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Abstract
‘Diabetic dyslipidemia’ (combination of raised triglyceride levels, raised small-dense Low-density lipoprotein particles and low high-density lipoprotein cholesterol levels) is the most prominent risk factor of atherosclerosis and cardiovascular disease. Despite statin therapy and LDL-lowering, a high residual risk of cardiovascular events persists.
High triglyceride levels and low high-density lipoprotein cholesterol levels singly and collectively increase the risk of
cardiovascular events in type 2 diabetes mellitus and guidelines recommend modifying these secondary therapeutic
targets to provide additional vascular protection.Addition of a fibrate or niacinareoptions for combination with a statin
to reduce atherogenic dyslipidemia and are clearly effective at raising high-density lipoprotein cholesterol levels and
lowering triglycerides.Addition of high dose omega-3 fatty acids (2-3 gm/day) with a statin are also effective in lowering triglyceride, but their effects on cardiovascular events remain uncertain and are complicated with safety issues.
Saroglitazar is a novel dual Peroxisome Proliferator-Activated Receptors-α/γ agonist and the first glitazar approved in
the world for the treatment of diabetic dyslipidemia by Drug Controller General of India in June 2013. Saroglitazar (2
mg and 4 mg) therapy has shown significant (45%) reduction in triglycerides, significant reduction of other atherogenic
lipids (Low-density lipoprotein, very-low density lipoprotein, total cholesterol and apolipoprotein-B) and significant improvement of glycemic status, with relatively free from side effects. It has emerged with a hope to further reduce the
incidence of cardiovascular disease among statin treated diabetic subjects. However, the trial populations were small
and toxicity data may emerge with increasing use of this drug. Moreover, in absence of outcome studies and large
multi-center longitudinal follow up data, the clinical cardiovascular efficacy is uncertain till date.
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Introduction
Cardiovascular disease is the leading cause of premature morbidity
and mortality worldwide [1]. The role of lipids in the causation of vascular
disease is established in the past few decadesand pharmacotherapy with
statins, targeting to lower the Low-density lipoprotein (LDL) cholesterol
has proved a particularly effective intervention strategy [2,3]. However,
in spite of statin therapy and LDL-lowering, a high residual risk of
cardiovascular events persists [4], drawing attention to the need for
additional effective preventive measures. Although several studies have
shown associations of high-density lipoprotein (HDL) cholesterol and
triglyceride (TG) concentrations with vascular risk, interventions that
increase HDL cholesterol or reduce TG concentrations, or both, have
not consistently shown benefit [5-7].

risk of cardiovascular disease [10,11]. CVD is the major cause of
morbidity with 2- to 4-fold increase in cardiovascular morbidity
(coronary heart disease, stroke and peripheral vascular disease) in
individuals with Type 2 Diabetes Mellitus (T2DM) compared to
non-diabetic subjects and accounts for up to 80% of the mortality in
T2DM [12]. The University Group Diabetes Program (UGDP) and the
United Kingdom Prospective Diabetes Study (UKPDS), have found
no relationship between glycemic control and diabetic macrovascular
manifestations [13,14]. However, more recent clinical trials – the
UKPDS 10 years follow-up study showed importance of glycemic
control and its favorable influence on macrovascular outcome [15].
The STENO-2 study, a multifactorial intervention on cardiovascular
risk factors, including an intensive control of lipids, glucose and blood
pressure, reduces cardiovascular mortality [16]. Numerous studies
consistently showed that pharmacological interventions that target the
dyslipidemia and hypertension associated with T2DM, reduce risk of
macrovascular complications in such patients [16,17]. Hence, we target
conventional risk factors (e.g smoking, hypertension, dyslipidemia
etc) to improve the CVD related morbidity and mortality in diabetic
subjects.

The potential role of peroxisome proliferator-activated receptor
(PPAR) agonists to positively influence the cardiovascular disease risk
in type 2 diabetes mellitus (T2DM) has remained an area of continuous
medical interest and there is a strong need for a safe dual PPAR-α/γ
agonist with effects in both lipids and glycemic parameters. Saroglitazar,
is a dual PPAR-α/γ agonist, designed to optimize glycemic control
and lipid parameters (reduces TG and increases HDL), and minimize
PPAR-related adverse effects in the treatment of patients with T2DM
[8]. In the following review we will focus on the role of Saroglitazar in
dyslipidemia, particularly in T2DM. Saroglitazar (marketed by Zydus
Cadila, Ahmedabad, India in the brand name Lipaglyn) is approved
by Drug Controller General of India (DCGI) for treating diabetic
dyslipidemia in June 2013 [9].
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Dyslipidemia is one of the most prominent risk factor of
atherosclerosis, leading to cardiovascular disease. Total cholesterol,
non-HDL cholesterol, LDL cholesterol, apolipoprotein B, TG, HDL
cholesterol, apolipoprotein A1, total cholesterol/HDL cholesterol, and
apolipoprotein B/apolipoprotein A1 are all associated with increased
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Prevalence of dyslipidemia in Indian diabetic subjects are much
higher compared to general population and is present in about 85.597.8% of the uncontrolled diabetic patients on enrolment and 60.6%
of controlled well-treated diabetes [18]. Combined dyslipidemia with
high TG and low HDL or high LDL and low HDL are the most common
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pattern of dyslipidemia and isolated low HDL level or isolated high TG
are the second most common pattern of dyslipidemia among Indian
diabetics [19].

Beyond LDL-C: The non-HDL-C and TG
Aggressive LDL-cholesterol lowering treatment has become the
mainstay of lipid-lowering strategies for the last 2 decades.Despite
achieving target LDL-cholesterol, statins reduce CVD risk by 25-35%.
Despite the best evidence-based strategies, including high-dose statin
therapy, it is clear that there persists an unacceptably high residual risk
of cardiovascular events, especially in T2DM [20]. High TG and low
HDL cholesterol levels have been shown to singly and collectively boost
the risk of cardiovascular events independent of conventional risk
factors [21]. Furthermore, guidelines recommend modifying high TG
and low HDL as secondary therapeutic targets to provide additional
vascular protection [14].
Given the high residual risk of cardiovascular events beyond
effective LDL-lowering, identification of additional lipid biomarkers
(HDL & TG) independently linked to vascular events, and the very
limited effect of statins on modifying these lipid markers (HDL &
TG), there is mounting interest in optimizing these additional lipid
biomarkers via additional therapies. Addition of a fibrate, niacin or
omega-3 fatty acids are all options for combination with a statin to
further reduce atherogenic dyslipidemia. Several emerging treatments,
the next generation peroxisome proliferator-activated receptor alpha
agonists, cholesteryl ester transfer protein inhibitors and monoclonal
antibody therapy targeting proprotein-convert ase subtilisin/kexin type
9 may offer promise [4]. However, long-term outcomes and safety data
are clearly needed.

Limitation of Current Pharmaco-Therapeutic Strategies
Multiple lipid lowering medications have been developed that
effectively reduce TG with expectation to reduce the morbidity and
mortality from CVD.

Fibrates
Fenofibrate (peroxisome proliferator-activated receptor-α [PPARα]
agonists) are routinely used to reduce TG. In the FIELD (Fenofibrate
Intervention and Event Lowering in Diabetes) study, TG lowering
therapy with fenofibrate did not significantly reduce the overall risk of
the primary outcome of coronary events [22]. In a systematic metaanalysis of 18 trials with a total 45,058 participants, the fibrates was
found to reduce the risk of major cardiovascular events [23]. However,
the magnitude of the effect is moderate and clinically meaningful
reductions in risk was achieved only in high-risk individuals and
speciallyin those with combined dyslipidemia. However, the efficacy
of the current fibrates may be limited by uncertainties relating to the
optimal level of PPARα-agonism, agonist-specific biologic responses,
the side effects of current synthetic agonists and of course the relevance
for patients already on statin therapy, specially in view of increased risk
of muscle-related adverse events.

Niacin
TheExtended-release(ER) niacin (1.5-2 g/day) showed the positive
impact on HDL and TG values but did not demonstrate a beneficial
effect on the primary endpoints (coronary heart disease death,
nonfatal myocardial infarction, ischemic stroke, hospitalization for
acute coronary syndrome, or symptom-driven coronary or cerebral
revascularization) in patients with CVD and optimally treated with a
statin but with residual atherogenic dyslipidaemia in the AIM-HIGH
(Atherothrombosis Intervention in Metabolic Syndrome With Low
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HDL/High Triglycerides: Impact on Global Health Outcomes) trial [24].
The much larger HPS2-THRIVE (Heart Protection Study 2-Treatment
of HDL to Reduce the Incidence of Vascular Events) also failed to
show a benefit on clinical outcomes with a different niacin formulation
(combined with laropiprant) [25]. Moreover, treatment with niacin
did adversely affect patients with higher risk of gastrointestinal events,
musculoskeletal events, infection, skin-related adverse events, bleeding
and new onset diabetes, leading to subsequent world-wide withdrawal
of this therapy [26].

Omega-3 fatty acids
JELIS trial (Japan Eicosapentaenoic acid Lipid Intervention Study)
showed a 19% risk reduction in major coronary events [27]. However,
Alpha-Omega trial (n–3 Fatty Acids and Cardiovascular Events after
Myocardial Infarction) failed to show a benefits with omega-3 fatty
acids. “ORIGIN trial (Outcome Reduction With Initial Glargine
Intervention)” that included patients with dysglycemia (N: 12,536)
showed no cardiovascular benefits in the study population exposed to
omega 3 fatty acid compared to placebo during the study period of over
6 years [28]. Moreover, there isevidence from recent trials to suggest a
possible link between omega-3 fatty acids and increased risk of prostate
cancer [29,30].

Cholesteryl ester transfer protein inhibitors (CETP inhibitors)
Strategies to increase HDL through inhibition of CETP have
prematurely terminated because of an increased risk of death and
cardiac events in patients receiving torcetrapib in the ILLUMINATE
study [31]. Dalcetrapib, another CETP inhibitor, did not reduce the
risk of recurrent cardiovascular events in patients who had a recent
acute coronary syndrome, in OUTCOMES study [32].

Saroglitazar Therapy
There are gaps in the treatment of high TG with each of these
agents mentioned above in respect of the effectiveness of the therapy
in reducing CVD and concern about safety. Saroglitazar is a dual
Peroxisome Proliferator-Activated Receptors-α/γ agonist, the first
glitazar approved in the world and has emerged with a new hope to
effectively reducing diabetic dyslipidemia with relative free of side
effects specially with no increase of body weight [8].
Peroxisome Proliferator-Activated Receptors (PPARs) are nuclear
lipid-activated transcription factors that regulate the expression of
genes involved in the control of lipid and lipoprotein metabolism,
glucose homeostasis and inflammatory processes. There are three
PPAR isoforms with different pharmacological activities:PPARα plays
a key role in lipid metabolism, whereas PPARγ and PPARδ are critical
players in regulating energy metabolism in adipose tissue and muscle
and hence consideredfor the treatment of insulin resistance. So dual
PPAR agonists with selective activity for PPARα/γ or PPARα/δ, may
offer an opportunity to manage several areas of dysmetabolism [33].
Saroglitazar is currently the only agent of this class approved for the
treatment of diabetic dyslipidemia in India (by Drug Controller General
of India in June 2013) and the approval was based on the results obtained
from clinical studies, which were conducted for more than eight years.
Saroglitazar is a novel PPAR agonist with predominant PPARα and
moderate PPARγ agonist activity. It is a non-thiazolidinedione and
non-fibrate molecule and belongs to aryl alkoxy propionic acid class.
Saroglitazar is well absorbed and has predictable pharmacokinetic
parameters [34]. The elimination half-life of Saroglitazar is long and is
supportive of once daily dosing. After oral administration, saroglitazar
does not appear in urine samples, indicating that saroglitazar is
not eliminated via the renal route and is mainly eliminated by the
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enterohepatic route [34]. Saroglitazar is well tolerated up to a dose of
128 mg in the single-ascending dose study and this highest tested dose
of 128 mg provide a safety margin of over 32-fold as the therapeutic
dose is 2-4 mg per day [34]. Pharmacokinetics, safety and tolerability
of Saroglitazar on a very limited number of healthy volunteers (n=5
or 6, as available) showed no serious adverse events and no clinically
relevant trends or changes in laboratory values or ECG over time [34].
Only two serious adverse events were reported with 4mg saroglitazar
unrelated with the study drug. Pyrexia, dyspepsia and gastritis were
the most common adverse events reported and were mild to moderate
in intensity [35]. There were no significant changes in hemoglobin,
liver enzymes, renal function, CPK, and high-sensitivity C-reactive
protein with saroglitazar therapy for 12 weeks of treatment [34,35].
Saroglitazar (2 mg and 4 mg) therapy has shown 45% reduction
in triglycerides and a significant reduction of other atherogenic lipids
(LDL-C, VLDL-C, TC, Apo B) [8,35]. Saroglitazar showed a doserelated decrease in fasting glucose (mean 11.3mg/dl reduction in 2mg
arm and mean 22.6 mg/dl reduction in 4 mg arm) and HbA1c (mean
0.3% reduction in both 2 mg and 4 mg arm), very similar to Pioglitazone
45 mg therapy in a 24 week trial without any significant changes from
baseline in any of the safety laboratory findings and importantly
without significant change in bodyweights compared to pioglitazone
(mean increase of body weight 1.6 kg) arm. The decrease in HbA1c level
was comparable to pioglitazone (45 mg) and the reduction depended
on the baseline value withhigher the value, the greater the decrease
[8]. Saroglitazar were evaluated in diabetic dyslipidemic patients
insufficiently controlled with statin therapy and showed pronounced
beneficial effect on both the lipid (significantly reduced mean plasma
triglyceride levels by -45.5 ± 3.03% and -46.7 ± 3.02%, with 2-mg and
4-mg dose respectively, along with significant decrease in levels of nonHDL cholesterol, VLDL, total cholesterol)and glycaemic parameters
[35]. In summary, Saroglitazar is the first drug having both lipid and
glucose lowering effects ensuring a comprehensive management of
diabetes and dyslipidemia.

Limitation of Saroglitazar

Conclusion
Despite best evidence-based strategies and achievement of
treatment goals for LDL cholesterol, blood pressure, and glycemia
according to current standards of care, it is clear that there persists an
unacceptably high residual risk of CVD events, especially in T2DM.It is
advisable to stick to statins alone but residual risk should be addressed
after optimization of LDL cholesterol. TG and HDL concentrations
repeatedly shown to significantly predict future risk for cardiovascular
disease and obviously considered important as therapeutic targets.
However, pharmacological interventional trials with Fibrates or Niacin
or Omega-3 fatty acids or CETP inhibitors, targeting TG and HDL
repeatedly failed to show a benefit on CVD events and were complicated
with safety issues leading to premature termination of many trials.
Saroglitazar is an approved therapy for diabetic dyslipidemia
in India and it improves not only TG and HDL concentrations but
also glycemic parameters. Although this review highlights clinical
and experimental data that provide evidence for favorable effects of
Saroglitazar on diabetic dyslipidemia, the lack of outcome studies limit
our knowledge about their clinical cardiovascular efficacy and toxicity
data may emerge with increasing use. Large multi-center longitudinal
studies are required to demonstrate the safety & cardiovascular benefits
of Saroglitazar and will clarify whether this dual PPAR agonist live up
to their promise as vasculo-protective agent.
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