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Abstract
AIM: To investigate the effect of rosuvastatin mono-
therapy on non-alcoholic steatohepatitis (NASH). At 
present there is no effective treatment for non-alcoholic 
fatty liver disease or its advanced form NASH.

METHODS: This prospective study included 20 biopsy 
proven patients with NASH, metabolic syndrome (MetS) 
and dyslipidaemia. Biochemical parameters of the blood 
of the patients and an ultrasonography of the liver 
were performed at baseline. Then patients received 
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acid levels, if confirmed by larger studies, may reduce 
the risk of vascular and liver morbidity and mortality in 
NASH patients.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a term 
describing a histological spectrum of the most common 
liver disease (affects approximately 15%-30% of the 
general population in Western Countries) characterized 
by accumulation of fat (> 5%) in liver cells in the 
absence of excessive alcohol intake, chronic viral 
hepatitis or other liver disease[1]. The histological 
manifestations of NAFLD range from simple steatosis, 
steatohepatitis (NASH), liver fibrosis, cirrhosis, and 
may progress to hepatocellular carcinoma[2]. NASH is 
characterised by steatosis plus necro-inflammation, 
and fibrosis, which can be diagnosed by liver biopsy[2]. 
Recent data suggest that NAFLD is linked to increased 
cardiovascular disease (CVD) risk, independently of the 
risk related to components of the metabolic syndrome 
(MetS); NAFLD is the hepatic manifestation of MetS[3]. 
It has also been shown that patients with NASH are 
at higher CVD risk than those with simple steatosis, 
emphasizing the role of chronic liver inflammation in 
the pathogenesis of atherosclerotic CVD[3].

Statin treatment is safe in patients with mild to 
moderate elevations of liver enzymes due to NAFLD/
NASH[4]. It has been established that statin regimens 
substantially reduce the risk of death or atherosclerotic 
CVD events in a wide range of individuals[5]. We re-
ported that atorvastatin treatment is safe, improves 
liver tests, and liver ultrasonography as well as 
reduces CVD events in patients with NAFLD[6,7]. We 
have also shown, in a pilot study (n = 6) involving liver 
biopsy, that rosuvastatin can have a beneficial effect 
on NASH resolution[8]. In the present paper we report 
results of rosuvastatin monotherapy (10 mg/d) on liver 
enzymes, ultrasonography and biopsy of 20 patients 
with NASH and MetS within 12 mo of treatment. The 
patients were followed for an additional (mean) 18-mo 
period to ensure sustainability of results.

MATERIALS AND METHODS
Methods were described in the pilot study paper (n 
= 6)[8]. Here we report the results of rosuvastatin 
(10 mg/d) monotherapy in 20 patients (this includes 

lifestyle advice and were treated for a 12 mo period 
with rosuvastatin (10 mg/d) monotherapy. Patients 
were re-evaluated during the study at 3 mo intervals, 
during which biochemical parameters of the blood were 
measured including liver enzymes. A repeat biopsy 
and ultrasonography of the liver were performed at 
the end of the study in all 20 patients. Changes in liver 
enzymes, fasting plasma glucose, serum creatinine, 
serum uric acid (SUA), high sensitivity C reactive 
protein (hsCRP) and lipid profile were assessed every 3 
mo. The primary endpoint was the resolution of NASH 
and the secondary endpoints were the changes in liver 
enzyme and lipid values.

RESULTS: The repeat liver biopsy and ultrasonography 
showed complete resolution of NASH in 19 patients, 
while the 20th, which had no improvement but no 
deterioration either, developed arterial hypertension 
and substantial rise in triglyceride levels during the 
study, probably due to changes in lifestyle including 
alcohol abuse. Serum alanine transaminase, aspartate 
transaminase, and γ-glutamyl transpeptidase were 
normalised by the 3rd treatment month (ANOVA P < 
0.001), while alkaline phosphatase activities by the 6th 
treatment month (ANOVA, P  = 0.01). Fasting plasma 
glucose and glycated haemoglobin were significantly 
reduced (P  < 0.001). Lipid values were normalised 
by the 3rd treatment month. No patient had MetS by 
the 9th treatment month. Body mass index and waist 
circumference remained unchanged during the study. 
Thus, changes in liver pathology and function should be 
attributed solely to rosuvastatin treatment. A limitation 
of the study is the absence of a control group.

CONCLUSION: These findings suggest that rosu-
vastatin monotherapy could ameliorate biopsy proven 
NASH and resolve MetS within 12 mo. These effects 
and the reduction of fasting plasma glucose and 
SUA levels may reduce the risk of vascular and liver 
morbidity and mortality in NASH patients. These 
findings need confirmation in larger studies.

Key words: Non-alcoholic fatty liver disease; Non-alcoholic 
steatohepatitis; Metabolic syndrome; Dyslipidaemia; 
Rosuvastatin; Fasting blood glucose; Serum uric acid

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We treated 20 patients with metabolic 
syndrome (MetS) and biopsy proven non-alcoholic 
steatohepatitis (NASH) with rosuvastatin monotherapy 
for one year. Repeat liver biopsy and ultrasonography 
showed complete resolution of NASH in 19 patients, 
and normalization of liver enzymes, lipid profile and 
blood glucose; no patient had MetS at the end of 
the study. These findings suggest that rosuvastatin 
monotherapy could ameliorate biopsy proven NASH 
and resolve MetS within 12 mo. These effects and the 
reduction of fasting plasma glucose and serum uric 
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the 6 patients included in the preliminary report). 
In short, this is a prospective, randomized, open-
label study that involved patients with MetS, without 
overt type 2 diabetes mellitus (T2DM), not taking any 
previous hypolipidaemic therapy. The study protocol 
was approved by the ethical committee of Aristotle 
University and written informed consent was obtained 
from all patients before inclusion in the study.

Twenty MetS patients with increased serum liver 
enzyme activity and ultrasonographic image compatible 
with NAFLD were included. The presence of NASH was 
validated by liver biopsy. The age range was 18-70 
years. Patients with overt CVD, congestive heart failure 
(CHF), stage 3 or higher of chronic kidney disease (CKD), 
rheumatic diseases, chronic viral hepatitis, congenital 
disorders of the liver, autoimmune hepatitis or excessive 
alcohol intake (21 and 14 u/wk for men and women, 
respectively) were excluded.

The study was designed to include 40 patients; 20 
on rosuvastatin monotherapy and 20 on rosuvastatin-
fenofibrate combination. All participants had MetS[9] 
and dyslipidaemia [total cholesterol > 200 mg/dL, 
high density lipoprotein cholesterol (HDL-C) < 40 
for men and < 50 mg/dL for women, triglycerides 
(TGs) > 150 mg/dL or combinations][10]. Participants 
received lifestyle advice with suggestions to adopt a 
hypocaloric and hypolipidaemic diet[10] and regular 
exercise (at least 1 h of walking every day, if possible, 
or equivalent physical activity). For safety reasons we 
started treatment with 5 mg/d of rosuvastatin and if 
there were no side effects we titrated this dose to 10 
mg/d at the end of the 1st treatment month (safety 
and titration visit).

The primary endpoint was the degree of resolution of 
NASH in the repeat biopsy compared with the baseline 
biopsy. Secondary endpoints were safety of treatment 
and degree of normalization of liver enzymes, lipid 
profile and liver ultrasonography. At every visit safety 
parameters [alanine transaminase (ALT), aspartate 
transaminase (AST), and creatine kinase (CK)] were 
assessed as well as gamma-glutamyl transpeptidase 
(GGT) and alkaline phosphatase (ALP). The lipid profile 
(total cholesterol, TGs, LDL-C, HDL-C), fasting plasma 
glucose, serum creatinine, blood urea nitrogen (BUN) 
and serum uric acid (SUA) were assessed by standard 
methods. Body mass index (BMI), waist circumference, 
blood pressure (BP) and smoking habits were recorded 
at each visit.

Statistical analysis
All measured parameters had normal distribution and 
are reported as mean values and standard deviations. 
Paired t-tests and ANOVA for repeat measurements 
were used. A 2-tailed P < 0.05 was considered 
significant. All analyses were carried out using the SPSS 
21.0 software (SPSS Inc., Chicago, IL).

RESULTS
We report the results of 20 patients on rosuvastatin 
monotherapy (10 mg/d). Patients on rosuvastatin-
fenofibrate combination had identical (serum enzyme, 
ultrasonography, and liver biopsy) results (only TGs 
were lower but in both groups were within normal 
range) with those on rosuvastatin monotherapy. 
The rosuvastatin-fenofibrate combination was dis-
continued, because patients did not have MetS any 
longer and it was considered futile to insist on an 
unnecessary remedy[11]. Patients on the rosuvastatin-
fenofibrate combination continued with rosuvastatin 
monotherapy, but their results are not included in the 
present analysis, because for some period of time 
they were on combination therapy and this could 
have affected the results. We recruited 5 rosuvastatin-
fenofibrate patients in the initial phase of this project, 
but there was no difference in results between those 
and the rosuvastatin monotherapy patients and thus 
these were put on rosuvastatin monotherapy. It was 
difficult to continue with the statin-fibrate combination 
(only 3 patients had a repeat biopsy), because most 
patients expressed the wish to discontinue the fibrate. 
This was due to the fear of their attending physicians 
(4 years ago physicians were reluctant to prescribe 
statin-fibrate combinations) due to liver or muscle 
side-effects of this combination. The results of these 
5 patients are not included in the present study and 
the results of the 3 that made it to biopsy are not 
included either in the pilot or in the present study, 
because the number was too low to allow statistical 
analysis. In the rosuvastatin monotherapy group (n 
= 20) liver biopsy at baseline showed steatosis (fat 
content of the liver > 30%), hepatocyte ballooning 
degeneration, diffuse lobular mixed acute and chronic 
inflammation, and perivenular as well as perisinusoidal 
collagen disposition. Repeat liver biopsies in all 20 
patients showed that all patients but one had a 
complete resolution of NASH (Figure 1 shows 3 pairs 
of biopsies at baseline and 12 mo later). At baseline, 
2 pathologists, blinded to the decision of each other, 
graded the histology in the liver biopsies. Disease 
activity was assessed using a score that included 
NAFLD activity (scale: 0 to 3), lobular inflammation 
(scale: 0 to 3) and hepatocellular ballooning (scale: 
0 to 2); higher scores indicate NASH severity[12]. The 
study only included patients with a histology score of 8, 
to make certain that NASH was present at baseline[12]. 
According to this classification[12,13], the comparison of 
liver biopsies at one year after rosuvastatin treatment 
with those at baseline showed that in 19 patients there 
was a NAFLD activity score (based on the standardized 
grading system of measuring steatosis mentioned 
above[12]) reduction from 3 to 0 (P < 0.001), while in 
one patient this fell from 3 to 1; lobular inflammation 
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was reduced from 3 to 0 in 19 patients (P < 0.001), 
while in the same patient mentioned above it changed 
from 3 to 2; hepatocellular ballooning changed from 2 
to 0 (P < 0.001), while in the same patient mentioned 
above it changed from 2 to 1. Even in the one patient 
(without full histological improvement) the total 
histological NASH score was 4 (i.e., < 5 that indicates 
definite or possible NASH)[12,13]. There were no 
significant differences between the evaluations of the 2 
pathologists in grading NASH activity in all 20 patients.

The patient, as also reported in the pilot study, 
which did not show either any improvement or 
deterioration of NASH in the second biopsy, was the 
one that had arterial hypertension and high TG levels, 
attributed to a change in life-style habits, including 
excess alcohol consumption. We advised him to adopt 
a healthier lifestyle but we were not successful. This 

patient was not submitted to a third biopsy later, but 
he had normalization of the liver enzymes and the 
ultrasonographic image of the liver by the end of 
second year of the study while on rosuvastatin and 
adopting a healthier lifestyle for at least a year.

The changes in measured parameters during the 
12 mo of the duration of the study, between the two 
biopsies, are reported in Table 1 and Figure 2.

There were no statin-related safety problems-side 
effects from the liver or the muscles. In contrast, liver 
enzymes were normalized by the 6th treatment month 
and remained normal thereafter. Even the one patient 
that had no improvement in the repeat liver biopsy 
had normal liver enzyme levels.

The lipid profile was completely normalized by the 
3rd treatment month (Table 1), while all 20 patients did 
not have MetS any more from the 9th treatment month 

Figure 1  Presentation of the baseline and repeat liver biopsies in 3 metabolic syndrome patients with non-alcoholic steatohepatitis on rosuvastatin (10 
mg/d) monotherapy for 12 mo. On the left panel liver biopsies of patients with non-alcoholic steatohepatitis presenting steatosis (fat content of the liver > 30%), 
hepatocyte ballooning degeneration, diffuse lobular mixed acute and chronic inflammation, and perivenular, perisinusoidal collagen disposition. On the right panel liver 
biopsies of the same 3 patients after one year monotherapy with 10 mg/d of rosuvastatin presenting total normal liver tissue.
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(Table 1). It should be noted that these happened 
in the absence of any change in waist circumference 
(and BMI), the only MetS component that persisted 
after 9th month of treatment. Mean SUA levels were 
significantly reduced (Table 1)

Fasting plasma glucose levels and HbA1c were 
significantly reduced by rosuvastatin in all patients, by 
the 6th treatment month, even in the patient with no 

improvement in the repeat liver biopsy (Table 1).

DISCUSSION
The main findings of this prospective study, which 
included 20 MetS patients with biopsy proven NASH, 
were that monotherapy with 10 mg/d of rosuvastatin 
was linked to resolution of NASH (as established 
by a second liver biopsy, measurement of serum 
liver enzymes and liver ultrasonography), complete 
regression of MetS, reduction in SUA levels, and a large 
reduction in plasma glucose levels. These happened 
within 12 mo of treatment, although some changes 
were evident within the first treatment months. The 
lipid profile was totally normalized by rosuvastatin 
early during follow-up. Follow-up of patients for a 
mean period of 18 mo after the second biopsy did not 
show any indication of NASH or MetS relapse.

Five years ago we have shown in a post hoc analysis 
of the Greek Atorvastatin and Coronary Heart Disease 
Evaluation (GREACE) Study (n = 1600; 437 patients 
had moderately abnormal liver tests at baseline)[6] 
that atorvastatin therapy was safe in patients with 
coronary heart disease (CHD) and mild to moderate 
elevations of serum transaminases, probably due to 
NAFLD as indicated by liver ultrasonography after 
exclusion of other liver diseases. Not only atorvastatin 
did not increase liver enzymes but it normalised liver 

Parameter Baseline 1st mo 3rd mo 6th mo 9th mo 12th mo P  value (ANOVA)

Age (yr)   40.5 ± 5.6 - - - - - -
Gender (male) 16 - - - - - -
Cigarette smoking 13 13 13 12 12 11 NS
BMI (kg/m2)   31.5 ± 1.1   31.3 ± 1.0   31.4 ± 1.0   31.6 ± 1.1   31.6 ± 1.2   31.5 ± 1.2 NS
Waist circumference (cm) 110.5 ± 6.2 110.4 ± 6.0 109.9 ± 6.1 110.6 ± 6.3 110.7 ± 6.2 110.4 ± 6.2 NS
Total cholesterol   251 ± 22   226 ± 17   192 ± 16   185 ± 12 181 ± 8 179 ± 9 < 0.001
(mg/dL)
Triglycerides   187 ± 19   161 ± 20   143 ± 26   123 ± 11   121 ± 22   117 ± 18 < 0.001
(mg/dL)
HDL-cholesterol   38 ± 5   40 ± 5   42 ± 7   42 ± 4   43 ± 3   44 ± 5 < 0.001
(mg/dL)
LDL-cholesterol   180 ± 23   152 ± 15   121 ± 17   118 ± 14 114 ± 9   110 ± 11 < 0.001
(mg/dL)
Serum creatinine   0.93 ± 0.2   0.92 ± 0.2   0.94 ± 0.2   0.92 ± 0.2   0.91 ± 0.2   0.90 ± 0.2 NS
(mg/dL)
hsCRP     4.2 ± 1.3 - -     2.7 ± 0.8 -     1.6 ± 0.5 < 0.001
(mg/L)
BUN 34 ± 8   34 ± 8   35 ± 8   34 ± 7   33 ± 6   31 ± 6 NS
(mg/dL)
SUA     5.5 ± 1.1     5.4 ± 1.0     5.2 ± 0.9     5.0 ± 0.7     4.9 ± 0.8     4.8 ± 0.9    0.016
(mg/dL)
Plasma glucose 102 ± 8 101 ± 8   96 ± 6   93 ± 7   89 ± 5   87 ± 5 < 0.001
(mg/dL)
HbA1c     5.3 ± 0.4 -     5.1 ± 0.4     5.0 ± 0.5     4.9 ± 0.3     4.8 ± 0.3 < 0.001
(%)
Metabolic 20 20 18 9 0 0 < 0.001
Syndrome, n

Data are presented as mean ± SD. BMI: Body mass index; HDL: High density lipoprotein; LDL: Low density lipoprotein; NS: Not significant; BUN: Blood 
urea nitrogen; SUA: Serum uric acid; HbA1c: Glycosylated haemoglobin.

Figure 2  Liver enzyme changes in 20 patients with non-alcoholic 
steatohepatitis during the 12 mo of rosuvastatin (10 mg/d) monotherapy. 
The reduction in serum alanine transaminase (ALT), aspartate transaminase 
(AST) and γ-glutamyl transpeptidase (GGT) levels became statistical significant 
by the 3rd month of treatment (ANOVA for the 12 mo period P < 0.001) and for 
alkaline phosphatase (ALP) by the 6th mo of treatment (ANOVA for the 12 mo 
period P = 0.01).
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tests and liver ultrasonography within the duration 
of the study[6]. Moreover, atorvastatin treatment 
induced substantial reductions in CVD events (68% 
vs usual care) during the 3-year follow-up period 
compared with the participants with CHD and normal 
liver enzymes (39% vs usual care); P = 0.007[6]. 
These findings were confirmed one year later by the 
Assessing The Treatment Effect in Metabolic Syndrome 
Without Perceptible diabeTes (ATTEMPT) study in 
patients with MetS but without overt CVD or T2DM 
(n = 1123; 326 had modestly elevated liver enzymes 
and ultrasonographic evidence of NAFLD)[7]. In 2013 
the post hoc analysis of the Incremental Decrease in 
End Points Through Aggressive Lipid Lowering [IDEAL] 
trial (n = 8863) showed that high dose atorvastatin 
treatment (80 mg) in 1,081 (12.2%) patients, 
who had an ALT ≥ ULN, normalised ALT values 
and substantially reduced 5-year CVD event rates 
compared with simvastatin [11.5% for simvastatin 
and 6.5% for atorvastatin, hazard ratio (HR) 0.556; 
95% confidence interval (CI) 0.367-0.842; P = 0.0056 
vs 20-40 mg simvastatin treatment], confirming our 
findings[14].

A previous study with rosuvastatin showed a 
suboptimal clinical, laboratory and biopsy proven 
benefit in 9 patients with NASH and dyslipidaemia[15]. 
This may be attributed to the very low dose of 
rosuvastatin administered (2.5 mg/d)[15]. A study with 
pitavastatin included 20 patients with biopsy-proven 
NASH with dyslipidaemia[16]. After treatment for 12 
mo with pitavastatin 2 mg/d NASH-related metabolic 
parameters improved, including histology in some 
patients, however, 3 of 13 patients had progression of 
fibrosis during treatment[17]. Studies with simvastatin[17] 
or pravastatin[18] in NASH patients showed that NASH 
alters the expression of hepatic uptake transporters 
which may increase the risk of statin-induced adverse 
drug reactions (myopathy). In a pilot study that 
included 16 patients with biopsy proven NASH (14 
completed the study and 10 underwent 1-year repeat 
liver biopsy), simvastatin monotherapy did not seem to 
be an effective treatment for NASH[19]. A recent study 
in rats showed that simvastatin delays the evolution 
of NASH-related fibrosis, improving its prognosis[20]. 
Thus, clinical, laboratory, ultrasonography and liver 
biopsy benefits related to statin treatment may be 
compound specific and dose related.

The mechanisms involved in the biochemical, 
ultrasonographic, and histological improvement with 
some statins at specific doses is not clear[21]. An 
animal study evaluated whether rosuvastatin changes 
the carbohydrate and lipid metabolism and the 
development of NAFLD in male C57Bl/6 mice (3-mo-
old) on a high-fat diet (60% lipids) compared with 
standard chow (10% lipids) for 15 wk[22]. Rosuvastatin 
improved glucose intolerance, insulin sensitivity 
and NAFLD in this animal model of diet-induced 
obesity in a dose-dependent manner and changed 
the fat distribution from visceral to subcutaneous[22]. 

Therefore, rosuvastatin therapy may help patients with 
MetS because of beneficial pleiotropic effects[22].

Data on the mechanisms of improvement of 
NASH patients who are at a higher risk for liver- and 
vascular-related morbidity and mortality than those 
with simple steatosis[23], are scarce[23]. An open-label 
prospective study of atorvastatin (10 mg/d) for 24 
mo included 31 patients with biopsy-proven NASH 
and hyperlipidaemia[24]. Follow-up liver biopsy was 
performed in 17 patients. BMI and plasma glucose levels 
did not change during the treatment, while 23 patients 
(74.2%) presented normal transaminase levels. During 
the study adiponectin levels increased significantly 
and the levels of tumour necrosis factor-alpha (TNF-α) 
decreased significantly[24]. Liver steatosis and NASH-
related metabolic parameters improved with treatment, 
including fibrosis in some patients. However, 4 of 17 
patients had progression of fibrosis over the 2-year 
period, with 3 of them progressing to stage 3[24]. These 
results suggest that atorvastatin may have acted via 
a reduction in markers of systemic inflammation (e.g., 
TNF-α), as well as increased adiponectin levels[24]. It 
has been suggested that oxidative stress that promotes 
the pathogenesis of atherosclerosis might be one key 
link between NASH and CVD[25]. Thus, atorvastatin 
may be effective in NASH treatment not only through 
reduction of inflammatory cytokine production, but 
also reactive oxygen species generation in the liver. 
These are also the two major pathophysiological 
mechanisms involved in the progression from NAFLD 
to NASH[25]. Similar effects were shown with 20 mg 
of rosuvastatin[26]. Moreover, it has been shown that 
atorvastatin treatment (10 mg/d for 12 mo) improved 
metabolic and histological parameters in 43 biopsy 
proven NASH patients with dyslipidaemia and that this 
effect was probably related to the reduction in serum 
levels of advanced glycosylated end products (AGEs) 
that might be useful as a marker for NASH presence[27]. 
The above, as well as our findings, suggest that the 
effect of statins on NASH is dose dependent[24-27].

Another important finding of the present study was 
the complete resolution of MetS by the 9th treatment 
month. This was mainly due to the substantial 
reduction in TG levels, a significant increase in HDL-C 
levels and (paradoxically) to the reduction in fasting 
plasma glucose levels. Rosuvastatin treatment has 
been reported to have a negative effect on plasma 
glucose homeostasis[28] and has been linked to new 
onset diabetes (NOD)[29]. However, it has been shown 
that the risk of NOD in statin-treated patients was 
related to female gender (16/20 of our patients 
were males), old age (the mean age of our patients 
was 40.5 years), and to intensity of the statin and 
its dose (in our study rosuvastatin, a potent statin, 
was prescribed at 10 mg/d; a relatively low dose)[29]. 
These factors may explain the lack of NOD but not 
the great reduction of fasting plasma glucose levels. 
In a prospective randomized open-label study in non-
diabetic patients with dyslipidaemia, rosuvastatin 
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(10 mg) exerted a favourable effect on glucose ho-
meostasis, by improving insulin resistance index. 
This effect was not shown with atorvastatin (20 mg), 
although the effect of both statins on blood glucose 
and HbA1c levels was neutral[30,31]. There are data 
showing that NAFLD/NASH play a central role in the 
genesis of an insulin-resistant state in obese subjects, 
independent of the role of visceral fat, suggesting that 
the improvement of NASH might contribute to the 
reduction of insulin resistance[32,33]. It has been shown 
in NAFLD patients that exercise-induced reduction 
in fetuin-A (a blood protein synthesized in the liver 
that may be associated with the pathogenesis of 
NAFLD and T2DM) levels is closely linked to exercise-
induced improvement in glucose tolerance, due to the 
reduction of skeletal muscle insulin resistance[34]. Thus, 
early resolution of NASH might have been involved 
in the reduction in fasting plasma glucose levels and 
HbA1c in our patients.

From the other MetS components waist circum-
ference (as well as body weight and BMI) was not 
reduced and BP showed a small but non-significant 
reduction. Thus, any improvement of NASH cannot be 
attributed to these MetS components.

SUA is considered by some as a MetS component[35] 
possibly associated with CVD risk in MetS and NAFLD/
NASH[36]. Thus, SUA levels reduction by rosuvastatin 
in the present study might have contributed to a 
further reduction of CVD risk, beyond the improved 
lipid profile and amelioration of NASH. We have shown 
in the GREACE study that all CVD patients were 
independently (after backwards regression analysis) 
benefited (had fewer vascular events) by SUA level 
reduction[37]. However, those with MetS benefited more 
from statin treatment than those without MetS[38]. 
Furthermore, an atorvastatin-based multifactorial 
intervention in MetS patients without established CVD 
or T2DM reduced SUA levels, especially in stage 3 CKD 
patients; this might have contributed to the reduction 
in CVD events in these patients[39].

This study did not include a control group and each 
patient acted as his/her control. This was because, 
based on our and other previous findings and lipid 
guidelines it was unethical to deprive statin treatment 
in NASH patients with MetS.

In conclusion, Rosuvastatin (10 mg/d) monotherapy 
for 12 mo was associated with resolution of NASH, 
regression of MetS and reduction in plasma glucose 
and SUA levels, without any change in body weight, 
BMI, or waist circumference, in patients with MetS 
and dyslipidaemia. These results will hopefully reduce 
the risk of NOD and vascular and liver morbidity and 
mortality related to MetS and its liver manifestation, 
NAFLD/NASH. There is a need to confirm these results 
in larger prospective studies, given that NAFLD might 
have already affected almost 1 billion people (the most 
common chronic hepatic disorder in Western countries, 
with a prevalence of 20%-30%[40,41], increasing to 
57%-74% among obese patients[42], and 5%-18% in 

Asia with a strong trend to increase over time[40]). At 
present, three decades of research on pharmacological 
treatment have provided limited options[1]; especially 
for NASH there is very little evidence supporting the 
efficacy of most regimens[43].
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