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Lipid abnormalities, including high levels of low-density lipoprotein (LDL) cholesterol, elevated triglycerides (TGs)
and low levels of high-density lipoprotein (HDL) cholesterol are associated with an increased risk of primary as well as
secondary cardiovascular (CV) events. Reduction of elevated LDL certainly gives mortality benefit, but some residual
CV risk factors like abnormal life style, uncontrolled co-morbid conditions like hypertension, diabetes mellitus and
elevated TG level may increase CV mortality despite low LDL. TG >200 mg/dL needs to be controlled by statin and
other TG lowering drugs. High TG contributes not only for CV mortality but also leads to non-alcoholic fatty liver
disease (NAFLD) which is commonly seen in obese and diabetic patients. Recently, the European guidelines are also
in favour to reduce elevated TG when it is between 135-499 mg/dL in high risk patients. In India, elevated TG is more
common pattern of dyslipidaemia, compared to western world and still its optimized reduction through TG lowering
drugs is not done at regular basis. Saroglitazar is the first dual PPAR agonist drug which has shown significant TG
reduction diabetic dyslipidaemia patients with better glycaemic control and safety profile.
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INTRODUCTION

Lipid abnormalities, including high levels of low-density lipoprotein (LDL) cholesterol, elevated triglycerides (TGs) and
low levels of high-density lipoprotein (HDL) cholesterol are associated with an increased risk of primary as well secondary
cardiovascular (CV) events.! According to international and national guidelines, lowering LDL with a statin is a primary
objective to prevent both primary and secondary CV disease prevention.” Various meta-analysis of statin studies had shown
that as statin dose is increased, LDL level and CV events both are reduced significantly. But along with that many studies
had also shown that despite control on LDL level with high dose of statin, patients may have 60-70% residual CV risk factor.
Beyond LDL, many factors are contributing to residual CV risk like abnormal life style, uncontrolled co-morbid conditions
like hypertension, diabetes mellitus, elevated TG level, etc.? In the management of dyslipidaemia, few patients, especially
South Asians may have elevated TG >200 mg/dL despite controlled LDL after statin, which can increase CV events. In this
scenario, guidelines have difference in opinion on adding TG lowering agent along with statin to prevent CVD.* High TG is
not associated with only CVD, but along with that it may increase risk of non-alcoholic fatty liver disease (NAFLD) and acute
pancreatitis as well.> So, TG lowering may be a cornerstone therapy along with /- or without statin for treatment of CVD and
other complications as mentioned above.®

EPiDEMIOLOGY OF HYPERTRIGLYCERIDAEMIA

Dyslipidaemia is defined as abnormal level of lipoprotein lipid such as high total cholesterol, low density lipoprotein (LDL)
cholesterol, very low density lipoprotein (VLDL) cholesterol and triglycerides and low high density lipoprotein (HDL).
Dyslipidaemia has strong association with CVD, especially with high LDL.” LDL lowering through statin is a primary
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objective for any high risk CV patients, but even in patients with controlled LDL, may have residual CV risk due to multiple
factors like abnormal life style, uncontrolled co-morbid conditions like hypertension, diabetes mellitus, elevated TG level,
etc.’ High TG is a critical risk factor for CVD and other metabolic conditions, but due to lack of support from international
guidelines, TG reduction therapy is frequently ignored by clinicians despite multiple evidences which show that high TG
leads to atherosclerosis, NAFLD, acute pancreatitis, etc.’

According to the National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III), elevated
triglyceride is defined as 150 mg/dL and higher. According to these criteria, the Third National Health and Nutrition
Examination Survey (NHANES) found that the prevalence of hypertriglyceridaemia in US adults was approximately 35%
in men and 25% in women.? Like western population, India is undergoing for rapid transition in socio-economic sector, life
style improvement and aging associated disease. The Jaipur Heart Watch (JHW) review studies in India showed secular trend
in increasing lipid abnormality over duration of 12 years. It was observed insignificant increment change in cholesterol lipid
like LDL and HDL, while it was significant incremental change in triglyceride level was observed (Figure 1). The study also
reported a significant association of increasing dyslipidaemias with increasing truncal obesity and obesity.”®
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Figure 1. 20 years trend of cholesterol and triglyceride level in urban Indian population.” Abbreviation: JHW- Jaipur
Heart Watch.

The Indian Council of Medical Research India Diabetes Study (ICMR INDIAB) phase I, involving three states and one
union territory (UT), representing the north, south, east and west of the country had presented dyslipidaemia pattern in 2,042
Indian population which is covering 213 million Indian population from respective area.'” Results were showing that 8 out of
10 Indian adults have dyslipidaemia (Figure 2) and most common pattern of dyslipidaemia was low HDL (72.3%) followed
by High TG (29.5%), high cholesterol (13.9%) and high LDL (11.8%).

This is very frequently seen in Asian Indian phenotype, which also includes increased truncal adiposity, increased
insulin level, increased insulin resistance, higher hip waist circumference ratio, etc.!' So in India, with such wide population
dyslipidaemia, high TG also plays vital role in development of CV disease.
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Figure 2. Overlapping pattern of dyslipidaemia in Indian population.'” Abbreviation: HDL- High-density lipoprotein.

ResipuaL CARDIOVASCULAR Risk IN STATIN TREATED PATIENT

Statins are always considered as the first line therapy for dyslipidaemia to decrease LDL levels and risk of cardiovascular
disease (CVD) both. But despite statin therapy, residual cardiovascular (CV) risk factor still remains due to low HDL and
high TG." The Scandinavian Simvastatin Survival Study (4S) of patients with known coronary heart disease and high levels
of LDL, had shown significant reduction of CV events with statin treatment compared to placebo, however, a 20% CV event
rate was noted in statin treated patients.'* Kearny PM ef al. reported from meta-analysis of 14 trials involving 18,686 people
with diabetes with statin therapy, that low HDL and high triglyceride limits the efficacy of statin therapy alone in reducing
the vascular events despite achieving target LDL levels. In various statin studies, it is observed that post statin therapy with
controlled LDL, residual CV risk still remains ~60-70% in patients, where in elevated TG is one of the important risk factor.
Apart from this, many studies have proven that Indian have higher TG levels along with low HDL, which are major risk
factors for increasing CVD risk .'*!7

ELevaTeD TriGLYCERIDE (TG >200 ma/pL) 1s A CArDIOVASCULAR Risk FACTOR

In a meta-analysis done by Sarwar et al., elevated TG was proved to be an independent CV risk factor from a data of 2,62,525
participants from 29 studies.'® In their analysis, it was observed that high TG is strongly associated with CV disease which
was independent of follow-up duration, age and fasting. Moreover, this data predated completion of the PROVE IT-TIMI
22 trial, where in analysis revealed that high TG is considerable risk factor with irrespective of LDL level in acute coronary
syndrome (ACS) patients. It was also observed, the reduced risk of coronary heart disease (CHD) with low on-treatment
TG (<150 mg/dL). For each 10 mg/dL decline in on treatment TG, there was a 1.6% lower risk of the composite end point
(p<0.001) after adjustment for LDL and other covariates. Moreover, the combination of low LDL (<70 mg/dL) and low TG
(<150 mg/dL) was associated with the lowest event rates compared with higher LDL, higher TG or both."

In 2015, a study analysed the results of two trials, the dal-OUTCOME and MIRACL, to predict long and short term
effects of fasting TGs on recurrent ischemic events in acute coronary syndrome (ACS) patients already on statins. Results
indicated that high TG levels (>175 mg/dL on long term and >195 mg/dL on short term) despite statin therapy in post-
acute coronary artery syndrome (ACS) patients led to an increased CVD risk (60% and 50% higher on long and short term
respectively) compared to those patients who had lower TG levels (<80 mg/dL on long term and <135 mg/dL on short term).
This relationship of triglycerides to CVD risk was independent of LDL in both studies.?
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Wong N et al. classified 4,986 adults (presenting 113 million population) from USA by fasting TG and estimated 10 years
atherosclerotic cardiovascular disease (ASCVD) score based on statin therapy were taken or not. The study concluded that
overall 1/4" adults were having high TG (>150 mg/dL), while 14% adults TG was >200 mg/dL. The 10-years ASCVD risk
score was increasing as TG level was also increasing. It was 10.4% and 16.1% with TG level 200-499 mg/dL and >500 mg/
dL, respectively.”!

In a recently published study, increased residual CV risk in patients with diabetes and high TG (200-499 mg/dL) despite
statin-controlled LDL cholesterol (<100 mg/dL) was observed compared to normal TG level (<150 mg/dL).?> A study of
around 28,000 high risk DM patients with TG (200-499 mg/dL) treated with high dose of statin and controlled LDL, showed
incidence rate for non-fatal MI was 30% higher, while rate was 23% higher for non-fatal stroke and 21% higher for coronary
revascularization compared to normal TG level patients.

Elevated triglyceride level is independently associated with increased all-cause mortality in patients with established
CHD.* In a 22 year follow-up, the Bezafibrate Infarction Prevention (BIP) study showed that as TG level is increased from

150 mg/dL to >500 mg/dL, all-cause mortality was also proportionately increasing from 6-68% compared to TG <100 mg/
dL (Figure 3).
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Figure 3. Adjusted all-cause mortality risk according to the TG group (22-year follow-up BIP- study and registry)*

FiBrRATES REDUCE CARDIOVASCULAR Risk IN PATIENTS wiTH TRIGLYCERIDE (>200 ma/pL) witH Low HigH-DENsITY
LipoProTEIN (<34 mG/pL)

Numerous studies have demonstrated an association between high TG level and CV risk, but the impact of TG lowering
therapies on CV events is still unclear as no major outcomes trials have been done in patients with moderate to severe
hypertriglyceridaemia as these patients were excluded from statin and fibrate outcomes trials.>*

Fibric acid derivatives (fibrates) are predominantly TG lowering agent with modest effect on HDL and least effect on
LDL. In general, fibrates are not used in clinical practice to treat individuals with mild hypertriglyceridaemia. As per the
Veterans Affairs High-Density Lipoprotein Cholesterol Intervention Trial (VA-HIT), gemfibrozil is effective in both primary
and secondary cardiovascular risk reduction in absence of significant change in LDL level (Figure 1).5%

In contrast, two major trials with fenofibrate in patients with type 2 diabetes mellitus have failed to demonstrate reductions
in major cardiovascular events (Table 1). The Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study of
9795 diabetic patients with mean levels of TG (154 mg/dL) HDL (43 mg/dL) with follow-up over a 5-year study period, failed
to demonstrate a significant reduction for CV risk between study groups. But the FIELD study supported potential safety of
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combination therapy (fibrate + statin).?’ In addition, post hoc analysis of data from the FIELD study demonstrates that patients
with elevated TG (>200 mg/dL) or low HDL (<40 mg/dL in men and <50 mg/dL in women) derived greater CV risk reduction
with fenofibrate.?

In another study of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) lipid trial, efficacy and safety of
statin and fibrate combination was recently evaluated, where in combination failed to show effects on the primary composite
outcome (nonfatal myocardial infarction, nonfatal stroke, or CV death), while trend of increased risk was more toward
women as compared to men. Of note, in a prespecified subgroup analysis, there was a trend towards benefit of fenofibrate in
patients with TG level of >204 mg/dL or HDL of <34 mg/dL.”

Fibrates have shown CV events reduction in specific subgroup with high TG and low HDL level. Through that hypothesis,
it is established that fibrates are to be used in dyslipidaemia patients with high TG and low HDL.**3!

Table 1. Fibrate outcome trials.’***! Abbreviations: TC- Total cholesterol; TG- Triglyceride; HDL-C- High-density
lipoprotein; LDL-C- Low-density lipoprotein cholesterol; Non-HDL- Non- High-density lipoprotein; HHS- Helsinki
Heart Study; VA-HIT- Veterans Affairs High-Density Lipoprotein Cholesterol Intervention Trial; BIP- Bezafibrate In-
farction Prevention; FIELD- Fenofibrate Intervention and Event Lowering in Diabetes; ACCORD- Action to Control
Cardiovascular Risk in Diabetes. *HDL <50 mg/dL in women.

CVD reduction Lipid subgroup CVD reduction

Trial TC TG HDL-C LDL-C Non-HDL  entire cohort criteria subgroup
HHS 269 175 47 189 222 —34% (0.02) TG >204; HDL-C <42 —78% (0.002)
VA-HIT 175 161 32 111 143 —22% (0.006) TG >180 —28% (<0.05)
BIP 212 149 35 148 177 —7.3% (0.24) TG >200 —39.5% (0.02)
FIELD 195 154 43 119 152 —11% (0.16) TG >204; HDL-C <40"  —27% (0.005)
ACCORD 175 162 38 100 137 —8% (0.32) TG >204; HDL-C <34  -31% (0.03)

TRIGLYCERIDE LOWERING AGENT, EicosaPENTAENOIC AcID SIGNIFICANTLY REDUCES CARDIOVASCULAR EVENTS

In randomised trials, medications that reduce triglyceride levels such as extended-release niacin and fibrates have not reduced
the rates of cardiovascular events when administered in addition to appropriate medical therapy, including statins. Even recent
meta-analyses of n-3 fatty acid also have not shown a benefit in patients receiving statin therapy.*

In the Japan EPA Lipid Intervention Study (JELIS), 18,645 Japanese patients with hypercholesterolaemia had shown
that low-intensity statin therapy plus 1.8 g of eicosapentaenoic acid (EPA) daily, significantly reduced risk of major coronary
events by 19%, compared to the group that received statin therapy alone.*

The JELIS trial results led to the design of the Reduction of Cardiovascular Events with Icosapent Ethyl Intervention Trial
(REDUCE-IT). It is a phase III, randomized, double-blind study of 8,179 patients with established CV disease or DM who
had been receiving statin therapy with fasting TG level between 135-499 mg/dL were followed up for 4.9 years. The primary
endpoint was a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary revascularization
or unstable angina, significantly reduced by 25% by icosapent ethyl compared to placebo, along with significant CV death
reduction by 20% in the treatment group. Finally, this study has concluded that among patients with elevated triglyceride
levels despite the use of statins, the risk of ischemic events, including cardiovascular death, was significantly lower among
those who received 2 g of icosapent ethyl twice daily.*

GUIDELINE RECOMMENDATIONS ON TRIGLYCERIDE LOWERING THERAPY

Recently published guidelines for the management of dyslipidaemia by the European Society of Cardiology (ESC), 2019
documented that elevated TG rich lipoprotein increase ASCVD risk, so evaluation of TG is essential while managing
dyslipidaemia.® Even ESC, 2019 has also redefined level of TGs for dyslipidaemia management based on outcome data
of REDUCE-IT and other studies. In high-risk (or above) patients with TG levels between 135-499 mg/dL, despite statin
treatment, TG lowering drugs like n-3 polyunsaturated fatty acids (PUFAs) and icosapent ethyl (2*2 g/day) should be
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considered in combination with a statin. And for primary prevention, patients who have achieved LDL goal with TG levels
>200 mg/dL, TG lowering agents (like fenofibrate or bezafibrate) may be considered in combination with statins. Considering
Indians are more prone to develop high TG, the Lipid Association of India (LAI) published guideline on dyslipidaemia
management, which has endorsed that statin is first-line therapy when TG >200 mg/dL. It is also mentioned that add on to
statin, apart from fibrate, saroglitazar is also an approved drug which is safe and effective in T2DM patients with high TG.*

HYPERTRIGLYCERIDAEMIA AND OTHER COMPLICATIONS

Apart from cardiovascular disease, high TG is also associated with non-alcoholic fatty liver disease (NAFLD), non-alcoholic
steatohepatitis (NASH) and acute pancreatitis (AP). NAFLD is a condition which is commonly associated with obesity and
T2DM, wherein a high free fatty acid is deposited in the liver. The survival rate in patients with NAFLD is lower compared
to the general population standardized-mortality ratio due to the risk of cardiovascular disease and hepatocellular carcinoma.
NAFLD is associated with metabolic disturbances, including diabetes and hyperlipidaemia, especially hypertriglyceridaemia.
In a study of 168 NAFLD patients, Tomizawa et al. revealed high TG as a strong predictor of NAFLD (%*=9.89, p=0.0017).%

Hypertriglyceridaemia is uncommonly associated with acute pancreatitis (AP). The European population studies show
AP incidence of 10-19% of patients with severe HTG (>1000 mg/dL).*® In a large population study, the adjusted hazard ratio
for AP was 3 times higher compared to normal patients. Moreover, as TG level is increased by 100 mg/dL, it increases the
incidence of AP by 4%.%

TRIGLYCERIDE REDUCING AGENTS

As per the international guidelines, for management of dyslipidaemia, statins are always considered as a first-line therapy
focusing on lowering LDL and non HDL. The AHA/ACC, 2018 recommends statin and lifestyle modifications (Class Ila)
when there is severe hypertriglyceridaemia with >500 mg/dL and ASCVD score is more than 7.5% considering secondary
factors as well.*® Considering the REDUCE-IT study CV mortality benefit data, the 2019 ESC guidelines has redefined
recommendations to manage hypertriglyceridaemia with the usage of icosapent ethyl add on to statin in high-risk patients at
TG level between 135-499 mg/dL (Class IIa). While for primary prevention it is recommended to add fibrates to statin when
TG is more than 200 mg/dL (Class I1b).

Fibrates are considered as second-line therapy, which is add on to statin and ezetimibe. Fibrates include many side
effects like gastrointestinal symptoms, increased liver function tests, a reversible rise in creatinine and myositis, drug to drug
interactions with statin which restrict its usage on a regular basis. Omega 3 fatty acid (EPA) has shown CV mortality benefit
in the REDUCE-IT study, but its usage also leads to common side effects like gastrointestinal (GI) disturbance, diarrhoea,
vomiting, belching, foul-smelling, poor adherence, etc.*

Saroglitazar is the first new chemical entity (NCE) from India and first in class drug which is approved as a dual PPAR
o/y (peroxisome proliferator-activated receptor) agonist, approved for the management of hypertriglyceridaemia in type
2 DM patients uncontrolled with statin alone in India. In phase III clinical studies, this molecule has shown a significant
reduction of TG by 45-46.7% and HbA 1c¢ reduction by 0.3% without any significant major adverse events. Currently, its trials
are under evaluation for future indications like type 2 DM and NAFLD in India and globally as well.

CONCLUSION

Hypertriglyceridaemia (>200 mg/dL) is considered as a CV risk factor, beyond that it contributes to the development of
NAFLD/NASH and acute pancreatitis, which are also life-threatening conditions. International guidelines also recommend
high TG level between 135-499 mg/dL as a CV risk factor and its lowering therapy should be considered along with a statin.
Currently, available drugs have some limitation to be used as TG lowering drug. Saroglitazar is an effective and safe option
as a TG lowering agent for T2DM patients and in future it can be used in more indications like T2DM and NAFLD as well.
Saroglitazar has not yet shown its benefit in CV events reduction.
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