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IntrOductIOn
Non Alcoholic Fatty Liver Disease (NAFLD) is pathological 
entity involving fat accumulation in the liver and consists of two 
clinicopathological entities that include Non Alcoholic Fatty Liver 
(NAFL) and Non Alcoholic Steato Hepatitis (NASH). Fatty liver 
is defined as the accumulation of fat especially triglycerides 
in the liver with no evidence of injury in the form of ballooning 
degeneration of the hepatocytes [1]. Non-alcoholic fatty liver 
disease has been defined by American Association of the Study of 
Liver Disease (AASLD) as fat accumulation in the liver exceeding 
5% to 10% by weight of liver [2]. It is estimated that worldwide 
prevalence of NAFLD in the general population, defined the world 
wide prevalence varying from 6.3% to 33% with a median of 20% 
based on a variety of assessment methods [3].

The standard of care for patients with NAFLD is lifestyle modification 
with weight loss as the mainstay of therapy [2]. Several small 
uncontrolled trials utilising different caloric restriction regimens and 
combinations of carbohydrate, protein and lipid diets have been 
performed as well as studies on the effect of increased exercise. 
So far, there is no established pharmacological treatment for 
NAFLD. Treatment strategies for NAFLD aim to improve insulin 
sensitivity, modify underlying metabolic risk factors, or to protect 
the liver from further insult by reducing oxidative stress. Multiple 
pharmacological interventions have been attempted with variable 
success. These include pentoxifylline [4], orlistat [5], vitamin E 
[6,7], ursodeoxycholic acid [8,9] and lipid-lowering agents [10]. 
Studies of insulin sensitizing agents such as metformin [11,12] and 
thiazolidinediones [13,14] have yielded promising results. Our study 
was conducted to assess the effectiveness of insulin sensitizers 
against NAFLD in the population of northern India. According to 
our knowledge no head–on comparison between Pioglitazone and 

 

 

Rosuvastatin for treating NAFLD, making this finding interesting. 
The results of the study may significantly add to our knowledge 
and go a long way in devising a standard therapy for NAFLD.

MAterIAls And MethOds

study design and enrolment of Patients
Study has been conducted in tertiary level medical institute of 
northern India, King George’s Medical University, Lucknow, India. 
The study was a randomized trial with nested control of 24 weeks. 
The study was approved by Institutional Ethics committee (Ref. 
Code No. 66 ECM II-B/P4). Written informed consent was obtained 
from all the participants prior to enrollment. Patient attending 
medicine OPD or those admitted in indoor medical wards and 
having fatty liver on Abdominal Ultrasonography were enrolled over 
a period of one year (August 2013 to July 2014) after screening 
for the predesigned inclusion and exclusion criteria. Total of 98 
subjects who consented for the study were subsequently enrolled. 
The subjects were re-evaluated with USG abdomen to calculate 
USG score for fatty liver by a competent radiologist who was 
blinded for the study. Subjects with history of significant alcohol 
consumption i.e., more than 20gm/day of alcohol consumption 
(as per AUDIT-C1 Questionnaire devised by WHO) were excluded. 
Subjects with acute liver failure (i.e., liver enzymes > 3 times the 
upper limit of normal) and chronic liver disease, cardiac failure, 
renal failure, clinical suspicion of autoimmune hepatitis, positive 
for hepatitis B and hepatitis C viral markers, macular oedema on 
fundoscopy, previously on insulin sensitizers and hypolipidemic 
drugs, pregnant females, prior history of drug reactions with any 
of the drugs under study, less than 18 years of age and subjects 
who did not consented for the study were excluded.
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ABstrAct
Introduction: Non Alcoholic Fatty Liver Disease (NAFLD) is a 
metabolic disorder involving fat accumulation in the liver. The 
initial management for patients with NAFLD includes lifestyle 
modification and weight loss in overweight or obese patients.

Aim: The present study was conducted to compare the efficacy 
of insulin sensitizers and statin in the patients of NAFLD.

Materials and Methods: The study included 98 patients 
diagnosed with NAFLD on USG (Ultrasonography) abdomen, 
divided into three Groups randomly and administered Metformin 
(Group I), Rosuvastatin (Group II) or Pioglitazone (Group III) along 
with dietary intervention and lifestyle modification. Their  Body 
Mass Index (BMI), liver function tests, fasting lipid profile, USG 
scores for fatty liver were done and followed up at 4 weeks, 12 
weeks and 24 week for change in above parameters.

results: Out of the three Groups, Group II showed a maximum 
improvements in usg scores for NAFLD (p<0.001) and fasting 
lipid profile. Group II also showed maximum derangement of 
liver enzymes at 24 weeks though none of the subjects had 
more than three times elevation of liver enzymes.

conclusion: Rosuvastatin may be an effective therapy as add 
on treatment to dietary and lifestyle intervention in patients of 
NAFLD. As an add-on treatment Rosuvastatin was superior 
to Pioglitazone or Metformin and acute decompensation is 
unlikely with this drug. Metformin was not effective as add on 
therapy for NAFLD, rather rapid weight loss in short period of 
time resulted in worsening of hepatic steatosis.
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Group Allocation
Study subjects were randomly allocated to all the three Groups 
and administered Metformin (Group I), Rosuvastatin (Group II) 
and Pioglitazone (Group III) with lifestyle modification and dietary 
intervention being common to all. All the three Groups were 
advised dietary intervention and lifestyle modification by a trained 
dietician as per American Association of the Study of Liver Disease 
guidelines. All the cases were advised low calorie, low fat along 
with high fibre diet.

diagnosis of Fatty liver
Sonography was used for the diagnosis of fatty liver. A score has 
been devised by Gore R. M., for grading hepatic steatosis on the 
basis of sonographic findings [15]. This included four sonographic 
findings of diffuse fatty change in the liver, two for high score 
viz. Loss of definition of the diaphragm, liver echogenicity 
exceeding that of renal cortex, poor delineation of the intrahepatic 
architecture, attenuation of the ultrasound wave with each finding 
assigned a score of one. A score of two or more was used as 
working definition of fatty liver. All USG studies were done at the 
Department of Radiology using mid-range colour Doppler and 
ultrasonography, manufactured by TOSHIBA (model XAIRO-660A) 
with 3.5 MHz and 10 MHz transducer.

data collection, Follow-up and statistical Analysis
All study participants were interviewed and examined in detail  
during the study period to collect baseline socio-demographic 
details. The patients were followed at 4 weeks, 12 weeks and 
24 weeks and checked for adherence to dietary intervention 
and lifestyle modification along with assessment of weight, BMI, 
compliance to drugs and development of any side effects. Also 
all the Groups were evaluated at 12 weeks and 24 weeks for liver 
function tests, fasting lipid profile, USG scores for NAFLD. The 
statistical analysis was done using SPSS (Statistical Package 
for Social Sciences) Version 15.0 Statistical Analysis Software. 
A p-value of <0.05 was considered significant for the study. At 
the end of the study weight, BMI, liver enzymes, and lipid profile 
at different Follow-up periods was compared using ANOVA 
test. InterGroup comparison of USG scores at different Follow-
up periods was done using Kruskal Wallis test. Also, Wilcoxon 
Ranked test was then applied to assess the change in USG scores 
at different Follow-ups during the study.

results
InterGroup difference in weight and BMI was not found to be 
statistically significant at any of the Follow-up except of BMI at 12 
weeks and 24 weeks which was found to be significantly higher 
in Group III than Group I and Group II (p<0.05). Group II showed 
an increasing trend of liver enzymes while Group I and Group III 
showed a decreasing trend of liver enzymes. InterGroup difference 
in SGOT levels were found to be statistically significant at 1st visit 
(p<0.001) and at 24 weeks (p=0.012). Difference in SGPT levels 
were found to be significant only at the time of first visit (p<0.001) 
and was not found to be statistically significant at 12 weeks and at 
24 weeks [Table/Fig-1].

In our study the significant change in baseline characteristics 
during Follow-up [Table/Fig-2] was observed. InterGroup difference 
in cholesterol levels was statistically insignificant at first week and 
12 weeks (p=0.065) while at 24 weeks (p=0.162) differences was 
found to be statistically significant (p<0.001). InterGroup difference 
in triglyceride levels were found to be statistically significant at 1st 
visit (p<0.001) and at 24 weeks (p<0.001) while difference was 
not found to be statistically significant at 12 weeks (p=0.560). 
InterGroup difference in VLDL levels was not statistically significant 
at 1st visit (p=0.561) and at 12 weeks (p=0.432) while difference 
was found to be statistically significant at 24 weeks (p=0.008). 

InterGroup difference in LDL levels were not statistically significant 
at 1st visit (p=0.736) while difference was found to be statistically 
significant at 12 weeks (p=0.005) and 24 weeks (p<0.001). 
InterGroup difference in HDL levels was statistically insignificant at 
subsequent Follow-up visits. 

In Group I, II and III decline in cholesterol values from that at 1st Visit 
was observed at all-time intervals and these changes were found 
to be statistically significant. In both the study Groups, decline in 
VLDL values from that at 1st Visit was observed at all-time intervals 
and these changes were found to be statistically significant except 
change in Group II between Visit I and 12 weeks. Maximum decline 
was found between 1st Visit and 24 weeks and minimum decline 
between Week 12 and Week 24. In both the above study Groups, 
an increase in HDL values from that at 1st Visit was observed at 
all-time intervals and these changes were found to be statistically 
significant. Maximum increase was found between 1st Visit and 24 
weeks in both the Groups, while minimum increase between 1st 
Visit and 12 Weeks.

[Table/Fig-3,4] shows baseline USG score in all Groups and 
changes occurred during Follow-up in all three Groups. In Group 
I, USG scores showed an increase in later half of the study though 
the increase was not found to be statistically significant. In Group 
II, USG score declined with time and this change was found to 
be statistically significant between all the time intervals except for 
change in USG grade between 1st Visit and 12 weeks. In Group III, 
USG score declined with time and this change in USG grade was 
found to be statistically significant as compared to the USG scores 
at the start of the study.

dIscussIOn
In our study out of 98 subjects, 30% were females and 70% were 
males. Many recent studies have reported that male gender was 
a risk factor for fatty liver disease [16]. Maruti et al., conducted 
a study on 26,527 subjects undergoing medical checkups, and 
found that the prevalence of NAFLD was 31% in men and 16% 
in women [17]. Group I (Metformin) and Group II (Rosuvastatin) 
showed a decline in weight during the course of the study as was 
attributable to the dietary intervention and life style modification 
done in all the three Groups. But Group III (Pioglitazone) showed 
an initial decline in weight followed by a later increase in weight. 
The increase in weight was significant at 12 weeks and 24 weeks 
as compared to previous visits. This increase in weight was most 
probably due to Pioglitazone as it is known to cause weight gain 
via Peroxisome Proliferator Accelerated Receptor (PPAR) mediated 
sodium and water retention. BMI also followed trend similar to that 
of weight in all the three Groups. Studies also showed an increase 
in abdominal fat content in patients on Pioglitazone. Belfort et al., 
studied the effect of Pioglitazone (45 mg/day) in a Randomized 
Controlled Trial (RCT) in subjects with NASH having impaired 
glucose tolerance or T2DM [18]. Subjects in the study showed 
a significant weight gain (2.5 ± 0.5 kg) with Pioglitazone, but it 
also showed significant improvement in aminotransferase levels, 
steatosis, hepatocellular ballooning, and inflammation. Shadid 
and Jansen, in 2003 also reported gain in weight with the use of 
Pioglitazone [19].

We have also studied the effect of the individual drugs on the 
natural history of hepatic steatosis and for this we used the USG 
scoring as described before. Initially there was no statistically 
significant difference among the three Groups for baseline USG 
score. When followed up at 12 weeks and 24 weeks, Group II and 
Group III showed a declining trend in the mean USG scores for 
NAFLD at 12 weeks as well as 24 weeks. The favourable results in 
Group II and Group III suggest that apart from dietary modification 
and lifestyle intervention advised to both these Groups of the 
study, Rosuvastatin and Pioglitazone appears to have beneficial 
effects in reversing the steatosis in patients of NAFLD. USG 
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variables

group I (Metformin)
(n=31)

group II (Rosuvastatin)
(n=34)

1st visit 12 Weeks 24 Weeks 1st visit 12 Weeks 24 Weeks

Mean ± Sd Mean ± Sd Mean ± Sd Mean ± Sd Mean ± Sd Mean ± Sd

Weight 75.85±6.72 73.18±6.06 71.10±5.60 75.50±7.79 73.03±7.14 71.25±6.96

Body Mass Index (BMI) 27.96±2.13 26.97±1.94 26.21±1.80 27.68±1.96 26.79±1.89 26.14±1.89

SGOT 55.19 ± 17.86 46.45±15.47 41.13±8.18 44.59±17.78 50.41±24.44 52.94±27.34

SGPT 66.10 ± 24.42 57.29±18.08 50.55±7.82 51.88±17.45 55.06±23.33 59.94±30.64

Cholesterol 193.98±34.66 180.35±26.43 173.06±19.59 205.08±29.29 168.84±17.69 146.80±18.98

Triglyceride (TG) 235.70±43.16 200.58±30.08 178.74±18.78 260.69±21.43 195.66±15.50 138.06±14.22

Very Low Density Lipoprotien (VLDL) 41.85 ± 4.39 40.16±3.82 38.91±3.84 43.42±9.54 38.99±6.71 35.41±4.88

Low Density Lipoprotein (LDL) 118.14±47.57 100.55±36.42 90.74± 29.26 113.19±38.25 82.14±20.60 59.44±12.49

High Density Lipoprotein (HDL) 37.45 ± 4.94 39.19±3.90 41.35± 3.19 37.86±5.05 39.06±4.57 40.35±4.55

variables

group III (Pioglitazone)
(n=33)

Statistical Significance
(anOva)

1st visit 12 Weeks 24 Weeks 1st visit 12 Weeks 24 Weeks

Mean ± Sd Mean ± Sd Mean ± Sd ‘p’ ‘p’ ‘p’

Weight 74.30±6.99 73.92±7.21 74.33±7.15 0.662 0.850 0.089

Body Mass Index (BMI) 28.21±2.64 28.06±2.70 28.22±2.67 0.628 0.044 <0.001

SGOT 65.97±22.41 53.60±18.57 42.24±8.90 <0.001 0.363 0.012

SGPT 75.43±26.68 61.12±19.24 50.76±9.99 <0.001 0.474 0.085

Cholesterol 191.90±26.08 179.42±21.41 169.09±17.43 0.162 0.065 <0.001

Triglyceride (TG) 228.45±28.12 201.27±22.31 182.27±27.25 <0.001 0.560 <0.001

Very Low Density Lipoprotien (VLDL) 41.61±7.22 40.71±5.57 38.12±5.15 0.561 0.432 0.008

Low Density Lipoprotein (LDL) 120.80±34.61 105.29±30.87 90.35±24.48 0.736 0.005 <0.001

High Density Lipoprotein (HDL) 37.68±5.40 39.70±3.80 41.90±3.18 0.950 0.800 0.228

[table/Fig-1]: Intergroup comparison of various parameters in study population at different Follow-up periods.
SGPT= Serum glutamic-pyruvic transaminase, SGOT = Serum glutamic-oxaloacetic transaminase.

Parameters

group I (Metformin)
(n=31)

group II (Rosuvastatin)
(n=34)

1st visit – 12 weeks 1st visit – 24 weeks 1st visit – 12 weeks

Mean± Sd ‘p’ Mean± Sd ‘p’ Mean± Sd ‘p’

Weight -2.677± 0.890 <0.001 -4.758± 1.466 <0.001 -2.471± 0.984 <0.001

Body Mass Index (BMI) -0.983± 0.307 <0.001 -1.747± 0.504 <0.001 -0.892± 0.325 <0.001

SGOT -8.742± 9.423 <0.001 -14.065± 16.525 <0.001 5.824± 16.749 0.051

SGPT -8.806± 11.566 <0.001 -15.548± 23.948 0.001 3.176± 15.000 0.226

Cholesterol -13.632± 9.658 <0.001 -20.916± 17.709 <0.001 -36.247± 25.519 <0.001

Triglyceride (TG) -35.116±16.315 <0.001 -56.955± 27.488 <0.001 -65.029±12.997 <0.001

Very Low Density Lipoprotien (VLDL) -1.690± 1.525 <0.001 -2.945± 2.840 <0.001 -4.432± 3.387 <0.001

Low Density Lipoprotein (LDL) -17.587±13.607 <0.001 -27.394± 22.287 <0.001 -31.053± 20.125 <0.001

High Density Lipoprotein (HDL) 1.742± 2.768 0.001 3.903± 4.407 <0.001 1.197± 1.762 <0.001

Parameters
group II (Rosuvastatin)

(n=34)

group III (Pioglitazone)
(n=33)

1st visit – 24 weeks 1st visit – 12 weeks 1st visit – 24 weeks

Mean± Sd ‘p’ Mean± Sd ‘p’ Mean± Sd ‘p’

Weight -4.250± 1.195 <0.001 -0.682± 0.975 <0.001 0.030± 1.096 0.875

Body Mass Index (BMI) -1.539± 0.366 <0.001 -0.260± 0.368 <0.001 0.008± 0.414 0.907

SGOT 8.353± 25.681 0.067 -12.370±12.243 <0.001 -23.725±19.620 <0.001

SGPT 8.059± 24.565 0.064 -14.307±15.272 <0.001 -24.671±23.045 <0.001

Cholesterol -58.285±35.393 <0.001 -12.480± 8.411 <0.001 -22.803±15.726 <0.001

Triglyceride (TG) -122.629±23.417 <0.001 -27.182± 9.129 <0.001 -46.182±20.878 <0.001

Very Low Density Lipoprotien (VLDL) -8.009± 6.149 <0.001 -0.903± 5.642 0.365 -3.497±6.309 0.003

Low Density Lipoprotein (LDL) -53.756±37.486 <0.001 -15.506±10.891 <0.001 -30.455±18.115 <0.001

High Density Lipoprotein (HDL) 2.488± 3.038 <0.001 2.012± 2.214 <0.001 4.212± 3.965 <0.001

[table/Fig-2]: InterGroup comparison of change in various parameters in study population at different Follow-up
 SGPT= Serum glutamic-pyruvic transaminase, SGOT = Serum glutamic-oxaloacetic transaminase
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scores for NAFLD showed an early stationary trend followed by 
an insignificant increase in USG scores during the later course of 
the study. This increase could be due to eight subjects in Group 
I developing a rapid loss of weight during the initial 12 weeks of 
the study period which in turn could have precipitated hepatic 
steatosis in these subjects. This was also corroborated by the 
increase in the USG scores in the same subjects during the latter 
part of the study. 

Baseline liver enzymes were comparable when the study 
started. Group I and Group III showed decline in SGOT levels 
and SGPT levels whereas, in Group II the liver enzymes showed 
progressive increase from 1st visit towards the end of the study. 
Though, there was an increase in liver enzymes in Group I, none 
of the subjects had shown a rise of more than three times of 
the upper limit of normal which would have been suggestive of 
inflammatory liver injury. Previous studies have shown that statins 
cause hepatocellular inflammation and were associated with 
derangement of liver enzymes [20]. Therefore, it is advisable to 
monitor for liver enzymes while treating patients of NAFLD with 
statins and to avoid them in patients with liver enzymes of more 
than three times of the baseline. The improvement in lipid profile 
was significant in all the three Groups at both the Follow-up visits 
(at 12 weeks and 24 weeks). This was much better in Group II as 
compared to Group I and Group III. As compared to Group I and 
Group III the decline in serum cholesterol was greater in Group 
II. Triglycerides also showed a declining trend towards the end 
of the study period in all the three Groups. Serum VLDL showed 
a significant decline in all the three Groups during the course 
of the study. All the three Groups also showed an increase in 
serum HDL levels. This robust improvement across the fractions 
lipid profile parameters in all three Groups could be attributed to 
the well validated effects of change in dietary habits and lifestyle 
modifications. Our findings were supported by a previous study 
which reported that there was improved metabolic response in 
the form of decrease in serum triglyceride levels after 16 weeks 
of calorie-restricted low-glycaemic index diet and Metformin 
in subjects with impaired glucose tolerance [21]. A similar 
response was reported with Pioglitazone with respect to serum 
triglyceride levels [16]. It is previously reported that Rosuvastatin 
administration was associated with improvements in lipid profiles 
especially decrease in serum cholesterol levels [17]. The decline 
in serum VLDL as observed in our study is further supported 
by a previous study using Metformin and Pioglitazone [22,23]. 

The role of Rosuvastatin on serum HDL levels is still inconclusive 
as various studies have shown conflicting results. One of the 
study reported that Rosuvastatin administration was associated 
with improvement in serum HDL levels [24], while in other study 
Deguchi et al., 2014 observed a significant decline in serum 
HDL levels in dyslipidemic subjects with cerebral infarction when 
treated with rosuvastatin [25].

cOnclusIOn
Thus it appears that Rosuvastatin and Pioglitazone could have 
better effects in reversing the changes of NAFLD as compared to 
Metformin when used as add on therapy over dietary intervention 
and lifestyle modification. As Pioglitazone being already incor-
porated in the treatment guidelines by AASLD, Rosuvastatin as 
well may be useful as a pharmacotherapy for treating patients 
with NAFLD. Rosuvastatin use for prolonged periods may lead to 
increase in liver enzymes but acute decompensation is unlikely. 
Pioglitazone when used for prolonged periods may lead to weight 
gain and increase in BMI. Rapid weight loss in short period of 
time may lead to worsening of hepatic steatosis. Dietary and life 
style intervention has favourable effect on hepatic steatosis as 
observed by USG scores. A further aspect of clinical research 
from the above study is that the improvement in USG scores for 
NAFLD by Rosuvastatin used in the study is a molecule effect of 
Rosuvastatin per se or is the effect of class of drug. 
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