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OMEMI	 Omega-3 Fatty Acids in Elderly Patients with Myocardial 
Infarction

PPARα	 Peroxisome Proliferator-Activated Receptor Alpha
PROMINENT	 Pemafibrate to Reduce Cardiovascular Outcomes by Reducing 

Triglycerides in Patients with Diabetes
REDUCE-IT	 Reduction of Cardiovascular Events with Icosapent Ethyl  – 

Intervention Trial
RRR	 Relative Risk Reduction
STRENGTH	 STatin Residual Risk Reduction with EpaNova in HiGh CV Risk 

PatienTs with Hypertriglyceridemia
T2DM	 Type 2 Diabetes Mellitus
TG	 Triglyceride
TRL	 Triglyceride-Rich Lipoprotein
VLDL	 Very-Low-Density Lipoprotein

�Introduction

�Epidemiology of Hypertriglyceridemia

Elevated plasma triglycerides (TGs) are among the most common lipid abnormali-
ties encountered in clinical practice. As elaborated upon in the National Cholesterol 
Education Program Adult Treatment Panel III (NCEP ATP III) and the American 
College of Cardiology (ACC)/American Heart Association (AHA) guidelines, 
hypertriglyceridemia (HTG) is classified as borderline high at TG levels of 
150–199 mg/dL, mild to moderately high at TG levels of 200–499 mg/dL, and very/
severely high at TG levels greater than 500 mg/dL (Grundy et al. 2004, 2019). The 
prevalence of HTG is approximately 10% of the adult population in Europe (Laufs 
et  al. 2020; Hegele et  al. 2014). However, a study of the National Health and 
Nutrition Examination Survey (NHANES) conducted between 2007 and 2014 esti-
mated an overall prevalence of HTG in the United States to be considerably higher 
(25.9%); this includes 12.3 million statin-treated patients with TGs ≥ 150 mg/dL 
(Fan et al. 2020). Of these, 6.4 million had concomitant type 2 diabetes mellitus 
(T2DM) or atherosclerotic cardiovascular disease (ASCVD). Whilst mild to moder-
ately high TG levels are common, very high HTG (TGs ≥ 500 mg/dL) is rare, rep-
resenting only 1.6% of the US population (Christian et al. 2011).

�Hypertriglyceridemia as a Risk Enhancer

It is well established that HTG is associated with an increased risk of developing 
ASCVD (Miller et al. 2011; Hulley et al. 1980). For many years, the extent to which 
HTG promoted coronary atherosclerosis was difficult to reconcile because TGs per 
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se are not taken up by vascular wall macrophages (Peng et al. 2017; Thomsen et al. 
2014; Jorgensen et  al. 2013). Rather, the lipoprotein complex containing TGs, or 
triglyceride-rich lipoproteins (TRLs), become atherogenic following hydrolysis by 
lipoprotein lipase (LPL), due to formation of cholesterol-enriched by-products; these 
smaller particles, referred to as remnants (Do et  al. 2013), are easily transported 
across the endothelium (Fogelstrand and Boren 2012). TRL remnants are highly ath-
erogenic because they carry more cholesterol per molecule than LDL and thus do not 
need to be modified for uptake by macrophages (in contrast to LDL) (Nordestgaard 
and Varbo 2014), thereby facilitating foam cell formation and atherosclerotic plaque 
deposition (Zilversmit 1979). In addition, TG hydrolysis facilitates free fatty acid 
(FFA) release; in the vascular endothelium, this may result in local inflammation and 
injury (Saraswathi and Hasty 2006). Taken together, HTG is a marker for elevated 
concentrations of atherogenic cholesterol-enriched remnant particles that perpetuate 
low-grade inflammation, foam cell formation, and atherosclerotic plaques that con-
tribute to elevated risk of CVD (Nordestgaard and Varbo 2014).

Observational studies have examined HTG as an independent risk factor for cor-
onary atherosclerosis (Miller et al. 2002). A meta-analysis of 21 studies involving 
57,077 patients across multiple countries demonstrated the consistency of an asso-
ciation between elevated TG levels and risk of CVD (Austin et al. 1998). In univari-
ate analysis, each 1-mmol increase in TGs was associated with a relative risk (RR) 
of 1.32 (95% confidence interval (CI), 1.26–1.39) and 1.76 (95% CI, 1.50–2.02) in 
men and women, respectively, after adjustment for high-density lipoprotein choles-
terol (HDL-C) (Austin et al. 1998). A subsequent meta-analysis of 68 studies from 
the Emerging Risk Factors Collaboration evaluated 302,430 individuals without 
known vascular disease at baseline. Their observation noted a gradual association 
between elevated TGs and ischemic stroke and CVD; however, following adjust-
ment for HDL-C and non-HDL-C, the association was no longer statistically signifi-
cant (Emerging Risk Factors C et  al. 2009). Furthermore, Tirosh et  al. followed 
13,953 healthy, untreated, young men (aged 25–34 years) with TG levels <300 mg/
dL for 10.5 years to assess the association between changes over time in fasting TG 
and CVD risk (Tirosh et al. 2007). At baseline, TG levels in the top quintile were 
associated with a fourfold increase of CVD compared to those in the lowest TG 
quintile, even after adjustment for HDL-C and other CVD risk factors (Tirosh et al. 
2007). These findings support HTG as a biomarker of elevated CVD risk.

�Metabolism and Atherogenic Potential 
of Triglyceride-Rich Lipoproteins

�Biochemical/Regulatory Pathways of TGs and Lipoproteins

Triglyceride-rich lipoproteins are macromolecular complexes consisting of core lip-
ids, most commonly cholesteryl esters and triglycerides, enveloped by a single layer 
of phospholipids, apolipoproteins, and variable amounts of free cholesterol (Ginsberg 
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2002). Circulating TRLs consist of very-low-density lipoproteins (VLDLs), VLDL 
remnants, chylomicrons, and intermediate-density lipoproteins (IDLs). The lipo-
protein core is composed of hydrophobic TGs and cholesterol esters (CEs), whereas 
the hydrophilic surface consists of phospholipids, free cholesterol, and apolipopro-
teins (apos) that play a key role in plasma lipid regulation (Miller et  al. 2011). 
Chylomicrons are the largest TRLs obtained from dietary fat and consist of numer-
ous apos (A-I, A-II, A-IV, A-V, B-48, C-II, E) (Feingold and Grunfeld 2000a) with 
apolipoprotein B48 (ApoB-48) viewed as an essential protein vital for secretion 
into the lymphatic system prior to release into the systemic circulation (Feingold 
and Grunfeld 2000a).

VLDLs are composed of apolipoprotein B100 (ApoB-100) and triglycerides. 
They are synthesized by hepatocytes and secreted into the systemic circulation 
whereupon LPL-mediated hydrolysis results in the release of FFAs that are utilized 
as an energy source by the peripheral muscle or stored in adipose tissue reserves for 
subsequent utilization (Miller et al. 2011; Feingold and Grunfeld 2000a; Dallinga-
Thie et al. 2010).

�Metabolic Consequences and Impact of TRLs on ASCVD

Hypertriglyceridemia ensues from increased production or decreased catabolism of 
TRLs. This, in turn, impacts the metabolism of LDL and HDL (Miller et al. 2011). 
Hepatic overproduction of VLDL activates cholesterol ester transfer protein (CETP) 
to facilitate the transfer of TG from VLDL to LDL (and HDL) in exchange for cho-
lesteryl ester. The resulting by-products, TG-enriched LDL particles, are avidly 
hydrolyzed by hepatic triglyceride lipase (HTGL) (Fig. 12.1).

These small, dense LDL particles traverse the endothelium where they do not 
bind as well to high-affinity LDL receptors compared to normal-sized LDL parti-
cles, are more susceptible to oxidation, and exhibit preferential and unregulated 
uptake by macrophages (Fig. 12.2) (Laufs et al. 2020; Miller et al. 2011; Chait and 
Eckel 2019; Mudd et al. 2007).

Increased VLDL production as a result of excess insulin and fatty acid secretion 
is also observed in HTG states where increased concentration of ApoC-III, an inhib-
itor of LPL, may upregulate proinflammatory signaling pathways that also contrib-
ute to atherosclerosis (Stahel et al. 2018; Xiao et al. 2016).

In clinical studies, TRLs are consistently associated with elevated ASCVD risk, 
independent of coexisting metabolic derangements (Nordestgaard and Varbo 2014; 
Ganda et al. 2018; Jepsen et al. 2016; Varbo et al. 2013, 2015). For example, The 
Copenhagen General Population Study examined 58,547 individuals initially free 
of ASCVD, diabetes, and statin use. They found that statin-noneligible individuals 
with TGs > 264 mg/dL demonstrated similar risk of ASCVD compared with statin-
eligible patients with lower TGs (Madsen et al. 2018). Fasting TG levels were also 

N. Bazarbashi and M. Miller



231

found to predict long- and short-term cardiovascular risks after acute coronary syn-
drome (ACS) in the dal-OUTCOMES study. Specifically, subjects with the lowest 
TG levels (~100 mg/dL) at baseline also experienced the lowest likelihood of CVD 
events (Schwartz et al. 2015, 2012), consistent with previous observations made in 
the PROVEIT-TIMI 22 trial (Miller et al. 2008).

Metabolic implications resulting
from high triglycerides levels
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Fig. 12.1  Metabolic implications resulting from high triglycerides. Apo A-1 apolipoprotein A-1, 
Apo B-100 apolipoprotein B-100, CE cholesteryl ester, CETP cholesteryl ester transfer protein, 
DGAT diacylglycerol acyltransferase, FFA free fatty acid, HDL high-density lipoprotein, HTGL 
hepatic triglyceride lipase, LDL low-density lipoprotein, TG triglyceride, VLDL very low density 
lipoprotein. (Adapted from Miller et al. 2011)
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�Landmark Clinical Trials of TRLs and ASCVD

Based on accumulating data in support of HTG as a biomarker of CVD risk, studies 
have been conducted in recent years to evaluate TG-lowering therapies with respect 
to (1) efficacy in reducing TGs without raising LDL and (2) extent of ASCVD 
reduction. In part, this reflects data from prior studies that demonstrated TG-lowering 
therapies to raise LDL-C levels in patients with very high TGs (greater than 500 mg/
dL) or not to have evaluated CVD risk in an exclusive HTG cohort (Skulas-Ray 
et  al. 2019). To address these issues, three clinical trials were designed. The 
TG-lowering therapies tested were (1) omega-3 fatty acids containing eicosapentae-
noic acid (EPA) with or without docosahexaenoic acid (DHA) and (2) fibrates.

Prior to launching the Reduction of Cardiovascular Events with Icosapent 
Ethyl – Intervention Trial (REDUCE-IT), icosapent ethyl (IPE), a highly purified 
formulation of eicosapentaenoic acid (EPA), patients with moderate HTG (baseline 
levels, 200–499 mg/dL) and severe HTG (baseline levels, 500–2000 mg/dL) were 
evaluated. Not only was there a significant reduction in median TGs (22% and 33%, 
respectively) but there was also no rise in LDL-C in either study (Bays et al. 2011; 
Ballantyne et al. 2012). Previously, the Japan EPA Lipid Intervention Study (JELIS) 
assessed the role of purified EPA (1.8 g) administered daily to patients with hyper-
cholesterolemia (total cholesterol >6.5 mmol/L or 250 mg/dL) but without HTG 
(median baseline TGs ~150 mg/dL), who were also receiving low-dose pravastatin 
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Fig. 12.2  Mechanisms of enhanced atherogenesis of small, dense LDL. LDL-R low-density lipo-
protein receptor, TXA2 thromboxane A2, PAI-1 plasminogen activator inhibitor-1. (Reproduced 
from Elsevier as Open Access Content from Mudd et al. 2007)
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or simvastatin (Yokoyama et al. 2007). Overall, there was an 18% reduction in CVD 
events in the group who received purified EPA. However, a post hoc analysis of the 
subgroup with baseline TGs ≥150 mg/dL demonstrated a more robust reduction by 
53% in CVD events in subjects assigned to EPA (Saito et al. 2008). This observation 
builds upon prior data from fibrate studies (Sacks et al. 2010) that found that patients 
with dyslipidemia, defined by HTG (≥204 mg/dL) and low HDL-C (≤34 mg/dL), 
exhibited benefits compared to subjects without dyslipidemia.

Thus, these trials paved the way for testing the hypothesis as to whether patients 
with HTG would benefit from these therapies with respect to CVD outcomes.

�REDUCE-IT

REDUCE-IT was a phase III double-blind, randomized, placebo-controlled trial to 
evaluate CVD outcomes in 8179 patients with established CVD or in high-risk pri-
mary prevention patients aged 50 years and older with T2DM and at least 1 addi-
tional risk factor, fasting TGs (135–499  mg/dL) and LDL-C (41–100  mg/dL on 
statin therapy) (Bhatt et al. 2019a). Enrolled patients were randomized to either IPE 
4 g/day or mineral oil placebo and were followed up for a median of 4.9 years. At 
the end of 1 year of IPE treatment, serum TGs and LDL-C were reduced by 19.7% 
and 6.6%, respectively, compared to placebo treatment (p  <  0.001 for both). 
Additionally, patients receiving IPE experienced a significant reduction of 39.9% in 
baseline high-sensitivity C-reactive protein (hsCRP) (p  <  0.0001) (Bhatt et  al. 
2019a; Bazarbashi and Miller 2020a). Primary endpoints such as CVD death, non-
fatal myocardial infarction (MI), nonfatal stroke, unstable angina, and coronary 
revascularization occurred in 23% of patients receiving IPE versus 28.3% in the 
placebo arm (hazard ratio (HR) 0.75 (0.68–0.83), p < 0.001), with a number needed 
to treat (NNT) of 21 patients over the study duration to prevent 1 event (95% CI, 
15–33) (Bhatt et al. 2019a) (Fig. 12.3).

In addition to the primary endpoint, prespecified hierarchical testing revealed 
significant improvement in the key secondary composite endpoint (CVD death, 
nonfatal MI, stroke), with individual endpoints including CVD death and the com-
posite of total mortality, nonfatal MI, or nonfatal stroke. Finally, there was a 13% 
reduction in all-cause mortality that trended toward, but did not attain, statistical 
significance (Fig. 12.4).

Subgroup analysis of the trial (REDUCE-IT REVASC) examined total on-trial 
coronary revascularization procedures as well as recurrent revascularization proce-
dures and subtypes. Patients allocated to IPE experienced a 34% reduction in initial 
coronary revascularization compared to that of placebo (p < 0.0001; NNT, 24), with 
similar results observed for recurrent revascularization intervention (Peterson et al. 
2021). Overall, initial as well as repeat (second, third, and fourth) CVD events were 
reduced, yielding a 31% reduction in total events (Fig. 12.5) (Bhatt et al. 2019b).

Notably, while on treatment, TGs accounted for only a small proportion of the 
benefits observed (Miller 2019) and EPA levels were a robust predictor of multiple 
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REDUCE-IT : Primary endpoint

Composite: CV death, nonfatal MI, nonfatal stroke, coronary
revascularization, unstable angina
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Fig. 12.3  The REDUCE-IT trial primary endpoint. HR hazard ratio, RRR relative risk reduction, 
ARR absolute risk reduction, NNT number needed to treat. (From Bhatt et al. 2019a. Copyright © 
(2019) Massachusetts Medical Society. Reprinted with permission)

REDUCE-IT : Prespecified hierarchical
endpoint testing
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Fig. 12.4  The REDUCE-IT trial prespecified hierarchical endpoint. RRR relative risk reduction, 
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Society. Reprinted with permission)
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CVD endpoints in the REDUCE-IT trial (Bhatt et al. 2020). Taken together, a high 
daily intake of purified EPA improved CVD risk in patients with HTG at an increased 
risk of CVD.

�STRENGTH

The STRENGTH (Statin Residual Risk Reduction with Epanova in High 
Cardiovascular Risk Patients with Hypertriglyceridemia) trial was a double-blinded, 
randomized, multicenter trial of 13,078 participants designed to examine omega-3 
carboxylic acids (CAs), EPA, and DHA, in statin-treated patients at high CVD risk 
(defined as 1) the presence of established ASCVD in coronary, peripheral, carotid, 
or aortic regions, (2) T1DM or T2DM aged 40 or older for men or aged 50 and older 
for woman with at least one risk factor, including smoking, hypertension, hsCRP 
2 mg/dL or higher, or high albuminuria, with HTG (200–500 mg/dL) and low HDL-
C. Enrolled patients were randomized to receive 4 g/d of omega-3 CAs or corn oil 
and followed up for a median period of 42 months. The study was terminated on 
January 8, 2020 after a prespecified interim analysis reported study futility, despite 
favorable reductions in TGs, non-HDL, and hsCRP (−19%, −6.1%, and −20%, 
respectively, p < 0.001 compared to placebo) (Nicholls et al. 2020). Additionally, 
the levels of apolipoprotein C-III were decreased in the omega-3 CA arm but not in 
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placebo (−7% vs +5.9%, p < 0.001). Unfortunately, no differences were observed in 
the primary endpoint of CV death, MI, stroke, coronary revascularization, or unsta-
ble angina requiring hospitalization (12% on omega-3 CAs vs 12.2% on placebo 
(HR 0.99 (95% CI, 0.90–1.09, p  =  0.84))). Similarly, there were no statistically 
significant differences in the secondary endpoint (CV death, stroke, or MI) or in 
all-cause mortality (Nicholls et al. 2020).

�Why Were Results of REDUCE-IT 
and STRENGTH Discrepant?

Despite similar reductions in triglyceride levels in the two studies, REDUCE-IT 
exhibited higher circulating levels of EPA compared to STRENGTH (89.6 vs 144 
micrograms/mL), and this finding may have contributed to the benefits observed in 
REDUCE-IT but not in STRENGTH. Alternatively, DHA may have blunted the 
CVD benefits in STRENGTH. Another study, the Omega-3 Fatty Acids in Elderly 
Patients with Myocardial Infarction (OMEMI) trial, did not show clinical benefits 
on CVD outcomes (nonfatal MI, unscheduled revascularization, stroke, hospitaliza-
tion for HF, or all-cause mortality) in post-MI seniors (70 years and older) assigned 
to 1.8 g/day of EPA/DHA vs placebo over a 2-year period (Kalstad et al. 2020).

In addition to the favorable results obtained in two clinical trials (JELIS and 
REDUCE-IT), experimental evidence has also demonstrated a beneficial role for 
EPA in endothelial function, cellular inflammation, oxidative stress, and platelet 
aggregation (Borow et al. 2015). Moreover, EPA improves HDL functionality by 
upregulating cholesterol efflux and inhibiting cytokine-mediated adhesion molecule 
expression (Tanaka et al. 2018). Finally, EPA reduces the expressions of proinflam-
matory genes and microRNAs that influence atherogenic metabolic signaling path-
ways (Mason et al. 2020; Bazarbashi and Miller 2020b). In contrast, DHA increases 
membrane fluidity and promotes lipid domain changes and disordering effects 
(Mason et al. 2020) that may partially temper the benefits of EPA.

�PROMINENT

The PROMINENT (Pemafibrate to Reduce Cardiovascular Outcomes by Reducing 
Triglycerides in Patients with Diabetes) is an ongoing randomized, double-blind, 
placebo-controlled multicenter trial evaluating the selective peroxisome proliferator-
activated receptor alpha (PPARα) modulator, pemafibrate (K-877), in high-risk 
patients (i.e., T2DM with or without preexisting CVD) with mild to moderate HTG 
(200–499 mg/dL) and low HDL-C (≤40 mg/dL) receiving statins and other standard-
of-care therapies (NCT03071692) (Pradhan et al. 2018). The study is fully enrolled 
(n = 10,391) with patients randomized to either pemafibrate 0.2 mg twice a day or 
placebo. The mean follow-up duration is 4 years with an estimated completion date 
in 2022. The primary outcome measure is time to first occurrence of a composite of 
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the following endpoints: MI, ischemic stroke, unstable angina requiring unplanned 
coronary revascularization, and cardiovascular death. Secondary outcomes include 
all-cause mortality, hospitalization for heart failure, any coronary revascularization, 
and new or worsening peripheral arterial disease (PAD) (Pradhan et al. 2018).

�Current Treatments for HTG

�Lifestyle Modifications

Because HTG may result from unhealthy dietary habits associated with visceral 
obesity and metabolic syndrome, the primary strategy with mild to moderate HTG 
(200–499 mg/dL) is lifestyle intervention. In patients with very high TGs (fasting 
levels equal to or greater than 500 mg/dL), pharmacological therapy is combined 
with lifestyle intervention (Miller et al. 2011).

The ACC/AHA and the European Society of Cardiology (ESC)/European 
Atherosclerosis Society (EAS) guidelines address the management of lifestyle fac-
tors that promote physical activity and weight loss as critical components for the 
management of HTG (Grundy et al. 2019; Mach et al. 2020). Physical activity as 
recommended by the ACC/AHA (COR 1, LOE B) consists of 150 mins per week or 
more of moderate intensity (e.g., brisk walking at a rate of 3–4 miles per hour) or 
75  mins per week of more vigorous intensity. For each kilogram of weight loss 
achieved, there is an approximate 8 mg/dL decrease in TGs (Arnett et al. 2019). 
Dietary recommendations include vegetables, fruits, legumes, nuts, whole grains, 
and fish as is the custom of the Mediterranean diet that is associated with 10–15% 
reduction in TGs and decreased ASCVD risk (COR 1, LOE B) (Miller et al. 2011; 
Arnett et al. 2019). Replacing saturated fats with dietary monounsaturated and poly-
unsaturated fats may also contribute to TG and ASCVD reduction (COR IIa, LOE 
B) (Arnett et al. 2019).

�Traditional TG-Lowering Therapies

Statins remain a treatment of choice in high-risk patients (e.g., CVD, T2DM) with 
mild to moderate HTG. On average, statins reduce TG levels by 10–30%, depending 
upon the statin used and the associated baseline TGs (Miller et al. 2011; Stein et al. 
1998). Niacin inhibits hepatic diacylglycerol acetyltransferase 2 (DGAT2) and 
VLDL synthesis, resulting in 20% or more decreases in plasma TG levels (Feingold 
and Grunfeld 2000b; Kamanna et al. 2013; Birjmohun et al. 2005). However, niacin 
is rarely used due to its unfavorable side effect profile and failure to reduce CVD 
events in clinical trials (Group HTC 2013). Fibrates are the most potent TG-lowering 
therapies currently available with ~20–50% reductions via PPARα-mediated activa-
tion of LPL (Group AS et al. 2010). Results from the Action to Control Cardiovascular 
Risk in Diabetes (ACCORD), a large randomized controlled trial (RCT) comparing 
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fenofibrate and statin therapy to statin monotherapy, did not demonstrate clinical 
benefits in patients with T2DM (Group AS et al. 2010). However, a prespecified 
analysis in patients with TGs >200 mg/dL and HDL <35 mg/dL did show a trend 
toward statistical significance (p  =  0.06) (Elam et  al. 2011). As illustrated in 
Fig. 12.3, other fibrate trials have suggested clinical benefits of fibrates in patients 
with HTG and low HDL-C. Consequently, the results of PROMINENT are expected 
to provide more conclusive data as to whether fibrate therapy may play an important 
role in CVD risk reduction for high-risk patients with HTG. Fibrate therapy is gen-
erally well tolerated, although the combination of gemfibrozil and statins is not 
recommended due to the increased risk of myopathy and caution should be exer-
cised when combining fenofibrate with statins (Kamanna et  al. 2013; Zhao 
et al. 2016).

�Omega-3 Fatty Acids

Both EPA and DHA reduce TG levels to a similar extent (~5–10% per gram), 
although differential effects have been observed on other lipoprotein lipids and met-
abolic biomarkers (Borow et al. 2015; Mori et al. 2000; Sahebkar et al. 2018). As 
noted above, IPE is an ultra-purified prescription form of EPA (>96% purity) and 
was initially approved as an add-on therapy in patients with very high TGs 
(≥500 mg/dL). Other prescription OM3s (e.g., omega-3 acid ethyl esters) that con-
tain EPA and DHA have also been approved for very high TGs.

Based upon the results of the REDUCE-IT trial, the Food and Drug Administration 
(FDA) has recently approved IPE as an adjunctive therapy for the management of 
patients with TGs (150–499 mg/dL) and CVD or DM and at least one additional 
CVD risk factor (Bazarbashi and Miller 2020a; FDA approves use of drug to reduce 
risk of cardiovascular events in certain adult patient groups 2019; Orringer et al. 
2019; VASCEPA 2019). Concurrently, the National Lipid Association, the European 
Society of Cardiology, the American Association of Clinical Endocrinologists/
American College of Endocrinology, and the American Diabetes Association also 
released updates to their standard-of-medical-care guidelines and now recommend 
IPE to prevent CVD in high-risk patients with elevated TGs (135–500  mg/dL) 
(Mach et al. 2020; Orringer et al. 2019; American Diabetes A 2019).

�Novel and Future Therapies

�Apo-CIII Inhibition

While apolipoprotein C-III is known to inhibit LPL and function as a regulator of 
TG metabolism, several therapies aimed at regulating ApoC-III concentrations have 
emerged. Small antisense oligonucleotides (ASOs), small interfering RNAs 
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(siRNAs), and monoclonal antibodies are among the therapies developed to specifi-
cally inhibit ApoC-III (Taskinen et al. 2019). Volanesorsen is an anti-ApoC-III anti-
sense oligonucleotide administered subcutaneously every 2  weeks. In the 
APPROACH (A Study of Volanesorsen in Patients with Familial Chylomicronemia 
Syndrome) trial, volanesorsen reduced TGs by 77% in patients with familial chylo-
micronemia syndrome (FCS) (Witztum et al. 2019). However, a major and unantici-
pated adverse event, thrombocytopenia, halted its approval by the FDA for FCS. By 
contrast, the European Medicine Agency granted volanesorsen an indication within 
the orphan drug designation. A second-generation ASO directed against ApoC-III 
may be more promising as thrombocytopenia has not occurred in early-phase stud-
ies. Further testing of AKCEA-APOCIII-LR, an N-acetylgalactosamine (GalNac)-
conjugated anti-ApoC-III ASO, is anticipated in high-risk patients with HTG.

�Angiopoietin-Like Protein 3 (ANGPTL3) Inhibition

Angiopoietin-like protein 3 (ANGPTL3) is a circulating protein synthesized and 
secreted by the liver (Koishi et al. 2002). ANGPTL3 has been shown to play an 
integral role in the regulation of lipid and glucose metabolism, in part via inhibition 
of lipoprotein lipase (Mattijssen and Kersten 2012). Inhibition of ANGPTL3 has 
been demonstrated pharmacologically using the monoclonal antibody evinacumab. 
In healthy volunteers with mild to moderate elevation in TGs (150–450 mg/dL) or 
LDL-C (100 mg/dL or greater), evinacumab (administered subcutaneously or intra-
venously) reduced TGs and LDL-C by 76% and 23%, respectively (Dewey et al. 
2017). ANGPTL3 can also be inhibited by gene-targeted inactivation of messenger 
RNA (mRNA) via antisense oligonucleotides (ASOs). In a study of 43 participants 
randomized to multiple doses of the IONIS-ANGPTL3-LRx ASO, decreases in 
TGs (33.2%–63.1%), LDL-C (1.3%–32.9%), VLDL-C (27.9%– 60%), non-HDL-C 
(10%–35.6%), and apoB (3.4%–25.7%) were observed compared to placebo 
(Graham et al. 2017). Both medications were well tolerated without any major seri-
ous adverse events reported during early testing.

�Gemcabene

Gemcabene is a dialkyl ether dicarboxylic acid lipid-regulating compound that 
enhances the clearance of VLDLs via reduction of hepatic ApoC-III messenger 
RNA (mRNA), thereby playing a potential therapeutic role in reducing TGs at lev-
els of 200 mg/dL or higher (Bays et al. 2003; Stein et al. 2016). Gemcabene was 
licensed from Pfizer Inc. by Gemphire Therapeutics Inc. in 2011 for the treatment 
of patients with hypercholesterolemia or HTG who were otherwise unable to effec-
tively lower LDL or TGs or were intolerant to standard therapies. In 2015, a new 
IND (Investigational New Drug) application for gemcabene was filed. In 2016, 
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gemcabene was studied in COBALT-1, an open-label trial of patients with homozy-
gous familial hypercholesterolemia (HoFH), and demonstrated a dose-dependent 
change in the mean percentage and absolute changes in LDL (Gaudet et al. 2019). 
Most recently, results of a 12-week study to assess the efficacy, safety, and tolerabil-
ity of gemcabene in subjects with severe hypertriglyceridemia (INDIGO-1) 
(NCT02944383) have demonstrated a 47% reduction in TGs for patients taking 
gemcabene 600 mg daily when compared with placebo (27%). This compound has 
not yet received FDA approval.

�Fibroblast Growth Factor 21 (FGF21)

Fibroblast growth factor 21 is a cytokine with biological pleiotropic properties 
including, but not limited to, regulating cell growth, differentiation, and metabo-
lism. FGF21 is mainly regulated by PPARα in the liver and PPARζ in adipocytes. 
Therapy with FGF21 analogues alleviate dyslipidemia and increase adiponectin lev-
els. Four different FGF21 therapies have emerged (LY2405319, PF-05231023, 
AMG876/AKR-001, pegbelfermin) with demonstrated reductions in serum TG lev-
els in humans (Geng et al. 2020). To date, none of the FGF21 analogues have been 
approved by the FDA and the majority are currently in preclinical animal models. 
However, pegbelfermin, an FGF21 analogue, was recently studied in a 16-week 
randomized, double-blinded, phase 2a clinical trial in human patients with nonalco-
holic steatohepatitis. The results showed a significant decrease in absolute hepatic 
fat fraction in the group receiving 10 mg pegbelfermin daily (−6.8% vs −1.3%; 
p = 0.0004) compared with placebo (Sanyal et al. 2019). Most recently, AKR-001, 
a long-acting human immunoglobulin 1 (IgG1) Fc–FGF21 fusion protein, was stud-
ied in patients with type 2 diabetes over 4 weeks of treatment. Markers of lipid 
metabolism were analyzed and demonstrated a trend toward improvement in the 
lipoprotein profile. A maximal reduction in fasting TGs of 69% and 55% in 1- and 
2-week dosing, respectively, was observed (Kaufman et  al. 2020). Other FGF21 
candidates (e.g., BIO89-100) are currently under evaluation for patients with severe 
HTG (equal to or greater than 500 mg/dL) (NCT04541186).

�Current Recommendations

The 2018 ACC/AHA guideline on the management of blood cholesterol places very 
little emphasis on HTG (Grundy et al. 2019). They define HTG as fasting or non-
fasting levels between 175 and 499 mg/dL and recommend lifestyle therapy as the 
cornerstone of management, similar to recommendations based on the 2011 AHA 
Statement (Miller et al. 2011). In patients with HTG and a high estimated 10-year 
risk of ASCVD (7.5% likelihood of an ASCVD event over 10 years), the recom-
mendation is to initiate or intensify statin therapy (Fig. 12.6) (Grundy et al. 2019). 
It remains to be determined whether IPE therapy will be prioritized for treatment of 
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mild to moderate HTG in future guidelines, though as noted earlier, multiple profes-
sional guidelines endorse the use of high-dose IPE for high-risk patients with ele-
vated TG (135–500 mg/dL).

�Summary

While TRLs contribute to elevated CVD risk in patients with HTG, only recently 
has evidence emerged that lowering TGs may translate into reduced CVD risk. 
While we await the results of the soon-to-be completed clinical trials (e.g., 
PROMINENT) and continue to investigate novel therapies, it is clear that the persis-
tently elevated risk in this group despite statin therapy may be amenable to effective 
therapies (e.g., IPE) that help mitigate this risk.
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