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Abstract

Emerging evidence suggests that elevated concentrations of triglyceride-rich lipoprotein remnants 

(TRLs) derived from hepatic and intestinal sources contribute to the risk of atherosclerotic 

cardiovascular events. Natural selection studies support a causal role for elevated concentrations 

of remnant cholesterol and the pathways contributing to perturbations in metabolic pathways 

regulating TRLs with an increased risk of atherosclerotic cardiovascular disease events. New 

therapies targeting select catalytic pathways in TRL metabolism reduce atherosclerosis in 

experimental models, and concentrations of TRLs in patients with a vast range of triglyceride 

levels. Clinical trials with inhibitors of angiopoietin-like 3 protein and apolipoprotein C-III will be 

required to provide further guidance on the potential contribution of these emerging therapies in 

the paradigm of cardiovascular risk management in patients with elevated remnant cholesterol.
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Evidence from epidemiological studies, biological mechanisms, genomic studies, and 

clinical trial data suggest that triglyceride-rich lipoprotein remnants (TRLs) contribute 

to atherosclerotic cardiovascular disease (ASCVD) risk. An abundance of remnant 

lipoproteins emanating from intravascular remodeling of triglyceride-rich lipoproteins 

(TGLs), chylomicrons and very low-density lipoproteins (VLDL), creates a pro-atherogenic 

environment that augments cardiovascular risk (1).

In this review, we provide a critical appraisal of published studies focusing on randomized 

clinical trials with new and emerging therapies. Accordingly, this review paper emphasizes 

studies with inhibitors of apolipoprotein C-III (Apo-III) and angiopoietin-like 3 protein 

(ANGPTL3). The essential contributions of lifestyle changes and pharmacotherapy, 

including peroxisome proliferator-activated receptor alpha (PPAR-α) agonists, SPPAR 
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(selective peroxisome proliferator-activated receptor alpha modulator) agonists, and 

fibroblast growth factor agonists, for lowering TGLs has been recently reviewed (1,2). 

We provide an update on emerging developments in omega 3 fatty acid therapy for 

hypertriglyceridemia.

MEASUREMENT OF TRIGLYCERIDE-RICH REMNANTS

Accurate measurement of TRLs is technically challenging due to the dynamic catabolism 

that alters the lipid and apolipoprotein composition of chylomicrons and VLDL. With 

ongoing lipolysis, TRLs become smaller in size, depleted in triglycerides (TGs), and 

enriched in cholesterol while maintaining one apolipoprotein B (apoB) per particle (Figures 

1 and 2). Although chylomicrons carry apoB48, a truncated form of apoB100, the 

chylomicron precursor and remnants often overlap in size and density, limiting this measure. 

VLDL and VLDL remnants contain apoB100, but apoB100 is also present on low-density 

lipoprotein (LDL) and lipoprotein (a), and thus cannot be used to measure VLDL remnants. 

Challenges in analytical approaches for measuring TRLs has been discussed in recent 

reviews (3,4).

Conventionally, remnant cholesterol (RC) is estimated mathematically as the sum of 

chylomicron, VLDL and intermediate-density lipoprotein (IDL) cholesterol, using the 

formula RC = total cholesterol - high-density lipoprotein cholesterol (HDL-C) - LDL 

cholesterol (LDL-C). Consensus statements recommend direct LDL-C measures rather 

than estimates from the Friedewald equation or other mathematical approximations (4,5). 

However, this calculation method for RC is not a specific measure of TRLs, and does not 

reflect the dynamics of TGL metabolism.

ATHEROGENICITY OF TRIGLYCERIDE-RICH REMNANTS

Multitudinous sources of evidence suggest TRLs contribute to the development of 

atherothrombosis (reviewed in Shaik and Rosenson [1], Chait et al [3], Duran and Pradhan 

[4]). Although chylomicrons are too large to enter the arterial wall until they are hydrolyzed 

by lipoprotein lipase, many cell types that are ultimately involved in atherosclerosis and 

thrombosis interact with chylomicron remnants in the circulation. Unlike LDL, which 

requires chemical modification to enter the arterial wall, chylomicron remnants are directly 

endocytosed by macrophages. TRL particles are theoretically more atherogenic than LDL 

particles by way of larger size, 20- to 40-fold higher content of cholesterol molecules per 

particle, and are longer retained in the intima. Interestingly, VLDL obtained from subjects 

with hypertriglyceridemia, regardless of size, bind with high affinity to LDL receptors 

and to a distinct apoB48 receptor expressed specifically by monocytes, macrophages, and 

endothelial cells. Receptor binding and uptake of remnant lipoproteins by macrophages 

result in the formation of lipid-filled, macrophage-derived “foam cells” of atherosclerotic 

lesions.

TRLs also regulate atherogenesis by activating inflammation (6,7). Lipoprotein lipase 

(LPL)-mediated hydrolysis of chylomicrons and VLDL increases production of oxidized 

free fatty acids and remnant lipoproteins, which then induce endothelial inflammation and 
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increased production of intracellular adhesion molecule-1 (8). Moreover, these lipoproteins 

increase production of reactive oxygen species and secretion of tumor necrosis factor-α 
and interleukin 1β, resulting in impaired endothelium-dependent vasodilation and increased 

endothelial apoptosis and oxidative stress. TRLs also can induce apoptosis in endothelial 

cells by nicotinamide adenine dinucleotide phosphate (NAD[P]H). NAD(P)H oxidase 

mediates production of superoxide and cytokines via lectin-like oxidized LRP-1 activation 

(9).

TRLs facilitate thrombosis through multiple pathways (reviewed in Shaik and Rosenson 

[1] and Chait et al [3]). Mechanisms of VLDL remnant-like particles mediated platelet 

activation include changes in platelet lipid composition and receptor-dependent interaction 

between enhanced shear-induced platelet activation and increased expression of P-selectin 

and platelet-derived microparticles. VLDL can activate the intrinsic arm of the coagulation 

system, and upregulate the gene expression and activity of plasminogen activator inhibitor-1 

antigen.

EVIDENCE FROM EPIDEMIOLOGICAL OBSERVATIONS

REMNANT CHOLESTEROL.

Multiple epidemiological studies report statistically significant associations between TRLs 

and incident ASCVD (reviewed in Duran and Pradhan [4]) (Table 1) (6,10–16). Analyses 

conducted on nonfasting samples demonstrate stronger associations with cardiovascular 

risk than studies relying on fasting samples (4). A recent analysis of RC measured from 

fasting samples and cardiovascular events was investigated in 6,901 older individuals at 

high cardiovascular risk based on a diagnosis of type 2 diabetes or the presence of 3 or 

more risk factors (12). In a multivariate adjusted Cox model, every 10 mg/dL increment 

increase in RC was associated with a higher risk (hazard ratio [HR]: 1.21; 95% CI: 

1.10-1.33) of a major adverse cardiac event (MACE) when compared with TG (HR: 1.04; 

95% CI: 1.02-1.06) or non-HDL-C levels (HR: 1.05; 95% CI: 1.01-1.10). Baseline RC 

≥ 30 mg/dL (75th percentile of the cohort) was associated with an adjusted HR of 1.83 

(95% CI: 1.30-2.58). Surprisingly, LDL-C was unrelated to risk in this study. An earlier 

study from ARIC (Atherosclerosis Risk In Communities) measured RC enzymatically on 

fasting specimens from 9,334 participants (15). After adjustment for traditional risk factors 

including lipids, the risk of a cardiovascular event was nonsignificant. In contrast, a pooled 

analysis of 17,532 ASCVD-free participants from ARIC, MESA (Multi-Ethnic Study of 

Atherosclerosis), and CARDIA (Coronary Artery Risk Development in Young Adults) 

calculated RC was associated with a 1.65 (95% CI: 1.45-1.89) higher risk of ASCVD after 

multivariable adjustment for LDL-C and apoB (14).

The WHS (Women’s Health Study) evaluated the risk of incident cardiovascular disease 

associated with TRL cholesterol and small-dense LDL (sdLDL) (16). The risk of 

MACE increased across quartiles of TRL cholesterol in fully adjusted models, including 

cardiovascular risk factors, baseline total LDL-C and high-sensitivity C-reactive protein 

(multivariable adjusted HR: 1.87; 95% CI: 1.14-3.06), and separately for myocardial 

infarction (MI) (3.05; 95% CI: 1.46-6.39) and peripheral artery disease (2.58; 95% CI: 

1.33-5.01).
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VLDL CHOLESTEROL.

The risk of MI associated with TRLs was investigated in 25,480 individuals enrolled from 

CGPS (Copenhagen General Population Study) (17). The lipid content of TRLs was derived 

from NMR spectroscopy-measured cholesterol and TG content of VLDL, IDL, and LDL 

(13). For every 39 mg/dL increase in cholesterol content, respective multivariable adjusted 

HRs for VLDL, IDL, and LDL were 2.07 (95% CI: 1.81-2.36), 5.38 (95% CI: 3.73-7.75), 

and 1.86 (95% CI: 1.62-2.14). Overall, VLDL cholesterol (VLDL-C) explained 46% of the 

risk from apoB-containing lipoproteins, and the sum of IDL and LDL explained 25% of the 

risk. In a separate analysis, RC explained only 10% (95% CI: 0%-24%) of MI risk.

LDL-TRIGLYCERIDE AND sdLDL.

Enzymatic methods have been used to measure the TG content in LDL. Among older 

participants in ARIC, LDL-TG concentrations were associated with a higher risk of 

coronary heart disease after adjustment for traditional risk factors, including lipids; HR: 

1.72; 95% CI: 1.25-2.37 per log unit increase in LDL-TG (18).

The association of sdLDL cholesterol with coronary heart disease events was examined in a 

meta-analysis of 21 studies, including a total of 30,628 participants who had 5,693 incident 

coronary heart disease events (19). The pooled estimate for high versus low category of 

sdLDL was 1.36 (95% CI: 1.21-1.52) and 1.07 (95% CI: 1.02-1.12) when analyzed by the 

top versus lowest quartile. In WHS, sdLDL was associated with a multivariable adjusted 

HR for MI of 3.71 (95% CI: 1.59-8.63), but not with total cardiovascular events, ischemic 

stroke, or peripheral arterial disease (16). In an analysis of the Framingham Offspring Study, 

sdLDL was the atherogenic lipoprotein parameter most strongly associated with incident 

atherosclerotic cardiovascular disease events (MI, angina, stroke, transient ischemic attacks, 

cardiovascular death, revascularization procedures). The HR for sdLDL and ASCVD was 

1.42 (P < 0.0001) in models that adjusted for the pooled cohort risk equation (20).

EVIDENCE FROM GENETIC STUDIES

Mild to moderate hypertriglyceridemia is often polygenic in etiology (21). Among patients 

with severe hypertriglyceridemia (≥885 mg/dL), 46.3% had polygenic hypertriglyceridemia 

and 1.1% had biallelic (homozygous or compound heterozygous) variants in the same gene 

or homozygous monogenic hypertriglyceridemia. Loss-of-function variants (LOFV) in LPL 

or LPL pathway genes result in moderate (fasting TGs ≥150 mg/dL) to severe (fasting TGs 

≥885 mg/dL) elevations in TGs and an increased risk of ASCVD (1,4).

EVIDENCE FROM OMEGA-3 FATTY ACID CLINICAL TRIALS

Epidemiologic and observational studies have shown that consumption of marine n-3 

polyunsaturated fatty acids (PUFAs) is associated with lower cardiovascular risk (22). It 

has been mostly speculated that the reduced cardiovascular risk associated with n-3 PUFA 

consumption is mediated by their TG-lowering effect (23). However, interventional clinical 

trials aimed at reducing cardiovascular incidents by supplementation with n-3 PUFAs have 

yielded inconsistent results, likely due to the heterogenicity of outcome trials with different 

formulations, dosages, and patient populations studied (Table 2) (24–29).
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Results of n-3 PUFA cardiovascular outcome trials are inconsistent, with the exception of 

REDUCE-IT (the Reduction of Cardiovascular Events with Icosopent Ethyl-Intervention 

Trial) (Table 2) (25–29). Among patients with ASCVD and moderately elevated TGs (>135 

mg/dL to 500 mg/dL) on the background of moderate to high-intensity statin (>93%), 

treatment with icosopent ethyl 4 g daily versus placebo reduced cardiovascular events 

(relative risk reduction 25%, absolute reduction 4.8%). Furthermore, the relatively modest 

TG-lowering effect (33 mg/dL placebo-corrected difference) is unlikely to explain the large 

risk reduction. Although there is debate about whether mineral oil in the placebo might 

have affected statin absorption because there was a modest increase of LDL-C level in the 

placebo group, differences in LDL-C between groups were small (5 mg/dL net difference). 

A recent systematic meta-analysis showed that the relative risk reduction of MACE was 

0.79 per 40 mg/dL reduction in LDL-C but only 0.92 per 40 mg/dL reduction in TGs (30). 

Based on these data, the net difference of TGs (−33 mg/dL) and LDL-C (+5 mg/dL) should 

translate into only approximately 9% (6.6% due to TG + 2.8% due to LDL-C) relative risk 

reduction in MACE (28). JELIS (Japan EPA Lipid Intervention Study) was another EPA trial 

that showed a reduction in cardiovascular events (25). However, the STRENGTH (Outcomes 

Study to Assess STatin Residual Risk Reduction With EpaNova in HiGh CV Risk PatienTs 

With Hypertriglyceridemia) trial evaluated the efficacy of 4 g omega-3 carboxylic acid (EPA 

ethyl ester + docosahexaenoic acid ethyl ester) in a population similar to REDUCE-IT, 

but was halted due to futility (29) despite a similar level of TG reduction (34 mg/dL). 

Ample evidence has suggested that compared to DHA, EPA plays more favorable roles 

in the cardiovascular system (31–33). It is notable that the absolute EPA dose used in 

REDUCE-IT is much higher than that used in STRENGTH. The duration of REDUCE-IT 

is also significantly longer than STRENGTH. The total exposure of dose·duration of EPA 

is about 2.5 times higher (17.4 grams·year vs 6.6 grams·year) in REDUCE-IT compared to 

that in STRENGTH. Furthermore, a recent study suggests higher levels of EPA in the blood 

lower the risk of major cardiac events and death in patients, whereas DHA decreased the 

cardiovascular benefits of EPA (34). Therefore, the triglyceride independent beneficial effect 

of EPA but not DHA in the cardiovascular system possibly explain the controversies in the 

omega-3 trials. On the other hand, the contrasting effects of the comparative oils (mineral 

vs corn) as an explanation for the disparate outcomes in REDUCE-IT and STRENGTH 

was explored in a cohort study that mimicked trial designs. In the REDUCE-IT mineral 

oil arm, LDL cholesterol, non-HDL cholesterol, apolipoprotein B and C-reactive protein 

were all increased at the end of the study, whereas the STRENGTH corn oil arm was 

not accompanied by changes in these atherogenic lipids. Using data from the Copenhagen 

General Population Study of 106,088 individuals, 5,684 met inclusion criteria for REDUCE-

IT and 6,832 met criteria for STRENGTH. The hazard ratio for the mineral oil vs corn oil 

comparators were 1.07 (1.04-1.10) vs 0.99 (0.98-0.99). When compared to the active oils 

(EPA in REDUCE-IT and EPA/DHA), part of the risk reduction was explained by the effects 

of mineral oil on lipids and CRP. Further evaluation of this hypothesis will require a clinical 

trial comparing all treatments in these trials (EPA, EPA plus DHA, mineral oil and corn 

oil) (35). However, what is urgently needed, before the initiation of a new clinical trial with 

an inert placebo, are well designed mechanism studies to understand differential impacts of 

EPA and DHA in the cardiovascular system.

Rosenson et al. Page 5

J Am Coll Cardiol. Author manuscript; available in PMC 2022 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



APOLIPOPROTEIN C-III.

The APOC3 gene encodes apolipoprotein C-III (apoC-III) and is expressed primarily in 

hepatocytes and, to a lesser extent, in enterocytes. The distribution of apoC-III among 

TG-rich lipoproteins (TGRLs) varies in fasting and postprandial states and based on plasma 

TG levels. Although glucose increases hepatic expression of APOC3, insulin and PPAR-α 
reduce its transcription rate. As a result, those with type 2 diabetes have higher secretion 

rates of apoC-III. When a glucagonlike peptide-1 analog is added to improve glycemic 

control, apoC-III secretion rate and thus apoC-III levels are significantly reduced (36).

GENETIC EVIDENCE.

Numerous genetic and epidemiologic studies highlight apoC-III as a key regulator of TG 

metabolism. Increased APOC3 expression has been shown to result in hypertriglyceridemia, 

whereas LOFVs associate with lower TG levels. In 75,725 participants in CCHS 

(Copenhagen Community Health Study) and CGPS, heterozygosity for APOC3 loss-of-

function mutations (LOFVs) was associated with a 44% reduction in nonfasting TGs levels 

when compared with noncarriers (37). This further corresponded to a 36% reduction in 

ischemic heart disease (38). The Exome Sequencing Project demonstrated that heterozygous 

carriers for any of 4 APOC3 LOFVs were associated with lower apoC-III levels of 46% and 

TG levels of 39% and cardiovascular risk of 40% (38). In another genome-wide association 

study (GWAS), 5% of Lancaster Amish, carriers of the apoC-III-R19X null mutation, had 

50% lower apoC-III levels, 35% lower TG levels, and significantly lower coronary artery 

calcification scores when compared with noncarriers (39).

MECHANISM OF ACTION.

The mechanisms whereby apoC-III impacts TGL lipolysis are still not fully elucidated; 

however, apoC-III appears to work in both LPL-dependent and -independent manners 

(Figure 3). ApoC-III inhibits LPL activity, and increasing apoC-III levels correlate with 

reduced TGRL lipolysis. It was thought that apoC-III inhibits LPL by directly competing 

with apoC-II; however, this has been demonstrated only when the ratio of apoC-III to 

apoC-II molecules is greater than physiological levels (40). Instead, apoC-III appears to 

displace LPL from TGLs, after which, ANGPTL4 inactivates LPL.

The presence of LPL-independent mechanisms of apoC-III-mediated lipolysis is supported 

by TG reduction with apoC-III ASO (antisense oligonucleotide) in patients with familial 

chylomicronemia syndrome (FCS) with a genetic deficiency of LPL (41). Human kinetic 

studies show that LDLR- and LRP1-mediated clearance of TRLs containing apoC-III is 

slower than those without apoC-III (42,43). In lipid-rich conditions, apoC-III also increases 

hepatic secretion of VLDL molecules and prevents apoE binding to hepatic LDLR, LRP1, 

and syndecan-1 receptors (44).
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ApoC-III INHIBITION IN HYPERTRIGLYCERIDEMIA.

Antisense oligonucleotide.

Volanesorsen (ISIS-APOCIIIRX) is a second-generation ASO that selectively binds apoC-III 

messenger RNA (mRNA), preventing its translation and prompting its degradation, thus 

resulting in reduced plasma apoC-III and TG levels (Table 3) (45–50). The APPROACH 

(A Study of Volanesorsen [Formerly IONIS-APOCIIIRx] in Patients With Familial 

Chylomicronemia Syndrome) phase 3 randomized, double-blind, placebo-controlled trial 

examined the effect of volanesorsen in 66 patients with FCS and severe hypertriglyceridemia 

(fasting TG >750 mg/dL) (47). Patients who were receiving volanesorsen had an 84% 

decrease in apoC-III levels at 3 months and a 77% reduction in mean TG levels, compared 

with an increase of 6.1% and 18%, respectively, in the placebo group (47). In the COMPASS 

(Efficacy and Safety of Volanesorsen in Patients With Multifactorial Chylomicronaemia) 

trial, 113 patients with severe hypertriglyceridemia (500-1,261 mg/dL) were randomized to 

receive either weekly volanesorsen or placebo for 26 weeks. TG levels were reduced by 73% 

in the volanesorsen group compared with 2% in the placebo group (48).

Ligand conjugated antisense.

AKCEA-APOCIII-LRX is an N-acetyl galactosamine-conjugated ASO that selectively 

inhibits hepatic apoC-III synthesis. A phase 1/2a double-blind, placebo-controlled, dose-

escalation study (NCT02900027) was conducted in healthy volunteers with TGs >90 or 

>200 mg/dL. In the single-dose cohort, there were dose-dependent reductions in apoC-III 

(92% with 120 mg compared with 42% with 30 mg) and TG levels (77% and 7% with 120 

mg and 30 mg, respectively) 14 days after dosing. In the multiple-dose cohorts, reductions 

of 66%, 84%, and 89% in apoC-III were seen in the 15-mg weekly, 30-mg weekly, and 60 

mg every 4 weeks groups, respectively, 1 week after the last dose (49). There were also 

significant reductions in total cholesterol, apoB, non-HDL-C, and VLDL-C, as well as an 

increase in HDL-C. The phase 3 BALANCE randomized, double-blind, placebo-controlled 

study in patients with FCS is ongoing at the time of this publication (NCT04568434).

Small interfering RNA.

ARO-APOC3 is a small interfering RNA that preferentially targets hepatocyte APOC3 
mRNA. A phase 1 study (NCT03783377) with single subcutaneous doses of ARO-APOC3 

demonstrated reductions in apoC-III and TG levels in healthy volunteers when compared 

with placebo (50). Initial results of a subsequent study of patients with hypertriglyceridemia 

(TGs >300 mg/dL) or multifactorial chylomicronemia syndrome (MCS) showed a 96% 

reduction of apoC-III levels in both groups 4 weeks after the first dose of ARO-APOC3. 

In the hypertriglyceridemia group, mean TG levels decreased by 78% and by 92% in the 

MCS group (50). A phase 2b dose-finding study in patients with severe hypertriglyceridemia 

and a phase 3 study in patients with FCS is ongoing (NCT04863014). This medication 

can potentially be dosed quarterly or semi-annually, which has important implications for 

treatment adherence.
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ANGPTL3.

ANGPTL3 inhibits LPL and endothelial lipase (EL), and is thus a key regulator of lipid 

metabolism (Figure 4). LOFVs in ANGPTL3 are associated with lower levels of LDL-C, 

TGs, and HDL-C. Large GWAS have confirmed these observations. In a pooled analysis of 

58,335 participants in the Discover Electronic Health Record human genetics study, the 212 

carriers versus the 49,017 noncarriers of LOFVs in ANGPTL3 had lower serum levels of 

TGs (94 [interquartile range (IQR): 75-125] vs 130 mg/dL [IQR: 94-179], P = 2.5 × 10−21), 

LDL-C levels (112 [IQR: 90-136] vs 121 [IQR: 100-146] mg/dL, P = 2.8 × 10−5), HDL-C 

(46 [IQR: 38-56] vs 49 [IQR: 40-59] mg/dL, P = 0.02) (51). This study reported an odds 

ratio of 0.60 (0.41-0.86) for coronary artery disease (CAD) in carriers versus noncarriers of 

ANGPTL3 LOFV. An analysis of 18,231 participants in the Myocardial Infarction Genetics 

Consortium reported that LOFVs in ANGPTL3 were associated with lower levels of LDL-C 

of −11.8% (95% CI: −21.5 to −2.1) and TGs of −17.3% (95% CI: −31 to −3.4), but no 

difference in HDL-C (−5.2 [95% CI: −12.8 to 2.3]) (52). In this meta-analysis of Mendelian 

randomization studies, carriers had an odds ratio for CAD of 0.66 (95% CI: 0.44-0.98) 

compared with noncarriers.

These studies of genetic epidemiology are supported by classical epidemiology. Among 

older adults participating in ARIC, ANGPTL3 levels were independent predictors of 

ASCVD events after adjustment for traditional risk factors, including lipids (HR: 1.63; 95% 

CI: 1.17-2.28 per log unit increase inANGPTL3) (18).

MECHANISM OF ACTION.

Studies in experimental models have shown that ANGPTL3 represses LPL and EL (Figure 

4). ANGPTL3 is a weak inhibitor of LPL, but when complexed with ANGPTL8, the ability 

of ANGPTL3 to bind to and inhibit LPL is enhanced (53,54). In contrast, apoA5 lowers 

TGs by suppressing ANGPTL3/8-mediated LPL inhibition (55). Inhibition of ANGPTL3 or 

ANGPTL8 increases LPL and decreases TG levels (56). Lowering of apoCIII concentrations 

is another potential mechanism for the increased LPL activity with ANGPTL3 inhibition.

ANGPTL3 inhibition with evinacumab mediates an EL-dependent pathway that reduces 

VLDL lipid content and particle size, generating remnant particles that are efficiently 

cleared from the circulation (57). Consequently, evinacumab reduces LDL-C (58).

ANGPTL3 PROTEIN INHIBITION IN HYPERTRIGLYCERIDEMIA.

Anti-ANGPTL3 human monoclonal antibodies.

Evinacumab was initially investigated in several phase 1 studies (Table 4) (51,59,60). 

Among patients with TG levels ≥450 mg/dL to <1,500 mg/dL, intravenous evinacumab 

10 mg/kg lowered TGs by a median of 81.5% at day 4 versus 20.6% with placebo. TG 

lowering with evinacumab 20 mg/kg intravenously was highly variable among patients 

with severe hypertriglyceridemia (>1,000 mg/dL with LPL pathway mutations) ranging 

from 0.9% to 93.2% on day 3 with sustained efficacy through day 22 in most subjects. 

The efficacy and safety of evinacumab 15 mg/kg intravenously in patients with severe 

hypertriglyceridemia (≥500 mg/dL on 2 occasions and ≥1,000 mg/dL on 1 occasion) with 1 
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or more hospitalizations for acute pancreatitis has been evaluated in a double-blind placebo-

controlled phase 2 trial of 52 participants (NCT03452228) (61). Eligible participants were 

randomized into 3 cohorts based on genotyping for LOFVs in LPL or LPL pathway 

genes. Cohort 1 comprised patients with FCS with homozygous or compound heterozygous 

LOFVs in LPL pathway (LPL) mutations; cohort 2 included patients with heterozygous 

LOFVs in LPL pathway mutations MCS, and cohort 3 included patients with no LPL 

pathway mutations. Study participants were randomized 2:1 to evinacumab or placebo. The 

doubleblind treatment period was followed by a single-blind period of 12 weeks in which all 

participants received treatment with evinacumab 15 mg per kg intravenously every 4 weeks. 

The primary efficacy endpoint was mean percent change in TGs from baseline to week 24. 

Secondary endpoints included changes in non-HDL-C, ApoB48, ApoB100, and apoC-III.

Antisense oligonucleotide.

In a phase 1 study, use of a N-acetyl galactosamine-conjugated antisense drug to ANGPTL3 
mRNA, vupanorsen, was associated with a dose-dependent reduction in LDL-C that ranged 

from −1.3% to −32.9%, but a larger reduction in TGs of 33.2% to 63.1% (62). A 

phase 2 trial was conducted in 105 patients with type 2 diabetes, hepatic steatosis, and 

hypertriglyceridemia treated with vupanorsen for 6 months (63). Treatment with vupanorsen 

40 mg every 4 weeks, 80 mg every 4 weeks, and 20 mg every week reduced TGs, RC, 

non-HDL-C, and apoC-III by −24% to −44%, −24% to −38%, −10% to −19%, and −36% to 

−58%. No significant changes were observed in LDL-C. ApoB100 was reduced by −9% in 

the group treated with vupanorsen 80 mg every 4 weeks only.

CLINICAL PATHWAYS.

Evidence supporting treatment of high concentrations of TRLs for ASCVD prevention is 

limited. Clinical trials with TG-lowering therapies in statin-treated patients have failed to 

demonstrate clinical benefit with the exception of icosopent ethyl (1). Our approach to 

patients with mild to moderate hypertriglyceridemia (fasting TGs ≥150 mg/dL to <880 

mg/dL) involves a low fat and low glycemic index diet with caloric restriction in overweight 

patients, and regular exercise, including aerobic and muscle strengthening, and guideline-

directed management of major cardiovascular risk factors including intensive control of 

dysglycemia (Central Illustration). Statins have a dose-dependent effect on TG lowering 

with efficacy of 40% to 44% in patients with TG levels as high as 800 mg/dL to 850 mg/dL. 

When TGs remain elevated, particularly in the context of an elevated apolipoprotein B, we 

add ezetimibe. After lowering LDL-C, we consider icosopent ethyl, while recognizing the 

higher risk of atrial fibrillation with omega-3 fatty acid medications (28), and recognizing 

the limitations of the REDUCE-IT trial that used an active comparator (mineral oil) that may 

have accounted for a part of the differences in clinical outcomes between the 2 treatment 

arms (35). The role for pemafibrate will be elucidated on completion of the PROMINENT 

(Pemafibrate to Reduce Cardiovascular Outcomes by Reducing Triglycerides in Patients 

With Diabetes) study (64). This clinical approach is consistent with the recently published 

“2021 ACC Expert Consensus Decision Pathway on the Management of ASCVD Risk 

Reduction in Patients with Persistent Hypertriglyceridemia” (2).
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The 2 major classes of TRL-lowering therapy (ANGPTL3 and apoC-III) inhibitors differ 

with respect to efficacy in lowering apoB-containing lipoproteins. Large reductions in 

apoB-100 have been consistently seen with immunotherapy for ANGPTL3 in patients with 

mild to moderate hypertriglyceridemia, which is a potential advantage for this approach.

SUMMARY

Evidence from observational epidemiological and genomic studies supports the contribution 

of TGLs in ASCVD development. New therapies for TG lowering have the potential to 

reduce cardiovascular risk based on natural selection studies. Clinical trials are warranted to 

establish the efficacy of inhibiting apoC-III and ANGPTL3.
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ABBREVIATIONS AND ACRONYMS

ANGPTL3 angiopoietin-like protein 3

ASCVD atherosclerotic cardiovascular disease

EPA eicosapentaenoic acid

HDL-C high-density lipoprotein cholesterol

LDL-C low-density lipoprotein cholesterol

LOFV loss-of-function variants

LPL lipoprotein lipase

TGL triglyceride-rich lipoprotein

TRL triglyceride-rich lipoprotein remnants

VLDL very low-density lipoproteins
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HIGHLIGHTS

• Elevated TRL concentrations are associated with an increased risk of 

atherosclerotic cardiovascular events.

• Most conventional TG-lowering therapies do not reduce the risk of 

cardiovascular events in statin-treated patients.

• Targeting pathways identified by natural selection studies may identify novel 

therapies that lower TRL levels as well as cardiovascular risk.
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FIGURE 1. Exogenous and Endogenous Pathways for Triglyceride Metabolism
Schematic depicting exogenous and endogenous pathways for triglyceride metabolism. 

Triglyceride-rich lipoproteins derive from lipoproteins synthesized from exogenous sources 

(chylomicrons) and endogenous sources (VLDL). These triglyceride-rich lipoproteins are 

hydrolyzed by lipoprotein lipase, which elaborates free fatty acids that are used as an energy 

source by skeletal muscle or stored for future use in the liver or adipocytes. Lipoprotein 

lipase activity is inhibited by angiopoietin like 3 protein and apolipoprotein C-III. Delayed 

clearance of triglyceride-rich lipoproteins fosters formation of a more cholesterol enriched 

remnant particle. ANGPTL3 = angiopoietin-like 3; apoB100 = apolipoprotein B-100; 

apoB48 = apolipoprotein B48; apoC3 = apolipoprotein C-III; apo E = apolipoprotein E; CM 

= chylomicrons; EL = endothelial lipase; FFA = free fatty acid; IDL = intermediate-density 

lipoprotein; LDL = low-density lipoprotein; LPL = lipoprotein lipase; VLDL = very low 

density lipoproteins.
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FIGURE 2. Regulation of VLDL Production and Clearance by ANGPTL3 and ApoC-III
Schematic depicting the mechanism whereby angiopoietin-Like 3 (ANGPTL3) and 

apolipoprotein C-3 (apoC3) regulates VLDL production and clearance. During homeostasis, 

ANGPLT3 diminishes the activity of vascular Lipase Lipoprotein Lipase (LPL) and 

endothelial Lipase (EL). ANGPTL3 is a weak inhibitor of LPL, but when complexed with 

ANGPTL8, the ability of ANGPTL3 to bind to and inhibit LPL is enhanced. EL converts 

VLDL1 (nascent VLDL) to VLDL2 (mature VLDL). VLDL is secreted from the Liver 

where it is hydrolyzed by Lipoprotein Lipase (LPL) resulting VLDL remnant/intermediate 

density Lipoprotein (IDL), and subsequently Low density Lipoprotein (LDL). ApoC3 

impacts lipolysis of triglyceride-rich Lipoproteins via LPL-dependent and independent 

manners. ApoC3 inhibits LPL activity, and it displaces LPL from TGLs, after which, 

ANGPTL4 inactivates LPL. PL = phospholipid; other abbreviations as in Figure 1.
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FIGURE 3. Triglyceride Remnant Lipoproteins and Mechanisms of Atherogenicity
Schematic depicting the mechanism whereby triglyceride remnant lipoproteins increase 

atherosclerosis. Triglyceride remnants have multifarious contributions to atherosclerosis. 

Chylomicrons are too large to enter the arterial wall. Lipoprotein lipase hydrolyzes 

chylomicrons and CM RLP can then infiltrate into the subendothelium, uptake by 

macrophages can contribute the lipid core. Monocytes can also directly uptake all 

triglyceride remnants in circulation before migrating into the subendothelium. Triglyceride 

remnants can also activate platelets and the coagulation pathway, and support the assembly 

of the prothrombinase complex and formation of microthrombosis. CM = chylomicron; RLP 

= remnant like protein; other abbreviations as in Figure 1.
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FIGURE 4. ANGPTL-3 Protein Inhibition Enhanced Remnant Lipoprotein Clearance
ANGPTL3 inhibition unblocks the inhibitory effect of ANGPTL3 on both lipases, 

promoting VLDL remodeling and removal of VLDL remnants from the circulation by 

hepatic remnant receptors. The effects of a fully human monoclonal antibody, evinacumab, 

are depicted. By enhancing clearance of VLDL remnants, the pool for LDL is reduced 

resulting in a reduction in LDL cholesterol. ApoA5 lowers triglycerides by suppressing 

ANGPTL3/8-mediated LPL inhibition. Lowering of apo3 concentrations is another potential 

mechanism for the increased LPL activity with ANGPTL3 inhibition. FCS = familial 

chylomicronemia syndrome; MCS = multifactorial chylomicronemia syndrome; other 

abbreviations as in Figure 1.
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CENTRAL ILLUSTRATION. Clinical Algorithm for Treatment of High Triglyceride-Rich 
Lipoprotein Remnants
Evaluation of TRL-related ASCVD disease risk begins with evaluation of clinical and 

subclinical atherosclerosis, and ensuring optimal management of LDL-C and other major 

modifiable risk factors. We measure remnant cholesterol on nonfasting specimens and 

consider genetic testing of common traits contributing to impaired hydrolysis of TRLs. 

Lifestyle changes and weight loss in overweight patients is an essential first step for 

lowering TRLs. We consider icosopent ethyl in patients with fasting triglycerides ≥135 

mg/dL and recognize the importance of ANGPLT3 inhibitors that lower TRLs and LDL-C. 

For patients with severe hypertriglyceridemia (>880 mg/dL), the use of an apolipoprotein 

C-III inhibitor is an option, particularly in patients with biallelic LOFV in genes regulating 

lipoprotein lipase or LPL-related pathways. ANGPTL3 = angiopoietin-like 3; ASCVD = 

atherosclerotic cardiovascular disease; LDL-C = low-density lipoprotein cholesterol; LOFV 

= loss-of-function variant; LPL = lipoprotein lipase; TGRL = triglyceride rich remnant 

lipoprotein; TRL = triglyceride rich lipoprotein.
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