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Cardiovascular risk reduction is an important issue in the management of patients with Type 2 diabetes
mellitus. Peroxisome proliferator activated receptor (PPAR) agonists favourably influence glycaemic and
lipid parameters in patients with Type 2 diabetes and a dual PPAR agonist is expected to have favourable
effect on both parameters. In this study we have analyzed the effect of Saroglitazar, a novel dual PPAR alpha
& gamma agonist, on glycaemic and lipid parameters in Indian patients with Type 2 diabetes. After a mean
follow-up period of 14 weeks in 34 patients, treatment with Saroglitazar, in a dose of 4 mg daily, resulted in
significant improvement in both glycaemic and lipid parameters. There were significant mean reductions of
fasting plasma glucose (36.71 mg/dl; p 5 0.0007), post-prandial plasma glucose (66.29 mg/dl; p 5 0.0005),
glycosylated haemoglobin (1.13%; p , 0.0001), total cholesterol (48.16 mg/dl; p , 0.0001), low- density
lipoprotein cholesterol (24.04 mg/dl; p 5 0.0048), triglyceride (192.78 mg/dl; p 5 0.0001), non-high density
lipoprotein cholesterol (48.72 mg/dl; p , 0.0001) and the ratio of triglyceride and high density lipoprotein
cholesterol (5.30; p 5 0.0006). There was no significant change in body weight, blood pressure, high-density
lipoprotein cholesterol and serum creatinine.

I

nsulin resistance is an integral part of Type 2 diabetes mellitus. The components of insulin resistance are
obesity, dysglycaemia, dyslipidaemia and hypertension – all of which have adverse effects on cardiovascular
system. Since cardiovascular death is the most important cause of mortality for patients with Type 2 diabetes,
cardiovascular risk reduction is of paramount importance while treating patients with Type 2 diabetes. At present,
the available means of cardiovascular risk reduction in diabetic patients are lifestyle changes (exercise, diet,
cessation of tobacco), control of hypertension, glycaemic control and management of lipid abnormalities1,2.
Peroxisome proliferator–activated receptors (PPARs) are transcription factors belonging to the superfamily of
nuclear receptors. Three isoforms, alpha, gamma & delta have been described. They act on DNA response
elements as heterodimers with the nuclear retinoic acid receptor. Their natural activating ligands are fatty acids
and lipid-derived substrates.
PPAR-alpha is present in liver, heart, and, to a lesser extent, in skeletal muscle. When activated, it promotes
fatty acid oxidation, ketone body synthesis, and glucose sparing. Fibrates, which are used as hypolipidaemic
drugs, are ligands of PPAR-alpha. PPAR-gamma is expressed in adipose tissue, lower intestine, and cells involved
in immunity. Activation of PPAR-gamma induces the differentiation of preadipocytes into adipocytes and
stimulates triglyceride storage. Thiazolidinediones (TZDs) are activators of PPAR-gamma. Their action on
muscle insulin sensitivity may be secondary to the lowering of circulating lipids and to the secretion of insulin-sensitizing hormones such as adiponectin, and promote glucose utilization. PPAR-delta is ubiquitous and
could also favor fatty acid oxidation in tissues where PPAR-alpha is absent, and possibly involved in immunomodulation. The PPARs are thus major regulators of lipid and glucose metabolism3.
The fibrates are PPAR-alpha agonists and reduce triglyceride and increase HDL levels in blood. In Bezafibrate
Infarction Prevention (BIP) trial and Veterans Affairs High-Density Lipoprotein Cholesterol Intervention (VAHIT) trial, use of fibrates was shown to reduce cardiovascular risk4,5.
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Table 1 | Comorbidities
Comorbidities
Overweight/Obesity
Hypertension
Hypothyroidism
Microalbuminuria
Fatty Liver (by USG)

The thiazolidinediones (TZDs) are PPAR-gamma agonists and
improve glycaemia in patients with Type 2 diabetes. The TZDs
improve glycaemia but may cause weight gain and fluid retention.
Fibrates may increase serum creatinine level, liver enzymes and when
used with statins, may increase myositis. Drugs which are dual agonists of both PPAR-alpha and PPAR-gamma are being developed
with the hope of improving glycaemic and lipid parameters and
thereby reducing cardiovascular risk in Type 2 diabetes patients.
This group of drugs has been named 0glitazar0.
Saroglitazar, [(S)-a-ethoxy-4-{2-[2-methyl-5-(4-methylthio) phenyl)]-1H-pyrrol-1-yl]- ethoxy})-benzenepropanoic acid magnesium
salt], is the first glitazar to receive marketing approval and has been
granted marketing permission in India in June 2013 in the name
LipaglynH. At present it is available as 4 mg tablets. In clinical trials,
saroglitazar has reduced triglyceride levels with modest reductions in
HbA1c6.
As results obtained in randomized clinical trials may vary from
that obtained in clinical practice, we wanted to see the effects of
saroglitazar on lipids and also on glycaemic parameters on our
patients with Type 2 diabetes mellitus.

Methods
Saroglitazar was prescribed in a dose of 4 mg daily, in accordance with approved
guidelines, to patients with Type 2 diabetes and having hypertriglyceridaemia (serum
triglyceride level . 150 mg/dl). Patients received treatment as par standard of care
and no experiment was done on any patient. Only data of patients with pre- and posttreatment values of fasting plasma glucose, post-meal plasma glucose, and HbA1c and
serum lipid profile were taken into the study. Our databases show that since
November 2013, 74 patients were prescribed saroglitazar, of which 37 patients have
been lost to follow-up or, follow-up awaited. Three patients had insufficient data and
were not taken for study. Total number of patients’ data analyzed for study was 34.
Antihyperglycaemic therapy was modified in 19 patients whose blood glucose levels
were significantly high, in the opinions of the treating physicians, at baseline. Out of
34 patients, 25 patients were on statins, i.e. either atorvastatin 10 mg daily or, rosuvastatin10 mg daily. Patients’ data was collected from the authors’ clinic databases.
Paired two- tailed t test was done to compare means of continuous variables. We have
used GraphPad t test calculator (URL: graphpad.com/quickcalc/ttest/) for statistical
analysis.

Number

%

12
20
1
4
7

35.29
58.8
2.94
11.7
20.5

Blood glucose was measured by Hexokinase method, Creatinine (Jaffe-Kinetic),
ALT (IFCC, without P5P), Cholesterol (Cholesterol oxidase – CHOD/PAP), HDL
(Direct Immunoinhibition), Triglyceride (Glycerol-3 phosphate oxidase) and HbA1c
was measured by HPLC (BioRad D-10, Bio-RAD, Hercules, CA, USA). The LDL
values are direct, not calculated from Friedewald equation. Only there was sufficient
data of 34 patients that was fit for analysis. The mean follow-up duration was 14
weeks.

Results
Out of total 34 patients included in the study, 23 were male. The age
of the patients was between 28 and 72 years and mean age was 52
years. All patients had Type 2 diabetes mellitus and dyslipidaemia.
Other significant co-morbidities are given in Table 1. Baseline parameters of patients are shown in Table 2.
Change in weight, blood pressure, creatinine and ALT (Table 3):
There has been a slight weight gain, mean 0.71 Kg in the 14 weeks’
follow-up period; however, this change is not statistically significant
(p 5 0.07). All patients received antidiabetic medication, including
insulin, sulfonylurea and one received pioglitazone – all of which are
known to cause weight gain. There was no significant change in
systolic or, diastolic blood pressure and serum creatinine level following therapy with saroglitazar. However, there was a small but
significant reduction of serum ALT (mean reduction 9.69 U/L,
p 5 0.03).
Effect on blood glucose (Table 4): There were significant reductions in both fasting and post-prandial plasma glucose levels. There
was also significant reduction in HbA1c level. However, it should be
mentioned that antidiabetic medication was modified in 19 patients
because of high blood glucose level at baseline. Even in patients
whose antidiabetic medication was not changed (n 5 13), there
was a modest and significant drop in HbA1c (Table 5).
Effects on serum lipids (Table 4): There were significant reductions in total cholesterol, LDL cholesterol and triglyceride (Table 4).
In spite of the robust and significant reduction in total cholesterol,
HDL-cholesterol level remained unaltered. Twenty five patients were
receiving statins (atorvastatin 10 mg or, rosuvastatin 10 mg daily) at

Table 2 | Baseline Characteristics
Demographic Profile
Male (number)
Female (number)
Age Mean [Range] (yrs)
Weight Mean 6 SD (Kgs)
Laboratory data
FPG Mean 6 SD (mg/dL)
PPG Mean 6 SD (mg/dL)
HbA1c Mean 6 SD (%)
Total Cholesterol Mean 6SD (mg/dL)
Triglycerides Mean 6 SD (mg/dL)
HDL Mean 6 SD (mg/dL)
LDL Mean 6 SD (mg/dL)
Non HDL Mean 6 SD (mg/dL)
TG/HDL ratio Mean 6 SD
ALT Mean 6 SD (IU/L)
S. Cr Mean 6 SD (mg/dL)

23
11
52.33 [28–72]
69.14 6 9.56
160.53 6 53.71
243.68 6 114.59
8.34 6 1.58
195.91 6 56.97
346.78 6 246.01
38.88 6 9.79
108.34 6 46.94
157.34 6 53.44
9.60 6 7.84
52.83 6 31.96
0.95 6 0.21

Abbreviations: FPG, fasting plasma glucose; PPG, post prandial glucose; HbA1c, glycosylated haemoglobin; ALT, Alanine aminotransferase; HDL, high-density lipoprotein; LDL, low-density; non HDL, non
high density lipoprotein; TG, triglycerides; S.Cr, Serum Creatinine.
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Table 3 | Change in weight, ALT, creatinine and blood pressure
Parameter
Weight (Kgs)
ALT Mean (IU/L)
S. Cr (mg/dL)
SBP (mmHg)
DBP (mmHg)

Baseline Mean 6 SD

Follow up Mean 6 SD

Mean change (6 SD)

P value

69.14 6 9.56
52.83 6 31.96
0.95 6 0.21
131.70 6 14.81
80.67 6 5.94

69.85 6 10.52
43.17 6 27.84
1.04 6 0.24
127.77 6 10.71
79.00 6 4.87

10.71 [60.78]
29.69 [69.05]
10.098 [60.10]
24.35 [64.20]
21.39 [60.54]

0.07
0.03
0.06
0.06
0.2

baseline. The addition of Saroglitazar favourably altered the lipid
profile of the patients, irrespective of concomitant statin therapy.
There was significant reduction in non-HDLc level, thereby causing
a residual risk-reduction. Five patients had a baseline triglyceride
level of less than 200 mg/dl. In those five patients also there were
improvement in lipid and glycaemic parameters (Table 6). Another
important finding is the robust reduction in triglyceride/HDLc ratio,
and this may have a favourable effect on LDL particle size. The TG/
HDL ratio is a better index of LDL particle size than the level of
triglyceride. A reduction of both triglyceride and TG/HDL ratio shift
small dense LDL particles to more buoyant and larger LDL particles
which are less atherogenic7.
Side-effects: Two patients complained of minor hypoglycaemia –
both of them were taking sulfonylurea. One patient complained of
general weakness (asthenia), one patient complained of loss of appetite. Saroglitazar was discontinued in three patients at last visit – one
patient had high serum ALT and AST at baseline and also at last visit;
in two patients, there was no reduction in serum triglyceride level. No
serious adverse event was reported by any patient receiving
saroglitazar.

Discussion
The recently published American College of Cardiology (ACC)/
American Heart Association (AHA) guideline on lipid management
focussed on cardiovascular risk assessment and use of statins in
patients with different categories of cardiovascular risk. The guideline also suggested avoiding medications or, supplements that may
lower the cholesterol number but have no data to decrease cardiovascular risk8.
Whereas earlier studies with fibrates, like BIP or, VA-HIT showed
nearly one-third risk reduction in cardiovascular events, more recent
trials like Fenofibrate Intervention and Event Lowering in Diabetes
(FIELD) study or, Action to Control Cardiovascular Risk in Diabetes
(ACCORD)-Lipid arm failed to show such benefit4,5,9,10.
The FIELD study was done with 9795 patients who were randomized to fenofibrate or, placebo. After 5 years, there was a non-significant increase (110 vs 93) in cardiovascular deaths in fenofibrate group.
However, there was a significant reduction non-fatal M.I. and also of
coronary revascularization in fenofibrate group. It is also to be noted
that FIELD study included patients with triglyceride level of 1 mmol/L
(89 mg/dl) or higher and the benefit of triglyceride reduction was
evident in patients whose initial levels were high.

Result of the ACCORD-lipid arm showed no cumulative benefit of
adding fenofibrate to simvastatin. However, when subgroup analysis
was done, significant cardiovascular benefit was noted in patients
who had a high triglyceride level (.204 mg/dl) and the benefit was
found only in male patients. Therefore, addition of PPAR-alpha
agonist gemfibrozil (VA-HIT study), bezafibrate (BIP study) and
fenofibrate (FIELD and ACCORD-Lipid) did show cardiovascular
benefit. The benefit is probably mediated through reduction in triglyceride, particularly when its level is high, rather than a direct
vascular or, pleiotrophic effect, like the statins4,5,9,10.
There is unequivocal evidence of cardiovascular benefit of lowering LDL in several clinical trials with statins11.
However, LDL morphology changes with increase in serum triglyceride level. A study showed that when triglyceride level reaches
250 mg/dl, 85% LDL particles become small and dense – these small,
dense LDL particles are highly Atherogenic12.
A meta-analysis of 40 randomized controlled trials showed that
the proportional difference in triglyceride levels was predictive of
cardiovascular events in all trials (P 5 0.005 for the slope of the
regression line). However this predictive value is present in primary
prevention trials (P 5 0.010; N 5 11), but not in secondary prevention trials (P 5 0.114; N 5 25). The LDLc levels were predictive of
cardiovascular events in both primary (P 5 0.002; N 5 11) and
secondary (P , 0.001; N 5 25) populations13.
In 2012, the American Association of Clinical Endocrinologists
(AACE) recommended to calculate non–HDLc in patients with
moderately elevated TG (200–500 mg/dL) with diabetes mellitus
and/or established CAD. In patients with insulin resistance, AACE
recommended evaluating non-HDLc to gain useful information
regarding the patient’s total atherogenic lipoprotein burden. The
guidelines also opined that in any circumstance when triglycerides
are 200–499 mg/dl, a non–HDLc calculation would provide better
risk assessment than LDLc alone14.
In 2013, the AACE further re-iterated that Non-HDLc goal should
be achieved with triglyceride lowering therapy after achievement of
desirable LDLc level15.
A meta-analysis of 25 trials (n 5 131,134) on lipid lowering therapy suggested that Non- HDLc modestly outperforms Apo-B for
prediction of CHD16.
Meta analysis of 62,154 statin-treated patients in 8 trials published
between 1994 and 2008 showed that 1 SD increase in non-HDLc,
raises risk of CV events by 16%, whereas 1 SD increase in LDLc,
increases risk of CV events by 13% (p 5 0.002 Vs. LDLc). The

Table 4 | Laboratory values: Change from baseline
Lab parameters

Baseline Mean 6 SD

Follow up Mean 6 SD

Mean change (6 SD)

P value

Triglycerides (mg/dL)
Non HDLc (mg/dL)
LDLc (mg/dL)
Total Cholesterol (mg/dL)
HDLc (mg/dL)
TG/HDL ratio
FPG (mg/dL)
PPG (mg/dL)
HbA1c (%)

346.78 6 246.01
157.34 6 53.44
108.34 6 46.94
195.91 6 56.97
38.88 6 9.79
9.60 6 7.84
160.53 6 53.71
243.68 6 114.59
8.34 6 1.58

154.00 6 127.73
108.63 6 34.47
84.31 6 23.26
147.75 6 36.08
39.34 6 11.37
4.30 6 4.12
123.82 6 54.91
177.39 6 60.87
7.21 6 1.33

2192.78 [691.06]
248.72 [617.09]
224.04 [616.14]
248.16 [617.32]
10.47 [63.45]
25.30 [62.82]
236.71 [620.06]
266.29 [634.71]
21.13 [60.43]

0.0001
,0.0001
0.0048
,0.0001
0.7836
0.0006
0.0007
0.0005
,0.0001
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Table 5 | HbA1c change in patients whose anti-diabetic medication was not changed
Lab parameters
HbA1c (%) [n 5 13]

Baseline Mean 6 SD

Follow up Mean 6 SD

Mean change from baseline

P value

7.93 6 1.69

6.91 6 1.09

21.02

0.024

Table 6 | Lipid & Glycaemic changes in patients with baseline TG , 200 mg/dl
Total number of patients 5 5
Lab Parameters

Baseline (Mean 6 SD)

At Follow-up (Mean 6 SD)

Change in Mean**

Triglycerides (mg/dL)
Total Cholesterol (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Non HDL (mg/dL)
FPG (mg/dL)
PPG (mg/dL)
HbA1c (%)

187.80 6 10.06 mg/dL
150.80 6 28.88 mg/dL
37.00 6 9.97 mg/dL
88.60 6 22.21 mg/dL
113.80 6 27.88 mg/dL
168.40 6 71.76 mg/dL
255.80 6 94.53 mg/dL
7.94 6 1.39%

106.20 6 37.23 mg/dL
130.20 6 22.34 mg/dL
38.20 6 8.35 mg/dL
77.40 6 20.02 mg/dL
92.20 6 17.58 mg/dL
118.20 6 22.47 mg/dL
190.60 6 82.66 mg/dL
7.34 6 1.72%

281.60 mg/dL
220.6 mg/dL
11.2 mg/dL
211.20 mg/dL
221.60 mg/dL
250.20 mg/dL
265.2 mg/dL
20.60%

authors concluded that strength of association with CVD is greater
for non HDLc than for LDLc and ApoB17.
On November 26, 2013, the American Diabetes Association
(ADA) posted a press release with comments on ACC/AHA guidelines on lipid management. ADA commented 0Diabetes patients
often have a unique pattern of dyslipidemia that may require specific
consideration018.
A recent review on effect of triglyceride on cardiovascular outcome analyzed various clinical trials between 1990 to 2008 and found
uniform benefit of cardiovascular outcome of reduction of triglycerides with fibrates. Meta-analysis of subgroup of patients with a baseline triglyceride level of 2 mmol/L (178 mg/dl) or more, showed 43%
risk reduction of lowering triglyceride by 1 mmol/L (89 mg/dl). The
authors suggested a large cardiovascular outcome trial with patients
with high triglyceride and normal HDLc level19.
Saroglitazar, which is a dual PPAR alpha/gamma agonist has
shown impressive results in clinical trials. At Week 12, saroglitazar
4 mg tablets significantly reduced mean plasma triglyceride levels by
246.7 6 3.02% (mean 6 SE), and the difference was significant (P ,
0.001) compared with placebo. Saroglitazar treatment was associated
with a mean HbA1c reduction of 0.3%. Saroglitazar was found to be
safe and well tolerated by patients6.
In another trial, in comparison with pioglitazone, the efficacy analysis was done after 24 weeks of follow up (n 5 39 in saroglitazar
4 mg; n 5 33 in pioglitazone). Saroglitazar 4 mg significantly
reduced (P , 0.001) plasma triglyceride from baseline by 45% (absolute change 6 SD 2115.4 6 68.11 mg/dL), respectively, as compared
to pioglitazone 215.5% (absolute change 6 SD: 233.3 6 162.41 mg/
dL) at week 24. Saroglitazar 4 mg treatment also demonstrated
marked decrease in low-density lipoprotein (5%), very-low-density
lipoprotein (45.5%), total cholesterol (7.7%), and apolipoprotein-B
(10.9%). Saroglitazar treatment was generally safe and well tolerated.
No serious adverse events were reported in saroglitazar treatment
arm and no persistent change in laboratory parameters. Saroglitazar appeared to be an effective and safe therapeutic option for
improving hypertriglyceridaemia in patients with type 2 diabetes
mellitus20.
In our study, we have found more robust reduction in triglyceride
and HbA1c. The probable reason was the baseline triglyceride was
higher in our study and also possibly due to improvement in glycaemia that might have helped in reduction of triglyceride level.
Several dual PPAR-alpha/gamma agonists have been developed
for therapeutic use. The development of tesaglitazar, the first glitazar
developed, was withdrawn for renal safety issues. Another dual
PPAR-agonist, muraglitazar, was discontinued due to higher risk
of cardiovascular events. Moreover, in clinical studies, both muragliSCIENTIFIC REPORTS | 5 : 7706 | DOI: 10.1038/srep07706

tazar and tesaglitazar increased weight gain and edema like
pioglitazone21.
Another compound in this class, aleglitazar, caused less weight
gain and showed better lipid effects and similar glycemic control,
compared to pioglitazone. But it failed to show cardiovascular benefit
in randomized controlled trial. Effect of Aleglitazar on
Cardiovascular Outcomes After Acute Coronary Syndrome in
Patients With Type 2 Diabetes Mellitus (AleCardio) trial was prematurely stopped due to increase in heart failure (3.4%for aleglitazar
vs 2.8%for placebo, P 5 0.14), gastrointestinal haemorrhages
(2.4%for aleglitazar vs 1.7%for placebo, P 5 0.03), and renal dysfunction (7.4%for aleglitazar vs 2.7%for placebo, P , 0.001)22.
Saroglitazar, the only glitazar approved for clinical use, has shown
good efficacy and safety in short-term use. In our study, we have
observed similar benefit on lipid glycemic parameters as found in
clinical trails. However, there was slight, but statistically insignificant, increase serum creatinine and body weight. Future studies will
throw more light on these aspects. As per regulatory requirement, a
Phase IV (post-marketing surveillance) study, named PRESS X,
(Trial registration no. CTRI/2013/06/003754) is in progress. The
study will compare the safety and efficacy of fenofibrate 160 mg daily
with saroglitazar 2 mg or, 4 mg daily for a period of 24 weeks and the
sample size will be 101023. We also look forward to a cardiovascular
outcome study of saroglitazar to see correlation of triglyceride and
non-HDLc on cardiovascular outcome.

Conclusion
Dyslipidaemia in diabetes has some unique features and may require
specific consideration. This is the first report of clinical use of a dual
PPAR alpha/gamma agonist on Type 2 diabetic patients with dyslipidemia. The use of dual PPAR alpha/gamma agonist, saroglitazar,
for a period of 14 weeks, was associated with significant improvement in both glycaemic and lipid parameters among Indian patients
with Type 2 diabetes. Overall saroglitazar was well tolerated and
there was no serious adverse event reported.
Limitations of this study
This is the first report of clinical use of saroglitazar, for a mean 14
weeks’ duration with a small number of patients. We could not assess
adherence to therapy or, use of concomitant medications in our
patients. Therefore, more studies from India with larger sample size
and longer duration will be necessary to validate our findings.
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