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Despite the important role of high-intensity statins in reducing atherosclerotic cardiovascular disease events in

secondary and primary prevention, substantial residual risk persists, particularly among high-risk patients with

type 2 diabetes mellitus, metabolic syndrome, and obesity. Considerable attention is currently directed to the role

that elevated triglycerides (TGs) and non–high-density lipoprotein cholesterol levels play as important mediators

of residual atherosclerotic cardiovascular disease risk, which is further strongly supported by genetic linkage

studies. Previous trials with fibrates, niacin, and most cholesterol ester transfer protein inhibitors that targeted

high-density lipoprotein cholesterol raising, and/or TG lowering, have failed to show conclusive evidence of

incremental event reduction after low-density lipoprotein cholesterol levels were “optimally controlled” with

statins. Although omega-3 fatty acids are efficacious in lowering TG levels and may have pleiotropic effects

such as reducing plaque instability and proinflammatory mediators of atherogenesis, clinical outcomes data are

currently lacking. Several ongoing randomized controlled trials of TG-lowering strategies with an optimal

dosage of omega-3 fatty acids are nearing completion. (J Am Coll Cardiol 2018;72:330–43) © 2018 The Authors.

Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
CASE SCENARIO

A 58-year-old obese male patient with type 2 diabetes
mellitus (T2DM) presents with a history of acute
coronary syndrome and previous coronary artery
bypass grafting 2 years earlier. His glycosylated he-
moglobin value has been stable at 7.2% with metfor-
min and liraglutide 1.8 mg daily. He is currently
normotensive with lisinopril/hydrochlorothiazide
20 mg/12.5 mg with a urine/albumin creatinine ratio
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at 80 mg/mg and an estimated glomerular filtration
rate of 48 ml/min. The patient’s current lipid profile
with rosuvastatin 40mg and ezetimibe 10mgdaily is as
follows: low-density lipoprotein cholesterol (LDL-C),
66 mg/dl; triglycerides (TGs), 320 mg/dl; high-density
lipoprotein cholesterol (HDL-C), 38 mg/dl; and non–
HDL-C, 130 mg/dl. The patient and his primary care
physician are concerned about his residual risk of
recurrent atherosclerotic cardiovascular disease
(ASCVD) events and his overall prognosis.
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AB BR E V I A T I O N S

AND ACRONYM S

ANGPTL = angiopoietin-like

protein

apo = apolipoprotein

ASCVD = atherosclerotic

cardiovascular disease

CETP = cholesteryl ester

transfer protein

CHD = coronary heart disease

CI = confidence interval

CRP = C-reactive protein

DHA = docosahexaenoic acid

EPA = eicosapentaenoic acid

HDL-C = high-density

lipoprotein cholesterol

HR = hazard ratio

IL = interleukin

LDL-C = low-density

lipoprotein cholesterol

OM3FA = omega-3 fatty acids

OR = odds ratio

RCT = randomized controlled

trial

RR = relative risk

T2DM = type 2 diabetes

mellitus

TG = triglyceride
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INTRODUCTION

ASCVD continues to be the leading cause of death and
disability worldwide (1). In the United States alone,
>18 million Americans have coronary heart disease
(CHD), and despite profound advances in manage-
ment, both morbidity and mortality persist (2).
Elevated levels of LDL-C are an established predictor of
the risk of incident CHD events and have been the
principal target of dyslipidemia treatment efforts for
the past 3 decades. Multiple primary and secondary
prevention trials have shown a significant reduction of
25% to 35% in the risk of cardiovascular events with
statin therapy (3–5). However, residual risk persists
despite the achievement of target LDL-C levels, often
defined as <70 mg/dl (4) (Central Illustration).

Epidemiological studies have shown that, in addi-
tion to elevated LDL-C levels, both elevated baseline
levels of TGs and low levels of HDL-C are indepen-
dent predictors of the risk of CHD (6,7). However,
even among patients treated with high-intensity sta-
tins, residual risk persists, particularly in high-risk
subjects with pre-existing ASCVD, T2DM, or meta-
bolic syndrome (5,8). The prevalence of T2DM and
metabolic syndrome, as well as obesity, has been
increasing at an alarming rate, particularly over the
last few decades. This constellation of high-risk clin-
ical conditions encompasses a phenotype that pro-
motes a proinflammatory state with both atherogenic
dyslipidemia (elevated TG levels with or without low
HDL-C levels) and dysglycemia, which together
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conspire to increase the risk for subsequent
adverse cardiovascular events (9,10). How-
ever, despite intensive treatment with statins
and newer therapies directed at more
rigorous reductions in LDL-C levels, the
fundamental atherogenic dyslipidemia
described here that is common to both T2DM
and metabolic syndrome is not fully amelio-
rated by treatments directed at LDL-C
reductions alone.

EPIDEMIOLOGY OF DYSLIPIDEMIA

(HIGH TG AND LOW HDL-C) AND

ASCVD RISK

Hypertriglyceridemia is a highly prevalent
lipid disorder in the adult population. Ac-
cording to recent estimates from the U.S.
National Health and Nutrition Examination
Survey (1999 to 2014) in adults $20 years of
age, there have been gradual declines in the
prevalence of LDL-C as well as TG, largely due
to the use of lipid-lowering medications (11).
However, the prevalence of TG levels
$150 mg/dl was approximately 25%, and the
prevalence of high TG levels is likely to keep
increasing as the triple epidemics of obesity,
metabolic syndrome, and T2DM continue to
escalate globally. In addition to the estimated
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CENTRAL ILLUSTRATION Promising Therapies for Hypertriglyceridemia

Residual risk
after low-density

lipoprotein cholesterol
(LDL-C) goal
achievement

LDL-C goal suboptimal or
unachievable

despite intensive
treatment

Triglyceride-rich
remnant particles, small

very-low-density lipoprotein
 or intermediate-density

lipoprotein
(pro-atherogenic,
pro-inflammatory,

pro-thrombotic
effects)

Novel approaches in
trials:

- Novel fibrates
- Omega-3 fatty acids at

higher dose and with
pleiotropic effects
- Other early-stage
approaches, e.g.,
antibody-based,

antisense
oligonuclieotides, small

interfering ribonucleic acid

Ganda, O.P. et al. J Am Coll Cardiol. 2018;72(3):330–43.

Proposed mechanisms underlying residual risk of atherosclerotic cardiovascular disease events after optimal statin treatment, role of

triglyceride-rich lipoproteins, and potential treatment approaches. LDL-C ¼ low-density lipoprotein cholesterol.
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higher rate of individuals with prediabetes has been
reported in the last few decades (13), and prediabetes
is associated with insulin resistance and metabolic
syndrome. This clinical phenotype is characterized by
the aforementioned atherogenic dyslipidemia of
elevated levels of TG, low HDL-C levels, and small
dense LDL particles along with visceral obesity and
nonalcoholic fatty liver disease. Thus, insulin resis-
tance plays a major role in mediating the pathogen-
esis of metabolic syndrome (14).

Importantly, substantial residual risk of ASCVD
events persists despite intensive statin therapy (4,8)
and has prompted a re-assessment of the role of
other lipoproteins as incremental risk predictors.
Meta-analyses of long-term prospective studies have
reported an association between elevated TG levels
and ASCVD (6,7), although this association is attenu-
ated after adjustment for HDL-C level, as these 2 lipid
parameters are highly inversely correlated.

GENETIC LINKAGE BETWEEN DYSLIPIDEMIA

AND INCIDENT ASCVD RISK

The mechanism(s) linking TG elevation and athero-
genesis have been a topic of conflict because not all TG
particles are atherogenic. Large TG-rich remnant par-
ticles are unable to penetrate the vessel wall (15,16).



FIGURE 1 Summary of Mendelian Randomization Studies to Identify Causal Biomarkers for Risk of ASCVD

Intermediate phenotype Outcome phenotypeGenetic variable

SNP or
multiple SNPs

Confounders

Reverse causation

Biomarker CAD

Intermediate phenotype Outcome phenotypeGenetic variable

LDL cholesterol
(mg/dl) CAD riskLDLR

rs6511720

TT Reference Reference

GT ↑ 9 mg/dl ↑ 19%

Mendelian randomization
supports causal relationship
• LDL cholesterol
• Lipoprotein(a)
• Triglyceride-rich lipoproteins
• Interleukin-6 signalling
• Systolic blood pressure
• Body mass index

Mendelian randomization
does not support causal relationship
• C-reactive protein
• HDL cholesterol
• Lipoprotein-associated and secretory phospholipase A2
• Urate
• Cystatin C
• Fibrinogen

A

B

C

(A to C) Depictions of various examples of genetic polymorphisms affecting major lipoproteins, and other risk factors, and their relationships

with ASCVD outcomes. ASCVD ¼ atherosclerotic cardiovascular disease; CAD ¼ coronary artery disease; HDL-C ¼ high-density lipoprotein

cholesterol; LDL¼ low-density lipoprotein; SNP¼ single-nucleotide polymorphism. Reproducedwith permission fromKhera andKathiresan (21).
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However, because TGs are hydrolyzed from TG-rich
particles, their cholesteryl ester–enriched byproducts
(e.g., chylomicron and very-low-density lipoprotein
remnants and smaller very-low-density lipoprotein
particles) can promote atherogenesis via multiple
mechanisms, including infiltration into the vessel wall
or via proinflammatory and prothrombotic pathways
(7,17). In a recent post hoc analysis from the JUPITER
(Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin) trial (18),
there was a strong association between the smallest,
but not larger, TG particles, on statin treatment and
primary cardiovascular endpoints (adjusted hazard
ratio [HR]: 1.68; confidence interval [CI]: 1.28 to 2.22).

TG levels, as with other lipids, are highly depen-
dent on genetic factors, accentuated by environ-
mental factors such as lifestyle, obesity, and certain
drugs. Hypertriglyceridemia, in most cases, is a
polygenic disorder and is linked with a smaller
number of several monogenic traits (7,19,20). The
most persuasive evidence for a causative role of
hypertriglyceridemia, rather than low HDL-C level, in
ASCVD comes from recent genetic linkage studies. In
a large Mendelian analysis involving w20,000 cases
with myocardial infarction and w50,000 control
subjects, a 1 SD increase in LDL-C level was associated
with a highly significant 113% increase, and a 1 SD
increase in TG levels was associated with a highly
significant 54% increase, in risk for myocardial
infarction (20). However, there was no risk associa-
tion with low baseline levels of HDL-C, as noted in
earlier studies (21). Figure 1 summarizes the multiple
Mendelian randomization studies to identify causal
biomarkers for risk of ASCVD.

Consistent with genetic associations of elevated
baseline TG levels and increased ASCVD events, a
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similarly strong association has been reported with
monogenic variants involving lipoprotein lipase (22),
apolipoprotein (apo) A5 (23), apo CII (24), apo CIII
(23,25,26), angiopoietin-like protein (ANGPTL) 3
(25,27,28), andANGPTL4 (29). However, interpretation
of genetic linkage studies may be complicated by other
pleiotropic effects in lipoprotein subparticles. As an
example, in the apo A5 variant (�1131T>C; rs 662799)
(27), the association of ASCVD events with elevated TG
levels was also accompanied by elevations in LDL/apo
B and, in a small subset studied by using nuclear
magnetic resonance imaging, by increased particle
number and small, dense LDL (30). In summary,
although overall genetic analyses strongly support the
role of TG-rich particles in atherogenesis, they also
highlight certain limitations in their interpretation
(18,25,31).

In a large consortium of patients with ASCVD and
control subjects, apo CIII mutations that were asso-
ciated with lower CIII levels translated into reduced
incident CHD risk (odds ratio: 0.60; 95% confidence
interval [CI]: 0.47 to 0.75; p ¼ 4 � 106) (25). Very
similar results were obtained from another large
cohort in which apo CIII mutations leading to a 40%
reduction in TG levels were associated with a 41%
reduction in ASCVD (HR: 0.59; 95% CI: 0.41 to 0.386;
p ¼ 0.007) (26).

RANDOMIZED CONTROLLED TRIALS OF

HDL-C RAISING AND TG LOWERING AND

ASCVD EVENT REDUCTION

To assess the association between raising low levels
of HDL-C and reducing CHD events, 2 large random-
ized controlled trials (RCTs) that used optimal statin
therapy plus extended-release niacin or placebo
failed to show a reduction in clinical event rates
(32,33). In addition, 3 large RCTs evaluating different
cholesteryl ester transfer protein (CETP) inhibitors
(torcetrapib, dalcetrapib, and evacetrapib) failed to
show reductions in ASCVD event rates, despite
increasing HDL-C levels by up to 133%; in a fourth
CETP inhibitor trial with anacetrapib, the impact on
the primary endpoint was statistically modest and
unrelated to the robust increase in HDL-C level (34).
One potentially important caveat is that all of the
CETP trials and 1 of the niacin trials (33) included
patients who were not pre-selected for low baseline
HDL-C levels. Thus, it remains unclear whether pa-
tient selection factors or interventions targeting
HDL-C elevations may have led to these negative
findings in statin-treated patients.

Regarding the impact of elevated TG levels in
RCTs, the CTT (Cholesterol Treatment Trialists)
meta-analysis of 14 statin trials showed that, in the
T2DM subgroup (n ¼ 18,686; mean follow-up: 4.3
years), there was a 26% higher rate of ASCVD events
in the highest TG tertile 3 versus 1 (mean $2.0 mmol/l
vs. <1.4 mmol/l) (35). These differences persisted in
the statin-treated group (32.3% higher event rates in
tertile 3 vs. 1). In the ACCORD (Action to Control
Cardiovascular Risk in Diabetes)-Lipid trial, the event
rates in those with TG tertile 3 vs. tertiles 1 þ 2
($204 mg/dl vs. # 203 mg/dl) were 21.9% higher in
the control group taking statins alone, compared with
those taking statins plus fenofibrate, after a mean
follow-up of 4.7 years (36).

A more pronounced effect of elevated TG was
reported in intensive LDL-lowering trials. In the
PROVE-IT (Pravastatin or Atorvastatin Evaluation and
Infection Therapy) trial of 4,162 patients with acute
coronary syndromes, randomized to receive either
atorvastatin 80 mg or pravastatin 40 mg, those with
baseline TG levels <150 mg/dl (compared
with $150 mg/dl) had significantly lower event rates
after covariate adjustments (HR: 0.80; 95% CI: 0.6 to
0.97; p ¼ 0.025) (37). These differences were also
significant among those achieving LDL-C levels
<70 mg/dl (HR: 0.72; 95% CI: 0.54 to 0.94; p < 0.02).
Further analysis revealed a 1.4% reduction in major
cardiovascular events by every 10 mg/dl on-treatment
decrement in TG, after multiple adjustments including
LDL-C and non–HDL-C. PROVE-IT results are also
supported by 2 short- and long-term post–acute coro-
nary syndromes trials, MIRACL (Myocardial Ischemia
Reduction with Aggressive Cholesterol Lowering) and
dal-OUTCOMES, respectively. In both studies, fasting
TG levels were associated with subsequent primary
outcomes, after multiple adjustments, including
LDL-C and HDL-C (38). The MIRACL study
included atorvastatin 80mg (HR: 1.50 [p< 0.03] for TG
>195 mg/dl vs. #135 mg/dl) and dal-OUTCOMES
included dalcetrapib (HR: 1.61 [p < 0.001] for TG
>175 mg/dl vs. #80 mg/dl) (Figure 2).

Finally, in a recent meta-regression analysis of 33
statin and nonstatin trials, 9 trials with fibrates
revealed a greater benefit in ASCVD event reduction
compared with the same LDL-C reduction with statins
(observed relative risk [RR]: 0.88 [95% CI: 0.83 to
0.92]; expected RR: 0.94 [95% CI: 0.93 to 0.94];
p ¼ 0.02) (39). However, the relationship was closer
than expected, compared with the RR reduction of
non–HDL-C instead of LDL-C (0.80 [95% CI: 0.77 to
0.82] and 0.77 [95% CI: 0.71 to 0.84]). These obser-
vations suggest that non–HDL-C may be a better lipid
biomarker when assessing risk reduction in subjects
with hypertriglyceridemia, but this theory requires
further study.



FIGURE 2 TG Levels and Risk After ACS
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Kaplan-Meier analysis of coronary heart disease death, nonfatal myocardial infarction, ischemic stroke, cardiac arrest with resuscitation, or hospitalization

for unstable angina after acute coronary syndromes (ACS). (Left) Short-term cumulative incidence of events according to tertiles of triglycerides (TGs) at

initial random assignment in the atorvastatin group of the MIRACL (Myocardial Ischemia Reduction with Aggressive Cholesterol Lowering) trial. Time

0 corresponds to a mean of 63 h after index ACS (range: 24 to 96 h); p ¼ 0.03 for trend across tertiles. (Right) Long-term cumulative incidence of events

according to quintile of TGs at initial random assignment in the dal-OUTCOMES trial. Time 0 corresponds to a median of 6 weeks after index ACS (range:

4 to 12 weeks); p < 0.001 for trend across quintiles. Reproduced with permission from Schwartz et al. (38).
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ROLE OF TG-LOWERING DRUGS ON

CARDIOVASCULAR OUTCOMES BEYOND

OPTIMAL LDL-C REDUCTION

Fibrates, niacin, and omega-3 fatty acids (OM3FA) are 3
major classes of lipid-altering agents currently avail-
able to treat elevated TG and/or low HDL-C levels in
the hope of achieving adjunctive ASCVD event reduc-
tion by mitigating increased residual risk. Table 1 pre-
sents the current evidence for the results with these
agents in monotherapy trials and in a few combination
therapy trials with statins (40). These results reaffirm
the view that currently, statins provide the most
robust evidence-based data for ASCVD event reduc-
tion as monotherapy and are the drug class of choice in
primary and secondary prevention (3–5).

In monotherapy trials of patients with baseline TG
levels $2 mmol/l ($177 mg/dl), several clinical trials
have reported significant benefits in cardiovascular
event reductions (7,8,17). In the 5-year VA-HIT (Vet-
erans Affairs Cooperative Studies Program High-
Density Lipoprotein Cholesterol Intervention Trial)
study of 2,531 men with established CHD conducted
before widespread use of statins, treatment with
gemfibrozil versus placebo was particularly effective
in patients with T2DM (n ¼ 627). It reduced the pri-
mary endpoint of death or nonfatal myocardial
infarction by 32% (p ¼ 0.004), mortality by 41%
(p¼0.02), and stroke by 40% (p¼0.046); however, the
benefits were not attributable to changes in HDL-C
or TG levels (40), and the diabetes subgroup was
small, suggesting that the results might be less reli-
able. In the ACCORD-Lipid trial, the addition of feno-
fibrate to simvastatin 40mg in the overall cohort with a
median baseline TG level of 162 mg/dl yielded no sig-
nificant benefit (36). However, a subgroup of 941 sub-
jects with baseline TG and HDL-C levels in the highest
tertile ($204mg/dl) and the lowest tertile (#34mg/dl),



TABLE 1 Cardiovascular Outcome Trials With Therapies for TG Lowering

Publication Date Population Statin Use
Baseline

LDL-C (mg/dl)*

Omega-3 fatty acid mixture studies

GISSI-P 1999 11,324 pts recent MI
(#3 months)

Cholesterol-lowering:
BL ¼ 5% EOS ¼ 46%

137

GISSI-HF 2008 6,975 pts chronic HF (NYHA
functional class II–IV)

22.3%–23.0% Not provided
TC ¼ 188

OMEGA 2010 3,851 pts recent MI
(#2 weeks)

94%–95% Not provided
EOS ¼ 95

Alpha-Omega-3 fatty acid 2010 4,837 pts prior MI (median
3.7 yrs)

BL lipid-lowering ¼ 85%–87% 99–102

SU.FOL.OM3 2010 2,501 pts recent CVD event
(median: 101 days)

BL lipid-lowering ¼ 83%–87% 101–104

ORIGIN 2012 12,536 pts dysglycemia þ
prior or high-risk CVD

53%–54% 112

Risk & Prevention 2013 12,513 pts High-risk CVD 41% 132

Pure EPA study

JELIS 2007 18,645 pts
hypercholesterolemic

100% 182

Fibrate studies

HHS 1987 4,081 pts dyslipidemia þ
primary prevention

0% 188–189

VA-HIT 1999 2,531 pts prior CHD þ HDL-C
#40 mg/dl

0% 111

BIP 2000 3,090 pts prior MI or stable
angina

0% 148–149

FIELD 2005 9,795 pts T2DM BL ¼ 0% EOS: placebo ¼ 16%
fenofibrate ¼ 8%

119

ACCORD- Lipid 2010 5,518 pts T2DM þ high CV risk 100% 101

Niacin studies

AIM-HIGH 2011 3,414 pts prior CVD 100% 74

HPS2-THRIVE 2014 25,673 pts prior vascular
disease

100% 63

*Mean or median values are presented. Where available, medians are preferentially presented. †Bold values approached/achieved statistical significance. Reproduced with
permission from Bhatt et al (40).

ACCORD ¼ Action to Control Cardiovascular Risk in Diabetes; AIM-HIGH ¼ Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/High Triglycerides: Impact
on Global Health Outcomes; ALA ¼ alpha-linolenic acid; Alpha-Omega ¼ Study of Omega-3 Fatty Acids and Coronary Mortality; BIP ¼ Bezafibrate Infarction Prevention;
BL ¼ baseline; EOS ¼ end of study; CHD ¼ coronary heart disease; CI ¼ confidence interval; CV ¼ cardiovascular; CVD ¼ cardiovascular disease; DHA ¼ docosahexaenoic acid;
EPA ¼ eicosapentaenoic acid; ER ¼ extended release; FIELD ¼ Fenofibrate Intervention and Event Lowering in Diabetes; GISSI-HF ¼ Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto miocardico-Heart Failure; GISSI-P ¼ Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto miocardico-Prevenzione; HDL-C ¼ high-density
lipoprotein cholesterol; HF ¼ heart failure; HHS ¼ Helsinki Heart Study; HPS2-THRIVE ¼ Heart Protection Study 2–Treatment of HDL to Reduce the Incidence of Vascular
Events; HR ¼ hazard ratio; JELIS ¼ Japan EPA Lipid Intervention Study; MACE ¼ major adverse cardiac events; MI ¼ myocardial infarction; NYHA ¼ New York Heart Association;
OMEGA ¼ Effect of Omega 3-Fatty Acids on the Reduction of Sudden Cardiac Death After Myocardial Infarction; OR ¼ odds ratio; ORIGIN ¼ Outcome Reduction with an Initial
Glargine Intervention; pts ¼ patients; RRR ¼ relative risk reduction; SCD ¼ sudden cardiac death; SU.FOL.OM3 ¼ Supplémentation en Folates et Omega-3; T2DM ¼ type 2
diabetes mellitus; TG ¼ triglyceride; VA-HIT ¼ Veterans Affairs Cooperative Studies Program High-Density Lipoprotein Cholesterol Intervention Trial.
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respectively, exhibited a 31% reduction in major
ASCVD events but of borderline significance (p¼0.06).
Clearly, additional studies in patients selected for
hypertriglyceridemia and optimally treated with
statins are needed. One such large, prospective
trial (PROMINENT [Pemafibrate to Reduce Cardiovas-
cular Outcomes by Reducing Triglycerides in
Diabetic Patients]) with a new fibrate, pemafibrate
(NCT03071692), is underway, although the results
will not be available for several years. Initial short-
term results of pemafibrate on TG levels and other
lipids seem promising (41).
With regard to niacin added to statins, both the
AIM-HIGH (Atherothrombosis Intervention in Meta-
bolic Syndrome With Low HDL/High Triglycerides:
Impact on Global Health Outcomes) and HPS2-
THRIVE (Heart Protection Study 2–Treatment of HDL
to Reduce the Incidence of Vascular Events) trials
showed no additional clinical benefits overall in high-
risk patients undergoing intensive statin treatment
(32,33), despite favorable effects on both TG andHDL-C
levels. However, a small subgroup analysis
(n ¼ 439) of combined atherogenic dyslipidemia
(baseline TG level $200 mg/dl and HDL-C

https://clinicaltrials.gov/ct2/show/NCT03071692?term=NCT03071692&amp;rank=1


TABLE 1 Continued

Baseline TG (mg/dl)* Interventions Duration (yrs) Primary Endpoint
Outcomes: HR or OR (CI)

or RRR (p Value)†

162 850 mg EPA þ DHA vs. vitamin E
vs. n-3 þ vitamin E vs. placebo

3.5 Death or nonfatal MI
or nonfatal stroke

HR: 0.85 (0.74–0.98) [4-way
analysis]

126 850 mg EPA þ DHA vs. placebo 3.9 Co-primary of death,
and death or CV
hospitalization

Death HR: 0.91 (0.833–0.998)
Death or CV hospitalization

HR: 0.92 (0.849–0.999)

Not provided
EOS ¼ 121 vs. 127

840 mg EPA þ DHA vs. placebo 1 SCD OR: 0.95 (0.56–1.60)

144–150 400 mg EPA þ DHA vs. placebo
and ALA (2 g) combined

3.3 Expanded MACE HR: 1.01 (0.87–1.17)

97–115 600-mg EPA þ DHA vs. placebo
and vitamin B

4.7 MACE HR: 1.08 (0.79–1.47)

140-142 840 mg EPA þ DHA vs. placebo 6.2 CV death HR: 0.98 (0.87–1.10)

150 850 mg EPA þ DHA vs. placebo 5 CV death or CV
hospitalization

HR: 0.97 (0.88–1.08)

151 1,800 mg EPA þ statin vs. statin 4.6 Expanded MACE HR: 0.81 (0.69–0.95)

175–177 1,200 mg gemfibrozil vs. placebo 5 Cardiac death, or fatal
or nonfatal MI

RRR: –34% (p < 0.02)

160 1,200 mg gemfibrozil vs. placebo 5.1 CHD death or
nonfatal MI

RRR: –22% (p [ 0.006)

145 400 mg of bezafibrate vs. placebo 6.2 Sudden death or fatal
or nonfatal MI

RRR: –9.4% (p ¼ 0.26)

153–154 200 mg fenofibrate vs. placebo 5 CHD death or
nonfatal MI

HR: 0.89 (0.75–1.05)

162 160 mg fenofibrate vs. placebo 4.7 MACE HR: 0.92 (0.79–1.08)

162–164 1,500–2,000 mg ER niacin vs.
placebo

3 Expanded MACE HR: 1.02 (0.87–1.21)

108 2,000 mg ER niacin þ laropiprant
vs. placebo

3.9 Expanded MACE HR: 0.96 (0.90-1.03)
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level <32 mg/dl) revealed a significant 36%
decrease in the expanded major adverse cardiac
events (p ¼ 0.03) (42). Moreover, in many clinical
trials, niacin monotherapy or with low-dose statins
reduces atherosclerotic plaque and recurrent clin-
ical events (43), although data with high-intensity
statins are lacking.

A variety of novel TG-lowering agents are being
developed such as those based on an antiviral vector
approach for lipoprotein lipase inhibition (22), anti-
sense oligonucleotide approaches for apo CIII inhibi-
tion (25,26), ANGLPTL3 (28), ANGPTL4 antibody (29),
and diacylglycerol acyltransferase inhibitors (7,8).
However, it remains to be seen whether any of these
agents will reach clinical trials for the typical range of
high TG level (200 to 499 mg/dl).

In view of the disappointing results with fibrates
and niacin when co-administered in statin-treated
patients, there is considerable interest in OM3FA
(eicosapentaenoic acid [EPA] þ docosahexaenoic acid
[DHA], or EPA alone) when added to high-potency
statin therapy. These agents have been associated
with significant reductions in both TG and non–HDL-C
levels during short-term Phase III studies (44,45).
There is evidence for a modest increase in LDL-C with
DHA but not with EPA (46). However, most primary
and secondary intervention trials (Table 1), or several
meta-analyses, with OM3FA thus far have yielded
inconsistent results inCVDoutcomes (40,44,45,47–49).
This scenario could be partly due to use of low-dose
OM3FA, which is insufficient to effectively lower TG
levels. Only 1 trial thus far, the JELIS (Japan EPA Lipid
Intervention Study), was conducted (albeit with an
open-label design) with a combination of low-dose
EPA 1.8 g with a low-dose statin (pravastatin 10 mg
or simvastatin 5 mg) (50). There was a 19% reduction
in ASCVD events (p ¼ 0.011). The median baseline TG
level in the JELIS trial was 1.7 mmol/l (w150 mg/dl),
and the outcomes were unrelated to the LDL-C
reduction or the modest TG reduction, raising the
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possibility of favorable nonlipid-mediated outcomes.
However, in a subsequent analysis (51), those with
higher TG levels ($150 mg/dl) and low HDL-C levels
(<40 mg/dl) exhibited the highest risk of coronary
events and a 53% reduction in events (HR: 0.47; 95%
CI: 0.23 to 0.98; p ¼ 0.043).

INFLAMMATION AND POTENTIAL

RELEVANCE OF PLEIOTROPIC EFFECTS

OF TG-LOWERING AGENTS

It is well recognized that atherosclerosis has an in-
flammatory basis (52,53). There is very likely a dy-
namic interplay between genetic and major
cardiovascular risk factors, including T2DM, hyper-
lipidemia, and smoking, acting in concert to initiate
and perpetuate inflammatory pathways. In particular,
several signaling pathways initiate inflammation via
chemokines from the vessel wall, including activated
myeloid cells and visceral adipocytes. In addition,
inflammasomes such as nucleotide-binding domain–
like receptor protein 3 activate interleukin (IL)-1b,
leading to generation of several cytokines, including
IL-6, tissue necrosis factor-a, and C-reactive protein
(CRP) (52,54).

POTENTIAL ROLE OF OM3FA IN

ASCVD EVENT REDUCTION

Statins are known to inhibit inflammatory pathways
and reduce biomarkers such as IL-6 and CRP (52,54).
Fibrates may exert anti-inflammatory, immunomod-
ulatory, and antithrombotic effects via peroxisome
proliferator–activated receptor alpha gene activation;
they also reduce IL-6, CRP, and fibrinogen levels in
patients with ASCVD (55). The effects of OM3FA on
inflammatory pathways have been of considerable
recent interest (56,57). In short-term trials, EPA 4 g in
patients with a median TG level of 680 mg/dl led to a
33% reduction in TG levels (58) and a 22% reduction in
TG levels among statin-treated patients with a median
baseline TG level of 259 mg/dl (59). This outcome was
accompanied by reductions in the inflammatory bio-
markers CRP, lipoprotein-associated phospholipase
A2, and apo CIII. In mice and humans, EPA has also
been shown to increase adiponectin, an insulin-
sensitizing adipokine (60,61). A recent provocative
study revealed that, in pregnant women in their third
trimester, oral supplementation with EPA or DHA
resulted in a significant reduction in the risk of asthma
or wheezing in infants up to 5 years of age (62),
particularly when the baseline maternal EPA and DHA
levels were low (risk reduction: 54%; p ¼ 0.011). Such
observations further support the potential protective
effects of OM3FA in resolving inflammation, likely via
leukotriene-mediated effects.

Of additional interest are the results from a
recently published trial with canakinumab, a
monoclonal antibody targeting IL-1b, on ASCVD
outcomes in 10,006 stable patients after a
myocardial infarction and with baseline CRP
levels $2.0 mg/l (63). Most subjects were treated
with statins, with a median LDL-C level of 82 mg/dl
at baseline. Treatment with canakinumab resulted
in a significant reduction in the composite primary
outcome of cardiovascular death, nonfatal myocar-
dial infarction, or stroke (HR: 0.85; 95% CI: 0.74 to
0.98; p ¼ 0.02). These results support mounting
evidence of an anti-inflammatory hypothesis and
treatment paradigm to reduce ASCVD events
beyond statin use (54).

MOLECULAR BASIS OF ACTION OF OM3FA

Recent research has elucidated the cardiovascular
actions of OM3FA (56,64). OM3FA have an essential
role in various tissues, influencing cellular membrane
width and the formation and stability of lipid rafts.
They also serve as precursors for bioactive lipid me-
diators that regulate inflammation, including eicosa-
noids, prostaglandins, leukotrienes, protectins, and
resolvins (57). With the incorporation of EPA into
cellular membranes associated with the atheroscle-
rotic plaque, it interferes with lipid oxidation and
various signal transduction pathways linked to
inflammation, endothelial dysfunction, and plaque
instability. In particular, the lipophilic structure and
space dimensions allow EPA to insert efficiently into
lipoprotein particles and cell membranes where it
scavenges free radicals (64). DHA is also a long-chain
OM3FA with various functions in nervous tissue and
retinal cells (65). Due to differences in their structure
and molecular conformations, EPA and DHA associate
with distinct regions of biological membranes and
differentially modulate membrane structure–function
relationships (64).

EPA also differs from DHA in its duration of anti-
oxidant activity and its effects on cell membrane lipid
structure and dynamics. The antioxidant effects of
EPA are attributed to its ability to quench reactive
oxygen species associated with cellular membranes
and lipoproteins. The effects of EPA could not be
reproduced with vitamin E or other TG-lowering
agents, under normal or hyperglycemic conditions
(56,66). The antioxidant activity of EPA was not
observed with other TG-lowering agents or DHA in
lipoprotein particles. Unlike EPA, DHA has been
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shown to undergo rapid conformational changes,
whereas EPA assumes a stable, extended orientation
(64). Along with oxidized LDL, cholesterol crystals are
also a primary activator of nucleotide-binding
domain–like receptor protein 3 inflammasomes. The
antioxidant effects of EPA in highly atherogenic LDL
subfractions (small dense LDL) from human subjects
were enhanced in combination with atorvastatin un-
der in vitro conditions (66). This unexpected finding
indicates a shared location in which intermolecular
interactions further stabilize unpaired lipid free rad-
icals and thereby reduce oxidative damage. Figure 3
summarizes the various biologic effects of EPA on
the steps of atherogenesis.

ONGOING CLINICAL TRIALS WITH N-3 FATTY

ACIDS ADDED TO STATINS

A recent meta-analysis of 10 RCTs (67,68) evaluated
trials using very different formulations of OM3FA
(67). A number of the trials used some form of un-
regulated supplements, whereas others used a form
of mixed OM3FA that contains ethyl esters of EPA
(465 mg) and DHA (375 mg). As noted earlier, JELIS
used a pure EPA prescription product (50). The het-
erogeneous sources of OM3FA used in these studies
make interpretation of the results challenging. Fish
oil supplements reportedly have deficiencies in both
the quality and quantity of OM3FA (69). Supplements
have been shown to have less OM3FA than claimed
and to contain substantial amounts of oxidized lipids
and significant amounts of undesirable saturated fats.
Finally, most of the studies in this meta-analysis used
low-dose OM3FA (<1 g) supplements that are inade-
quate for effective and sustained TG lowering. By
contrast, some ongoing prospective RCTs are using
prescription formulations of OM3FAs at doses (3 to
4 g/day) that do lower TG levels effectively.

Several large RCTs are currently evaluating the
addition of OM3FA to therapy for statin-treated pa-
tients (Table 2). Two of these have a more rigorous
design with the important trial inclusion of LDL-C
level <100 mg/dl at baseline: the REDUCE- IT
trial (Reduction of Cardiovascular Events With
Icosapent Ethyl–Intervention; NCT01492361) and the
STRENGTH trial (Statin Residual Risk Reduc-
tion With EpaNova in High Cardiovascular Risk;
NCT02104817).

The design of the REDUCE-IT trial has been pub-
lished (40). Briefly, it is a Phase IIIb RCT of icosapent
ethyl (EPA), a highly purified ethyl ester of EPA,
versus placebo. The main objective is to evaluate
whether treatment with EPA reduces ASCVD events
in statin-treated patients with high baseline TG levels
(200 to 499 mg/dl) and elevated cardiovascular risk
for subsequent clinical events, and whose LDL-C
levels with statins are between 40 and 100 mg/dl.
This trial has enrolled w8,000 men and women with
established ASCVD or with high risk T2DM. The trial
results are expected in late 2018.

https://clinicaltrials.gov/ct2/show/NCT01492361?term=Reduction+of+Cardiovascular+Events+With+Icosapent+Ethyl%E2%80%93Intervention&amp;rank=1
https://clinicaltrials.gov/ct2/show/NCT02104817?term=NCT02104817&amp;rank=1


TABLE 2 Ongoing RCTs With Omega-3 Fatty Acids and CV

Trial
Location

N
Age, yrs Design

Formulation,
Dose

Duration,
yrs

Expected
Completion Date Comment

REDUCE-IT
United States

w8,000
$45

Secondary prevention if
CVD; primary if
diabetes with risk
factors

EPA, 4 g 5.0 2018 LDL-C <100 mg/dl, on statin
TG 150–499 mg/dl

STRENGTH
United States

13,086
18–99 (>40 if diabetes)

Secondary prevention if
CVD; primary if
diabetes with risk
factors

EPA þ DHA
Carboxylic acids, 4 g

5.0 2020 LDL-C <100 mg/dl, on statin
TG 180–499 mg/dl
HDL-C <42 mg/dl in

men, <47 mg/dl
in women

RESPECT-EPA
Japan

3,900
20–79

Stable CAD EPA 1.8 g 5.0 2022 Statin treated open-label

OMEMI
Norway

1,400
70–82

Post-MI, stable EPA þ DHA
1.8 g

2-4 2020 Statin treated

VITAL
United States

25,854
Men $50

Women $55

Primary prevention
2 � 2 factorial with

vitamin D

EPA þ DHA
1 g

5.0 2018 39% on statin

ASCEND
United Kingdom

15,480
$40

Primary prevention
2 � 2 factorial with

aspirin

EPA þ DHA
1 g

7 .0 2018 All patients with diabetes;
75% on statin

Pragmatic design, sampling
by mail via PCPs

ASCEND ¼ A Study of Cardiovascular Events in Diabetes; CAD ¼ coronary artery disease; OMEMI ¼ Omega-3 Fatty Acids in Elderly Patients With Myocardial Infarction;
PCP ¼ primary care physician; REDUCE-IT ¼ Reduction of Cardiovascular Events With Icosapent Ethyl–Intervention Trial; RESPECT-EPA ¼ Randomized Trial for Evaluation in
Secondary Prevention Efficacy and Combination Therapy–Statin and EPA; STRENGTH ¼ Statin Residual Risk Reduction With EpaNova in High Cardiovascular Risk;
VITAL ¼ Vitamin D and Omega A3 trial; other abbreviations as in Table 1.
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Unlike JELIS, which enrolled a considerable pro-
portion of patients with normal baseline TG levels and
used a relatively low dose of EPA (50), REDUCE-IT is
thefirst RCT to employ amore robust dose (4 g of EPA in
high-risk patients) with high baseline TG levels.
Several other primary prevention trials, including VI-
TAL (Vitamin D and Omega A3) and ASCEND (A Study
of Cardiovascular Events in Diabetes) (Table 2), are
using doses of OM3FA ranging from 1 to 1.8 g, which
may be less effective therapeutically because most of
the previous trials using such low doses have not
shown positive results (40,67) (Table 1). Moreover, in
the VITAL trial, only 39% of patients were taking sta-
tins at baseline, whereas 75% of subjects reported
taking statins at randomization in ASCEND.

In another Phase IIIb RCT (STRENGTH), a free fatty
acid formulation of EPA þ DHA is being tested against
placebo in a similar study design as the REDUCE-IT
trial. The exception is that in STRENGTH, an addi-
tional requirement is an HDL-C level <40 mg/dl at
baseline in addition to elevated TG levels similar to the
REDUCE-IT trial. In short-term dose-ranging studies in
patients with TG levels of 200 to 499 mg/dl, or in sub-
jects with TG levels $500 mg/dl, this formulation
resulted in a significant 21% and 31% decrease in TG
levels, respectively, and significant reductions in apo
CIII and lipoprotein-associated phospholipase A2 but
no significant change in CRP levels (70,71).
With the recent availability of proprotein con-
vertase subtilisin/kexin type 9 inhibitors for intensive
LDL-C reduction beyond statins (3,72,73), it is worth
considering the potential impact of OM3FA supple-
mentation on further reducing residual risk. Specif-
ically, the FOURIER (Further Cardiovascular
Outcomes Research With PCSK9 Inhibition in Subjects
With Elevated Risk) trial showed that in stable ASCVD
patients, most of whom were receiving high-potency
statins, there was a modest, incremental 15% to 20%
overall ASCVD risk reduction with the addition of
evolocumab (72) during a median follow-up of
26 months; no significant reductions in cardiac death
or all-cause mortality were observed, however. If TG
reduction improves CVD risk beyond LDL-C, the po-
tential added benefit of OM3FA may be considerable,
especially in patients with diabetes at high ASCVD
residual-risk burden and frequently high TG levels in
addition to elevated LDL-C.

RETURNING TO THE CASE

The present case patient is at very high risk of
recurrent ASCVD owing to a background of T2DM,
hypertension, chronic kidney disease, and premature
ASCVD. In considering therapeutic strategies to
reduce his residual risk, recent data from the
IMPROVE-IT (ezetimibe) and FOURIER and ODYSSEY
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Outcomes (proprotein convertase subtilisin/kexin
type 9 inhibitor) trials have shown further reductions
in ASCVD of between 6% and 15% to 20%, respec-
tively, after co-administration with statins. However,
these LDL-lowering agents do not appreciably reduce
TG levels. Although fibrates reduce TG levels, they
were associated with inconclusive effects when
added to statins in the ACCORD-Lipid trial (36). In
patients with TG levels of 200 to 499 mg/dl, OM3FA
have been shown to improve dyslipidemia and in-
flammatory biomarkers. With the recent data on the
potential pleotropic effects of OM3FA on plaque sta-
bilization, there is a resurgence of interest in their
potential favorable effects on ASCVD events. Two
such trials in statin-treated patients are nearing
completion and will likely inform clinical practice for
this treatment combination in subjects with mixed
dyslipidemia.

CONCLUSIONS

There is a persistent residual risk of ASCVD even
after intensive statin therapy has been initiated and
as defined by current guidelines. The prevalence of
atherogenic dyslipidemia is increasing with the
global epidemics of obesity, metabolic syndrome,
and T2DM. Genetic studies have provided strong
scientific evidence that elevated TG levels are asso-
ciated with incident ASCVD events. Both genetic and
clinical trials have thus far failed to conclusively
establish HDL-C level as a significant contributor to
ASCVD events, nor have interventions directed at
raising low levels of baseline HDL-C shown
convincing evidence of cardiovascular event reduc-
tion, even when LDL-C is “optimally” controlled
with statins. Fibrates are effective in reducing
elevated TG levels; however, to date, the evidence
for their role in reducing residual risk when com-
bined with statins remains uncertain. OM3FA are
also effective agents in lowering elevated TG levels.
In addition, they seem to exhibit pleiotropic effects
in reducing plaque instability and proinflammatory
mediators that underlie and potentiate atherogen-
esis. At the molecular level, there is accumulating
evidence that EPA, compared with DHA, elicits more
favorable effects on arterial inflammation. Currently,
a long-term clinical trial testing high-dose (4 g) EPA
in statin-treated patients with ASCVD or high-risk
patients with diabetes is nearing completion, and
another trial with EPA þ DHA will likely conclude in
2019 to 2020.

ACKNOWLEDGMENT The authors thank Sephy Phi-
lip, PharmD, an employee of Amarin, for his valuable
input during discussions, and technical assistance,
which was limited to formatting of the manuscript.
He had no role in writing or reviewing the
manuscript.

ADDRESS FOR CORRESPONDENCE: Dr. Om P. Ganda,
Joslin Diabetes Center, Harvard Medical School, 1
Joslin Place, Boston, Massachusetts 02215. E-mail:
om.ganda@joslin.harvard.edu.
RE F E RENCE S
1. Roth GA, Forouzanfar MH, Moran AE, et al.
Demographic and epidemiologic drivers of global
cardiovascular mortality. N Engl J Med 2015;372:
1333–41.

2. Benjamin EJ, Blaha MJ, Chiuve SE, et al. Heart
disease and stroke statistics—2017 update: a
report from the American Heart Association. Cir-
culation 2017;135:e146–603.

3. Hong KN, Fuster V, Rosenson RS, Rosendorff C,
Bhatt DL. How low to go with glucose, choles-
terol, and blood pressure in primary prevention of
CVD. J Am Coll Cardiol 2017;70:2171–85.

4. Collins R, Reith C, Emberson J, et al. Interpre-
tation of the evidence for the efficacy and safety
of statin therapy. Lancet 2016;388:2532–61.

5. Boekholdt SM, Hovingh GK, Mora S, et al. Very
low levels of atherogenic lipoproteins and the risk
for cardiovascular eventsa meta-analysis of statin
trials. J Am Coll Cardiol 2014;64:485–94.

6. Sarwar N, Danesh J, Eiriksdottir G, et al. Tri-
glycerides and the risk of coronary heart disease:
10,158 incident cases among 262,525 participants
in 29 Western prospective studies. Circulation
2007;115:450–8.

7. Watts GF, Ooi EM, Chan DC. Demystifying the
management of hypertriglyceridaemia. Nat Rev
Cardiol 2013;10:648.

8. Xiao C, Dash S, Morgantini C, Hegele RA,
Lewis GF. Pharmacological targeting of the
atherogenic dyslipidemia complex: the next fron-
tier in CVD prevention beyond lowering LDL
cholesterol. Diabetes 2016;65:1767–78.

9. Gregg EW. The changing tides of the type 2
diabetes epidemic—smooth sailing or troubled
waters ahead? Kelly West Award Lecture 2016.
Diabetes Care 2017;40:1289–97.

10. Heymsfield SB, Wadden TA. Mechanisms,
pathophysiology, and management of obesity.
N Engl J Med 2017;376:254–66.

11. Rosinger A, Carroll MD, Lacher D, Ogden C.
Trends in total cholesterol, triglycerides, and low-
density lipoprotein in us adults, 1999-2014. JAMA
Cardiol 2017;2:339–41.

12. Cho NH, Shaw JE, Karuranga S, et al. IDF Dia-
betes Atlas: global estimates of diabetes
prevalence for 2017 and projections for 2045.
Diabetes Res Clin Pract 2018;138:271–81.

13. Menke A, Casagrande S, Geiss L, Cowie CC.
Prevalence of and trends in diabetes among adults
in the United States, 1988-2012. JAMA 2015;314:
1021–9.

14. Chatterjee S, Khunti K, Davies MJ. Type 2
diabetes. Lancet 2017;389:2239–51.

15. Brecher P, Chobanian AV, Small DM, et al.
Relationship of an abnormal plasma lipoprotein to
protection from atherosclerosis in the cholesterol-
fed diabetic rabbit. J Clin Invest 1983;72:1553–62.

16. Nordestgaard BG, Stender S, Kjeldsen K.
Reduced atherogenesis in cholesterol-fed diabetic
rabbits. Giant lipoproteins do not enter the arterial
wall. Arterioscler Thromb Vasc Biol 1988;8:421–8.

17. Nordestgaard BG, Varbo A. Triglycerides and
cardiovascular disease. Lancet 2014;384:626–35.

18. Lawler PR, Akinkuolie AO, Chu AY, et al.
Atherogenic lipoprotein determinants of cardio-
vascular disease and residual risk among

mailto:om.ganda@joslin.harvard.edu
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref1
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref1
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref1
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref1
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref2
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref2
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref2
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref2
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref3
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref3
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref3
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref3
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref4
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref4
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref4
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref5
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref5
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref5
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref5
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref6
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref6
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref6
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref6
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref6
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref7
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref7
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref7
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref8
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref8
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref8
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref8
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref8
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref9
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref9
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref9
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref9
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref10
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref10
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref10
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref11
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref11
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref11
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref11
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref12
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref12
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref12
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref12
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref13
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref13
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref13
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref13
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref14
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref14
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref15
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref15
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref15
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref15
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref16
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref16
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref16
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref16
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref17
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref17
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref18
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref18
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref18


Ganda et al. J A C C V O L . 7 2 , N O . 3 , 2 0 1 8

Promising Therapies for Hypertriglyceridemia J U L Y 1 7 , 2 0 1 8 : 3 3 0 – 4 3

342
individuals with low low-density lipoprotein
cholesterol. J Am Heart Assoc 2017;6.

19. Khetarpal SA, Rader DJ. Triglycerider-rich li-
poproteins and coronary artery disease risk: new
insights from human genetics. Arterioscler Thromb
Vasc Biol 2015;35:e3–9.

20. Musunuru K, Kathiresan S. Surprises from ge-
netic analyses of lipid risk factors for atheroscle-
rosis. Circ Res 2016;118:579–85.

21. Khera AV, Kathiresan S. Genetics of coronary
artery disease: discovery, biology and clinical
translation. Nat Rev Genet 2017;18:331–44.

22. Khera AV, Won H, Peloso GM, et al. Associa-
tion of rare and common variation in the lipopro-
tein lipase gene with coronary artery disease.
JAMA 2017;317:937–46.

23. Do R, Stitziel NO, Won HH, et al. Exome
sequencing identifies rare LDLR and APOA5 alleles
conferring risk for myocardial infarction. Nature
2014;518:102.

24. Baggio G, Manzato E, Gabelli C, et al.
Apolipoprotein C-II deficiency syndrome.
Clinical features, lipoprotein characterization,
lipase activity, and correction of hyper-
triglyceridemia after apolipoprotein C-II
administration in two affected patients. J Clin
Invest 1986;77:520–7.

25. TG and HDL Working Group of the Exome
Sequencing Project, National Heart, Lung, and
Blood Institute, Crosby J, et al. Loss-of-function
mutations in APOC3, triglycerides, and coronary
disease. N Engl J Med 2014;371:22–31.

26. Jørgensen AB, Frikke-Schmidt R,
Nordestgaard BG, Tybjærg-Hansen A. Loss-of-
function mutations in APOC3 and risk of ischemic
vascular disease. N Engl J Med 2014;371:32–41.

27. Stitziel NO, Khera AV, Wang X, et al. ANGPTL3
deficiency and protection against coronary artery
disease. J Am Coll Cardiol 2017;69:2054–63.

28. Dewey FE, Gusarova V, Dunbar RL, et al. Ge-
netic and pharmacologic inactivation of ANGPTL3
and cardiovascular disease. N Engl J Med 2017;
377:211–21.

29. Dewey FE, Gusarova V, O’Dushlaine C, et al.
Inactivating variants in ANGPTL4 and risk of cor-
onary artery disease. N Engl J Med 2016;374:
1123–33.

30. Triglyceride Coronary Disease Genetics Con-
sortium and Emerging Risk Factors Collaboration,
Sarwar N, Sandhu MS, et al. Triglyceride-mediated
pathways and coronary disease: collaborative
analysis of 101 studies. Lancet 2010;375:1634–9.

31. Pare G, Anand SS. Mendelian randomisation,
triglycerides, and CHD. Lancet 2010;375:1584–6.

32. AIM-HIGH Investigators. The role of niacin in
raising high-density lipoprotein cholesterol to
reduce cardiovascular events in patients with
atherosclerotic cardiovascular disease and opti-
mally treated low-density lipoprotein cholesterol:
baseline characteristics of study participants. The
Atherothrombosis Intervention in Metabolic syn-
drome with low HDL/high triglycerides: impact on
Global Health outcomes (AIM-HIGH) trial. Am
Heart J 2011;161:538–43.

33. HPS2-THRIVE Collaborative Group, Landray MJ,
HaynesR, etal. Effectsofextended-releaseniacinwith
laropiprant in high-risk patients. N Engl J Med 2014;
371:203–12.

34. HPS3/TIMI55-REVEAL Collaborative Group,
Bowman L, Hopewell JC, et al. Effects of anace-
trapib in patients with atherosclerotic vascular
disease. N Engl J Med 2017;377:1217–27.

35. Kearney PM, Blackwell L, Collins R, et al.
Efficacy of cholesterol-lowering therapy in 18,686
people with diabetes in 14 randomised trials of
statins: a meta-analysis. Lancet 2008;371:117–25.

36. ACCORD Study Group, Ginsberg HN, Elam MB,
et al. Effects of combination lipid therapy in type 2
diabetes mellitus. N Engl J Med 2010;362:
1563–74.

37. Miller M, Cannon CP, Murphy SA, Qin J,
Ray KK, Braunwald E. Impact of triglyceride levels
beyond low-density lipoprotein cholesterol after
acute coronary syndrome in the PROVE IT-TIMI 22
trial. J Am Coll Cardiol 2008;51:724–30.

38. Schwartz GG, Abt M, Bao W, et al. Fasting
triglycerides predict recurrent ischemic events in
patients with acute coronary syndrome treated
with statins. J Am Coll Cardiol 2015;65:2267–75.

39. Silverman MG, Ference BA, Im K, et al. Asso-
ciation between lowering LDL-C and cardiovascu-
lar risk reduction among different therapeutic
interventions: A systematic review and meta-
analysis. JAMA 2016;316:1289–97.

40. Bhatt DL, Steg PG, Brinton EA, et al. Rationale
and design of REDUCE-IT: Reduction of Cardio-
vascular Events with Icosapent Ethyl–Intervention
Trial. Clin Cardiol 2017;40:138–48.

41. Araki E, Yamashita S, Arai H, et al. Effects of
pemafibrate, a novel selective PPARa modulator,
on lipid and glucose metabolism in patients with
type 2 diabetes and hypertriglyceridemia: a ran-
domized, double-blind, placebo-controlled, Phase
3 trial. Diabetes Care 2018;41:538–46.

42. Guyton JR, Slee AE, Anderson T, et al. Rela-
tionship of lipoproteins to cardiovascular events:
the AIM-HIGH Trial (Atherothrombosis Interven-
tion in Metabolic Syndrome With Low HDL/High
Triglycerides and Impact on Global Health Out-
comes). J Am Coll Cardiol 2013;62:1580–4.

43. Superko HR, Zhao XQ, Hodis HN, Guyton JR.
Niacin and heart disease prevention: engraving its
tombstone is a mistake. J Clin Lipidol 2017;11:
1309–17.

44. Alexander DD, Miller PE, Van Elswyk ME,
Kuratko CN, Bylsma LC. A Meta-analysis of ran-
domized controlled trials and prospective cohort
studies of eicosapentaenoic and docosahexaenoic
long-chain omega-3 fatty acids and coronary heart
disease risk. Mayo Clin Proc 2017;92:15–29.

45. Siscovick DS, Barringer TA, Fretts AM, et al.
Omega-3 polyunsaturated fatty acid (fish oil)
supplementation and the prevention of clinical
cardiovascular disease. A science advisory from
the American Heart Association. Circulation 2017;
135:e867–84.

46. Jacobson TA, Glickstein SB, Rowe JD, Soni PN.
Effects of eicosapentaenoic acid and docosahexa-
enoic acid on low-density lipoprotein cholesterol
and other lipids: a review. J Clin Lipidol 2012;6:
5–18.
47. Bucher HC, Hengstler P, Schindler C, Meier G.
N-3 polyunsaturated fatty acids in coronary heart
disease: a meta-analysis of randomized controlled
trials. Am J Med 2002;112:298–304.

48. Rizos EC, Ntzani EE, Bika E, Kostapanos MS,
Elisaf MS. Association between omega-3 fatty acid
supplementation and risk of major cardiovascular
disease events: a systematic review and meta-
analysis. JAMA 2012;308:1024–33.

49. Kwak S, Myung S, Lee Y, Seo H, Korean Meta-
analysis Study Group. Efficacy of omega-3 fatty
acid supplements (eicosapentaenoic acid and do-
cosahexaenoic acid) in the secondary prevention
of cardiovascular disease: a meta-analysis of ran-
domized, double-blind, placebo-controlled trials.
Arch Intern Med 2012;172:686–94.

50. Yokoyama M, Origasa H, Matsuzaki M, et al.
Effects of eicosapentaenoic acid on major coronary
events in hypercholesterolaemic patients (JELIS):
a randomised open-label, blinded endpoint anal-
ysis. Lancet 2007;369:1090–8.

51. Saito Y, Yokoyama M, Origasa H, et al. Effects
of EPA on coronary artery disease in hypercho-
lesterolemic patients with multiple risk factors:
sub-analysis of primary prevention cases from the
Japan EPA Lipid Intervention Study (JELIS).
Atherosclerosis 2008;200:135–40.

52. Ridker PM, Lüscher TF. Anti-inflammatory
therapies for cardiovascular disease. Eur Heart J
2014;35:1782–91.

53. Bornfeldt KE. Uncomplicating the macro-
vascular complications of diabetes: the 2014
Edwin Bierman Award Lecture. Diabetes 2015;64:
2689–97.

54. Verma S, Leiter LA, Bhatt DL. CANTOS ushers
in a new calculus of inflammasome targeting for
vascular protection—and maybe more. Cell Metab
2017;26:703–5.

55. Staels B, Maes M, Zambon A. Fibrates and
future PPARa agonists in the treatment of car-
diovascular disease. Nature Clin Pract Cardiovasc
Med 2008;5:542.

56. Borow KM, Nelson JR, Mason RP. Biologic
plausibility, cellular effects, and molecular mech-
anisms of eicosapentaenoic acid (EPA) in athero-
sclerosis. Atherosclerosis 2015;242:357–66.

57. Sansbury BE, Spite M. Resolution of acute
inflammation and the role of resolvins in immu-
nity, thrombosis, and vascular biology. Circ Res
2016;119:113–30.

58. Bays HE, Ballantyne CM, Kastelein JJ,
Isaacsohn JL, Braeckman RA, Soni PN. Eicosa-
pentaenoic acid ethyl ester (AMR101) therapy in
patients with very high triglyceride levels (from
the Multi-center, plAcebo-controlled, Random-
ized, double-blINd, 12-week study with an open-
label Extension [MARINE] Trial). Am J Cardiol
2011;108:682–90.

59. Ballantyne CM, Bays HE, Kastelein JJ, et al.
Efficacy and safety of eicosapentaenoic acid ethyl
ester (AMR101) therapy in statin-treated patients
with persistent high triglycerides (from the
ANCHOR Study). Am J Cardiol 2012;110:984–92.

60. Itoh M, Suganami T, Satoh N, et al. Increased
adiponectin secretion by highly purified eicosa-
pentaenoic acid in rodent models of obesity and

http://refhub.elsevier.com/S0735-1097(18)34817-4/sref18
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref18
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref19
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref19
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref19
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref19
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref20
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref20
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref20
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref21
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref21
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref21
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref22
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref22
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref22
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref22
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref23
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref23
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref23
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref23
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref24
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref24
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref24
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref24
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref24
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref24
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref24
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref25
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref25
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref25
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref25
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref25
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref26
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref26
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref26
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref26
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref27
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref27
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref27
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref28
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref28
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref28
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref28
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref29
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref29
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref29
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref29
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref30
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref30
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref30
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref30
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref30
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref31
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref31
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref32
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref33
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref33
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref33
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref33
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref34
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref34
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref34
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref34
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref35
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref35
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref35
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref35
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref36
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref36
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref36
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref36
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref37
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref37
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref37
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref37
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref37
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref38
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref38
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref38
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref38
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref39
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref39
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref39
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref39
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref39
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref40
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref40
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref40
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref40
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref41
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref41
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref41
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref41
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref41
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref41
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref42
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref42
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref42
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref42
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref42
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref42
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref43
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref43
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref43
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref43
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref44
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref44
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref44
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref44
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref44
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref44
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref45
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref45
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref45
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref45
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref45
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref45
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref46
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref46
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref46
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref46
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref46
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref47
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref47
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref47
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref47
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref48
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref48
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref48
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref48
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref48
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref49
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref49
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref49
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref49
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref49
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref49
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref49
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref50
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref50
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref50
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref50
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref50
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref51
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref51
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref51
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref51
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref51
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref51
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref52
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref52
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref52
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref53
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref53
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref53
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref53
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref54
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref54
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref54
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref54
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref55
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref55
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref55
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref55
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref56
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref56
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref56
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref56
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref57
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref57
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref57
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref57
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref58
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref58
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref58
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref58
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref58
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref58
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref58
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref58
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref59
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref59
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref59
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref59
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref59
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref60
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref60
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref60


J A C C V O L . 7 2 , N O . 3 , 2 0 1 8 Ganda et al.
J U L Y 1 7 , 2 0 1 8 : 3 3 0 – 4 3 Promising Therapies for Hypertriglyceridemia

343
human obese subjects. Arterioscler Thromb Vasc
Biol 2007;27:1918–25.

61. Satoh-Asahara N, Shimatsu A, Sasaki Y, et al.
Highly purified eicosapentaenoic acid increases
interleukin-10 levels of peripheral blood mono-
cytes in obese patients with dyslipidemia. Diabetes
Care 2012;35:2631–9.

62. Bisgaard H, Stokholm J, Chawes BL, et al. Fish
oil-derived fatty acids in pregnancy and wheeze
and asthma in offspring. N Engl J Med 2016;375:
2530–9.

63. Ridker PM, Everett BM, Thuren T, et al. Anti-
inflammatory therapy with canakinumab for
atherosclerotic disease. N Engl J Med 2017;377:
1119–31.

64. Mason RP, Jacob RF, Shrivastava S,
Sherratt SCR, Chattopadhyay A. Eicosapentaenoic
acid reduces membrane fluidity, inhibits choles-
terol domain formation, and normalizes bilayer
width in atherosclerotic-like model membranes.
Biochim Biophys Acta 2016;1858:3131–40.

65. Innis SM. Dietary (n-3) fatty acids and brain
development. J Nutrit 2007;137:855–9.
66. Mason RP, Sherratt SC, Jacob RF.
Eicosapentaenoic acid inhibits oxidation of
apoB-containing lipoprotein particles of different
size in vitro when administered alone or in com-
bination with atorvastatin active metabolite
compared with other triglyceride-lowering agents.
J Cardiovasc Pharmacol 2016;68:33–40.

67. Aung T, Halsey J, Kromhout D, et al. Associa-
tions of omega-3 fatty acid supplement use with
cardiovascular disease risks: meta-analysis of 10
trials involving 77 917 individuals. JAMA Cardiol
2018;3:225–34.

68. Abbasi J. Another nail in the coffin for fish oil
supplements. JAMA 2018;319:1851–2.

69. Mason RP, Sherratt SCR. Omega-3 fatty
acid fish oil dietary supplements contain
saturated fats and oxidized lipids that may
interfere with their intended biological bene-
fits. Biochem Biophys Res Commun 2017;483:
425–9.

70. Maki KC, Bays HE, Dicklin MR, Johnson SL,
Shabbout M. Effects of prescription omega-3-
acid ethyl esters, coadministered with atorvas-
tatin, on circulating levels of lipoprotein
particles, apolipoprotein CIII, and lipoprotein-
associated phospholipase A2 mass in men and
women with mixed dyslipidemia. J Clin Lipidol
2011;5:483–92.

71. Kastelein JJ, Maki KC, Susekov A, et al. Omega-
3 free fatty acids for the treatment of severe
hypertriglyceridemia: the EpanoVa for Lowering
Very High Triglycerides (EVOLVE) trial. J Clin
Lipidol 2014;8:94–106.

72. Sabatine MS, Giugliano RP, Keech AC, et al.
Evolocumab and clinical outcomes in patients with
cardiovascular disease. N Engl J Med 2017;376:
1713–22.

73. Karatasakis A, Danek BA, Karacsonyi J, et al.
Effect of PCSK9 inhibitors on clinical outcomes in
patients with hypercholesterolemia: a meta-
analysis of 35 randomized controlled trials. J Am
Heart Assoc 2017;6.
KEY WORDS clinical trials, dyslipidemia
and residual risk, hypertriglyceridemia,
omega-3 fatty acids

http://refhub.elsevier.com/S0735-1097(18)34817-4/sref60
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref60
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref61
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref61
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref61
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref61
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref61
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref62
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref62
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref62
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref62
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref63
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref63
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref63
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref63
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref64
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref64
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref64
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref64
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref64
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref64
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref65
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref65
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref66
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref66
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref66
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref66
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref66
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref66
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref66
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref67
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref67
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref67
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref67
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref67
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref68
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref68
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref69
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref69
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref69
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref69
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref69
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref69
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref70
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref70
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref70
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref70
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref70
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref70
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref70
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref70
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref71
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref71
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref71
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref71
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref71
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref72
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref72
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref72
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref72
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref73
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref73
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref73
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref73
http://refhub.elsevier.com/S0735-1097(18)34817-4/sref73

	Unmet Need for Adjunctive Dyslipidemia Therapy in Hypertriglyceridemia Management
	Case Scenario
	Introduction
	Epidemiology of Dyslipidemia (High TG and Low HDL-C) and ASCVD Risk
	Genetic Linkage Between Dyslipidemia and Incident ASCVD Risk
	Randomized Controlled Trials of HDL-C Raising and TG Lowering and ASCVD Event Reduction
	Role of TG-Lowering Drugs on Cardiovascular Outcomes Beyond Optimal LDL-C Reduction
	Inflammation and Potential Relevance of Pleiotropic Effects of TG-Lowering Agents
	Potential Role of OM3FA in ASCVD Event Reduction
	Molecular Basis of Action of OM3FA
	Ongoing Clinical Trials With n-3 Fatty Acids Added to Statins
	Returning to the Case
	Conclusions
	Acknowledgment
	References


