is difficult to evaluate rosiglitazone’s effects on fibrosis
in a few patients, we think serum ALT levels are insuffi-
cient to assess treatment response. There was no correla-
tion between the rate of macrovesicular steatosis and serum
ALT levels after treatment. In our study, the normalization
rate of serum ALT levels was lower compared with that in
other studies; this may be due to the low doses of drugs or
unchanged BMI.

Statistically significantly decreasing rate of hepatosteato-
sis and improvement of serum ALT levels with diet and exer-
cise were detected in 15 obese patients [8]. In this study, BMI
decreased after treatment in control group, but not in treated
groups. Similar results were reported with diet and exercise
in obese rats. In these rats while macrovesicular steatosis re-
gressed, inflammation did not [22]. Although there have not
been many studies, diet and exercise is the only therapy that
is suggested in routine treatment of NAFLD. In our study,
a positive correlation was detected between BMI and ALT
levels (r = 0.268, P = 0.042). This is compatible with the
literature.

In the study by Bacon et al. [23] transferrin saturation was
between 58% and 78% in 6% of patients and ferritin levels
were 218–1060 ng/ml in 55% of patients diagnosed with
NAFLD. Also, Angulo et al. [24] reported similar results. In
both of these studies the hepatic iron concentration did not in-
crease. In our study, serum ferritin levels were <300 ng/ml in
all patients. Transferrin saturation was <45% in all but two
patients in the metformin group. These two patients were
nonresponders to metformin therapy. All biopsy specimens
were evaluated for iron accumulation before and after treat-
ment and no accumulation was detected.

In our study, the decrease in treatment response rate at
month 12 may be due to fluctuations in serum ALT lev-
els. These fluctuations can be seen in the natural course.

Ipekci et al. [25] reported that fluctuated serum ALT levels
did not reflect treatment response. Our results also support
this study. After treatment, histological findings were not
correlated with serum ALT levels. For this reason, therapy
response of drugs should be evaluated with histology if pos-
sible. However, this is so difficult that only 12 patients agreed
to control liver biopsy in our study. We should evaluate treat-
ment response with serum ALT levels not just once but with
serial ALT controls at least three times in a month.

In conclusion, diet with exercise seems to be superior
to metformin and rosiglitazone. Treatment response rate is
similar with metformin and rosiglitazone. Diet and exercise
is safe and cost-effective and is the only acceptable therapy
for today.
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