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Background: Saroglitazar—a unique dual peroxisome proliferator-activated receptor agonist was approved market-
ing authorization in India in 2013 for diabetic dyslipidemia. Postmarketing studies have additionally shown
improvement in liver parameters in diabetic dyslipidemia patients with nonalcoholic fatty liver disease (NAFLD)
who received saroglitazar. Aim: The aim of this study was to evaluate the effect of saroglitazar on liver function
test, liver fibrosis score by FibroScan, lipid profiles, HbAlc in NAFLD patients with diabetic dyslipidemia in south-
ern India. Methodology: A prospective, interventional, pilot study was performed to study the safety and efficacy of
saroglitazar in NAFLD patients having type 2 diabetes mellitus. About 97 patients were screened, of which 85 pa-
tients were involved in the study based on the inclusion criteria. The clinical parameters and liver stiffness were
measured at the baseline and also after 12 weeks of treatment with administration of saroglitazar 4 mg once daily.
The change in the parameters at the baseline and after the end of the treatment was measured and was subjected to
statistical analysis using SPSS software. Results: The recruited patients received saroglitazar and were followed up for
a period of 12 weeks. The clinical parameters such as fasting blood sugar, postprandial blood sugar, HbAlc, total
cholesterol, triglycerides, SGPT, and liver stiffness showed significant difference after 12 weeks of treatment when
compared with the baseline values. No adverse drug reaction was reported in patients receiving saroglitazar during
the study. Conclusion: Saroglitazar was found to show significant improvement in liver parameters in NAFLD pa-

tients with a significant reduction in liver fibrosis and triglycerides level.
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onalcoholic fatty liver disease (NAFLD) is a ge-

netic, environmental, metabolic, and stress-asso-

ciated liver disease characterized by excess fat
storage in liver parenchymal cells ranging from simple
steatosis to steatohepatitis in the absence of excessive
alcohol intake.! It is a part of the metabolic syndrome,
associated with many metabolic features, such as hyperten-
sion, obesity, diabetes, and hyperlipidemia.

Indians have higher insulin resistance and higher hepat-
ic triglycerides in comparison with other races proposing
that Indians are much susceptible to developing
NAFLD.' The prevalence of insulin resistance in Asian-
Indians residing in India ranges from 7% to 55%.%° NAFLD
is emerging as the most common liver abnormality in In-
dia. The management of patients with NAFLD consists
of treatment of associated metabolic comorbidities such
as hyperlipidemia, obesity, insulin resistance, and type 2
diabetes mellitus (T2DM). The higher prevalence of
NAFLD in diabetic patients attributes to the use of antidi-
abetic drugs that exhibit beneficial effects in the manage-
ment of NAFLD as well. Pioglitazone and empagliflozin
are the few examples of antidiabetic drugs which also
have potential effects on NAFLD." Simultaneous blood
glucose reduction, weight reduction, increase in glucagon
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level, reduction in hepatic inflammatory cytokines, and
lowering of lipid levels elicited by these drugs by various
mechanisms facilitate improvement in the liver fibrosis
condition which is reflected as reduction in the liver stiff-
ness measurement (LSM).>” The pharmacotherapy of pa-
tients with NAFLD is still evolving. Current treatment
for NAFLD mainly focuses on the simultaneous manage-
ment of insulin resistance and dyslipidemia which are
the key factors in the pathophysiology of NAFLD. Insulin
sensitizers such as thiazolidinediones, SGLT2Is, which
possess dual activity of maintaining blood glucose and
lipid levels, are being used widely in the management of
NAFLD. Alternatives such as therapies based on statins,
cytoprotective and antioxidant agents, and incretin-based
therapy are also being used for the NAFLD
treatment."’ Saroglitazar is a glitazar class compound
that has been approved by the central drug standard con-
trol organization of India for treating diabetes dyslipide-
mia with the excellent safety profile.® Real-world evidence
has showed that there was also a consistent improvement
in liver parameters with reduction in ALT levels in
NAFLD.” Studies in northern India have shown improve-
ment in liver parameters such as SGPT in diabetic dyslipi-
demia patients with NAFLD who received saroglitazar for
24 weeks.'”"'* PPARa/y are nuclear receptors which can
control the metabolic process of lipid and glycemic
parameters, respectively. PPAR-alpha and PPAR-gamma
are the molecular targets of a number of marketed drugs.
Saroglitazar is a dual PPAR« (alpha) and PPARY (gamma)
agonist showing action predominantly on PPAR«a and
moderately on PPARYy agonist.

There is a very high prevalence of NAFLD in individuals
with T2DM. Studies have estimated that around one-third
to two-thirds of diabetic patients have NAFLD."* "> This
results in adverse outcomes such as higher rates of
mortality due to cirrhosis. The present study was
designed to assess the effect of saroglitazar, a novel
PPARa/y agonist on NAFLD in patients with diabetic
dyslipidemia.

PATIENTS AND METHODS
Study Design

A prospective, single-arm, open-label, interventional, pilot
study was conducted from October 2017 to May 2018 in
the Department of Medical Gastroenterology, SRM Medi-
cal College Hospital & Research Centre (SRMMCH&RC),
Chennai, southern India. The Institutional Human Ethics
Committee of SRMMCH&RC approved this study proto-
col (Approval No.1266/IEC/2017).

Study Population

Inclusion criteria: Subjects of both sex in the age group of
18-75 years with a body mass index (BMI) between 25 and
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50 kg/msq with documented diagnosis of NAFLD estab-
lished by imaging (ultrasound, CT scan, or MRI) within
the 12 months preceding visit and reconfirmed by repeat
USG abdomen during current visit. Patients with dyslipi-
demia (triglycerides > 150 mg/dl, total
cholesterol > 200 mg/dl and LDL-C > 130 mg/dl) were
included. Patients who are diagnosed with type 2 diabetes
(HbAlc > 7%) and who are treated with oral medication,
excluding TZD or saroglitazar drug users within the last
12 weeks were included.

Exclusion criteria: Use of drugs related with NAFLD for
more than 12 sequential weeks in the one year before the
first visit. Consumption of >3 units of alcohol per day
(>21 units per week) if male and >2 units of alcohol per
day (>14 units per week) if female for at least 3 consecutive
months in the 5 years preceding visit 1 (note: 1 unit = 4
ounces of wine, 1 ounce of spirits/hard liquor or 12 ounces
of beer). Use of tamoxifen, amiodarone, methotrexate, sys-
temic glucocorticoids, tetracycline, anabolic steroids, estro-
gens in doses higher than used in vitamin A, oral
contraceptives, L-asparaginase, sodium valproate, chloro-
quine, or antiretroviral drugs. Patients with serum positive
for hepatitis B surface antigen and anti-HCV were
excluded, as also, patients who had been taking SGLT?2 in-
hibitors, pioglitazone, insulin, GLP1Ra drugs within the
last 12 weeks. Lactating and pregnant women. Patients
not willing to give consent and patients who were known
to have cardiac and renal disorders after medical history
interview were excluded. Being a pilot study, we randomly
recruited 85 patients who were then subjected to interven-
tion without blinding.

Procedure

A total of 97 patients were considered for eligibility in
which, 12 patients were excepted because of unwillingness
and not meeting the inclusion criteria (Figure 1). Remain-
ing 85 patients were included in the study and received
4 mg of saroglitazar once daily for 12 weeks. Fasting blood
glucose, serum urea as renal function test, lipid profiles,
liver function test, USG abdomen, FibroScan, and adverse
effects were recorded at the starting point and after 12
weeks of the treatment.

Biochemical Analysis

In the morning (7-9 am), 6 ml of blood samples were ob-
tained by venous pinhole after overnight fasting, 2 ml of
blood sample was shifted into Na2EDTA vacutainer then
the plasma was separated by centrifugation for glucose
estimation, remaining samples were transferred to plain
tube and permitted to clot at room temperature for
45 min before centrifugation (centrifuge-5430R, Eppen-
dorf) to separate the serum. The samples were then ali-
quoted into Eppendorf tubes and stored at —20 °C until
analysis. Glucose, serum lipid profiles, and liver function
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Figure 1 Study flowchart.

tests were carried out by the fully automated clinical chem-
istry analyzer (EM 360, Transasia) using diagnostics kits
(ERBA Diagnostics Mannheim GmbH).

Liver Stiffness Measurement

LSM was executed with the FibroScan (FibroScan 502
Touch, Echosens, Paris, France) under fasting conditions
in accordance with the manufacture references by a special-
ized technician blinded to the patient’s data. All the pa-
tients were fasted for at least 6 h before LSM.
Dimensions were made with the M probe on the right
lobe of the liver by the intercostal spaces with the patient
lying in dorsal decubitus with the right arm in highest
abduction. Ten successful attainments were performed
on each patient. The median value characterized the liver
elastic modulus. Only cases with 10 successful attainments
were assessed. The liver stiffness was expressed in kilo-
Pascal (kPa). Based on validation in an earlier cohort, we
assumed an LSM cutoff of 7.9 kPa to exclude F3 fibrosis
with 90% sensitivity and NPV. We also carried out sensi-
tivity analysis using a range of other published cutoffs.

Statistical Analysis

The data were analyzed using SPSS (version 20; SPSS Inc.,
Chicago, IL, USA). Descriptive statistics are presented as a
mean =+ standard deviation. Statistical analysis was carried
out by using Student's t-test. The minimum level of signif-
icance was fixed at P < 0.05. The Pearson's correlation coef-
fcients were estimated as well as tested for signifcance of the
linear relationship between Fibrosis and triglycerides levels.

RESULTS

The mean age of the patients was 56.81 £ 4.06 years. All the
85 patients received saroglitazar treatment and were followed
up for a period of 12 weeks. Of 85 patients, 44 (51.76%) were
male and 41 (48.24%) were female. In this study, 72 patients
(84.7%) were on statin therapy, that is, rosuvastatin 10 mg
daily or atorvastatin 10 mg daily. Saroglitazar 4 mg was
administered in addition to on-going antidiabetic mono-
therapy in 31 patients (36.8%) and to on-going antidiabetic
dual therapy in 54 patients (63.2%). At the baseline, the anti-
diabetic medication reported includes metformin in 82
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Table 1 Baseline Demographic Characteristics.

Variable Baseline value
Age (years) 56.81 + 4.06
BMI 25.94 + 2.20
Systolic blood pressure (mmHg) 128.57 + 5.46
Diastolic blood pressure (mmHg) 81.00 + 7.45
Fasting blood glucose (mg/dl) 254.81 + 2.74
Postprandial blood glucose (mg/dl) 264.10 + 3.65
HbA1C (%) 10.29 + 0.64
Total cholesterol (mg/dl) 230.30 + 6.20
Triglycerides (mg/dl) 359.89 + 5.46
LDL (mg/dl) 134.71 + 4.23
HDL (mg/dl) 49.20 + 3.08
VLDL (mg/dl) 19.65 + 3.36
Serum total bilirubin (mg/dl) 0.80 £+ 0.23
Serum direct bilirubin (mg/dl) 0.66 + 0.29
SGOT (u/1) 64.28 + 3.35
SGPT (u/1) 49.62 + 3.31
Alkaline phosphate (IU/L) 103.86 + 7.44
Total protein (g/dl) 7.02 + 0.50
Serum albumin (g/dl) 4.44 £+ 0.54
Serum globulin (mg/dl) 2.81 +£0.26
Blood urea (mmol/L) 4.95 £+ 0.28
Fibrosis level (%) 9.68 £ 0.30

BMI, body mass index; HbA1C, glycated hemoglobin; LDL, low density
lipoprotein; HDL, high density lipoprotein; VLDL, very low density lipopro-
tein; SGOT, serum glutamate oxaloacetic transaminase; SGPT, serum
glutamate pyruvic transaminase.

(96.47%) of the patients, followed by sulphonylureas in 61
(71.76%), gliptins in 15 (17.65%), alpha glucosidase inhibi-
tors in 9 (10.59%). Patient's baseline characteristics are
shown in Table 1. All clinical indices were examined after
12 weeks of treatment; there was no significant difference
in SBP, DBP, LDL, HDL, VLDL, STB, SDB, SGOT, alkaline
phosphate, total protein, serum albumin, and serum glob-
ulin from the baseline but FBS (P = 0.0001), PPBS (P =
0.002), HbAIC (P = 0.002), TC (P = 0.009), TG (P = 0.0001),
SGPT (P = 0.02), blood urea (P = 0.04) (Table 2), and LSM
value (P = 0.001) showed significant difference when
compared with the baseline values (Figure 2).

Liver fibrosis score decreased with the reduction of TG
levels after the 12 weeks treatment of saroglitazar. Therefore,
Pearson's correlation analysis revealed a positive relation-
ship between LSM value and serum TG (P = 0.004, r =
0.337) (Figure 3). Comparison of severity of hepatic steatosis
by ultrasonography before and after the intervention
showed a significant difference in grading of fatty liver by
the same radiologist blinded for previous values (P =
0.0413) (Table 3).
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DISCUSSION

As per the International Diabetes Federation Report in
2011, prevalence of diabetes was estimated to be 371
million globally. By 2030, this prevalence may rise to 552
million. Diabetic populations are at an increased risk of
developing NAFLD.'® The pathogenesis of NAFLD in-
volves the pathophysiological changes in insulin produc-
tion attributed to hyperinsulinemia which paves way for
increased free fatty acid production. Lack of standard treat-
ment for NAFLD in diabetic dyslipidemia patients necessi-
tates a novel drug discovery.17 Saroglitazar, a novel dual
PPAR agonist, was approved in 2013 by the Drug
Controller General of India which has become the first
drug to be given approval for the indication of
NASH.”” Saroglitazar, one and only dual PPAR alpha/
gamma agonist, has shown significant efficacy in
improving both lipid as well as glycemic parameters with
a good safety profile. A 24-week study conducted in Indian
population was presented at the 25th Annual Scientific
and Clinical Congress of the American Association of Clin-
ical Endocrinologists which highlighted on saroglitazar
that the drug could be a potential treatment option for
the treatment of NAFLD associated with metabolic syn-
drome. In the study, a study population comprising 221
T2DM patients with dyslipidemia and NAFLD were
administered with saroglitazar to assess its effect and safety
in the management of NAFLD. The study results revealed
reductions in triglycerides levels from 321 mg/do at the
baseline to 129 mg/dl (P < 0.001) at week 24 and in
HbAIC levels from 8.9% to 8.1% (P < 0.001). As per the re-
sults, 86 of 221 have shown improvement in fatty liver and
68 patients had normalization of liver enzymes.11
Saroglitazar showed impressive results in various clin-
ical trials. In PRESS VI study, saroglitazar 4 mg tablets
decreased the mean plasma triglyceride levels by
—46.7 £ 3.02% (mean £ SE) causing a mean reduction
of 139.5 £+ 8.29 mg/dL in TG level from the baseline to
the end of treatment. The reduction in TG level was statis-
tically significant (P < 0.001) when compared with placebo
and baseline. In the study, saroglitazar treatment was asso-
ciated with a mean HbAlc reduction of 0.3%. Saroglitazar
was found to be safe and well tolerated by the
patients.zo This was a single center, prospective, open-label,
interventional, single-arm, pilot study conducted to eval-
uate the safety and efficacy of saroglitazar in the treatment
of NAFLD with diabetic dyslipidemia. Saroglitazar 4 mg
was administered to 85 patients for a period of 12 weeks.
In our study, significant improvement (P = 0.0001; N =
85) in the fibrosis score, as measured by FibroScan, was
observed in all the recruited patients (grade-wise improve-
ment) when compared with the baseline. This improve-
ment can be attributed to the significant reduction in
triglycerides (P = 0.0001), TC (P = 0.009), SGPT (P =
0.02), and glycemic parameters that is HbAlc (P = 0.002),

64 © 2021 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Parameter Baseline Follow-up (90th Day) Mean change (95% Cl) P value
SBP (mmHg) 128.57 + 5.46 129.47 £+ 7.36 —2.88 +£1.16 0.44

DBP (mmHg) 81.00 £+ 7.450 82.00 £+ 8.94 -3.79 £ 1.79 0.47

FBS (mg/dl) 254.81 + 2.74 248.56 + 12.46 3.27 £9.24 0.0001 ***
PPS (mg/dl) 264.10 £+ 3.65 258.40 + 14.04 2.44 £ 8.96 0.002**
HbA1C (%) 10.29 £+ 0.64 9.851 + 0.946 0.24 £ 0.62 0.002**
TC (mg/dl) 230.30 + 6.20 226.61 +9.76 1.82 £5.55 0.009**
TG (mg/dl) 359.89 + 5.46 103.04 £+ 16.52 252.39 + 261.29 0.0001 ***
LDL (mg/dl) 134.71 + 4.23 130.71 + 16.25 0.01 £+ 7.99 0.06

HDL (mg/dl) 49.20 + 3.082 49.000 + 5.883 3.61 £ 3.98 0.80

VLDL (mg/dl) 19.65 + 3.36 19.543 £ 5.321 —-1.37 +£1.59 0.88

STB (mg/dl) 0.80 £+ 0.23 0.7514 + 0.2558 —0.02 £ 0.13 0.17

SDB (mg/dl) 0.66 + 0.29 0.5871 + 0.3563 0.004 + 0.14 0.17

SGOT (u/L) 64.28 + 3.35 62.668 + 4.742 0.77 £2.45 0.07

SGPT (u/L) 49.62 + 3.31 48.457 + 4.373 0.03 £2.31 0.02*
Alkaline phosphate (IU/L) 103.86 + 7.44 102.96 + 19.74 —4.00 £ 5.80 0.72

Total protein (g/dl) 7.02 £ 0.50 6.899 + 0.838 —0.09 £ 0.33 0.30
Serum albumin (g/dl) 4.4471 + 0.5418 4.276 + 0.889 —0.05 £ 0.39 0.17
Serum globulin (mg/dl) 2.8114 + 0.2673 2.8914 + 0.6074 —0.22 + 0.06 0.31

Blood urea (mmol/L) 4.9586 + 0.2824 4.8457 + 0.3574 0.02 £ 0.19 0.04*
Fibrosis level (%) 9.6857 + 0.3047 6.0871 + 0.7065 3.61 + 3.98 0.0001***

Values are expressed in Mean + Standard deviation. Level of significance P> 0.05*, P> 0.01**, P> 0.001***_ SBP, systolic blood pressure; DBP,
diastolic blood pressure; FBS, fasting blood sugar; HbA1C, glycated hemoglobin; TC, total cholesterol; TG, triglycerides; LDL, low density lipoprotein;
HDL, high density lipoprotein; VLDL, very low density lipoprotein; STB, serum total bilirubin; SDB, serum direct bilirubin; SGOT, serum glutamate oxalo-

acetic transaminase; SGPT, serum glutamate pyruvic transaminase.

FBS (P = 0.0001), and PPBS (P = 0.002). Several studies re-
vealed that glucose control (HbA1C) may have a positive ef-
fect on the liver stiffness and may also act as an important
tool for the management and prevention of liver
conditions.”” Because dyslipidemia and hyperglycemia
play a vital role in the pathogenesis of NAFLD, the reduc-
tions in lipid and glycemic parameters might have resulted
in the improvement in NAFLD. The improvement in liver
condition was reflected as the reduction in the liver fibrosis
score and significant improvement (P = 0.0413) in the
severity of hepatic steatosis was observed when compared
with the baseline. At the end of treatment, no noticeable
ADR were reported in any of the recruited patients.

In another trial, in comparison with pioglitazone, the
efficacy analysis was performed after 24 weeks of follow-
up (n =39 in saroglitazar 4 mg; n = 33 in pioglitazone). Sar-
oglitazar 4 mg significantly decreased (P < 0.001) plasma
TG level from the baseline by 45% (—115.4 &+ 68.11 mg/
dL: absolute change £ SD), whereas the pioglitazone-
treated group observed a reduction of —15.5%
(—33.3 £+ 162.41 mg/dL: absolute change + SD) from
the baseline at week 24. Saroglitazar 4 mg treatment also
demonstrated marked decrease in lipid parameters such
as VLDL (45.5%), LDL- 5%, total cholesterol (7.7%), and

apolipoprotein-B (10.9%). Saroglitazar treatment was well
tolerated and generally safe. Study findings revealed that
no serious adverse events had occurred in the saroglitazar

15 El Baseline
=3 After Treatment

©
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° Mean Change (3.61+£3.98)
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9 s5-
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Figure 2 Effect of saroglitazar on fibrosis score in NAFLD with diabetic
dyslipidemia patients after 12 weeks of treatment.
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Figure 3 Relationship between serum TG and fibrosis score before (a) and after the 12 weeks treatment of saroglitazar (b).

treatment arm and no persistent change in laboratory pa-
rameters in the patients were recorded. The study
concluded that saroglitazar might be an effective and
safe treatment option for improving hypertriglyceridemia
in patients with T2DM.”*! A recent trial, EVIDENCE-IV,
which had studied the effect of different doses of saroglita-
zar on NAFLD, also has evidence resembling to that of our
study, corroborating its potential in improving serum
ALT, hepatic steatosis, and dyslipidemia.'®

Limitations

No assessment was carried out to ensure the medication
adherence and concomitant use of other therapeutic agents
in patients receiving saroglitazar therapy. This study was
conducted for a short period of 12 weeks with a small sam-
ple size. In this study, LSM was measured by the FibroScan
which is inferior in the standard when compared with that
of MRI scan. No biopsy was performed during this study
for assessing the fibrosis score. Furthermore, no blinding
was done to patients, investigators, and outcome assessors
during the study. Baseline adjustment for the age should
have been performed as the study population had a wide
range in age which may affect LSM. The reductions in
LSM should have been categorized and assessed as per
BMI classification. The other limitations include absence
of comparator group and being a single-centered study.

Table 3 Liver Steatosis Grade Using Liver Ultrasound.

Grade Before treatment  After treatment P value
Grade O n (%) 0 (0) 0 (0) 0.0413*
Grade 1 n (%) 19 (22.86) 32 (45.71)

Grade 2 n (%) 46 (54.28) 44 (54.29)

Grade 3 n (%) 20 (22.86) 0 (0)

Values are expressed in Mean + Standard deviation. P > 0.05* signifi-
cant.

Therefore, future studies with large sample size should be
conducted for a longer duration among Indian Population
to establish its potential use in the treatment of NAFLD in
patients with diabetic dyslipidemia.

Saroglitazar was found to show significant improve-
ment in the fatty liver condition which was evaluated by Fi-
broScan and USG abdomen with significant reduction in
the level of serum triglycerides. It has shown significant
reduction in the liver fibrosis score. During the course of
treatment, no adverse drug reaction was reported among
the recruited patients.
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