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ABSTRACT

Diabetes mellitus (DM) is one of the most dreaded metabolic disorders in the world today. It is the leading cause of
morbidity and mortality, and plays a cardinal role in quality of life and health economics. DM is associated with a
high prevalence of microvascular and macrovascular complications. DM is a very important cardiovascular (CV)
risk factor. Cardiovascular disease (CVD) has been implicated as the prime cause of mortality and morbidity in
patients with DM. Hence, treatment of DM goes beyond glycemic control, and demands a multidisciplinary
approach that comprehensively targets risk factors inherent in CV events. Lipid abnormalities are undoubtedly
common in patients with DM, and they contribute to an increased risk of CVD. A high-risk lipid profile, termed
atherogenic dyslipidemia of diabetes (ADD), is known to occur in patients with DM. The use of lipid-lowering
agents, a quintessential part of the multifactorial risk factor approach, is a crucial intervention to minimize diabetes-
related complications. In this article, we discuss the role of peroxisome proliferator activator receptor (PPAR)
alpha/gamma (a/y) agonist, saroglitazar, in the management of ADD. While statins are irrefutably the first line of
drugs for dyslipidemia management in patients with residual CV risk while on a statin, PPAR o/y agonists have

been found to be of substantial benefit.
KEYWORDS :- Diabetes dyslipidemia, cardiovascular risk, Lipoproteins, saroglitazar.
INTRODUCTION

Diabetes mellitus is associated with a considerably increased risk of premature atherosclerosis, particularly

coronary heart disease (CHD) and peripheral arterial disease.'>Although more recent analyses have suggested a less
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marked effect, most authorities consider diabetes to confer at least a twofold excess risk, independently from other
conventional risk factors.®* Even in people without diabetes, fasting blood glucose concentration and glycated
hemoglobin (HbAlc) are associated with the risk of vascular disease Dyslipidemia is a common feature of
diabetes.®> There is an association between atherosclerotic cardiovascular disease and serum cholesterol and
triglyceride levels in both type 1 and type 2 diabetes.®” The risk of CHD is greater at any given level of serum
cholesterol in patients with diabetes and its association with hypertriglyceridemia is stronger than in the general
population.8importantly, there is strong and convincing evidence that cholesterol lowering therapy significantly
reduces CHD in patients both with and without diabetes.®° There also appears to be no threshold below which a

further reduction in low-density lipoprotein (LDL) cholesterol might be beneficial '

CAUSES OF LIPOPROTEIN ABNORMALITIES IN DIABETES

Defects in insulin action and hyperglycemia could lead to changes in plasma lipoproteins in patients with diabetes.
Alternatively, especially in the case of type 2 diabetes, the obesity/insulinresistant metabolic disarray that is at the
root of this form of diabetes could, itself, lead to lipid abnormalities exclusive of hyperglycemia. Type 1 diabetes,
previously termed insulin-dependent diabetes mellitus, provides a much clearer understanding of the relationship
among diabetes, insulin deficiency, and lipid/ lipoprotein metabolism. In poorly controlled type 1 diabetes and even
ketoacidosis, hypertriglyceridemia and reduced HDL commonly occur. 1% Replacement of insulin in these patients
may correct these abnormalities, and well controlled diabetics may have increased HDL and lower than average
triglyceride levels. The lipoprotein abnormalities commonly present in type 2 diabetes, previously termed
noninsulin-dependent diabetes mellitus, include hypertriglyceridemia and reduced plasma HDL cholesterol. In
addition, low density lipoprotein (LDL) are converted to smaller, perhaps more atherogenic, lipoproteins termed
small dense LDL.*® In contrast to type 1 diabetes, this phenotype is not usually fully corrected with glycemic
control. Moreover, this dyslipidemia often is found in prediabetics, patients with insulin resistance but normal
indexes of plasma glucose.* Therefore, abnormalities in insulin action and not hyperglycemia per se are associated
with this lipid abnormality. In support of this hypothesis, some thiazoladinediones improve insulin actions on
peripheral tissues and lead to a greater improvement in lipid profiles than seen with other glucose-reducing agents
Several factors are likely to be responsible for diabetic dyslipidemia: insulin effects on liver apoprotein production,
regulation of lipoprotein lipase (LpL), actions of cholesteryl ester transfer protein (CETP), and peripheral actions of

insulin on adipose and muscle.™®
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Effects of diabetes on postprandial lipemia
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FIG. 1. Effects of diabetes on postprandial lipemia. A defect in removal of lipids from the bloodstream after a meal
Is common in patients with diabetes. Chylomicron metabolism requires that these lipoproteins obtain apoCll after
they enter the bloodstream from the thoracic duct. Triglyceride within the particles can then be hydrolyzed by LpL,
which is found on the wall of capillaries. LpL activity is regulated by insulin, and its actions are decreased in
diabetes. Triglyceride-depleted remnant lipoproteins are primarily degraded in the liver. This requires them to be
trapped by liver heparan sulfate proteoglycans (HSPG) and then internalized by lipoprotein receptors, LDL receptor
and LRP. Because remnants contain a truncated form of apoB, apoB48, that does not interact with these receptors,
this uptake is mediated by apoE.

Effects of diabetes on VLDL production

FIG. 2
FIG. 2. Effects of diabetes on VLDL production. Poorly controlled type 1 diabetes and type 2 diabetes are

associated with increased plasma levels of VLDL. Two factors may increase VLDL production in the liver: the

return of more fatty acids due to increased actions of hormonesensitive lipase (HSL) in adipose tissue and insulin
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actions directly on apoB synthesis. Both of these processes will prevent the degradation of newly synthesized apoB
and lead to increased lipoprotein production. VLDL, like chylomicrons, requires LpL to begin its plasma

catabolism, leading to the production of LDL or the return of partially degraded lipoprotein to the liver.
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FIG. 3. Plasma lipid exchange. In the presence of increased concentrations of VLDL in the circulation, CETP will
exchange VLDL triglyceride for cholesteryl ester in the core of LDL and HDL. This triglyceride can then be
converted to free fatty acids by the actions of plasma lipases, primarily hepatic lipase. The net effect is a decrease in

size and an increase in density of both LDL and HDL.
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FIG. 4. Effects of diabetes on HDL metabolism. HDL production requires the addition of lipid to small nascent
particles. This lipid arrives via hydrolysis of VLDL and chylomicrons with transfer of surface lipids [phospholipid
(PL) and free cholesterol (FC)] via the actions of phospholipid transfer protein (PLTP). A second pathway is via
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efflux of cellular free cholesterol (FC), a process that involves the newly described ABC1 transporter and
esterification of this cholesterol by the enzyme lecithin cholesterol acyl transferase (LCAT). HDL catabolism may
occur through several steps. Hepatic lipase and scavenger receptor-Bl are found in the liver and in steroidproducing
cells. HDL lipid can be obtained by these tissues without degradation of entireHDLmolecules. In contrast, the

kidney degrades HDL protein (apoAl) without lipid, perhaps by filtering

RISK OF CVD IN DIABETES DYSLIPIDEMIA

Cardiovascular disease is more prevalent in type 1 and type 2 diabetes and continues to be the leading cause of
death among adults with diabetes. Diabetes coexists as a more severe risk factor with other associating risk factors,
in particular with dyslipidemia. It increases cardiovascular risks due to increased levels of triglycerides, low levels
of high-density lipoprotein cholesterol, and postprandial lipidemia. Dyslipidemia is mostly observed in patients
with type 2 diabetes or metabolic syndrome Among all different types of cardiovascular diseases, atherosclerosis is
the main cause of death in the world through causing ischemic heart disease (IHD). This is also associated with
endothelial dysfunction, monocyte accumulation, endothelial apoptosis, and thrombus formation which affect
cardiovascular functions. Atherosclerosis is partially related to altered serum lipid level, and cholesterol deposition
arterial wall that is one of the most important risk factors for coronary artery disease (CAD). In atherosclerosis, the
LDL is an important biomarker while high-density lipoproteins are associated with atherosclerotic kidney disease.®
LDL-cholesterol has been the primary predictor of CVD. Multiple studies have shown a strong relationship
between LDL and CVD. In diabetes, LDL concentration may or may not be increased, but there is an increase in the

concentration of small dense LDL particles which are considered more atherogenic than large LDL particles.’

MECHANISM OF HYPERTRIGLYCERIDEMIA IN DIABETES

Hypertriglyceridemia is the most common serum lipid abnormality in diabetic populations. Serum TG levels are not
simply elevated along with the degree of hyperglycemia, but hyperinsulinemia compensated by insulin resistance is
closely correlated with TG levels.'®TG consists of three molecules of fatty acids, the availability of circulating fatty
acids (free fatty acids (FFA)) plays a crucial role in TG production in the liver and partly in the intestineproposed
that three distinct syndromes of hypertriglyceridemia occur as a result of abnormalities of glucose metabolism. In
patients with impaired glucose tolerance, the basic defect is postulated to be the loss of normal insulin sensitivity,
leading to compensatory hyperinsulinemia increased VLDL-TG secretion. Patients with type 2 diabetes have
relative insulin deficiency, and the elevated FFA levels increase hepatic VLDL-TG secretion. In absolute insulin-
deficient patients with type 1 diabetes, however, elevated FFA levels do not stimulate hepatic VLDL-TG secretion
because the livers cannot respond to the increased FFA flux under severe insulin deficiency. The

hypertriglyceridemia in patients with type 1 diabetes is primarily due to defect in the removal of VLDL-TG.1®?°
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BENEFITS OF LOWERING TG LEVELS IN T2DM PATIENTS

Many recent studies have shown that lowering of TG levels by PPAR o agonist agents in T2DM patients with
ADD can reduce CV events. In the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study, 9,795
T2DM patients were randomized to fenofibrate or placebo. The follow-up was for 5 years. Serum TG levels were
significantly reduced by fenofibrate (by 22%). Fenofibrate reduced CVD events by 27% in the subgroup of ADD
patients (baseline: TG .200 mg/dL and HDL-C ,40 mg/dL 2tIn the lipid arm of the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial, the use of fenofibrate (in addition to simvastatin) was examined in 5,518 T2DM
patients who were at high risk for CVD. The mean follow-up was 4.7 years.Fenofibrate reduced TG levels
significantly (by 26%). In the subgroup analysis of patients with ADD (baseline: TG .204 mg/dL and HDL-C ,34
mg/dL), the primary endpoint (the first occurrence of nonfatal myocardial infarction, nonfatal stroke, or death from
CV causes) was significantly reduced by fenofibrate (by 31%, P,0.03).20 European Society of Cardiology
guidelines for dyslipidemia recommend use of drugs to lower TG in subjects with TG .200 mg/dL who cannot
lower them by lifestyle measures, and if the subject is at high total CV risk. As we have discussed, DM patients are
at high CV risk.??

CURRENT OPTIONS FOR MANAGEMENT OF DIABETES DYSLIPIDEMIA Lipid-lowering agents
Statins

Statin therapy is recommended as the initial pharmacological treatment for lowering LDL-C levels in patients with
type 2 diabetes who either have overt CVD or are over 40 years old and have increased CVD risk 2% however,
even with adequate LDL-C lowering via statin therapy, CVD risk remains high in many patients 2The beneficial
effects of statin treatment are thought to be mediated predominantly via lowering of LDL-C levels, although effects
on HDL-C and other lipoproteins may also play a role Statin treatment lowers non-HDL-C more than apoB 2° and

reaching the apoB target usually requires more intensive therapy than that required to achieve the non-HDL-C goal
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21,28 Common adverse events associated with statin use include gastrointestinal upset and muscle aches, although
dose-related hepatoxicity and myotoxicity are the most clinically significant adverse events 2° Caution is
recommended in patients with severe renal impairment (creatinine clearance < 30 mL/min). Studies have shown
that high-dose statin therapy is effective in achieving LDL-C goals and associated with favorable effects on
lipoprotein subfractions in patients with type 2 diabetes, which may translate into clinical benefits in terms of anti-

atherogenic potential and a subsequent reduction in the risk of adverse cardiovascular outcomes.*3!

Other lipid-lowering therapies

Niacin has been used to treat dyslipidemia in patients with type 2 diabetes for over half a century.®> Although niacin
is the most effective agent for raising HDL-C levels, high doses can worsen hyperglycemia. Additional adverse
events associated with niacin include flushing, itching, nausea, gastrointestinal upset, hypotension, and tachycardia.
3334 1t has been suggested that combination lipid-lowering therapy (eg, a statin with a fibrate or niacin) may be
necessary for patients with diabetic dyslipidemia to achieve optimal lipid levels; however, to date, such strategies
have not been adequately evaluated for their long-term effect on CVD risk reduction or safety compared with lipid-
lowering monotherapy.®>% Furthermore, the risk of myopathy is thought to be greater when niacin is used with a
statin.®” Niacin plus laropiprant - a prostaglandin D receptor antagonist and antiflushing agent - has been used
successfully to improve the lipid profile with reduced niacin-associated flushing in patients with type 2 diabetes.*
In 2 large randomized studies in patients with primary hypercholesterolemia or mixed dyslipidemia, the
combination of niacin, laropiprant, and simvastatin significantly improved lipid parameters with a similar
tolerability profile versus niacin/laropiprant alone, but with an increase in flushing and other niacin-related adverse

effects versus statin alone.39%°

Ezetimibe, a selective cholesterol absorption inhibitor, is an effective lipid-lowering agent when used as
monotherapy and is useful in patients who are unable to tolerate statin therapy.*! Ezetimibe can also be used in
combination with statin therapy for greater lipid-lowering efficacy. Ezetimibe plus atorvastatin, for example, can
provide LDL-C lowering equivalent to that achieved with high-dose atorvastatin, but with better tolerability in
some patients, and may be a useful adjunctive therapy in patients with type 2 diabetes who have demonstrated an

inadequate response to statin treatment.*?

Fibrates are useful for lowering TG and non-HDL-C levels and increasing HDL-C, yet results from trials in
patients with type 2 diabetes have been controversial.** In the FIELD (Fenofibrate Intervention and Event
Lowering in Diabetes) study in 9795 patients with type 2 diabetes, fenofibrate did not significantly affect the
primary endpoint, coronary event rate, relative to placebo (11% reduction).** Nevertheless, FIELD did show that
combination therapy with a statin and fenofibrate is safe. Recent results from the ACCORD (Action to Control

Cardiovascular Risk in Diabetes) study provided further insight into whether the combination of a statin and a
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fibrate is safe and provides CVD benefits beyond statin therapy alone. In this study in 5518 patients with type 2
diabetes, there was no difference between combination therapy with a statin and fibrate compared with statin
therapy alone with respect to the primary outcome (nonfatal myocardial infarction, nonfatal stroke, or death from
cardiovascular causes)* Common adverse events associated with fibrates include gastrointestinal disturbance, rash,
headache, pancreatitis, myalgia, and myotoxicity (in rare instances - and possibly more likely with gemfibrozil than
with fenofibrate.Adjuvant fibrate therapy is not recommended in patients with severe renal dysfunction, severe

hepatic dysfunction, and preexisting gall bladder disease.*®

ROLE OF DUAL PPAR A/I' AGONISTS IN ADD

Dual PPAR o/y agonists are newer agents to control all different pathogenetic factors in ADD simultaneously. Their
PPAR o agonist action results in increased lipoprotein lipase activity (causing catabolism of TG in VLDL and
chylomicrons), reduced secretion of VLDL, inhibition of Apo CIII expression, and increased production of
apolipoproteins Apo Al and Apo All. PPAR

v agonist actions increase insulin sensitivity in peripheral tissues, increasing glucose uptake, and reduce blood

glucose levels.*’

SAROGLITAZAR: THE FIRST AND ONLY APPROVED DUAL PPAR A/T"' AGONIST

PHARMACOLOGY OF SAROGLITAZAR

Saroglitazar is a dual PPAR o/y agonist drug approved in India by Drug Controller General of India for the
treatment of diabetic dyslipidemia and hypertriglyceridemia with T2DM not controlled by statin therapy. It is the
first drug in this novel group of dual PPAR o/y agonists (glitazars) to be approved and clinically used, anywhere in

the world. The recommended dose of saroglitazar is 4 mg per day.

Pharmacodynamics

PPAR a activation by saroglitazar increases the hepatic oxidation of fatty acids (FA) and reduces the synthesis and
secretion of TG. This, in turn, increases diversion of FA from peripheral tissues (eg, skeletal muscle and fat tissue)
to the liver, thereby decreasing both FA synthesis and delivery of TG to peripheral tissues. Saroglitazar also causes
increased lipolysis and elimination of TG-rich particles from plasma by activating lipoprotein lipase (LPL) and
reducing production of Apo C-Il11, an inhibitor of LPL activity. Saroglitazar was also found to reduce plasma LDL-
C. PPAR activation by saroglitazar also induces an increase in the synthesis of apolipoproteins A-I and A-II, and
HDL-C.

Although saroglitazar is predominantly a PPAR o agonist, it also causes activation of PPAR 7y and regulates the

transcription of insulin-responsive genes involved in the control of glucose production, transport, and utilization.
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Saroglitazar increases the expression of numerous PPAR yresponsive genes involved in carbohydrate and lipid
metabolism, including adiponectin, adipocyte fatty acid-binding protein, LPL, fatty acid transport protein, and fatty
acid translocase (CD36). By increasing the expression of these genes, saroglitazar decreases the postprandial rise of
plasma FFA, improves postabsorptive, insulin-mediated suppression of hepatic glucose output, reduces the
metabolic burden on liver and muscle, and promotes glucose utilization. Robust antidiabetic and insulin-sensitizing
effects of saroglitazar were observed in preclinical models, in which hyperglycemia and/or impaired glucose
tolerance is a consequence of insulin resistance in target tissues. As discussed, saroglitazar is predominantly a
PPAR a agonist, with modest PPAR y agonist actions. This is in contrast to previously developed dual PPAR o/y
agonists, like muraglitazar, aleglitazar, and tesaglitazar, which had either predominantly PPAR vy agonistic activity

or equivocal agonistic activity on both PPAR o and PPAR 1y receptors.*®

Pharmacokinetics

In its initial clinical trials, peak plasma levels of saroglitazar occurred at approximately 1 hour post-dosing in
healthy volunteers. Its absorption is not affected by food. After a single oral dose of 4 mg saroglitazar in healthy
volunteers, maximum serum concentration (Cmax) of 337.1£91.0 ng/mL (mean + standard deviation) was observed.
It is extensively protein-bound (around 96%) in human plasma. The mean plasma half-life of saroglitazar following
a single dose of 4 mg saroglitazar is 2.9+0.9 hours. Multiple-dose studies in humans have not shown any
accumulation of saroglitazar on repeat dosing once daily for 10 days.2%In vitro studies using pooled human liver
microsomes showed that saroglitazar is metabolically stable. Saroglitazar was found to be metabolized into three
minor oxidative metabolites. The exposure of the most abundant oxidative metabolite was found to be less than

10% of the exposure of saroglitazar. Saroglitazar is excreted primarily through the hepatobiliary route.*°

Conclusion

ADD is a complex metabolic abnormality seen in most DM patients. Its presence increases CV risk in DM, which is
itself considered equivalent to CVD. Traditional drugs like fibrate and niacin can control lipid parameters
(hypertriglyceridemia and low HDL-C) in ADD, but do not provide any glycemic benefits; niacin, rather, increases
blood glucose levels. Saroglitazar is a novel drug, with unique mechanism of action, which has established its
efficacy and safety in diabetic dyslipidemia in clinical trials. It not only corrects lipid abnormalities, but also helps
to achieve glycemic targets in T2DM. Further studies should be carried out to evaluate saroglitazar’s exact role in
management of ADD. Use of saroglitazar will help clinicians to better manage metabolic abnormalities in T2DM

patients.
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