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Objective: Non-alcoholic fatty liver disease (NAFLD) is strongly associated with dyslipidemia.
Rosuvastatin exhibits greater efficacy in the treatment of dyslipidemia as compared to other statins,
so we aimed to explore its effect on NAFLD patients.

Methods: We conducted a prospective observational study (6-month) to evaluate NAFLD patients with
dyslipidemia receiving rosuvastatin with hypocaloric diet (N=81) or hypocaloric diet alone (N=114).
Using propensity score matching, patients (N =76) were divided into two equal groups. Serum levels of
periostin, adiponectin, TNF o and IL-6 were determined using ELISA kits; hepatic steatosis was evaluated
by ultrasound; hepatic fibrosis was assessed by NAFLD fibrosis and BARD scores at 0 and 6 months, and
liver enzymes were assessed at 0, 2, 4, 6 months of study treatment.
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Dyslipidemia
Hepatic steatosis Results: Rosuvastatin, in addition to hypocaloric diet diminished hepatic steatosis (p=0.011); decreased
Periostin serum periostin (p=0.003), TNF o (p=0.012), IL-6 levels (p =0.010); increased serum adiponectin levels

(p=0.028), and improved NFS, BARD scores (p > 0.05). Alteration in grades of hepatic steatosis were
found significantly correlated with change in serum levels of periostin (rs=0.256, p=0.025) and
adiponectin (rs=0.282, p=0.014), while association was insignificant with the changes in serum TNF-a
(rs=0.148, p=0.202) and IL-6 levels (rs=0.127, p=0.274).
Conclusion: Treatment with rosuvastatin, in addition to the hypocaloric diet, resulted in a significant
decrease in serum periostin levels; ameliorated grades of hepatic steatosis and fibrosis scores, indicating
that rosuvastatin, in addition to hypocaloric diet may be effective treatment for NAFLD with
dyslipidemia.

© 2017 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of INDIACLEN.

1. Introduction Till date, there is no approved and established treatment for

NAFLD. Aggressive treatment of dyslipidemia may reverse or

Non-alcoholic fatty liver disease (NAFLD) is the most common
chronic liver disease encircling a histological scale progressing
from simple steatosis to steatohepatitis, advanced fibrosis and
cirrhosis. NAFLD is strongly associated with obesity, insulin
resistance, dyslipidemia and oxidative stress.! Approximately
60% of patients with dyslipidemia had evidence of hepatic steatosis
while 70% of patients with non-alcoholic steatohepatitis (NASH)
were found to have dyslipidemia.?
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stabilise NAFLD. Although statins might show efficacy in NAFLD
due to their lipid-lowering function and pleiotropic effects but rare
possibility of association of statins with hepatotoxicity, de novo
cholesterol and fatty acid synthesis,> limits its use in the treatment
of NAFLD.

Rosuvastatin, a 3-hydroxy-3-methylglutaryl- coenzyme A
(HMG-CoA) reductase inhibitor, exhibits greater efficacy in the
treatment of dyslipidemia due to low lipophilicity, greater binding
with HMG-CoA reductase enzyme, higher hepatocyte selectivity,
minimal metabolism and low propensity for the hepatic cyto-
chrome P450 (CYP) drug interactions as compared with other
statins.”

2213-3984/© 2017 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of INDIACLEN.
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Arecent clinical study suggested Periostin, a novel matricellular
protein, as a potential biomarker in the management of NAFLD.
Periostin plays an important role in the progression of steatohe-
patitis, inflammation, and fibrosis in NAFLD.°"® No treatment
modalities have focussed to downregulate serum periostin level as
a therapeutic strategy for treatment of NAFLD. In an animal study,
Rosuvastatin inhibited periostin level and showed improvement in
fibrosis ° but clinical relevance is not reported yet.

Clinical studies assessing the efficacy of rosuvastatin in NAFLD
is limited and not well evidenced despite of its potential
candidature in the treatment of NAFLD patients. Therefore, this
study was undertaken to examine the effect of rosuvastatin on
hepatic steatosis, periostin and find out its correlation. Addition-
ally, study group also aimed to explore the effect of rosuvastatin on
adiponectin, TNF-a and IL-6, and their correlation with grades of
hepatic steatosis for reviewing rationalised prescription of
rosuvastatin in NAFLD patients with dyslipidemia.

2. Material and methods
2.1. Study design

This 6-month, prospective observational study was conducted
over the period between April 2015 to January 2017 in the clinical
setting at Hamdard Institute of Medical Sciences & Research
(HIMSR), Jamia Hamdard, New Delhi, India. The study protocol was
approved by Jamia Hamdard Institutional Ethics Committee
(JHIEC), India (Registration no: ECR/162/Jamia/Inst/DL/2013). This
study was carried out in accordance with the principles enunciated
in the Declaration of Helsinki (Brazil, October, 2013)."° This study
strictly followed the statement for strengthening the reporting of
observational studies in epidemiology (STROBE).!" Patients were
enrolled in this study only after receiving their written informed
consent form.

2.2. Subject selection

The newly diagnosed NAFLD patients with dyslipidemia
receiving treatments (rosuvastatin, 10 mg, once in a day with
hypocaloric diet or hypocaloric diet only) were recruited in the
study. Inclusion criteria were NAFLD patients taking study
treatments of either sex of age of 18 to 75 years; BMI of 21 to
35; fasting plasma TG levels of 1.8 to 8 mmol per liter or a ratio of
total cholesterol to HDL cholesterol higher than 5 (among men)
and higher than 4.5 (among women), or both. Patients were
excluded for any of the following reasons: pregnant or nursing
women; a history of pharmacological treatments of dyslipidemia
and weight loss or consumption of other steatosis-causing drugs
such as calcium channel blockers, tamoxifen, amiodarone,
prednisolone, corticosterone and methotrexate; history of drug
abuse; medical history of asthma, serious gastrointestinal, heart,
kidney, mental and bone diseases; any history of surgery within
the previous 6 months; patients with a known cause for their
increased liver enzyme levels such as viral hepatitis (B or C);
history of alcohol consumption of >20 g/day in the past 2 years and
recent changes in smoking habits. Based on the intervention, the
patients were grouped in the study, either into rosuvastatin
treatment group (rosuvastatin with hypocaloric diet) or diet
control group (hypocaloric diet alone). Intake of rosuvastatin was
confirmed by prescription as well as through patients’ interview
during their clinic visits.

2.3. Diet and behaviour modifications

Both physician and dietician educated all patients about eating
behaviour and other adverse habits. Daily calorie requirement was

calculated using revised Harris-Benedict equation.'? Patients were
counselled to follow an individualised diet plan structured in
accordance with their hypocaloric diet requirement. Each hypo-
caloric diet chart was composed of nutrients providing total energy
as 55% carbohydrate, 15% protein, and 30% fat. Patients were asked
to record a 7-day dietary intake and 24-h dietary recall which are
monitored once in a month during their clinic visits or were
enquired telephonically.

2.4. Clinical and biochemical assessment and follow-up

Demographic characteristics, anthropometric measurements
and biochemical parameters including periostin, adiponectin, TNF-
o, IL-6, total cholesterol (TC), triglycerides (TG), low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL)
cholesterol, fasting blood glucose and insulin levels, glycated
haemoglobin (HbA1c), complete blood count, bilirubin at O and 6
months; alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), alkaline phosphatase (ALP) levels at 0, 2, 4 and 6 months
of study treatments were determined using ELISA kits at pathology
centre, HIMSR.

Homeostasis model assessment (HOMA) index was calculated
at 0 and 6 months from the following equation: HOMA index =
[fasting plasma glucose level (mmol/l) x fasting plasma insulin
level (wU/ml)]/22.5."°

2.5. Chemicals

Elisa kits of lipid profile, blood glucose levels, HbAlc, liver
enzymes, bilirubin from Siemens Healthcare, Frimley, Camberley,
UK; Insulin kits from Roche Diagnostics, Indianapolis, Germany;
Periostin, TNF-«, and IL-6 ELISA Kkits from Sincere Biotech, China;
Adiponectin ELISA kits from Assaypro, USA, were utilised.

2.6. Imaging study

Hepatic steatosis was determined by assessing ultrasound (US)
echogenicity of liver, using a single system GE Voluson S6
ultrasound machine with 4C wide frequency convex transducer,
following not less than eight hours fasting at 0 and after 6 months
of study treatments by an expert radiologist, who is unaware of the
objectives of the study. The presence or absence and grading of
hepatic steatosis were recorded according to standard structure
documented in Goldberg textbook.'* urrent study utilised working
clinical definition of NAFLD as: (i) grades of liver imaging meet the
diagnostic criteria of fatty liver that cannot be explained by any
other causes; or (ii) an unexplained steady rise in serum ALT, AST
levels for at least 6 months in patients with any component of the
metabolic syndrome.'”

2.7. NAFLD fibrosis score (NFS) and BARD score

NAFLD fibrosis score (NFS) and BARD score were calculated for
identification of advanced fibrosis at 0 and 6 months in both group
by following equations: NFS=-1.675+0.037-age (years)+0.094-
BMI (kg/m2)+1.13 x IFG/diabetes (yes=1, no=0) + 0.99 x AST/ALT
ratio — 0.013 x platelet count (x109/1) —0.66 x albumin (g/dl). A
score lower than —1.455 excludes advanced fibrosis, a score higher
than 0.676 indicates advanced fibrosis. Scores between these
values are defined as indeterminate.'®

The BARD score was determined by an addition of points of
following three variables: AST/ALT ratio >0.8-2 points; a BMI >28-
1 point; and the presence of diabetes — 1 point. A score equal to 0 or
1 predicts high (96%) negative predictive value (NPV) for advanced
fibrosis.!”
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2.8. Sample size calculation

Till date, no previous clinical study evaluated the effect of
rosuvastatin on serum periostin levels. Hence, sample size was
calculated on the basis of a pilot study, which evaluated the effect
of rosuvastatin on serum periostin levels in pre and post design
manner in 10 propensity score matched patients with 5% o. 30
patients were required for 80% power, and 45 patients were
required for 90% power of the study.

2.9. Statistical analysis

Descriptive statistics were used to analyse the demographic and
clinical characteristics of the patients. Data were expressed as
mean (SD) or median value (interquartile range), and normal
distribution of variables were identified using Kolmogorov-
Smirnov test. Independent sample t tests were used for
between-group comparisons at baseline. Paired t-tests were used
to evaluate within-treatment changes from baseline to end of
treatment whereas between-treatment changes at the end of
treatment were tested using 1-way analysis of covariance with the
initial value as a covariate. ANOVA was used for repeated
measurements of liver enzymes. The Wilcoxon signed-rank test
or the Mann-Whitney test was used if nonparametric tests were
required. Spearman rho or pearson correlation analysis were used
for correlation.

Propensity score analysis was conducted to minimise selection
bias, resulted due to non-randomised nature of the study. The
propensity score was computed using multivariate logistic

regression analysis, taking covariates such as age, sex, BMI,
smoking status, family history of obesity, presence of diabetes,
grades of hepatic steatosis, fibrosis scales, TG levels, ratio of total
cholesterol to HDL cholesterol. Treatment and control group
patients were matched in 1:1 by using nearest neighbour
propensity score matching method with a caliper of 0.05 units.
Data were analysed by using software of statistical package for
the social sciences (SPSS, version 21.0, SPSS, Inc., Chicago, IL, USA).
The power of sample size was calculated by G*Power (version 3.1,
Heinrich-Heine-Universitdt, Diisseldorf, Germany).

3. Results

A total of 173 newly diagnosed NAFLD patients prescribed with
rosuvastatin plus hypocaloric diet (N=78) or hypocaloric
diet alone (N=95), were screened in accordance with study
criteria. At the end of the study, only 111 patients (N=53,
rosuvastatin group; N=58, diet control group) completed the 6
month study period (detailed description given in Fig. 1). Mild
gastrointestinal side effects, non-adherent to study drug, noncom-
pliance with dietary restriction, financial reasons and unwilling-
ness to visit the centre and commitment towards daily work in
rosuvastatin group while switching to drug treatment or
noncompliance with dietary restriction in the diet control group
were the major reasons for non-completion of the study.
Significant differences were found between treatment groups in
baseline demographic, clinical, laboratory and ultrasound imaging
characteristics (Tables 1 and 2). In accordance with propensity
scores, 76 patients with matched scores were divided into two

1. Laboratory investigations
2. Clinical findings
3. Ultrasound imaging

Obese NAFLD patientsidentified on the basis of

|

Study treatments (Rosuvastatin with hypocaloric diet or hypocaloric diet alone) prescribed to adult NAFLD patients with
dyslipidemia as decided by the treating clinician with the help of a dietician (N=173)

Patients screened out (N=28, did not meet study criteria)

|<_

A

Based on the intervention, patients enrolled in the study (N= 145) into,
1. Rosuvastatin treatment group (Rosuvastatin with hypocaloric diet (N=71)
2. Diet control group (hypocaloric diet alone) (N=74)

Drop out patients (N=34)

1-Did not start the treatment (7, Rosuvastatin treatment group; 4, Diet
control group )

2- Could not complete the study period (11, Rosuvastatin treatment
group; 12, Diet control group )

—

y

2. Dietcontrol group (N=58)

Patients completed the study period
1. Rosuvastatin treatment group (N= 53)

0 Month 2 Month

1 4 Month

6 Month

e AN

Assessment of anthropometric, clinical Assessment of Assessment of All baseline measurement at 0
and biochemical parameters including liver enzymes liver enzymes month repeated
serum levels of periostin, adiponectin,
TNF-a. and IL-6
Propensity scores analysis &

Patients with mismatched score excluded (n=35)

A

Propensity score matched patientsdivided into two equal groups (N=76) for statistical analysis
(N=38, rosuvastatin group; N= 38, Diet control group)

Fig. 1. Study design.
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Table 1
Baseline Demographics, Clinical and Laboratory Data.

Variable Propensity score matching (—) Propensity score matching (+)
Control (58) Rosuvastatin (53) P Value Control (38) Rosuvastatin (38) P Value

Age (y) 50.72 +£13.90 44.78 +10.80 0.006 44.57 +11.19 40.60 +9.95 0.128
Age > 60 14(24.14) 7(13.21) 0.116 8(21.05) 5(13.16) 0.367
Female sex 30(51.72) 22(41.50) 0.184 15(39.48) 18(47.37) 0.494
DM 13(22.41) 8(15.09) 0.376 7(18.42) 4(10.53) 0.335
Hypertension 9(15.51) 15(28.30) 0.019° 6(15.79) 11(28.95) 0.173
History of obesity 6 (10.34) 13(24.52) 0.025 4(10.53) 7(18.42) 0.335
Smoking 14(24.14) 6(11.32) 0.189 9(23.68) 4(10.53) 0.132
Weight 80.73 £9.00 74.76 £ 6.92 <0.001" 77.90 +8.85 75.41 +5.07 0.137
BMI 28.58+3.29 26.56+2.38 <0.001" 27.80+3.44 26.81+1.62 0.118
BMI > 30 19(32.76) 6(11.32) 0.008" 11(28.95) 5(13.16) 0.094
Waist (m) 1.02+.05 0.99+ 0.03 0.001 0.99+0.04 0.98+ 0.02 0.502
Waist/hip ratio 0.98 +0.03 0.96+ 0.02 0.002 0.97+0.01 0.97+ 0.01 0.108
FPG (mmol/L) 578 £0.78 544+0.74 0.008" 5.34+0.77 5.55+0.73 0.234
HbA1c (%) 5.69+0.41 5.55+0.35 0.025 548 +£0.24 5.58 +0.40 0.153
Insulin (pmol/L) 125.19 +43.50 108.19+ 30.34 0.010° 104.34 +19.02 96.03+ 19.03 0.067
HOMA-IR 4.71+2.01 3.74+1.05 0.001 3.57+0.82 3.40-+0.82 0.380
TC (mmol/L) 535+1.06 748 £1.73 <0.001" 6.67 £1.19 6.85+1.04 0.487
TG (mmol/L) 2.30+0.51 2.58 +0.45 0.001" 2494044 2.62-+0.43 0.205
LDL(mmol/L) 4.63+1.02 5.15+0.99 <0.001" 4.63+1.13 4.82+0.98 0.417
HDL(mmol/L) 0.88 £0.06 0.87+ 0.07 0.160 0.90 +0.06 0.86=+ 0.07 0.091
ALT(ukat/L) 0.92+0.32 1.07+£0.30 0.005" 1.04+£0.30 1.09+0.30 0.455
AST(ukat/L) 0.61+0.24 0.71+ 0.26 0.038 0.68+0.26 0.75+ 0.27 0.262
ALP(ukat/L) 1.66 +0.27 1.84+0.36 0.001" 1.57+0.29 1.57+0.30 0.146
Bilirubin(jpmol/L) 11.31+6.33 12.20 £ 740 0.440 8.63(5.64-18.16) 12.48(6.62-17.01) 0.332
Periostin (ng/ml) 1605.72 +502.14 1934.86 +484.57 <0.001" 1856.72 + 541.50 2032.86 +451.71 0.128
Adiponectin (pg/ml) 4.28+0.98 4.62 +1.04 0.051 4.80+1.02 4.49+1.06 0.205
TNFa (pg/ml) 6.57+1.70 6.98 +1.66 0.153 6.70 +£1.52 7.32+£1.65 0.087
IL-6 (pg/ml) 3.88+1.75 4.38 +1.54 0.072 4.20+1.70 4.82+1.29 0.079

Data are mean & SD, n (%), median (interquartile range).

Abbreviations;: BMI, body mass index; M, Male; F, Female; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; PPG, Postprandial glucose;
HbAT1c, Glycated haemoglobin; HOMA-IR, Homeostasis model assessment-estimated insulin resistance; TC, Total cholesterol; TG, Triglyceride; LDL, low-density lipoprotein;
HDL, High density lipoprotein; ukat, unit catalytic activity; ALT, alanine aminotransferase; AST, aspartate aminotransferase;ALP, Alkaline phosphatase;TNF- o, Tumour

necrosis factor alpha; IL-6, Interleukin-6.
" p<0.05, value significantly different between groups.
™ p<0.001, value significantly different between groups.

Table 2
Baseline ultrasound grading and fibrosis scores.

Variable Propensity score matching () Propensity score matching (+)

Control (58) Rosuvastatin (53) P Value Control (38) Rosuvastatin (38) P Value
US grades 1.65+0.71 1.96 + 0.62 0.012" 1.84+0.71 2.00+5.07 0.303
0 0 0 0 0
1 28 (48.27) 11(20.75) 13(34.21) 8(21.05)
2 22(37.93) 33(62.26) 18(47.37) 22(57.89)
3 8(13.79) 9(16.98) 7(18.42) 8(21.05)
NFS score 1.33+047 1.21+0.41 0.157 1.31+£0.62 116 £0.40 0.322
Low 39(67.24) 42(79.24) 29(76.32) 32(84.21)
Intermediate 19(32.75) 11(20.75) 9(23.68) 6(15.79)
High 0 0 0 0
BARD score 1.43+0.50 1.30+0.46 0.161" 137 +£0.99 1.00+ 1.04 0.106
Low 33(56.90) 37(69.81) 26(68.42) 24(63.16)
High 25(43.10) 16(30.19) 12(31.58) 14(36.84)

Data are mean £ SD, n (%).

Abbreviations: USultrasound; NFSNAFLD fibrosis score; BARDBody mass index plus AST/ALT ratio plus presence of diabetes.

" p<0.05, value significantly different between groups.

equal groups (n=38, rosuvastatin group; n=38, diet control) and
accounted for statistical analysis (Fig. 1). No significant differences
were found in baseline characteristics, between propensity score
matched treatment groups (Tables 1 and 2).

All enrolled subjects, included in the final analysis were adult
(diet control vs. rosuvastatin group; mean age, 44.57 +11.19 year
vs.40.60 & 9.95 year) with mean BMI (27.80 4 3.44 vs. 26.81 +-1.62)
NAFLD patients. A total of 47.37% of the rosuvastatin group were
women compared with 39.48% women in the control group.
(Table 3)

3.1. Treatment outcome

3.1.1. Clinical and biochemical characteristics

At the end of the study, rosuvastatin group experienced
insignificant reductions in weight, BMI and waist circumference,
but significant improvements were observed in serum levels of
total cholesterol, LDL cholesterol, TG, HDL cholesterol; plasma
insulin levels and HOMA-IR values, as compared to diet control
group (Table 3). Both groups showed insignificant changes in
serum levels of AST, ALT, ALP, but mild rise (2 > ULN) in AST and ALT
levels in 6 patients (15.79%) after 2 month treatment and ALP levels



R.A. Khan et al./Clinical Epidemiology and Global Health 7 (2019) 53-59 57

Table 3

Comparison of Pre- and Post clinical and Laboratory Variables within and between Groups among propensity matched patients.

Variable Control (38) P value Rosuvastatin (38) P value P value Between groups
0 month 6 months 0 month 6 months
Body weight (kg) 77.90 +8.85 75.74 +7.81 <0.001" 75.414+5.07 73.63 +£5.25 <0.011 0.470
BMI (kg/m2) 27.80+3.44 26.81+3.03 <0.001" 26.81+1.62 26.19 +1.88 0.012° 0.407
Waist (m) 0.99 +0.04 0.98 +0.03 0.006° 0.98+ 0.02 0.97 +£0.02 0.022° 0.933
Waist/hip ratio 0.97 +£0.01 0.96 + 0.02 0.186 0.97+ 0.01 0.96 +0.02 0.386 0.882
FPG (mmol/L) 534 +0.77 5.28+0.8 0.575 5.55+0.73 5.29+0.69 0.004 0.257
HbAlc (%) 5.48 +0.24 5.44+0.27 0.160 5.58 +0.40 5.45+0.39 0.013 0.215
Insulin (pmol/L) 104.34 +19.02 100.028 + 14.51 0.191 96.03+ 19.90 87.54421.24 0.011° 0.024'
HOMA-IR 3.57+£0.82 3.40+0.82 0.187 3.40+0.82 2.96 +0.81 0.003 0.032°
TC (mmol/L) 6.67 £1.19 6.49 +1.43 0.180 6.85+1.04 5.09+0.86 <0.001" <0.001"
TG (mmol/L) 2.49+0.44 2.43+0.42 0.334 2.624+043 1.81+£0.36 <0.001" <0.001'f
LDL(mmol/L) 4.63+1.13 4.45+136 0.145 4.82+0.98 3.27+0.36 <0.001" <0.0017"
HDL(mmol/L) 0.90 +0.06 0.92+0.13 0.326 0.86+ 0.07 0.97 +£0.05 <0.001" 0.033'
ALT(ukat/L) 1.04+0.30 0.98+0.23 0.067 1.09+0.30 1.02+£0.24 0.302 0.057
AST(ukat/L) 0.68 +£0.26 0.62+0.19 0.065 0.75+ 0.27 0.65+0.23 0.122° 0.094
ALP(ukat/L) 1.57+0.29 154 +£0.27 0.608 1.57+0.30 1.50+0.36 0.341 0.255
Bilirubin(jmol/L) 8.63(5.64-18.16) 11.80(8.63-17.74) 0.201 12.48(6.62-17.01) 14.28(10.99-17.44) 0.083 0.194
Periostin (ng/ml) 1856.72 + 541.50 1866.51 + 613.02 0.758 2032.86 +£451.71 1809.75 4+ 338.39 0.003’ 0.017!
Adiponectin (pg/ml) 4.80 +1.02 4.83+1.28 0.798 4.49 +1.06 4.79+0.95 0.028 0.247
TNFa (pg/ml) 6.70 £1.52 6.74 £1.53 0.577 7.32+£1.65 6.75+2.28 0.012" 0.008'
IL-6 (pg/ml) 420+ 1.70 4314+1.53 0.470 4.82+1.29 4214+ 1.60 0.010° 0.039'

Data are mean =+ SD, or median (interquartile range).

Abbreviations: BMI, body mass index; M, Male; F, Female; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; PPG, Postprandial glucose;
HbA1c, Glycated haemoglobin; HOMA-IR, Homeostasis model assessment-estimated insulin resistance; TC, Total cholesterol; TG, Triglyceride; LDL, low-density lipoprotein;
HDL, High density lipoprotein; ukat, unit catalytic activity; ALT, alanine aminotransferase; AST, aspartate aminotransferase;ALP, Alkaline phosphatase; TNF- o, Tumour

necrosis factor alpha; IL-6, Interleukin-6.
" P value is less than 0.05, within groups.
™ P value is less than 0.001 within groups.
P value is less than 0.05 between groups.
' P value is less than 0.001 between groups.

(2>ULN)in 5 patients (13.16%) after 4 month treatment, were also
reported in rosuvastatin group but treatment was continued for 6
months, and at that moment mild rise in AST, ALT and ALP was still
seen in 4 patients (10.53%).

3.1.2. Serum periostin, adiponectin, TNF « and IL-6

After 6 months of treatment, rosuvastatin group demonstrated
significant reductions in serum levels of periostin, TNF «, IL-6, and
increases in serum adiponectin levels. Diet control group also
showed slight increase in serum adiponectin level but these
changes did not reach statistical significance. Moreover, changes in
serum levels of periostin, TNF o and IL-6 level were also not
significant in the diet control group.

Table 4
Comparison of NAFLD US grades, NFS and BARD score Within and Between Groups.

In comparison to hypocaloric diet group, rosuvastatin group
also showed notable reductions in serum levels of periostin, TNF o
and IL-6, but adiponectin levels were not increased significantly.
(Table 3)

3.1.3. Ultrasound imaging studies

Rosuvastatin group caused a significant reversal of hepatic
steatosis and showed diminished hepatic ultrasound echogenicity
(p=0.011) but this reduction did not reach statistical significance
in comparison to the diet control group (p 0.255). Rosuvastatin
group experienced improvement in steatosis in 18 patients as
compared to 12 patients in diet control group. Furthermore, Fatty
liver progressed in six patients of rosuvastatin group as compared
to eight patients of diet control group. (Table 4)

Variable Control (38) P value Rosuvastatin (38) P value P value Between groups
0 month 6 months 0 months 6 months

US grades 1.84+0.71 1.74+£0.72 0.437 2.00+£5.07 1.60 +0.97 0.011° 0.255

0 0 2 (5.26) 0 6(15.79)

1 13(34.21) 10(26.31) 8(21.05) 10(26.32)

2 18(47.37) 22(57.90) 22(57.89) 15(39.47)

3 7(18.42) 4(10.53) 8(21.05) 7(18.42)

NFS score 1.31+0.62 1.45+0.76 0.194 116 +£0.40 1.02+0.16 0.025° 0.003'

Low 29(76.32) 27(71.05) 32(84.21) 37(97.37)

Intermediate 9(23.68) 11(28.95) 6(15.79) 1(2.63)

High 0 0 0 0

BARD score 1.374+0.99 1.29+0.77 0.432 1.00+ 1.04 0.60 +0.85 0.040° 0.002'

Low 26(68.42) 28(73.68) 24(63.16) 31(81.58)

High 12(31.58) 10(26.31) 14(36.84) 7(18.42)

Data are mean =+ SD, n (%).

Abbreviations: US, ultrasound; NFS, NAFLD fibrosis score; BARD, Body mass index plus AST/ALT ratio plus presence of diabetes.

" P value is less than 0.05 within groups.
P value is less than 0.05 between groups.
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3.1.4. NAFLD fibrosis score and BARD score

After 6 months of treatment, rosuvastatin group showed a
significant improvement in NFS and BARD score in comparison to
diet control group (p < 0.05). Further, hypocaloric diet group failed
to improve NFS and BARD score (p > 0.05). (Table 4)

3.1.5. Correlation analysis

Taking all patients into account, degree of reductions in
ultrasound grade were found to be significantly correlated with
decrease in serum periostin levels (rs=0.256, p=0.025); increase
in serum adiponectin levels (rs=0.282, p=0.014) but association
was found insignificant with changes in the serum levels of TNF-a
(rs=0.148, p=0.202) and IL-6 (rs=0.127, p=0.274). (Table 5)

4. Discussion

The present study evaluated the effect of 6-month rosuvastatin
treatment along with hypocaloric diet on clinical, biochemical and
radiological features of disease activity in NAFLD patients with
dyslipidemia. This study demonstrated a significant reversal of
fatty infiltration in liver with consequent improvement of NFS and
BARD scores in rosuvastatin group while, hypocaloric diet alone
could not ameliorate hepatic steatosis and failed to improve NFS
and BARD scores.

The pleiotropic effects and lipid lowering property of rosuvas-
tatin have been thought to be a possible reason for its therapeutic
efficacy in NAFLD patients. Recently, an animal study by Souza
Marinho et al (2016) demonstrated that rosuvastatin diminishes
the steatosis through reduced lipogenesis by inhibiting PPAR-
v/SREBP-1c pathway. They, further, revealed that rosuvastatin
increases (3-oxidation of fatty acid through upregulation of PPAR-
a. It has been reported that inhibition of SREBP-1c¢ with
rosuvastatin, ameliorates insulin resistance. In addition, they also
demonstrated that expression of FAT/CD36, a transporter of fatty
acid in human and animal hepatocytes, was diminished and
fibrosis was prevented through inhibited HSCs activation.'®

Oxidative stress also plays an important role in disease
progression of NAFLD and, is associated with severity of hepatic
steatosis. The pleiotropic antioxidant potential of rosuvastatin
provides a valuable insight in favour of its beneficial effect in the
treatment of NAFLD.'?

Although, statins have been underused in NAFLD, due to the
possibility of increased risk of hepatotoxicity, disturbed glucose
homeostasis, and insulin resistance®, but the mechanisms regard-
ing the detrimental effects of statins on NAFLD are still
inconsistent. Conversely, few clinical studies have been reported
that rosuvastatin might be effective in NAFLD patients with
dyslipidemia. Antonopoulos and colleagues (2006) demonstrated
a improved abnormal transaminases, and lipid profiles of NAFLD
patients with 8 months of rosuvastatin treatment.?® Another
clinical study also showed that rosuvastatin treatment alleviates
the non-alcoholic steatohepatitis in patients with metabolic
syndrome.?! A pilot study also reported the efficacy of rosuvastatin

Table 5
Correlation of degree of reduction in ultrasound score with percentage change in
periostin, adiponectin, TNF-a and IL-6 after 6 months treatment of Rosuvastatin.

Factor Is P value
% Periostin decrease 0.256 0.025
% Adiponectin increase 0.282 0.014
% TNF-a decrease 0.148 0.202
% IL-6 decrease 0.127 0.274

Abbreviations;: rs, spearman correlation; TNF- o, Tumor necrosis factor alpha; IL-6,
Interleukin-6.
" P value is less than 0.05.

in NAFLD, however, the results were not so promising, and needed
a large controlled study to establish the efficacy.??

In consistent with previous findings, the present study also
demonstrated a insignificant changes in AST and ALT levels after 6-
month treatment with rosuvastatin. Further, we noted mild
elevation in AST and ALT levels in 6 patients (15.79%). Elevation
of liver enzymes with statins could be due to transaminitis, which
is not necessarily associated with hepatotoxicity and it might be
possibly due to natural disease progression instead of statin-
related effect.?®

McKenney et al (2005) reported that rosuvastatin is effective
and safe in the treatment of dyslipidemia in diabetic and non-
diabetic patients at therapeutic doses.”* The current study also
observed a notable improvement in glucose homeostasis in
rosuvastatin treated patients.

Statins may cause impaired glucose metabolism through the
activation of NLRP3 inflammasome, which contribute to the
development of Type 2 diabetes mellitus.>®> Athyros et al (2017)
suggested that physicians should consider use of statins in the
treatment of NAFLD at high CVD or HCC risk in combination with
pioglitazone.?®

Luo B et al. (2014) reported inhibitory effects of rosuvastatin on
NLRP3 inflammasome and MAPK pathways in the animal model.?”
Although clinical relevance is still not established with rosuvas-
tatin treatment, but it could be a possible mechanism for beneficial
effect of rosuvastatin on blood glucose homeostasis in the present
study.

Recent preclinical and clinical studies indicated a pivotal role of
periostin in the progression of NAFLD i.e. steatohepatitis,
inflammation, and fibrosis. Periostin play critically in the regula-
tion of hepatic triglyceride homeostasis and possibly involved in
insulin sensitivity. °-%2® TGF-B is a key stimulator of periostin
secretion in a variety of tissues or cells and periostin expression is
decreased by inhibition of TGF-B.%%? Interestingly, Ma et al. (2013)
documented that rosuvastatin inhibits TGF-31 expression and
alleviates myocardial fibrosis in diabetic rats.° Another study also
demonstrated the inhibitory effect of rosuvastatin on the expres-
sion of periostin in cardiac model of rat.° In accordance with
previous studies, the present study explored the effect of
rosuvastatin on serum periostin levels and showed a significant
reduction (p=0.002) in serum periostin levels as compared to the
hypocaloric diet in NAFLD patients.

Arecent study on Chinese obese patients suggests that TG, TNF-
«, IL-6 and HOMA-IR were independent factors influencing the
periostin levels.”® Treatment with TNF-a increases the mRNA
expression of periostin in HepG2 cells.® Hence, it is conceivable
that inflammatory cytokines may involve in the regulation of
periostin biosynthesis in target tissues. In the present study,
improvement in the levels of TG, TNF-c, IL-6 and HOMA-IR with
rosuvastatin might be responsible for downregulation of periostin
levels.

Imbalance of adipocytokines (decreased serum adiponectin,
increased serum TNF-a and IL-6 levels) were normalised after
rosuvastatin treatment as compared to hypocaloric diet alone. This
ameliorative effect of rosuvastatin might be due to the pleiotropic
property of statins which is in line with the previous clinical
study.??

Significant positive association between the decreased serum
levels of periostin and degree of reduction in NAFLD US grades
(rs=0.256, p=0.025) was also established in our study. Hence, the
effect of rosuvastatin on grades of fatty liver might also be due to
indirect downregulation of periostin.

We, further, noted the significant correlation of an increases in
adiponectin levels with degree of reductions in NAFLD US grades
(rs=0.282, p=0.014) which is similar to the findings of the
previous study.?! This study also supports the proposal by Finelli
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et al. (2013), that downregulation of adiponectin levels might be a
therapeutic approach for the management of NAFLD.>?

In the present study, adverse effects related to the gastrointes-
tinal tract mainly constipation, stomach-ache, indigestion and
diarrhoea were reported in 9 (23.68%) patients and myalgia were
also reported in 4 patients (10.52%). Sleep problems were also
reported in 2 (5.26%) patients.

4.1. Limitations

The present study should be interpreted in the light of some
limitations. Small sample size especially in various grades of fatty
liver is the first limitation of the present study. Liver biopsy is the
gold standard of assessing fatty liver but present study used
ultrasonographic imaging studies for assessing grades of fatty liver
which is another limitation of this study.

5. Conclusion

Rosuvastatin in addition to the hypocaloric diet might be an
effective alternative treatment for hepatic steatosis. Although,
rosuvastatin improved NFS and BARD scores but its effect on NASH
and advanced fibrosis needs to be elucidated and validated further.
The present study has reported that rosuvastatin treatment
reduced the levels of serum periostin for the first time to the
best of our knowledge. Furthermore, reversal of fatty infiltration is
positively associated with the downregulation of serum periostin
and upregulation of adiponectin after 6 months of rosuvastatin
treatment which needs to be validated and elaborated in further
large studies.
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