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PREFACE

The American College of Cardiology (ACC) has a long
history of developing documents (eg, decision pathways,
health policy statements, appropriate use criteria) to
provide members with guidance on both clinical and
nonclinical topics relevant to cardiovascular care. In most
circumstances, these documents have been created to
complement clinical practice guidelines and to inform
clinicians about areas where evidence may be new and
evolving or where data may be more limited. Despite this,
numerous care gaps continue to exist, highlighting the
need for more streamlined and efficient processes to
implement best practices in service to improved patient
care.

Central to the ACC’s strategic plan is the generation of
“actionable knowledge”—a concept that places emphasis
on making clinical information easier to consume, share,
integrate, and update. To this end, the ACC has evolved
from developing isolated documents to the development
of integrated “solution sets.” Solution sets are groups of
closely related activities, policy, mobile applications,
decision support, and other tools necessary to transform
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care and/or improve heart health. Solution sets address
key questions facing care teams and attempt to provide
practical guidance to be applied at the point of care. They
use both established and emerging methods to dissemi-
nate information for cardiovascular conditions and their
related management. The success of the solution sets
rests firmly on their ability to have a measurable impact
on the delivery of care. Because solution sets reflect cur-
rent evidence and ongoing gaps in care, the associated
content will be refined over time to best match changing
evidence and member needs.

Expert Consensus Decision Pathways (ECDPs) repre-
sent a key component of solution sets. The methodology
for ECDPs is grounded in assembling a group of clinical
experts to develop content that addresses key questions
facing our members across a range of high-value clinical
topics (1). This content is used to inform the development
of various tools that accelerate real-time use of clinical
policy at the point of care. They are not intended to
provide a single correct answer; rather, they encourage
clinicians to ask questions and consider important factors
as they define a treatment plan for their patients. When-
ever appropriate, ECDPs seek to provide unified articula-
tion of clinical practice guidelines, appropriate use
criteria, and other related ACC clinical policy. In some
cases, covered topics will be addressed in subsequent
clinical practice guidelines as the evidence base evolves.
In other cases, these will serve as stand-alone policy.

Ty J. Gluckman, MD, FACC
Chair, ACC Solution Set Oversight Committee

1. INTRODUCTION

In 2018, the American Heart Association (AHA) and ACC,
in collaboration with several medical societies, released a
guideline on the management of blood cholesterol along
with a compendium on major considerations in risk
assessment (2,3). The 2018 AHA/ACC/multisociety guide-
line on the management of blood cholesterol, similar to
the 2013 ACC/AHA Guideline on the Treatment of Blood
Cholesterol to Reduce Atherosclerotic Cardiovascular Risk
in Adults (4), identifies specific groups of patients in
primary prevention who are most likely to benefit from
cholesterol lowering with statin therapy for atheroscle-
rotic cardiovascular disease (ASCVD) risk reduction (eg,
patients with low-density lipoprotein cholesterol [LDL-C]
levels $190 mg/dL and those with diabetes mellitus aged
40 to 75 years). Among other patients in the primary
prevention group, the guideline maintained the recom-
mendation to assess absolute ASCVD risk to guide
management, including institution of a heart-healthy
lifestyle and the use of statin therapy in select in-
dividuals. These guidelines also introduced the concept
of “risk enhancers” to personalize risk assessment and
then selective use of a coronary artery calcium score as a
marker of subclinical atherosclerosis. This can serve to
reclassify ASCVD risk and thus to guide risk assessment
and inform shared decision-making.

For the secondary prevention of ASCVD, the 2018 AHA/
ACC/multisociety cholesterol guideline introduced the
concept of a “very high-risk ASCVD group” (2). These
secondary ASCVD patients are at the greatest risk of
recurrent ASCVD events and, consequently, derive the
greatest absolute risk reduction from further LDL-C
lowering with the addition of nonstatin therapies (ezeti-
mibe and/or inhibitors of proprotein convertase subtili-
sin/kexin type 9 [PCSK9i]) to maximally tolerated statin
therapy.

Studies have shown that despite the use of statin
therapy, ASCVD event rates remain high in patients with
elevated triglycerides (5,6). Epidemiological and Mende-
lian randomization studies have also pointed toward a
causal role of elevated triglycerides in atherosclerosis due
to an elevation of remnant cholesterol particles (7-9).
Elevated triglycerides are associated with an increase in
remnant cholesterol, a decrease in high-density lipopro-
tein cholesterol (HDL-C), and an increase in LDL particles
with a change in morphology to small, dense particles.
Based on the available evidence at the time of publica-
tion, the 2018 AHA/ACC/multisociety cholesterol
guideline recommended the use of elevated triglycerides
as a “risk-enhancing factor” in primary ASCVD prevention
(2). The guideline recommended optimizing diet and
lifestyle as the first step, ruling out secondary causes of
hypertriglyceridemia, and considering statin therapy in
those with moderate hypertriglyceridemia and elevated
10-year ASCVD risk. In those with severe triglyceride
elevation (triglycerides $500 mg/dL and especially those
with triglyceride levels $1,000 mg/dL), primary lowering
of triglycerides was recommended as a reasonable option
to reduce the risk of pancreatitis associated with elevated
triglycerides (2).

Since the publication of the 2018 AHA/ACC/multi-
society cholesterol guideline, the results of REDUCE-IT
(Reduction of Cardiovascular Events with Icosapent
Ethyl-Interventional Trial) were published (10). REDUCE-
IT used a triglyceride risk-based approach by including
patients with ASCVD or those with diabetes mellitus plus
additional ASCVD risk factors and elevated triglycerides
(median triglycerides of 216 mg/dL [interquartile range:
175.5-274.0 mg/dL]). In this trial, the addition of high-
dose icosapent ethyl (IPE) to statin therapy led to a sig-
nificant relative and absolute reduction in the risk of
ASCVD events and cardiovascular mortality. The results
of REDUCE-IT have since been incorporated into more
recent guidelines and scientific statements (11,12). IPE has
since received U.S. Food and Drug Administration
approval for ASCVD risk reduction in specific patient
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populations (13). The results of outcomes trials with other
omega-3 fatty acid preparations have subsequently been
published, including STRENGTH (A Long-Term Outcomes
Study to Assess Statin Residual Risk Reduction with
Epanova in High Cardiovascular Risk Patients with
Hypertriglyceridemia), OMEMI (OMega-3 fatty acids in
Elderly with Myocardial Infarction), and VITAL (Vitamin
D and Omega-3 Trial), although only REDUCE-IT has
shown cardiovascular benefits (as discussed later) (14-17).
2. METHODS

Background

On June 17, 2019, the ACC’s “LDL and Beyond: Emerging
Management Strategies for Patients with Dyslipidemia”
Heart House Roundtable was convened to bring together
expert clinicians along with a broad set of stakeholders,
including representatives from patient advocacy groups,
health plans, and health systems, as well as pharmacy
benefit managers, drug manufacturers, and electronic
health record vendors, to discuss the newest de-
velopments in the management of high-risk patients with
dyslipidemia and to consider implications for care. Par-
ticipants in this ACC Heart House Roundtable identified
the need for expert consensus guidance regarding the
management of high-risk patients with persistent hyper-
triglyceridemia and the incorporation of triglyceride risk-
based nonstatin therapies as a critical gap in clinical care.

Process

The guidance that follows in this document was informed
by the scientific evidence presented and expert opinions
considered during the Heart House Roundtable and by
subsequent review and deliberation on available evidence
by the expert consensus writing committee. Although the
Heart House Roundtable provided valuable insight into
the practical issues and gaps in care, this document is a
separate and independent endeavor aimed specifically at
addressing the questions raised during the meeting. The
work of the writing committee was supported exclusively
by the ACC without commercial support. Writing
committee members volunteered their time to this effort.
Conference calls of the writing committee were confi-
dential and attended only by committee members and
society staff.

The ACC and the Solution Set Oversight Committee
recognize the importance of avoiding real or perceived
relationships with industry (RWI) or other entities that
may affect clinical policy. The ACC maintains a database
that tracks all relevant relationships for ACC members and
persons who participate in ACC activities, including those
involved in the development of ECDPs. ECDPs follow ACC
RWI policy in determining what constitutes a relevant
relationship, with additional vetting by the Solution Set
Oversight Committee.

ECDP writing groups must be chaired or co-chaired by
an individual with no relevant RWI. Although vice chairs
and writing group members may have relevant RWI, they
must constitute <50% of the writing group. Relevant
disclosures for the writing group and comprehensive
disclosures for external peer reviewers can be found in
Appendixes 1 and 2. To ensure complete transparency, a
comprehensive list of disclosure information for the
writing group, including relationships not pertinent to
this document, is available in a Supplemental Appendix.
Writing group members are discouraged from acquiring
relevant RWI throughout the writing process.

3. RATIONALE

3.1. Scope of the Document

Based on the unique aspects of lifestyle intervention in
hypertriglyceridemia and the evolving evidence of sig-
nificant benefit in cardiovascular risk reduction with a
triglyceride risk-based approach, the ACC determined
that consensus recommendations for both lifestyle inter-
vention and pharmacological management of high-risk
patients with persistent hypertriglyceridemia were
needed.

Therefore, the ACC convened this ECDP writing
committee to address current gaps in care for high-risk
patients with mild to moderate (fasting triglycerides
$150 mg/dL or nonfasting triglycerides $175 mg/dL
and <500 mg/dL) and severe hypertriglyceridemia
(fasting triglycerides $500 mg/dL and especially tri-
glycerides $1,000 mg/dL). This effort relies extensively
on the evidence base established by the 2018 AHA/ACC/
multisociety cholesterol guideline (2), but also includes
expert guidance based on randomized controlled trial
evidence published since the release of the guideline.
Consensus recommendations are provided for clinicians
and patients regarding unique aspects of lifestyle
interventions for management of hypertriglyceridemia
and the use of statins and triglyceride risk-based non-
statin therapies for ASCVD risk reduction in the following
patient groups with persistent hypertriglyceridemia: 1)
patients with established ASCVD; 2) patients with dia-
betes mellitus and additional risk factor(s); 3) high-risk
primary prevention patients; and 4) patients with severe
hypertriglyceridemia. It should be noted that this process
did not involve formal systematic reviews, grading of
evidence, or synthesis of evidence.

3.2. Triglyceride Risk-Based Therapies: Emerging Randomized
Controlled Trial Evidence

At the time of publication of the 2018 AHA/ACC/multi-
society cholesterol guideline, long-term cardiovascular
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outcomes trials were ongoing for triglyceride risk-based
strategies including IPE (10), eicosapentaenoic acid
(EPA) plus docosahexaenoic acid (DHA) (14,15), and
selective peroxisome proliferator-activated receptor
alpha agonists (18).

Omega-3 Fatty Acids

Prescription grade omega-3 fatty acids, including mix-
tures of EPA and DHA (as omega-3 ethyl esters and as
carboxylic acids) and purified EPA (as IPE) at 4 grams per
day, have been shown to lower very high triglyceride
levels. However, it is important to note that baseline
triglyceride levels were not an inclusion criterion for
some large randomized controlled trials of omega-3 fatty
acids for cardiovascular risk reduction.

Low doses of a mixture of EPA and DHA showed benefit
in the GISSI-Prevenzione study in patients with a recent
myocardial infarction (MI), but only a low percentage of
patients were on background statin therapy (19). Multiple
large studies conducted since then to examine the bene-
fits of low-dose mixtures of EPA and DHA with more
contemporary background therapy, including statin
therapy, have failed to show any significant reduction in
cardiovascular endpoints. These studies include 3 large
randomized controlled trials: ASCEND (A Study of Car-
diovascular Events in Diabetes); VITAL; and the OMEMI
trial (15,16,20,21). In the ASCEND trial, 15,480 primary
prevention patients with diabetes mellitus were ran-
domized to 1-g capsules containing either 840 mg of
marine n-3 fatty acids (460 mg of EPA and 380 mg of DHA)
or matching placebo (olive oil) daily (21). The primary
outcome was first occurrence of a vascular event (ie,
nonfatal MI or stroke, transient ischemic attack, or
vascular death, excluding confirmed intracranial hemor-
rhage). During a mean follow-up of 7.4 years, there was no
significant difference in the risk of serious vascular events
between those who were assigned to receive n-3 fatty acid
supplementation compared with placebo. In the VITAL
trial, 25,871 primary prevention participants were
randomly assigned to either active fish oil (1,000-mg
capsule containing 840 mg EPA þ DHA) or matching pla-
cebo (olive oil) (16). During a median follow-up of 5.3
years, there was no significant difference in the 2 primary
endpoints of major cardiovascular events (a composite of
MI, stroke, or death from cardiovascular causes) or inva-
sive cancer of any type. The OMEMI trial was a multi-
center, randomized clinical trial that added 1.8 g omega-3
fatty acids (930 mg EPA and 660 mg DHA) versus corn oil
placebo to standard of care in 1,027 individuals aged 70 to
82 years with recent (2 to 8 weeks) acute MI. The primary
endpoint, which was a composite of nonfatal acute MI,
unscheduled revascularization, stroke, all-cause death,
and heart failure hospitalization, occurred in 108 (21.4%)
patients on n-3 polyunsaturated fatty acids (PUFAs)
versus 102 (20.0%) on placebo (hazard ratio [HR]: 1.08;
95% confidence interval [CI]: 0.82-1.41; P ¼ 0.60). The
secondary endpoint of atrial fibrillation (AF) occurred in
28 (7.2%) patients on n-3 PUFAs versus 15 (4.0%) on pla-
cebo (HR: 1.84; 95% CI: 0.98-3.45; P ¼ 0.06) (15). As noted
previously, baseline triglyceride levels were not an
inclusion criterion in the GISSI-Prevenzione, ASCEND,
VITAL, or OMEMI trials.

There have been 2 outcome trials with EPA alone. JELIS
(Japan EPA Lipid Intervention Study) was an open-label,
blinded endpoint trial in 18,645 Japanese participants
with hypercholesterolemia (baseline total cholesterol
approximately 250 mg/dL) that compared EPA (as an ethyl
ester preparation) at 1.8 g daily plus a low-intensity statin
versus a low-intensity statin alone, with a mean follow-up
of 4.6 years. The primary endpoint of major coronary
events was reduced by 19% in the EPA group compared
with those in the control group, with a modest 9%
reduction in triglycerides with EPA compared with pla-
cebo. There was no difference in LDL-C levels (22). JELIS
was conducted in a country that has a fairly homogenous
population and a high average fish consumption of at
least 1 serving of 85 g (3 oz; 900 mg EPA and DHA) per
week (21). The trial had a prospective randomized, open-
label, blinded endpoint design with no placebo, and
there were concerns about it not being a more rigorous
double-blind placebo-controlled trial. This low dose of
EPA was tested in comparison to usual care in patients
who were, for the most part, on low-intensity statin
therapy and who had fairly high baseline levels of EPA (95
to 97 mg/L). The greatest benefit appeared to be in the
subgroup of patients with triglycerides $150 mg/dL and
low levels of HDL-C (23).

REDUCE-IT was designed to confirm the results of
JELIS and to address its limitations (24). REDUCE-IT was a
multinational study with a randomized, placebo-
controlled design that enrolled 8,179 patients (70.7%
secondary prevention patients aged $45 years and 29.3%
high-risk primary prevention patients aged $50 years
with diabetes mellitus and $1 other risk factor), with
LDL-C 41 to 100 mg/dL and triglycerides 135 to 499 mg/dL.
Participants were on baseline statin therapy, with most
patients (93%) having received moderate- or high-
intensity statins (10,17). The median (IQR) levels of tri-
glycerides in the IPE and the placebo group were 216.5
(176.5-272) and 216 (175.5-274) mg/dL, respectively. Pa-
tients were randomized to 4 g of EPA (in the form of IPE)
daily versus mineral oil placebo. Baseline levels of EPA
were low at 26 mg/mL. The primary composite endpoint of
cardiovascular death, nonfatal MI (including silent MI),
nonfatal stroke, coronary revascularization, or unstable
angina was reduced by 25% (HR: 0.75; 95% CI: 0.68-0.93)
over a median follow-up of 4.9 years, with a number
needed to treat of 21. The key secondary efficacy endpoint
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(a composite of cardiovascular death, nonfatal MI, or
nonfatal stroke) was also met (HR: 0.74; 95% CI: 0.65-
0.83), as were all of the individual endpoints including a
reduction in cardiovascular mortality. Death from any
cause was not reduced. The risk of AF was significantly
higher in the IPE group (215 events) than in the placebo
group (159 events) (absolute rates 5.3% vs 3.9%; P ¼
0.003). Bleeding-related serious adverse events occurred
more frequently in patients receiving IPE compared with
control patients (2.7% vs 2.1%; P ¼ 0.06), although no fatal
bleeding events were noted in either group.

In regard to lipid effects, triglycerides were reduced
from a median level of 216 mg/dL by a median of 19.7%
compared with placebo at 1 year. Furthermore, median
reductions in LDL-C of 5.0 mg/dL (6.6%) and in non–
HDL-C of 15.5 mg/dL (13.1%) were mostly driven by
observed increases in LDL-C and non–HDL-C in the pla-
cebo group. Potential anti-inflammatory effects included
a reduction in log-transformed high-sensitivity C-reactive
protein (hs-CRP) from 0.8 to 0.6 mg/L in the IPE group
versus an increase from 0.8 to 1.0 mg/L in the placebo
group. The largest observed change was the increase in
EPA levels from 26 to 144 mg/mL in the IPE group versus
the decrease from 26 to 23 mg/mL in the placebo group.
The mechanism of benefit did not appear to be simply
related to changes in triglycerides as neither baseline nor
on-treatment triglyceride levels were significantly asso-
ciated with benefit, whereas the EPA level on treatment
was associated with event reduction (24,25).

The EVAPORATE (Effect of Vascepa on Improving
Coronary Atherosclerosis in People with High
Triglycerides Taking Statin Therapy) study (n ¼ 80 ran-
domized; n ¼ 68 with final follow-up) examined the ef-
fects of IPE versus mineral oil placebo on the progression
of coronary atherosclerosis as measured by serial multi-
detector computed tomography over an 18-month treat-
ment period (26). The IPE group showed significant
differences in the primary endpoint of low-attenuation
plaque as well as reductions in fibrous and fibrofatty
plaque volumes without any significant differences in
lipid levels between groups. The methodology (computed
tomography) used in this study and the endpoints
examined are different than in previous trials with statins
that used quantitative coronary angiography or intravas-
cular ultrasound, which makes comparison of these
results to prior statin trials problematic.

The STRENGTH trial was a randomized, double-blind,
placebo-controlled trial that enrolled 13,078 patients
with established cardiovascular disease, diabetes melli-
tus, aged $40 years for men and $50 years for women
with $1 other risk factor, or in a high-risk, primary
prevention group, aged $50 years for men and $60 years
for women with $1 additional risk factor. For inclusion,
triglycerides had to be $180 mg/dL and HDL-C levels had
to be <42 mg/dL for men and <47 mg/dL for women (14).
Patients were randomized to 4 g of omega-3 carboxylic
acids (a mixture of 550 mg EPA and 200 mg DHA per
capsule) versus 4 g of placebo capsules with corn oil. The
trial was halted for futility when 1,384 patients had
reached a primary endpoint based on an interim analysis.
The primary endpoint of cardiovascular death, MI, stroke,
coronary revascularization, or unstable angina requiring
hospital admission occurred in 785 (12.0%) patients
treated with omega-3 carboxylic acid versus 795 (12.2%)
patients treated with placebo (HR: 0.99; 95% CI: 0.90-
1.09; P ¼ 0.84). There were no significant differences
between treatment groups for any of the individual
primary endpoints (27). In addition, there were no sig-
nificant differences in secondary endpoints. In regard to
lipids, the omega-3 carboxylic acid preparation reduced
triglycerides from a median level of 239 mg/dL by 19% (vs
0.9% reduction in the placebo group) and non–HDL-C by
6.1% (vs 1.1% reduction in the placebo group). Median
baseline hs-CRP levels were 2.1 mg/L and significantly
decreased with omega-3 carboxylic acid treatment
(�20.0%; absolute value 1.7 mg/dL; 0.8-3.6) compared
with corn oil (�6.3%; absolute value 1.8 mg/dL; 0.9-4.0;
P < 0.001). Treatment with omega-3 carboxylic acids led
to an increase in levels of EPA from 21 to 90 mg/mL and
DHA from 62 to 91 mg/mL, with no increase in the placebo
group, but no association was observed between blood
levels of either EPA or DHA and event rates. In regard to
adverse effects, new-onset AF increased in the omega-3
carboxylic acid group compared with placebo (2.2% vs
1.3%; HR: 1.69; 95% CI: 1.29-2.21; nominal P < 0.001).
Gastrointestinal side effects occurred among 24.7% of the
omega-3 carboxylic acid group versus 14.7% of the pla-
cebo group, with diarrhea the most common adverse
effect.

Potential considerations in explaining the differences
in outcomes between REDUCE-IT and STRENGTH include
the 2 different therapies studied (the ethyl ester formu-
lation of EPA vs the carboxylic acid formulation of the
EPA/DHA mixture), lower blood levels of EPA achieved in
STRENGTH, different biological effects of a mixture of
EPA/DHA as compared with EPA alone (28,29), a higher
percent of patients with established cardiovascular dis-
ease in REDUCE-IT (71% vs 56% in STRENGTH), longer
median follow-up in REDUCE-IT (4.9 years vs 3.5 years in
STRENGTH), and differences in the placebo comparators
of the 2 trials (mineral oil vs corn oil placebos) (30). One
of the greatest areas of controversy is the suggestion that
the observed reduction in cardiovascular risk in REDUCE-
IT was not only due to positive effects of IPE, but also due
to negative effects from the mineral oil placebo based on
elevations in LDL-C and an inflammatory marker (hs-CRP)
in the placebo arm. Hs-CRP increased from a median of
2.1 to 2.8 mg/L in the mineral oil group compared with a
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median decrease of 2.2 to 1.8 mg/L in the treatment
group, an effect that was not seen with corn oil in
STRENGTH (31). Similarly, LDL-C levels increased by
10.2% in the mineral oil placebo arm of REDUCE-IT versus
a 3.1% increase in the IPE group leading to a difference of
6.6% between groups (5 mg/dL lower increase in LDL-C in
the IPE group). In post hoc analyses, the beneficial effect
of IPE in REDUCE-IT was not related to whether patients
in the placebo arm had an increase, a decrease, or no
change in LDL-C. A recent review found no consistent
pattern of changes in lipid levels and inflammatory
markers in patients given mineral oil, and statistically
significant changes were generally small and not of clear
clinical significance (32). Although some of the observed
benefits seen in REDUCE-IT could be attributed to the
increase in LDL-C and hs-CRP associated with the mineral
oil placebo, it is unlikely to explain the large relative risk
(25%) and absolute risk reduction (4.8%) seen in
REDUCE-IT. Further investigation is needed to clarify the
role of mineral oil as a placebo, its potential inflammatory
effects, and implications for interpretation of results of
clinical trials. However, increased AF has been seen
consistently in the active treatment groups of all recent
trials of omega-3 therapies (REDUCE-IT, STRENGTH,
OMEMI), which should be taken into consideration when
assessing the risks and benefits of these therapies.

A summary of the contemporary trials evaluating
omega-3 therapies is available in the Supplemental
Appendix.

Fibric Acid Derivatives

Fibrates have shown benefit as monotherapy but not
when added to statin therapy, as recently reviewed (28).
The VA-HIT (Veterans Affairs Cooperative Studies Pro-
gram High-Density Lipoprotein Cholesterol Intervention
Trial) was conducted before widespread use of statins
(33). This study included 2,531 men with established cor-
onary heart disease who were followed for a median of 5.1
years. Treatment with gemfibrozil versus placebo reduced
the primary endpoint of death or nonfatal MI by 32% (P ¼
0.004), mortality by 41% (P ¼ 0.02), and stroke by 40%
(P ¼ 0.046). Individuals with baseline diabetes had
greater benefit, but this subgroup was small. Cardiovas-
cular benefits in this trial were not attributable to changes
in HDL-C or triglyceride levels.

In the ACCORD (The Action to Control Cardiovascular
Risk in Diabetes)-Lipid trial, 5,518 patients with type 2
diabetes mellitus who were being treated with open-label
simvastatin were randomized to receive either fenofibrate
or placebo. The median baseline triglyceride level was 162
mg/dL. The addition of fenofibrate to 40 mg simvastatin
yielded no significant benefit in the primary outcome of
nonfatal MI, nonfatal stroke, or death from cardiovascular
causes. There was a signal for interaction according to the
lipid subgroup, with a possible benefit for patients with
both a high baseline triglyceride level and a low baseline
level HDL-C (P ¼ 0.057 for interaction).

The FIELD (Fenofibrate Intervention and Event
Lowering in Diabetes) study randomized 9,795 partici-
pants with type 2 diabetes mellitus and not taking statin
therapy at study entry to 200 mg micronized fenofibrate
daily or matching placebo (34). Over the 5-year follow-up,
5.9% of patients on placebo and 5.2% of those on fenofi-
brate had a coronary event (relative reduction of 11%; HR:
0.89; 95% CI: 0.75-1.05; P ¼ 0.16). There was a significant
24% reduction in nonfatal MI (HR: 0.76; 95% CI: 0.62-
0.94; P ¼ 0.010) and a nonsignificant increase in coronary
heart disease mortality (HR: 1.19; 95% CI: 0.90-1.57; P ¼
0.22). Fenofibrate was associated with less albuminuria
progression (P ¼ 0.002) and less retinopathy needing
laser treatment (5.2% vs 3.6%; P ¼ 0.0003), which has
prompted some use of this drug for prevention of
microvascular complications in patients with type 2 dia-
betes and elevated triglycerides and/or low HDL-C. The
greater use of nonstudy lipid-lowering therapy, statins in
particular, in patients randomized to placebo resulted in
an attenuation of differences in plasma lipid
concentrations.

In the ongoing PROMINENT trial (Pemafibrate to
Reduce Cardiovascular Outcomes by Reducing Tri-
glycerides in Patients with Diabetes) (NCT03071692),
10,391 high-risk patients with elevated triglycerides
($200 and <500 mg/dL), HDL-C #40 mg/dL, and type 2
diabetes mellitus, with or without cardiovascular disease,
and also receiving cardiovascular risk factor management
including high-intensity statins were randomized to
receive the selective peroxisome proliferator-activated
receptor alpha modulator K-877 (pemafibrate) 0.2 mg
twice daily or placebo (18). The primary endpoint is first
occurrence of nonfatal MI, nonfatal ischemic stroke,
hospitalization for unstable angina requiring unplanned
coronary revascularization, or cardiovascular death. With
an estimated average follow-up of 4 years, the study is
expected to be completed in May 2022.

3.3. Summary of Rationale

Based on the evolving evidence, the goal of this ECDP is to
provide practical guidance for clinicians and patients in
situations not covered by the 2018 AHA/ACC/multisociety
cholesterol guideline until such time as the next guideline
writing group has the opportunity to formally review
recent scientific evidence and cardiovascular outcomes
trials on evolving triglyceride risk-based agents for
ASCVD risk reduction. Specifically, this panel was
convened by the ACC to answer the following questions
regarding the use of statins and triglyceride risk-based
nonstatin therapies in patients with persistent
hypertriglyceridemia:

https://clinicaltrials.gov/ct2/show/NCT03071692


TABLE 1
Secondary Causes of Hypertriglyceridemia
(2,41-43)

Categories
Conditions and Medications Contributing to

Hypertriglyceridemia

Diseases n Poorly controlled diabetes mellitus
n Chronic kidney disease, nephrotic syndrome
n Familial partial lipodystrophy
n Uncontrolled hypothyroidism
n Cushing syndrome
n Glycogen storage disease, acute hepatitis
n Rheumatoid arthritis
n Psoriasis
n Systemic lupus erythematosus
n Multiple myeloma
n Sepsis (repeat measurement is recommended if lipids
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1. What is the definition of persistent hyper-
triglyceridemia?

2. What is the role of lifestyle intervention before the
consideration of triglyceride risk-based nonstatin
therapies?

3. What is the role of statin therapy in patients with
persistent hypertriglyceridemia?

4. In what patient populations should triglyceride risk-
based nonstatin therapies be considered?

5. If triglyceride risk-based nonstatin therapies are to be
added, which therapies or agents should be considered
and in what order?
were measured during an episode of sepsis)

Diet/lifestyle n History of alcohol abuse or alcohol excess
n Diets high in saturated fat, sugar, or high-glycemic-

index foods
n Sedentary lifestyle
n Total parenteral nutrition with lipid emulsions

Drugs*
(Medications)

Anesthesia:
n Propofol
Cardiology:
n Beta adrenergic blocking agents
n Thiazide and loop diuretic agents
n Bile acid sequestrants (cholestyramine, colestipol,

colesevelam)
Endocrine:
n Glucocorticosteroids
n Anabolic steroids
n Oral estrogens

n Raloxifene
n Clomiphene citrate
n Estradiol
n Ethinyl estradiol
n Conjugated estrogens
n Tamoxifen

Dermatology:
n Isotretinoin
Infectious Disease
n HIV protease inhibitors
Oncology:
n Tamoxifen
n L-asparaginase
n Bexarotene
n Cyclophosphamide
Psychiatry:
n Atypical antipsychotic agents (eg, olanzapine, mirta-

zapine, clozapine)
Immunosuppressive agents:
n Tacrolimus
n Sirolimus
n Cyclosporine
n Interferons

Disorders of
metabolism

n Overweight and obesity
n Metabolic syndrome/insulin resistance
n Weight gain after weight loss
n Pregnancy (especially third trimester when triglyceride

elevation associated with pregnancy is peaking)

*Caveats: Triglyceride-raising medications require careful monitoring; minimizing other
conditions that raise triglycerides; and, when clinically appropriate, using alternatives.
4. ASSUMPTIONS AND DEFINITIONS

To limit inconsistencies in interpretation and to develop
guidance that is complementary to current evidence-
based guidelines for the management of dyslipidemia
for ASCVD risk reduction, specific definitions and as-
sumptions were considered by the writing committee in
the development of consensus recommendations.

1. Definition of Persistent Hypertriglyceridemia: Persistent
hypertriglyceridemia is defined as fasting triglycerides
$150 mg/dL following a minimum of 4 to 12 weeks (2)
of lifestyle intervention (see the following text), a
stable dose of maximally tolerated statin therapy when
indicated, as well as evaluation and management of
secondary causes of hypertriglyceridemia (see Table 1).
Before initiation of triglyceride risk-based nonstatin
therapies, a fasting lipid panel should be obtained. It is
recommended that clinical decision-making be based
on the results of at least 2 measurements of fasting
lipids, preferably at least 2 weeks apart.

2. Fasting Versus Nonfasting Lipid Measurement: The
increased risk for clinical ASCVD in patients with
hypertriglyceridemia is mediated, at least in part, by
cholesterol carried by triglyceride-rich lipoprotein
remnant particles and by LDL particles. In most pa-
tients, the postprandial rise in triglycerides is small,
between 12 and 27 mg/dL (35-37). The 2018 AHA/ACC/
multisociety cholesterol guideline recommends that
for adults aged $20 years not taking lipid-lowering
drug therapy, either a fasting or nonfasting lipid pro-
file may be used to estimate ASCVD risk and document
baseline LDL-C (2). For those with nonfasting
triglycerides $400 mg/dL, a repeat fasting lipid profile
is recommended to assess fasting triglycerides and
baseline LDL-C. The use of the Martin-Hopkins method
provides a more accurate assessment of LDL-C in in-
dividuals with hypertriglyceridemia (38,39). A new
method for calculating LDL-C proposed by in-
vestigators at the National Heart, Lung, and Blood
Institute may also be more precise in hyper-
triglyceridemia, but additional validation is needed
(40). In patients with triglyceride levels $500 mg/dL,
the priority is lowering triglycerides to reduce the risk
of pancreatitis, and precise measurement of LDL-C is
improved with successful triglyceride reduction.
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Fasting lipid testing is favored under the following
circumstances:

a) To establish the diagnosis of the metabolic syn-
drome, as one of the diagnostic criteria is fasting
triglycerides $150 mg/dL;

b) To identify lipid disorders in those without clinical
ASCVD, but with a family history of premature
ASCVD or genetic lipid disorders;

c) To assess adherence to lifestyle and medical therapy
in those patients being treated with lipid-lowering
medication for ASCVD risk reduction; and

d) To identify those with triglycerides $500 mg/dL,
individuals at risk for hypertriglyceridemia-induced
pancreatitis, and to monitor their response to
therapy.

3. Secondary Causes of Hypertriglyceridemia: It is crucial
that clinicians investigate and treat secondary causes
of hypertriglyceridemia (2,41). Table 1 describes major
causes for elevation of triglycerides that clinicians can
use to rule out secondary causes of hyper-
triglyceridemia. These include diseases known to
cause moderate or severe elevations in triglyceride
levels, causes related to diet and lifestyle, drugs
causing moderate or severe hypertriglyceridemia, and
disorders of metabolism. These factors can either
cause or contribute to triglyceride elevations in pa-
tients. Poor glycemic control may significantly influ-
ence plasma lipid levels in patients with diabetes
mellitus and significantly exacerbate hyper-
triglyceridemia. Lastly, genetic predisposition to
hypertriglyceridemia increases the likelihood and
severity of elevated triglycerides in each category.
Multifactorial chylomicronemia syndrome is the most
common of the 3 conditions that elevate triglycerides
levels high enough to provoke the characteristic clin-
ical features of excess chylomicronemia, which
include lipemia retinalis, eruptive xanthomas,
abdominal pain, and hyperlipidemic pancreatitis (42).
Indeed, multifactorial chylomicronemia syndrome has
been shown to be 40- to 60-fold more prevalent than 2
other monogenic conditions: autosomal recessive fa-
milial chylomicronemia syndrome and familial partial
lipodystrophy, that predispose people to severe
elevation of triglycerides (43). As pancreatitis associ-
ated with hypertriglyceridemia can be fatal, it is
important that clinicians understand the drugs and
conditions which, coupled with an underlying genetic
predisposition that is present in most cases, make this
disease more likely.

4. Lifestyle Intervention: In agreement with the 2018
AHA/ACC/multisociety cholesterol guideline and the
2019 ACC/AHA guideline for the primary prevention of
cardiovascular disease, for all patient groups, the
current consensus document emphasizes that lifestyle
modification (ie, adherence to a heart-healthy diet,
regular physical activity, avoidance of tobacco prod-
ucts, limited alcohol consumption, and maintenance
of a healthy weight) remains a critical component of
ASCVD risk reduction, both before and in concert with
the use of lipid-lowering medications (2,44). It is
recognized that there are unique considerations in
lifestyle intervention for high-risk patients with
moderate versus severe hypertriglyceridemia. In
addition, hypertriglyceridemia is especially responsive
to intensive lifestyle interventions and control of
secondary causes of hypertriglyceridemia. Thus, life-
style intervention remains the foundation of manage-
ment of patients with hypertriglyceridemia. Based on
this guiding principle, the writing committee deter-
mined that updated, comprehensive guidance for
lifestyle interventions and therapies in persistent
hypertriglyceridemia would benefit clinicians and
patients.

Referral to a registered dietitian nutritionist is strongly
recommended to improve understanding of heart-healthy
dietary principles and individualize nutrition recom-
mendations for patients with hypertriglyceridemia. Given
that metabolic risk factors such as hypertriglyceridemia
cluster with other metabolic risk factors (abdominal
obesity, hypertension, hyperglycemia), adherence to a
recommended dietary intervention can markedly benefit
the entire metabolic risk profile over the life course.
Adherence to lifestyle modification should be regularly
assessed at the time of initiation or modification of statin
therapy and at each patient visit during monitoring of
ongoing therapy. As this document specifically addresses
considerations for the incorporation of triglyceride risk-
based nonstatin therapies in selected high-risk patient
populations, it is critical that the clinicians assess and
reinforce adherence, as well as provide assistance, if
needed, for intensive lifestyle changes before initiation of
these additional agents.

5. Role of Statin Therapy in Patients With Hyper-
triglyceridemia: Although commonly recognized for
their impact on LDL-C, statins also provide a 10% to
30% dose-dependent reduction in triglycerides in pa-
tients with elevated triglyceride levels (45). Trial data
have demonstrated that patients with elevated tri-
glyceride levels are at increased risk of ASCVD events
and can achieve ASCVD risk reduction with statin
therapy. An analysis of the 4S (Scandinavian Simva-
statin Survival Study) trial stratified 1,003 patients by
quartile of triglyceride and HDL-C levels (46). The
ASCVD event rate was highest in the patients with high
triglycerides and low HDL-C, and this group had a
greater treatment effect with simvastatin than the
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group with isolated elevated LDL-C levels. In the
PROVE IT-TIMI 22 (Pravastatin or Atorvastatin Evalu-
ation and Infection Therapy-Thrombolysis In Myocar-
dial Infarction 22) trial, LDL-C <70 mg/dL was
associated with greater coronary heart disease event
reduction compared with LDL-C <100 mg/dL after
acute coronary syndrome (5). An on-treatment triglyc-
eride level <150 mg/dL was independently associated
with a lower risk of recurrent coronary heart disease
events compared with a triglyceride level $150 mg/dL
in univariate analysis (HR: 0.73; 95% CI: 0.62-0.87; P <

0.001) and in adjusted analysis (HR: 0.80; 95% CI: 0.66-
0.97; P ¼ 0.025).

In primary prevention patients without diabetes mel-
litus or LDL-C $190 mg/dL with an estimated 10-year
ASCVD risk $7.5% to <20%, the 2018 AHA/ACC/multi-
society cholesterol guideline notes that the presence of
persistent hypertriglyceridemia supports a decision to
initiate moderate-intensity statin therapy (Class IIa
recommendation) (2). For individuals with a 10-year
ASCVD risk 5% to <7.5% and persistent hyper-
triglyceridemia, patient-clinician discussion is recom-
mended regarding the initiation of moderate-intensity
statin therapy (Class IIb recommendation).

6. Patient Management Groups: The expert consensus
writing committee began its deliberations by endorsing
the construct of the patient management groups, the
role of lifestyle intervention, and the role of statins and
LDL-C–lowering nonstatin therapies identified by the
2018 AHA/ACC/multisociety cholesterol guideline (2).
The committee then considered the potential for net
ASCVD risk-reduction benefit of the addition of tri-
glyceride risk-based nonstatin therapies in each of the
following patient management groups:
a) Secondary prevention patients with clinical ASCVD

and fasting triglycerides $150 mg/dL, or nonfasting
triglycerides $175 mg/dL and triglycerides <500
mg/dL.

b) Adults aged $40 years with diabetes mellitus, no
ASCVD, fasting triglycerides $150 mg/dL, or non-
fasting triglycerides $175 mg/dL and triglycerides
<500 mg/dL.

c) Adults aged $20 years with no ASCVD or diabetes
mellitus and fasting triglycerides $150 mg/dl or
nonfasting triglycerides $175 mg/dL and tri-
glycerides <500 mg/dL.

d) Adults aged $20 years with severe hyper-
triglyceridemia, triglycerides $500 mg/dL, and
especially with triglycerides $1,000 mg/dL.

Based on randomized controlled trial evidence pub-
lished since the release of the 2018 AHA/ACC/multisociety
cholesterol guideline, the algorithms in this ECDP provide
expert consensus guidance on triglyceride risk-based ap-
proaches in these patient management groups. Patients
with persistent hypertriglyceridemia who are not in one
of the patient management groups and who may be at
increased risk for ASCVD should receive individualized
care based on shared decision-making.

7. Persistent Hypertriglyceridemia as a Risk-Enhancing
Factor in Primary Prevention: According to the 2018
AHA/ACC/multisociety cholesterol guideline, the 10-
year ASCVD risk derived using the Pooled Cohort
Equations (PCE) is a useful tool to predict population
risk. However, clinicians should be aware that it has
limitations when applied to individuals. The PCE may
overestimate risk in individuals from higher socio-
economic status, as well as in those receiving consis-
tent screening and preventive care (3). One purpose of
the clinician-patient risk discussion is to individualize
risk status based on the PCE estimate as well as other
risk-enhancing factors that may inform risk assess-
ment. These risk-enhancing factors may suggest a
higher risk state and may carry greater lifetime risk
than is denoted by the 10-year risk estimate with the
PCE. Persistently elevated triglycerides (nonfasting
triglycerides $175 mg/dL) is one of the risk-enhancing
factors identified by the 2018 AHA/ACC/multisociety
cholesterol guideline.

8. The algorithms in this ECDP assume that the patient is
currently taking or has attempted to take guideline-
directed LDL-C–lowering therapies including statin
and nonstatin agents.

9. The consensus recommendations were developed
based on the principle of net ASCVD risk reduction
benefit, meaning that the potential benefits of a tri-
glyceride risk-based nonstatin therapy outweighs any
potential for harm. Other considerations include the
extent of available scientific evidence for safety and
tolerability, the potential for drug-drug interactions,
and patient preferences. Each of the following
algorithms developed by expert consensus for
high-risk patients with moderate or severe hyper-
triglyceridemia provides a suggested clinical workflow
for lifestyle intervention, evaluation of secondary
causes of hypertriglyceridemia, use of statin therapy,
addition of triglyceride risk-based nonstatin therapies,
and monitoring of response to therapy. The associated
text with each algorithm includes important context
and additional considerations and should be carefully
read by users.

10. Role of Omega-3 Fatty Acids in Patients With
Hypertriglyceridemia: Nonprescription fish oil prod-
ucts are classified as dietary supplements and are



TABLE 2
Comparison of Nonprescription Fish Oil
Preparations and Prescription Omega-3 Fatty
Acid Medications

Nonprescription Fish Oil
Preparation

Prescription
Omega-3
Products

FDA classification Dietary supplement Prescription drug

FDA-approved indication to
treat elevated
triglycerides

— U

Efficacy verified — U

Consistent content Varies U

Consistent purity May contain saturated fat,
oxidized fatty acids,

contaminants,
and/or additional calories

U

Tolerability Burping, fishy taste, dyspepsia Generally well
tolerated

FDA ¼ Food and Drug Administration.
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not interchangeable with prescription omega-3
products (see Table 2). Unlike the prescription
omega-3 fatty acid products, the supplements are
not approved by the U.S. Food & Drug Administra-
tion (FDA) to treat elevated triglyceride levels (47).
In addition, the manufacturing process for supple-
ments is not regulated to the same degree as the
manufacturing process for prescription medications
(48). The content and quality of the supplements
vary (49). Some supplements may contain impu-
rities, including saturated fat and oxidized lipids,
contaminants, or other ingredients that may be
harmful. With some supplements, large quantities of
the capsules may be required to get the same
amount of the active ingredient as in the
prescription-strength fish oil (50). With the larger
pill burden, the supplements can contribute to an
increased daily caloric intake. In addition, fish oil
supplements may not be as well tolerated as the
prescription omega-3 products. It is common for
patients to complain of gastrointestinal side effects
(eg, burping, fishy taste in mouth, dyspepsia) while
taking the supplements. Nonprescription fish oil
products have not been demonstrated to have car-
diovascular outcomes benefits and are not recom-
mended for ASCVD risk reduction.

The most frequent adverse effects of prescription
omega-3 fatty acid preparations include eructation,
dyspepsia, taste perversion for ethyl ester preparations
and musculoskeletal pain, peripheral edema, con-
stipation, gout, and AF for IPE (51,52).
Multiple randomized controlled trials of prescription
ethyl ester and carboxylic acid preparations of DHA and
EPA mixtures and pure EPA as IPE at higher doses (1.8 to
4 g daily) have demonstrated an increase in the risk of AF
with therapy (14,15,24). In REDUCE-IT, a larger percent-
age of patients in the IPE group than in the placebo group
were hospitalized for AF or atrial flutter (3.1% vs 2.1%;
P ¼ 0.004) (24). In OMEMI, AF occurred in 28 participants
(7.2%) in the n-3 PUFA group and in 15 participants (4.0%)
in the placebo group (HR: 1.84; 95% CI: 0.98-3.44;
P ¼ 0.056; with event rates of 4.0 (95% CI: 2.7-5.7) and 2.2
(95% CI: 1.3-3.6) per 100 patient-years, respectively (15).
An increased rate of investigator-reported new-onset AF
was also observed in the STRENGTH trial among in-
dividuals in the omega-3 carboxylic acid–treated group
compared with corn oil (2.2% vs 1.3%; HR: 1.69; 95% CI:
1.29-2.21; nominal P < 0.001) (14). Based on the consis-
tency of these findings, it is important that clinicians
evaluate the potential net benefit of prescription omega-3
fatty acids in patients at high risk of AF.

At the time of this publication, the only triglyceride
risk-based nonstatin therapy approved for reduction in
ASCVD risk by the U.S. Food & Drug Administration is IPE
(13). The treatment is an ethyl ester of EPA and is
indicated:

a) As an adjunct to maximally tolerated statin therapy to
reduce the risk of MI, stroke, coronary revasculariza-
tion, and unstable angina requiring hospitalization in
adult patients with elevated triglyceride levels ($150
mg/dL) and:

n established cardiovascular disease or
n diabetes mellitus and $2 additional risk factors for

cardiovascular disease; or
b) As an adjunct to diet to reduce triglyceride levels in

adult patients with severe ($500 mg/dL)
hypertriglyceridemia.

The prescription omega-3 carboxylic acid and omega-3-
acid ethyl ester preparations contain forms of both EPA
and DHA. Both products are indicated only as an adjunct
to diet to reduce triglyceride levels in adult patients with
severe hypertriglyceridemia (triglycerides $500 mg/dL)
(51,53).
5. PATHWAY SUMMARY GRAPHIC

Figure 1 displays the populations addressed in this
ECDP, factors to consider at each clinical stage of
hypertriglyceridemia, and potential interventions to
consider.



FIGURE 1 Patient Population and Factors to Consider
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6. DESCRIPTION AND IMPLICATIONS OF

PATHWAYS

The algorithms created by the writing committee, and
shown in Figures 2, 3, 4, 5, and 6, include a detailed clin-
ical workflow for each patient scenario.

6.1. Lifestyle Interventions in Hypertriglyceridemia

Lifestyle interventions are the first line of therapy for the
management of all patients with persistent hyper-
triglyceridemia. The 2018 AHA/ACC/multisociety choles-
terol guideline recommends that in adults aged $20 years
with moderate hypertriglyceridemia, clinicians should
begin with treatment of lifestyle factors including
overweight/obesity, poor diet quality, sedentary lifestyle,
and alcohol (2). The cause of hypertriglyceridemia is often
multifactorial, and therapy should be individualized to
target the lifestyle triggers that are thought to be the
greatest contributors to hypertriglyceridemia.
The effects of lifestyle modifications on elevated tri-
glyceride levels are summarized in Table 3, with evidence
provided in the following text.

Clinical recommendations for lifestyle interventions in
patients with increasing levels of triglycerides are sum-
marized in Figure 2.

According to the 2013 AHA/ACC/TOS Guideline for the
Management of Overweight and Obesity in Adults, sus-
tained weight loss of 3% to 5% results in clinically
meaningful health benefits (63). For patients with
elevated triglycerides, weight loss is considered the most
effective lifestyle intervention to lower triglyceride
levels; overall, a 5% to 10% reduction in body weight is
associated with a 20% decrease in triglycerides (54,55). A
dose-response relationship is present between the
amount of weight lost by lifestyle intervention and tri-
glyceride lowering (64). Triglycerides may be lowered by
at least 50% to 70% in response to weight loss; however,
the response may be variable (54,56). Some patients may



FIGURE 2 Recommendations for Lifestyle Interventions in Patients With Increasing Levels of Weight Loss and Effects on Triglycerides

TABLE 3
Lifestyle Modifications and Estimated
Triglyceride-Lowering Response in Patients
With Hypertriglyceridemia

Lifestyle Intervention

Reduction in
Triglycerides

(%) Qualifier

Weight loss (54-56) Up to 70% Although most patients will
likely experience reductions
in triglyceride levels of
10%-20% with weight loss,
evidence suggests that in
some patients, a reduction in
triglyceride levels of up to
70% may be achieved

Dietary modifications
(including alcohol—restrict
or abstain completely) (57)

>70% Response may vary depending
on the baseline triglyceride
level and how strictly
dietary recommendations
are followed

Physical activity and exercise
(58-62)

Up to 30% Response may vary depending
on the type, duration, and
intensity of activity
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have pronounced triglyceride lowering with only a few
kilograms of weight loss, whereas other patients may
have a minor triglyceride-lowering response despite a
significant weight loss (56).

Diets that vary in macronutrient profile and meal
timing are effective for weight loss but have differential
effects on triglyceride lowering.

n Lower-fat, higher-carbohydrate diets: Lower-fat, higher-
carbohydrate diets lessen the reduction in triglycerides
in response to weight loss compared with higher-fat,
lower-carbohydrate weight loss diets (63).

n Degrees of carbohydrate restriction: In a systematic
review and meta-analysis of the effect of different
levels of carbohydrate restriction on body weight and
cardiometabolic risk markers (65), all carbohydrate-
restricted diets resulted in significant and similar
weight loss from baseline but had different
triglyceride-lowering effects. The reduction in tri-
glycerides was greatest for the very low-carbohydrate
(<10% of calories from carbohydrates) diet: �24 mg/
dL (95% CI: �38 to �9 mg/dL) when combined with
weight loss (�1.62 kg) (65). In a short-term (8-week)
study designed to assess the effects of a low-
carbohydrate (20% energy) versus a lower-fat (33%
energy) diet on lipids and lipoproteins in individuals
with elevated triglyceride levels ($150 mg/dL), body
weight decreased by 1.7 kg and triglycerides decreased
18% on the low-carbohydrate diet (66). No effect on
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triglycerides was seen with the lower-fat diet despite a
weight loss of 0.7 kg.

n High-protein diets: A higher-protein diet is defined as
having 25% of energy from protein, 30% from fat, and
45% from carbohydrates (63). A higher-protein (31% of
energy) versus a standard-protein (18% of energy)
weight-loss diet causes greater weight loss (�0.79 kg;
95% CI: �1.50 to 0.08 kg) and triglyceride lowering
(�20 mg/dL; 95% CI: �29 to 11 mg/dL) (67). In a study
of individuals with metabolic syndrome (n ¼ 110;
baseline triglycerides ¼ 179 mg/dL), after 12 months on
a high-protein (1.34 g/kg body weight) weight-loss diet
(500-calorie deficit per day) versus a conventional
weight-loss diet (0.8 g/kg body weight of protein),
those on the high-protein diet had greater weight loss
(9 kg) than the conventional diet (6.4 kg). In addition,
those on the high-protein diet had a 35% reduction in
triglycerides versus a nonsignificant 5% reduction in
the conventional diet group (68).

n Intermittent fasting: Common forms of intermittent
fasting are alternate-day (3 to 4 days/wk, consumption
of #25% of energy needs during a 24-h period) and
periodic fasting (fasting 1 or 2 days/wk). One type of
intermittent fasting—time-restricted eating—describes a
scenario in which food intake is limited to a specific
window of time each day. An AHA Scientific Statement
summarized the effects of intermittent fasting regi-
mens on body weight loss and changes in triglycerides,
as summarized in 10 intervention studies (69). After 3 to
24 weeks of intervention, participants had a 3% to 8%
weight loss on average. Weight loss was greater with
alternate-day fasting (0.75 kg/wk) versus periodic fast-
ing (0.25 kg/wk). Triglycerides decreased 16% to 42%,
with the greatest decreases in triglycerides associated
with the greatest weight loss. With a 1-kg per week
weight loss, triglycerides decreased z30% to 40%, and
with a 0.25- to 0.5-kg per week weight loss, triglycerides
decreased by z10% to 20%. In 3 systematic reviews and
meta-analyses conducted to evaluate the effects of
time-restricted eating and/or intermittent fasting (vs
control) on weight loss and cardiometabolic risk factors,
weight loss ranged from 1 to 4 kg and triglycerides
decreased by 6 to 12 mg/dL (70-72).

Clinical Summary: Higher-fat, lower-carbohydrate diets
are associated with greater reduction in triglycerides as a
response to weight loss compared with lower-fat, higher-
carbohydrate diets (18). All carbohydrate-restricted diets
result in significant and similar weight loss, but the
reduction in triglycerides is greatest for a very-low-
carbohydrate diet. Overall, evidence supports that a
higher-protein diet is associated with greater weight loss
and reduction in triglycerides, but there is some incon-
sistency in current data that may reflect the
accompanying changes in carbohydrate or fat. Tri-
glycerides are reduced with intermittent fasting in pro-
portion to weight loss.

Dietary Modifications and Effects on Triglycerides

The dietary macronutrient profile has a significant impact
on the expected reduction on triglycerides. Triglycerides
are transported in both chylomicrons, which transport
dietary fat, and very-low-density lipoprotein (VLDL),
which transports endogenous triglycerides formed by the
liver. Both chylomicrons and VLDL are hydrolyzed by li-
poprotein lipase, which is the major mechanism for
clearance of triglyceride-rich lipoproteins. Clearance of
triglycerides from plasma is saturable when plasma tri-
glyceride levels exceed approximately 500 to 700 mg/dL
and further input of chylomicrons and VLDL into plasma
cannot readily be removed, leading to marked hyper-
triglyceridemia and chylomicronemia, even after an
overnight fast (42). Dietary recommendations should be
individualized based on fasting triglyceride levels as well
as the risk of pancreatitis, with increasing limitation of
added sugars, total fat, and alcohol intake for individuals
with more severe elevations of triglycerides and chylo-
microns as well as for those at high risk for pancreatitis. In
a study that evaluated the effect of an individualized
lifestyle intervention (the percent of calories from fat
varied) in patients with elevated triglycerides, there was a
48% reduction (interquartile range: �73 to �23; P <

0.0001) in triglyceride levels regardless of the patient’s
lipid-lowering medications (57).

A recent review of very-low-carbohydrate and keto-
genic diets and cardiometabolic risk reported that tri-
glyceride levels are inversely associated with
carbohydrate intake (importantly, it was also noted that
very-low-carbohydrate and ketogenic diets increase
LDL-C, markedly in some patients) (73). The 2013 AHA/
ACC guideline on lifestyle management to reduce
cardiovascular risk summarized the effects of substituting
various macronutrients on triglycerides (74).

Carbohydrate, Protein, and Fat

For every 1% of energy from saturated fatty acids that is
replaced by 1% of energy from either carbohydrates (not
refined nor added sugars, but fiber-rich, complex carbo-
hydrates) or monounsaturated fatty acids, triglycerides
increased z1.9 and 0.2 mg/dL, respectively. In contrast,
when PUFAs are the replacement nutrient, triglycerides
are lowered by about 0.4 mg/dL.

When 1% of energy from carbohydrates is replaced by
1% of energy from monosaturated fatty acids (MUFAs),
triglycerides are lowered by 1.7 mg/dL; when PUFAs are
the replacement nutrient, triglycerides are lowered by 2.3
mg/dL. Modification to the Dietary Approaches to Stop
Hypertension dietary pattern by replacing 10% of calories



TABLE 4 Summary of Nutrition Recommendations for Patients with Hypertriglyceridemia

TG <500 mg/dL TG 500-999 mg/dL TG $1,000 mg/dL* Patient Messages

Alcohol Restrict
Do not exceed limits:

2 drinks/d for
men, 1 drink/d for
women

Abstain completely Abstain completely For patients with TG <500 mg/dL, if alcohol is
consumed, wine or beer with lower alcohol
content is recommended over beverages
with higher alcohol content. Alcohol
content is listed on packaging and patients
are encouraged to select beverages with
lower alcohol content should they chose to
consume alcohol.

Sugar-sweetened
beverages

Restrict Abstain completely Abstain completely Recommend plain or sparkling water,
unsweetened tea, or coffee

Fruits† Okay to include but
individualize—
3-4 servings/d

Limit to 3 or 4 servings/d and
individualize. Avoid fruits
with a high glycemic index
(ie, pineapples, mangoes,
watermelon, ripe bananas)

Limit to 1 serving/d. Recommend
individualized medical nutrition
therapy with a registered
dietitian nutritionist

Consume whole fruit and avoid fruit juices
when possible. Emphasize fresh fruits
without added sugar or salt.

Vegetables Emphasize vegetables Emphasize vegetables, but avoid
vegetables with a high glycemic
index (ie, carrots, potatoes,
sweet potatoes, yams, parsnips)

Emphasize vegetables, but avoid
vegetables with a high glycemic
index (ie, carrots, potatoes,
sweet potatoes, yams, parsnips)

Avoid canned vegetables with salt and
vegetables frozen with sauces. Avoid
vegetable juices.

Recommend 2.5 cups/d (77)‡

Legumes (beans,
lentils,
chickpeas, tofu,
and so on)

Emphasize Emphasize Emphasize Avoid added salt. Emphasize plant-based
proteins instead of red meat. Avoid
ultraprocessed meat alternatives.

Fish/seafood Emphasize fatty fish
Recommend at least

2 servings/wk

Emphasize either fatty or
lean fish

Recommend 2 (or more)
servings/wk

Emphasize lean fish
Recommend 2 (or more)

servings/wk

Examples of fatty fish include salmon, farmed
rainbow trout, and tuna. Examples of lean
fish or seafood include cod, tilapia,
haddock, flounder, and shrimp. Prioritize
fresh, frozen, or packaged without sodium.

Poultry/lean meats Encourage Encourage Limit to the very leanest meats Substitute poultry and lean meats in place of
red meat. Avoid processed meats.

Dairy products Limit full-fat dairy
products.

Avoid sugar-
sweetened dairy
products.

Limit full-fat dairy products.
Avoid sugar-sweetened dairy

products.

Eliminate full-fat dairy products
and sugar-sweetened dairy
products

Consume fat-free dairy products. Avoid any
dairy products with added sugars.

Fiber-rich whole
grains

Emphasize
6 servings/d
unless a lower-
carbohydrate diet
is indicated§

Emphasize 4-6 servings/d
unless a lower-carbohydrate
diet is indicated§

Emphasize individualized medical
nutrition therapy with a
registered dietician nutritionist

Replace refined grains (white bread, white rice,
pasta) with fiber-rich whole-grain cereals,
bread, brown rice

Nuts and peanuts Emphasize Consume in moderation Limit Preferably plain without added sugars or
sodium

Total fat
Type of fat

Moderate fat (30%-
35% of calories)

n Limit SFA and
emphasize unsat-
urated fat

Low fat (20%-25% of calories)k
n Limit SFA and emphasize

unsaturated fat

Very-low fat (10%-15% of
calories or less)

n Limit fats to 20-30 g/d or less
n Meet essential fatty acid

requirements
n For patients who need extra

calories, add MCT oil gradually

Emphasize liquid oils (soybean, canola, corn,
olive) instead of solid fats, butter, lard, and
tropical oils (coconut, palm, and palm
kernel)

Cholesterol Choosing healthy
protein foods,
dairy products,
and fats will limit
cholesterol

Choosing healthy protein
foods, dairy products,
and fats will limit cholesterol

Choosing healthy protein foods,
dairy products, and fats will limit
cholesterol

Desserts (sweets,
cookies, cakes,
pies, other
pastries, ice
cream, candy)

Occasional indulgence Occasional indulgence Abstain completely

Added sugars (table
sugar, jams/
jellies, honey)

Occasional indulgence
(<6% of calories)

Occasional indulgence
(<5% of calories)

Abstain completely/eliminate

*Nutrition resources for patients are available from the National Lipid Association: https://www.lipid.org/sites/default/files/when_your_tgs_are_over_1000_mgdl.pdf and https://www.
learnyourlipids.com/heart-healthy-resources/fcs-cookbook/.
†One serving of fruit ¼ 1 small piece of fruit (apple, orange, pear) or 1/2 cup chopped.
‡Recommendations are based on a 2,000-calorie diet (77).
§Examples include a patient with diabetes or obesity. For these individuals, fewer servings may be indicated.
kClinicians may opt to reduce total fat as percent of calories in some of these patients to 10%-15% (examples include those with a history of pancreatitis or those at the higher end of
this range).

MCT ¼ medium-chain triglycerides; SFA ¼ saturated fatty acids; TG ¼ triglycerides.
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from carbohydrates with 10% of calories from unsaturated
fat (8% MUFAs and 2% PUFAs) lowered triglycerides by 10
mg/dL; replacing 10% of calories from carbohydrates with
10% of calories from protein lowered triglycerides by 16
mg/dL (74). A dose-response effect of dietary carbohy-
drate on triglyceride levels has been reported: tri-
glycerides decreased by �23.9 mg/dL (95% CI: �38.1
to �8.9 mg/dL) on a very-low-carbohydrate diet (3% to
30% of energy), by �15.9 mg/dL (95% CI: �23.0 to �9.7
mg/dL) on low-carbohydrate diets (30% to 40% of en-
ergy), and by �8.9 mg/dL (95% CI: �12.4 to -5.3 mg/dL) on
the moderately-low-carbohydrate diets (40% to 45% of
energy) (73).

Clinical Summary: Meaningful reductions in tri-
glycerides can be achieved by decreasing the carbohy-
drate content of the diet (73). When lowering total
cholesterol in the diet to reduce triglyceride levels in
patients with hypertriglyceridemia, the total fat content
should be adjusted according to baseline triglyceride
levels (see Figure 2 and Table 4) (75). It is important to
keep in mind that when dietary carbohydrates are
reduced, there is usually a decrease in dietary fiber
intake. Clinicians should address strategies to maintain a
healthy intake of fiber by replacing refined grains (white
bread, white rice, pasta) with fiber-rich, whole grain ce-
reals and bread, and brown rice.

Type of Carbohydrate

Simple sugars (including monosaccharides and di-
saccharides) increase triglycerides more than oligo- and
polysaccharides (complex carbohydrates), and dietary fi-
ber attenuates the triglyceride-raising effect of dietary
carbohydrate (76). The 2020 Dietary Guidelines Advisory
Committee recommended that a healthy dietary pattern
provide <6% of calories from added sugars for a 2,000
calorie diet and up to 7% to 8% of calories for higher-
calorie diets (3,000 to 3,200 calories) (77). These recom-
mendations align with those of the AHA for added sugar
(100 calories/d for women and 150 calories/d for men (78).
The 2020-2025 Dietary Guidelines for Americans
recommended <10% of calories per day from added
sugars (79). In a systematic review and meta-analysis of 37
trials that reported lipid outcomes, higher versus lower
dietary sugar intake increased triglycerides by 9.7 mg/dL,
which was independent of the effects of sugars on body
weight (80). In this analysis, the higher sugar intervention
(which varied in the amount and type of sugar: sucrose,
fructose, high-fructose corn syrup, or glucose) was
compared to a lower-sugar diet that also varied signifi-
cantly in the amount and type of carbohydrates. Free
sugars stimulate hepatic triglyceride synthesis (fructose
more so than glucose) via a stimulatory effect on de novo
lipogenesis and VLDL secretion. Fructose may also impair
postprandial triglyceride clearance due to decreased
insulin levels (via decreased secretion) and decreased
lipoprotein lipase activity (81).

Although fruit is a dietary source of fructose, a recent
meta-analysis of 5 cross-sectional studies reported a 21%
decrease in triglycerides (OR: 0.79; 95% CI: 0.72-0.87)
for the highest versus the lowest fruit intake category,
suggesting that increasing fruit consumption is associ-
ated with a lower risk of hypertriglyceridemia (82).
Added sugars, however, should be limited to <10% of
calories for patients with triglycerides <500 mg/dL and
to <5% of calories for patients with triglycerides $500
mg/dL (75). Artificial sweeteners may be used as a sub-
stitute for added sugars. It is important to note, how-
ever, that a recent Science Advisory from the AHA
advises caution on the consumption of non-nutritive
sweeteners. Further research is needed on the effects
of the non-nutritive sweeteners on energy balance, car-
diometabolic risk factors, and risk of CVD and other
chronic diseases (83).

Clinical Summary: Patients with hypertriglyceridemia
should limit intake of added sugars, sugar sweetened
beverages, and desserts. The clinician should advise
patients to consume whole fruit and avoid fruit juices
when possible. Emphasize fresh fruits without added
sugar or salt.

Dietary Omega-3 Fatty Acids

The 2019 AHA/ACC guideline on the primary prevention of
cardiovascular disease recommends that all adults
consume a healthy dietary pattern that includes lean
vegetable or animal protein and fish and minimizes the
intake of trans fats, red meat and processed red meats,
refined carbohydrates, and sweetened beverages (44). An
AHA science advisory on seafood long-chain n-3 PUFA and
cardiovascular disease recommended 1 to 2 seafood meals
per week to reduce risk of coronary heart disease, ischemic
stroke, and sudden cardiac death, as well as congestive
heart failure, although the evidence is less strong for the
latter (84). The report also recommended replacing less-
healthy protein foods with seafood. These recommenda-
tions are consistent with the AHA Strategic Impact Goal
through 2020 and Beyond that advises consumption of 2
or more 3.5-oz servings per week of fish (preferably oily
fish, such as salmon, rainbow trout, and tuna, as well as
others such as herring, mackerel, sardines, and anchovies)
(85). The 2010 Dietary Guidelines for Americans issued the
first quantitative recommendation for seafood, specif-
ically advising consumption of 8 or more ounces per week
(preferably oily fish) that would provide about 250 mg per
day of EPA þ DHA (86). This recommendation was based
on evidence from prospective cohort studies and ran-
domized clinical trials showing a significant benefit on
coronary heart disease death with the consumption of 250
mg per day of EPA þ DHA (87). Current estimates of
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seafood consumption in the United States are about 6
servings per month and about 53 mg/1,000 calories per day
of EPA þ DHA (88). For patients with elevated tri-
glycerides, 4 grams per day of EPA þ DHA is recom-
mended, an amount that requires pharmacotherapy to
achieve a consistent dose on an ongoing basis (89).

The U.S. Environmental Protection Agency recom-
mends that to enjoy the benefits of eating fish while
minimizing exposure to mercury, individuals should
mainly consume types of fish low in mercury and limit
consumption of types of fish with typically higher levels
of mercury (90). The 2020-2025 Dietary Guidelines for
Americans continue to recommend consumption of 8 or
more ounces of fish per week (preferably oily fish) and
indicate that seafood varieties commonly consumed in
the United States that are higher in EPA and DHA and
lower in methylmercury include salmon, anchovies, sar-
dines, Pacific oysters, and trout. Tilapia, shrimp, catfish,
crab, and flounder are commonly consumed varieties that
also are lower in methylmercury (91).The FDA also pro-
vides consumer-friendly information regarding those fish
that are “Best Choices” to be consumed 2 to 3 times per
week, “Good Choices” to be consumed once per week,
and “Choices to Avoid” (king mackerel, marlin, orange
roughy, shark, swordfish, tilefish from the Gulf of Mexico,
bigeye tuna) (92).

Clinical Summary: All individuals should consume at
least 2 or more servings of fish/seafood per week for a
total of 8 or more ounces. The clinician should recom-
mend fatty fish such as salmon, rainbow trout, and tuna
for patients with triglyceride levels of 200 to 499 mg/dL
and also for patients with triglyceride levels of 500 to 999
mg/dL. For the latter cohort, some patients may need to
limit their fat intake, in which case, lean fish or seafood
(eg, cod, tilapia, haddock, flounder, and shrimp) are rec-
ommended. Prioritize fresh or frozen fish or fish packaged
without sodium (avoid canned, smoked, cured fish/sea-
food that are high in sodium). For patients with elevated
triglycerides, 4 grams per day of EPA þ DHA is recom-
mended, an amount that requires pharmacotherapy to
achieve a consistent dose on an ongoing basis (89).

Alcohol

Alcohol consumption of 1 ounce per day is estimated to
correspond to a 5% to 10% higher concentration of tri-
glycerides in drinkers versus nondrinkers (93,94). A
standard drink is 12 ounces of regular beer, 5 ounces of
wine, or 1.5 ounces of distilled spirits. The alcohol and
sugar content in mixed drinks varies. Persons who do not
consume alcohol should be advised not to start.

The effects of alcohol on triglycerides are synergisti-
cally exaggerated when coupled with a meal high in
saturated fat (95,96). An oral fat load produces transient
lipemia. Simultaneous ingestion of alcohol impairs
chylomicron hydrolysis and also increases triglyceride
production and secretion of triglyceride-rich VLDL
(97,98). Excess alcohol consumption, particularly in in-
dividuals with pre-existing hypertriglyceridemia, is
associated with marked triglyceride elevation, often $250
mg/dL, and can precipitate hypertriglyceridemic pancre-
atitis (93,98). High-risk individuals should abstain
completely from alcohol to reduce the risk of developing
pancreatitis (99).

Physical activity

Elevated triglyceride levels are associated with a seden-
tary lifestyle, visceral adiposity, and reduced oxidation of
muscle fatty acids. Aerobic physical activity and endur-
ance training boost fatty acid oxidative capacity and
enhance triglyceride hydrolysis in skeletal muscle,
thereby increasing the proportion of energy derived from
fatty acid oxidation during exercise (58,100). The effect of
physical activity on triglyceride levels varies by baseline
triglyceride levels, intensity and duration of activity,
training status, and caloric expenditure during physical
activity. Resistance training decreases triglycerides by
about 6%, whereas regular aerobic training decreases
triglycerides by about 11% (58,61,62). In patients with
hypertriglyceridemia, daily aerobic exercise attenuates
the postprandial increase in circulating triglyceride-rich
particles and their remnants (60). Regular endurance ex-
ercise training has been shown to mobilize body fat, assist
with weight loss, and alter body composition such as
reducing abdominal adipose tissue in patients with
hypertriglyceridemia, all of which may lead to improve-
ments in carbohydrate and lipid metabolism (61,101).

The current recommendation for physical activity for
adults is to engage in at least 150 minutes per week of
accumulated moderate-intensity or 75 minutes per week
of vigorous-intensity aerobic physical activity (or an
equivalent combination of moderate and vigorous activ-
ity) to reduce ASCVD risk (44). For individuals who may
be unable to achieve this minimum, they should be
encouraged to engage in at least some moderate-to-
vigorous physical activity if they are currently inactive
or to increase the amount of activity if they are insuffi-
ciently active. According to the 2019 ACC/AHA Guideline
on the Primary Prevention of Cardiovascular Disease,
there is likely no lower limit on the amount of moderate-
to-vigorous physical activity at which benefits for ASCVD
risk start to accrue, and effort should be made to promote
achievement of the minimum recommended amount of
physical activity (44). For patients with established
ASCVD, exercise should be introduced in a gradual
fashion to ensure that it can be done safely.

Combined physical activity and weight loss: Moderate
physical activity and a 5% to 10% body weight reduction
results in up to a 20% reduction in triglycerides. The



TABLE 5
Screening Questions for Assessing Effects of
Lifestyle on Triglycerides (102)

U How often do you consume sugar-sweetened beverages (soft drinks, fruit
drinks, sweet tea, or sports/energy drinks)?

U Do you consume sweets (pastries, desserts, or candy)? If so, how much and
how often?

U Do you drink alcoholic beverages (beer, wine, or spirits)? If so, how much and
how often?

U How often do you consume foods that are deep fried or high in saturated fats
(ie, butter, coconut and other tropical oils, full-fat dairy products, or fatty red
meat) as well as pizza?

U Have you gained weight in the past year? If so, how much weight have you
gained?

U What do you do for physical activity? How often?

TABLE 6
Clinician Messages to Patients to Encourage
Healthy Lifestyle Behaviors

U Instead of drinking sugar-sweetened beverages, try a no-calorie sparkling
water with a lemon slice.

U Instead of eating a pastry, dessert, or candy, have fresh fruit or a small piece
of dark chocolate.

U If you drink alcohol, have 1 beer or a glass of wine instead of a mixed drink
(that is high in alcohol, sugar, and calories).

U If you are ready to lose weight, follow a healthy weight loss diet that achieves
a slow, steady (and sustained) weight loss instead of a fad diet.

U Increase your activity level by incorporating short walks in your daily life
instead of being sedentary. Carry small weights on your walks.

U Take small steps to increase your physical activity by parking the car at the
end of a parking lot instead of close to the door, take the stairs rather than
the elevator, and stand more during the day.
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greatest effect of physical activity is observed with regu-
lar endurance exercise training, when baseline levels of
triglycerides are elevated ($150 mg/dL), and the activity
is of at least moderate intensity (58,59,61,62).

Lifestyle Intervention Clinical Workflow

A comprehensive clinical workflow for lifestyle in-
terventions is presented in Figure 2. Optimization of a
dietary intervention coupled with regular aerobic phys-
ical activity can result in 20% to 50% reductions in tri-
glyceride levels; for this reason, this combination is the
first line of treatment in individuals with hyper-
triglyceridemia (45). Patients with persistent hyper-
triglyceridemia and fasting triglycerides <500 mg/dL
should restrict added sugars to <6% and total fat to 30%
to 35% of total daily calories. Alcohol should be restricted.
Patients with triglycerides $500 to 999 mg/dL should
further restrict added sugars to <5% and total fat to 20%
to 25% of total daily calories and abstain completely from
alcohol. In patients with triglyceride levels between 500
and 999 mg/dL, clinicians should assess for the predom-
inant contributors to hypertriglyceridemia to tailor
nutrition therapy according to individual needs. Some
patients may benefit from a greater reduction in total fat,
whereas others may benefit more from reducing dietary
carbohydrates. For patients with severe hyper-
triglyceridemia of $1,000 mg/dL, added sugars should be
eliminated and total fat should be restricted to 10% to 15%
of daily calories for clearing of chylomicronemia. For
those patients who need additional calories, medium-
chain triglyceride oil can be added gradually. These pa-
tients should also abstain completely from all alcohol use.
All patients with any level of hypertriglyceridemia should
engage in at least 150 minutes per week of accumulated
moderate intensity or 75 minutes per week of vigorous,
high-intensity, aerobic physical activity. The recom-
mended weight loss goal for patients with any level of
hypertriglyceridemia is 5% to 10% of body weight.

A summary of nutrition recommendations for patients
with hypertriglyceridemia appears in Table 4.
Sample questions to assess each lifestyle behavior that
affects triglyceride levels are presented in Table 5. This
information can be collected relatively quickly during an
office visit, provides key information about the lifestyle
behavior to modify, and is collected in a manner that can
build a bond of human caring between the patient and the
clinician (102).

Some example follow-up messages to encourage life-
style behavior change in patients appear in Table 6. In-
terventions should last a minimum of 4 to 12 weeks to
assess their efficacy.

Please refer to Section 6.2 and Figures 2 and 6 for more
detailed recommendations for management of patients
with severe hypertriglyceridemia, as defined as $500 mg/
dL and especially $1,000 mg/dL.

6.2. Patient Management Algorithms

6.2.1. Adults With Clinical ASCVD and Fasting Triglycerides $150

or Nonfasting Triglycerides $175 mg/dL and

Triglycerides <500 mg/dL

Clinical Workflow

The initial step in guideline-based management of pa-
tients with clinical ASCVD is to provide evidence-based
lifestyle counseling. In those with fasting or nonfasting
hypertriglyceridemia, such counseling is especially
important due to the established atherogenicity of
triglyceride-rich remnant lipoproteins and the benefits of
lifestyle interventions in reduction of these particles
(103,104). Although all patients being treated for lipid
disorders should have secondary causes excluded, the
presence of hypertriglyceridemia should trigger a re-
examination for secondary causes, particularly for dia-
betes mellitus and excessive alcohol intake (see Table 1)
(41). As per the 2021 American Diabetes Association
Standards of Medical Care in Diabetes, glycemic control
may also beneficially modify plasma lipid levels, partic-
ularly in patients with very high triglycerides and poor
glycemic control (105). Triglyceride-raising medical



FIGURE 3 Adults With ASCVD and Fasting Triglycerides $150 mg/dL or Nonfasting Triglycerides $175 mg/dL and Triglycerides <500 mg/dL
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therapy is also a commonly encountered secondary factor
in clinical practice (refer to Table 1).

For patients with clinical ASCVD, the decision to pur-
sue initial LDL-C risk-based therapy, initial triglyceride
risk-based therapy, or both is dependent upon the LDL-C
level and the patient’s level of risk.

LDL-C risk-based therapy in patients with clinical
ASCVD and persistent hypertriglyceridemia (fasting tri-
glycerides >150 and <500 mg/dL): The LDL-C risk-based
treatment of choice for patients with ASCVD, regardless of
the presence of hypertriglyceridemia, is maximally
tolerated statins. Such treatment is of particular benefit to
patients with hypertriglyceridemia, as high-intensity
statin therapy is consistently associated with greater tri-
glyceride reduction than moderate- or low-intensity sta-
tins (106).

n Patients with clinical ASCVD at very high risk with
persistent hypertriglyceridemia: Those patients identi-
fied as being at very high risk due to recurrent ASCVD
events or due to ASCVD with concomitant high-risk
conditions are candidates for the addition of
nonstatin therapies associated with up-regulation of
LDL receptor expression in the presence of <50%
reduction of LDL-C from baseline and LDL-C $70 mg/dL
on maximally tolerated statin therapy and with
persistent fasting triglycerides $150 and <500 mg/dL.
Ezetimibe is the initial drug of choice, and for those
with LDL-C persistently $70 mg/dL, the addition of a
PCSK9i is reasonable (2). Bempedoic acid is also FDA
approved as an adjunct to diet and maximally tolerated
statin therapy in patients with ASCVD who require
additional lowering of LDL-C (107). Cardiovascular
outcomes benefits are under investigation in the CLEAR
Outcomes (Evaluation of Major Cardiovascular Events
in Patients With, or at High Risk for, Cardiovascular
Disease Who Are Statin Intolerant Treated With Bem-
pedoic Acid [ETC-1002] or Placebo) trial (108).

n Patients with clinical ASCVD not at very high risk with
persistent hypertriglyceridemia: For ASCVD patients not
considered at very high risk and with persistent fasting
triglycerides $150 and <500 mg/dL, the approach to
treatment depends upon the level of LDL-C. For pa-
tients with LDL-C $70 mg/dL on maximally tolerated
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statin therapy, the addition of ezetimibe is reasonable.
A recommendation for PCSK9i therapy in patients with
clinical ASCVD not at very high risk is not provided in
the 2018 AHA/ACC/multisociety cholesterol guideline
due to limited evidence of benefit (109). Bempedoic
acid is also FDA approved as an adjunct to diet and
maximally tolerated statin therapy in patients with
ASCVD who require additional lowering of LDL-C.

Triglyceride risk-based therapy in patients with clinical
ASCVD and persistent fasting triglycerides $150 and <500
mg/dL):

n Patients with clinical ASCVD and LDL-C <70 mg/dL and
with persistent fasting triglycerides $150 and <500 mg/
dL: For those with LDL-C <70 mg/dL and with persis-
tent fasting triglycerides $150 and <500 mg/dL who are
on maximally tolerated statin therapy, the clinician
should readdress lifestyle and medication adherence
and reconsider possible secondary causes of hyper-
triglyceridemia. In the absence of these factors, it may
be reasonable to add IPE as the next step. In patients
with a history of paroxysmal AF or at high risk for AF,
discuss the potential net benefit of IPE based on the 1%
increase in hospitalization for AF or atrial flutter in
REDUCE-IT (10).

The addition of IPE for those with clinical ASCVD is
supported not only by the achievement of the primary
and secondary endpoints in the total study population of
REDUCE-IT, as described earlier, but by the results re-
ported in the prespecified secondary prevention sub-
group. The primary endpoint in the ASCVD cohort had an
absolute risk reduction favoring IPE of 6.2% (25.5% vs
19.3%; HR: 0.73; 95% CI: 0.65-0.81) and a number needed
to treat of 16 to prevent 1 event over 4.9 years. For the
key secondary endpoint, the absolute risk reduction was
4.4% (HR: 0.72; 95% CI: 0.63-0.82), and a number needed
to treat of 23 to prevent 1 secondary endpoint over 4.9
years (10).

n Patients with clinical ASCVD and LDL-C of 70 to 99 mg/
dL and with persistent fasting triglycerides $150
and <500 mg/dL: For those ASCVD patients with
persistent hypertriglyceridemia and LDL-C of 70 to 99
mg/dL, there is an evidence gap regarding the
comparative efficacy of treatment with additional
LDL-C–lowering therapies, adding IPE, or both.
Although there is a lack of comparative efficacy, an
LDL-C risk-based approach may be preferable, given the
large number of trials supporting this approach and the
consistency of evidence. The treatment decision to
begin with either LDL-C risk-based therapies or tri-
glyceride risk-based nonstatin therapy should be made
in the context of a patient-clinician discussion of the
expected benefits versus risks, the cost of therapy, and
patient preferences. LDL-C risk-based therapies should
be implemented as described previously according to
the 2018 AHA/ACC multisociety guideline based on the
patient’s level of ASCVD risk.

If an initial LDL-C risk-based approach is taken, when
adequate lowering of LDL-C is achieved on maximally
tolerated LDL-C-lowering therapy, the clinician should
readdress lifestyle and medication adherence and recon-
sider possible secondary causes of hypertriglyceridemia.
In the absence of these factors, it may be reasonable to
consider the addition of IPE as the next step.

If an initial triglyceride risk-based approach is taken
and triglyceride levels are optimized, LDL-C risk-based
therapies should subsequently be optimized as per the
2018 AHA/ACC/multisociety cholesterol guideline.

The patient-clinician discussion of the expected bene-
fits versus risks, cost of therapy, and patient preferences
may favor the simultaneous intensification of LDL-C risk-
based therapies and triglyceride risk-based nonstatin
therapy in some cases.

n Patients with clinical ASCVD and LDL-C $100 mg/dL and
with persistent fasting triglycerides $150 and <500
mg/dL: For those patients identified as being at very
high risk due to recurrent ASCVD events or who have
ASCVD with concomitant high-risk conditions, in the
presence of <50% reduction of LDL-C from baseline, an
absolute LDL-C$70mg/dL onmaximally tolerated statin
therapy, and with persistent fasting triglycerides $150
and <500 mg/dL, the addition of nonstatin therapies
associated with up-regulation of LDL receptor expres-
sion is recommended. Ezetimibe is the initial drug of
choice, and for those with LDL-C persistently$70mg/dL
(or non–HDL-C $100 mg/dL), addition of a PCSK9i is
reasonable (2). Bempedoic acid is also FDA approved as
an adjunct to diet andmaximally tolerated statin therapy
in patients with ASCVD who require additional lowering
of LDL-C (107), although cardiovascular outcomes ben-
efits have not yet been demonstrated.

For ASCVD patients not considered at very high risk,
with LDL-C $100 mg/dL on maximally tolerated statin
therapy, and with persistent fasting triglycerides $150
and <500 mg/dL, the addition of ezetimibe is reasonable.
A recommendation for PCSK9i therapy in patients with
clinical ASCVD not at very high risk is not provided in the
2018 AHA/ACC/multisociety cholesterol guideline due to
limited evidence of benefit. Bempedoic acid may be an
option for patients with for ASCVD not considered at very
high risk and with LDL-C $100 mg/dL on maximally
tolerated statin therapy who require additional lowering
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of LDL-C, although cardiovascular outcomes benefits
have not yet been demonstrated.

When adequate lowering of LDL-C is achieved on
maximally tolerated LDL-C–lowering therapy, the clini-
cian should readdress lifestyle and medication adherence
and reconsider possible secondary causes of hyper-
triglyceridemia. In the absence of these factors, the
addition of IPE may be reasonable.

Figure 3 provides guidance for the clinical workflow of
adults with clinical ASCVD and fasting triglycerides $150
mg/dL or nonfasting triglycerides $175 mg/dL and
triglycerides <500 mg/dL.

6.2.2. Adults Aged$40 Years With Diabetes Mellitus, no ASCVD,

and Fasting Triglycerides $150 mg/dL or Nonfasting

Triglycerides $175 mg/dL and Triglycerides <500 mg/dL

Clinical Workflow

The initial step in guideline-based management of pa-
tients with diabetes mellitus is to provide evidence-based
lifestyle counseling. In those with fasting or nonfasting
hypertriglyceridemia, such counseling is especially
important due to the established atherogenicity of
triglyceride-rich remnant lipoproteins and the benefits of
lifestyle interventions in reduction of these particles.
Although all patients being treated for lipid disorders
should have secondary causes excluded, the presence of
hypertriglyceridemia should trigger a re-examination for
common and treatable secondary causes, particularly
poor control of diabetes mellitus and excessive alcohol
intake (41). Triglyceride-raising medical therapy is also a
commonly encountered secondary factor in clinical prac-
tice (see Table 1). As per the 2021 American Diabetes As-
sociation Standards of Medical Care in Diabetes, glycemic
control may also beneficially modify plasma lipid levels,
particularly in patients with very high triglycerides and
poor glycemic control (105).

LDL-C risk-based therapy in patients with diabetes
mellitus aged $40 years and fasting triglycerides $150
mg/dL or nonfasting triglycerides $175 and <500 mg/dL):
The LDL-C risk-based treatment of choice for patients
with diabetes mellitus aged $40 years, regardless of the
presence of hypertriglyceridemia, is maximally tolerated
statin therapy as per the 2018 AHA/ACC/multisociety
cholesterol guideline (2). Such treatment is of particular
benefit in patients with hypertriglyceridemia, as high-
intensity statin therapy is consistently associated with
greater triglyceride reduction compared with moderate-
or low-intensity statin therapy (14). In patients with dia-
betes mellitus and a 10-year ASCVD risk $20%, it may be
reasonable to add ezetimibe to maximally tolerated statin
therapy to achieve $50% reduction in LDL-C.

Triglyceride risk-based therapy in patients with dia-
betes mellitus aged $40 years and persistent
hypertriglyceridemia (fasting triglycerides 150-499 mg/
dL): After the implementation of initial lifestyle inter-
vention strategies, optimization of maximally tolerated
statin therapy, consideration of ezetimibe in patients with
10-year ASCVD risk $20%, and improved glycemic con-
trol, a repeat fasting lipid panel should be performed. For
patients with diabetes mellitus and persistent fasting
hypertriglyceridemia, the approach to consideration of
triglyceride risk-based nonstatin therapy in patients is
determined by patient age and the presence of additional
ASCVD risk factors.

n Adults aged $50 years with diabetes mellitus and
additional ASCVD risk factor(s), fasting triglycerides
$150 mg/dL, and triglycerides <500 mg/dL: The results
of the primary prevention cohort in REDUCE-IT
support the consideration of IPE for ASCVD risk
reduction for adults $50 years, with diabetes
mellitus, at least 1 additional ASCVD risk factor,
and with fasting triglycerides $150 and triglycerides
<500 mg/dL (10).

In 2018, the REDUCE-IT trial included a subgroup of
patients with diabetes mellitus aged 50 years or over and
at least 1 additional ASCVD risk factor (29.3% of the
cohort) (10). Among patients with diabetes and at least 1
additional risk factors assigned to placebo in REDUCE-IT
(n ¼ 1,197), 13.6% experienced a primary endpoint (car-
diovascular death, nonfatal MI, nonfatal stroke, coronary
revascularization, or unstable angina requiring hospital-
ization) over a median follow-up time period of 4.9 years
compared with 12.2% among those receiving IPE. In the
prespecified primary endpoint of REDUCE-IT, treatment
with IPE resulted in a 12% nonsignificant relative risk
reduction compared with placebo (HR: 0.88; 0.70-1.10)
among patients with diabetes mellitus and additional
cardiovascular risk factors and an absolute between-
group difference of 1.4 percentage points. Although the
trial was not powered to look at the subgroup of patients
with diabetes mellitus and additional cardiovascular risk
factors separately (w29% of the cohort in REDUCE-IT),
these results were consistent with the larger secondary
prevention cohort, which experienced a highly signifi-
cant 27% relative risk reduction (HR: 0.73; 95% CI:
0.65-0.81; P value for interaction between the 2 strata ¼
0.14).

n Adults aged <50 years with diabetes mellitus or
aged $50 years with no additional ASCVD risk factors,
and fasting triglycerides $150 and triglycerides <500
mg/dL: There is a paucity of randomized controlled
trial evidence demonstrating ASCVD risk reduction
with triglyceride risk-based nonstatin therapies in
patients with diabetes mellitus and no additional risk
factors or patients aged <50 years with diabetes
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mellitus with or without additional risk factors and
with persistent hypertriglyceridemia. Thus, with these
patients, the clinician should focus on an LDL-C risk-
based approach and could perform shared decision-
making and consider patient preferences regarding
the addition of triglyceride risk-based nonstatin
therapy.

Figure 4 provides guidance for the clinical workflow of
adults aged $40 years with diabetes mellitus and fasting
triglycerides $150 mg/dL or nonfasting triglycerides $175
mg/dL and triglycerides <500 mg/dL.

6.2.3. Adults Aged $20 Years With No ASCVD or Diabetes

Mellitus, and Fasting Triglycerides $150 mg/dL or

Nonfasting Triglycerides $175 mg/dL and

Triglycerides <500 mg/dL

Background

There is a paucity of randomized controlled trial evidence
demonstrating ASCVD risk reduction with triglyceride
risk-based nonstatin therapies in primary prevention
patients without diabetes mellitus with persistent
hypertriglyceridemia. Thus, for primary prevention pa-
tients without diabetes mellitus and fasting
triglycerides $150 or nonfasting triglycerides $175 mg/dL
and triglycerides <500 mg/dL, the patient and clinician
should consider shared decision-making and patient
preferences regarding the addition of triglyceride risk-
based nonstatin therapy.

Clinical Workflow

The initial step in guideline-based management of pa-
tients with no ASCVD or diabetes mellitus, and fasting
triglycerides $150 mg/dL or nonfasting triglycerides $175
mg/dL and triglycerides <500 mg/dL, is to provide
evidence-based lifestyle counseling. In those with fasting
or nonfasting hypertriglyceridemia, such counseling is
especially important due to the established atheroge-
nicity of triglyceride-rich remnant lipoproteins and the
benefits of lifestyle interventions in reduction of these
particles (99,100). Although all patients being treated for
lipid disorders should have secondary causes excluded,
the presence of hypertriglyceridemia should trigger a re-
examination for common and actionable secondary cau-
ses, particularly for diabetes mellitus and excessive
alcohol intake (41). Triglyceride-raising medical therapy is
also a commonly encountered secondary factor in clinical
practice (see Table 1).

Despite optimizing diet and lifestyle factors and ruling
out and treating secondary causes, some patients may
continue to have persistent hypertriglyceridemia. For
those aged 40 to 75 years, the 2018 AHA/ACC/multisociety



FIGURE 5 Adults Aged $20 Years With No ASCVD or Diabetes Mellitus and Fasting Triglycerides $150 mg/dL or Nonfasting Triglycerides $175 mg/dL and

Triglycerides <500 mg/dL

TABLE 7 ASCVD Risk-Enhancing Factors (2)

ASCVD Risk Enhancers

n Family history of premature ASCVD

n Persistently elevated LDL-C $160 mg/dL ($4.1 mmol/L)

n Chronic kidney disease

n Metabolic syndrome (fasting TG $150 mg/dL is one of the diagnostic
criteria)

n Conditions specific to women (eg, preeclampsia, premature menopause)

n Inflammatory diseases (especially rheumatoid arthritis, psoriasis, HIV)

n Ethnicity (eg, South Asian ancestry)

Lipid/Biomarkers

n Persistently elevated triglycerides $175 mg/dL ($2.0 mmol/L)

In selected individuals, if measured:

n hs-CRP $2.0 mg/L

n Lp(a) levels >50 mg/dL or >125 mmol/L

n apoB $130 mg/dL

n ABI <0.9

ABI ¼ ankle-brachial index apoB ¼ apolipoprotein B; ASCVD ¼ atherosclerotic cardio-
vascular disease; HIV ¼ human immunodeficiency virus; hs-CRP ¼ high-sensitivity C-
reactive protein; LDL-C ¼ low-density lipoprotein cholesterol; Lp (a) ¼ lipoprotein (a);
TG ¼ triglycerides.
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cholesterol guideline recommends that the clinician es-
timate the 10-year ASCVD risk with the PCE to categorize
patients as low (<5%), borderline (5% to <7.5%), inter-
mediate (7.5% to 19.9%), or high ($20%) risk (2). For those
at low risk, it is prudent to optimize diet and lifestyle and
to obtain periodic 10-year risk assessments. For those
patients at borderline and intermediate risk, the presence
of persistent hypertriglyceridemia serves as a risk-
enhancing factor and may favor early initiation of statin
therapy in addition to optimizing diet and lifestyle. In
such cases, the clinician-patient discussion of risk should
precede statin initiation. This discussion should review
the benefits and risks of statin therapy and should also
include discussion about the patient’s beliefs and con-
cerns. In those patients with high ASCVD risk ($20%),
persistent mild to moderate hypertriglyceridemia sup-
ports initiation or intensification of high-intensity statin
therapy.

Finally, if the clinician and/or the patient still feel that
a decision regarding statin therapy is uncertain, the
guidelines recommend a coronary artery calcium score. A
coronary artery calcium score may result in upward or
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downward reclassification of risk. A coronary artery cal-
cium score of 0 Agatston units in those individuals with a
paucity of risk factors and without cigarette smoking, a
positive family history, diabetes mellitus, or 10-year
ASCVD risk $20% may favor deferring statin use (2).
Statins, although not primary triglyceride-lowering drugs,
are the first choice in those at intermediate risk with mild
to moderate hypertriglyceridemia. Because of the rela-
tively constant LDL-C/triglyceride-lowering ratio for
various statins, the greater the LDL-C lowering, the
greater the effect on individual triglyceride levels (110). In
those aged 40 to 75 years without ASCVD or diabetes
mellitus and with mild to moderate hypertriglyceridemia,
there are no data to support omega-3 fatty acid dietary
supplements for ASCVD risk reduction or to lower tri-
glycerides, although dietary intake of foods rich in
omega-3 fatty acids is encouraged.

Figure 5 provides guidance for the clinical workflow for
adults aged $20 years with no ASCVD or diabetes mellitus
and fasting triglycerides $150 mg/dL or nonfasting
triglycerides $175 mg/dL and triglycerides <500 mg/dL.
Table 7 shows ASCVD risk-enhancing factors.

6.2.4. Adults Aged $20 Years With Severe Hypertriglyceridemia,

Triglycerides $500 mg/dL, and Especially

Triglycerides $1,000 mg/dL

Background

In patients with severe hypertriglyceridemia
(triglycerides $500 mg/dL and especially $1,000 mg/dL),
elevations of VLDL and a higher prevalence of several
metabolic risk factors (eg, diabetes, obesity) raise the risk
of ASCVD. In addition, the substantial increase in chylo-
microns in these patients is also associated with an
increased risk of acute pancreatitis (2). Hyper-
triglyceridemia is a relatively uncommon (9%) cause of
acute pancreatitis. However, patients with severe hyper-
triglyceridemia have a relatively high incidence (14%) of
acute pancreatitis (111). The triglyceride level at which
acute pancreatitis may be triggered can vary in suscepti-
ble patients who have experienced prior episodes of acute
pancreatitis (112). Therapies should be implemented to
reduce excesses in both chylomicrons and VLDL in severe
hypertriglyceridemia. Lifestyle interventions including
Medical Nutrition Therapy (MNT) are important for all
patients with elevated triglycerides; a very rigorous
approach is advised for patients with triglycerides $1,000
mg/dL, which differs from that advised for patients with
more moderate elevations in triglycerides. Specifically,
for patients with triglycerides 500 to 999 mg/dL, 20% to
25% of calories from fat are recommended, and for pa-
tients with triglycerides $1,000 mg/dL, 10% to 15% of
calories from fat are recommended. Clinicians, however,
may opt to further reduce total fat as a percent of calories
in some patients with triglycerides 500 to 999 mg/dL who
have history of pancreatitis or those at the higher end of
this triglyceride range. Another difference is that the
recommendation for added sugar intake for patients with
triglycerides of 500 to 999 mg/dL is <5% of calories, and
patients with triglycerides $1,000 mg/dL are advised to
eliminate added sugars. As per the 2021 American Dia-
betes Association Standards of Medical Care in Diabetes,
glycemic control may beneficially modify plasma lipid
levels, particularly in patients with very high triglycerides
and poor glycemic control (105). With markedly elevated
triglycerides and insulin insufficiency, hyperglycemia
should be treated first, and hypertriglyceridemia should
then be re-evaluated. When triglycerides are $1,000 mg/
dL, the effectiveness of pharmacotherapy to lower tri-
glyceride levels is limited. This relative inability to lower
triglycerides is because these agents primarily reduce
triglyceride synthesis and secretion as VLDL triglycerides
in the liver rather than by clearance of circulating chylo-
microns. In some of these patients, clinicians can consider
extreme dietary fat restriction (<5% of total calories as
fat) until triglyceride levels are #1,000 mg/dL (113).

Clinical Workflow

MNT for Patients with Severe Hypertriglyceridemia: MNT
must be individualized in patients with triglycerides 500
to 999 mg/dL. Although most patients typically benefit
from glycemic control, optimizing quality and quantity of
carbohydrate, alcohol restriction, weight loss (if indi-
cated), and physical activity, the total fat content of the
diet must be individualized (57). In a study that imple-
mented an individualized MNT program in patients with
triglyceride levels $500 mg/dL, triglycerides decreased
similarly regardless of triglyceride-lowering medication
use, suggesting that individualized MNT plays a pivotal
role in reducing triglyceride levels. Thus, registered die-
titian nutritionists are essential to provide individualized
MNT for optimal lipid lowering in severe hyper-
triglyceridemia (114).

Patients with severe hypertriglyceridemia with
levels $1,000 mg/dL have chylomicronemia and typically
require consumption of a very-low-fat diet (<20 to 40 g
total fat/d or <10% to 15% of total calories) (115). These
recommendations differ from the total fat recommenda-
tion for patients with mild to moderate hyper-
triglyceridemia with fasting triglycerides $150 mg/dL or
nonfasting triglycerides $175 mg/dL to <500 mg/dL; this
latter group requires a moderate-fat diet (fat as 30% to
35% of calories) (115). For patients with triglyceride levels
of 500 to 999 mg/dL, total fat must be individualized, but
should generally be in the range of 20% to 25% of the diet.
Some dietary recommendations are similar for patients
with chylomicronemia and more moderately elevated



FIGURE 6 Adults Aged $20 Years With Severe Hypertriglyceridemia, Triglycerides $500 mg/dL, and Especially With Triglycerides $1,000 mg/dL
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triglycerides, as both groups benefit from a diet that is low
in simple and refined carbohydrates and saturated fats,
eliminates added sugars, includes high amounts of solu-
ble fiber (>10 g/d), and restricts or completely excludes
alcohol. Similar to patients with mild to moderate
hypertriglyceridemia, a weight-loss diet is prescribed, if
needed, for patients with chylomicronemia, and physical
activity is also recommended. The clinical workflow for
lifestyle intervention in patients with severe hyper-
triglyceridemia is outlined in Figures 2 and 6.

n Adults aged $20 years with triglycerides 500 to 999 mg/
dL: The initial step in guideline-based management of
patients with severe hypertriglyceridemia
(triglycerides $500 to 999 mg/dL) is to provide lifestyle
counseling. In those with fasting or nonfasting hyper-
triglyceridemia, such counseling is especially important
due to the established atherogenicity of triglyceride-rich
remnant lipoproteins and the benefits of lifestyle in-
terventions in reduction of these particles (116).
Although all patients being treated for lipid disorders
should have secondary causes excluded, the presence of
hypertriglyceridemia should trigger a re-examination
for secondary causes, particularly for diabetes mellitus
and excessive alcohol intake (see Table 1 and Figure 2)
(41). Triglyceride-raising medical therapy is also a
commonly encountered secondary factor in clinical
practice (refer to Table 1). As per the 2021 American Dia-
betes Association Standards of Medical Care in Diabetes,
glycemic control may also beneficially modify plasma
lipid levels, particularly in patients with very high tri-
glycerides and poor glycemic control (105).

LDL-C risk-based therapies and triglyceride risk-based
therapy: In adults 1) aged 20 to 39 years without ASCVD
or diabetes mellitus and triglycerides 500 to 999 mg/dL; or
2) aged 40 to 75 years with 10-year ASCVD risk <5% and
triglycerides 500 to 999mg/dL, there is limited evidence of
the ASCVD risk reduction benefit of statin therapy, LDL-C
risk-based nonstatin therapies, or triglyceride risk-based
nonstatin therapies. The 2018 AHA/ACC/multisociety
cholesterol guideline recommends that for adults with
persistently elevated or increasing triglycerides, it is
reasonable to further reduce triglycerides by imple-
mentation of a very-low-fat diet (10% to 15%), avoidance of
refined carbohydrates and alcohol, prescription omega-3
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fatty acids (IPE or omega-3 acid ethyl esters), and if
necessary to prevent acute pancreatitis, fibrate therapy (2).

n Adults aged 40 to 75 years with triglycerides 500 to 999
mg/dL and 10-year ASCVD risk $5%, ASCVD, or diabetes
mellitus: The initial step in guideline-based manage-
ment of patients with severe hypertriglyceridemia
(triglycerides $500 mg/dL) is to provide lifestyle
counseling. In those with fasting or nonfasting hyper-
triglyceridemia, such counseling is especially impor-
tant due to the established atherogenicity of
triglyceride-rich remnant lipoproteins and the benefits
of lifestyle interventions in reduction of these particles
(117,118). In addition, clinicians should identify and
address secondary causes of hypertriglyceridemia (see
Table 1) (2). As per the 2021 American Diabetes Associ-
ation Standards of Medical Care in Diabetes, glycemic
control may also beneficially modify plasma lipid
levels, particularly in patients with very high tri-
glycerides and poor glycemic control (105).

LDL-C risk-based therapies: Persistently elevated tri-
glycerides (nonfasting triglycerides $175 mg/dl) is one of
the risk-enhancing factors identified in the 2018 AHA/
ACC/multisociety cholesterol guideline. Accordingly, in
primary prevention patients without diabetes mellitus or
LDL-C $190 mg/dL with an estimated 10-year ASCVD risk
7.5% to <20%, the presence of persistent hyper-
triglyceridemia supports a decision to initiate at least
moderate-intensity statin therapy. For patients with
10-year ASCVD risk $5% to <7.5% and persistent
hypertriglyceridemia, patient-clinician discussion is rec-
ommended regarding the initiation of moderate-intensity
statin therapy. Statins are commonly known for their
impact on LDL-C, but they also provide a 10% to 30%
dose-dependent reduction in triglycerides in patients
with elevated triglyceride levels. In addition, although
chylomicronemia in itself may not be atherogenic, in most
patients it associates with other atherogenic factors (2).
For this reason, initiation of statin therapy is reasonable.
Similarly, statin therapy should be initiated or maximized
if such patients have a history of diabetes mellitus or
ASCVD. If triglyceride levels remain elevated at $500 to
999 mg/dL following initiation of statin therapy, the
clinician should consider intensification and monitor
adherence to therapy.

The 2018 AHA/ACC/multisociety cholesterol guideline
recommends that if triglycerides are persistently elevated
or increasing, it is reasonable to further reduce tri-
glycerides by implementation of a very-low-fat diet (see
the previous text).

Triglyceride risk-based nonstatin therapy: The 2018
AHA/ACC/multisociety cholesterol guideline recommends
that if triglycerides are persistently elevated or
increasing, it is reasonable to further reduce triglycerides
by the addition of prescription omega-3 fatty acids (IPE or
omega-3 acid ethyl esters), and, if necessary to prevent
acute pancreatitis, fibrate therapy (2).

n Adults aged $20 years with triglycerides $1,000 mg/dL:
The initial step in guideline-based management of pa-
tients with severe hypertriglyceridemia, defined as
triglycerides $1,000 mg/dL, is to provide lifestyle
counseling. Adults with severe hypertriglyceridemia
are at high risk for acute pancreatitis, and therefore,
implementation of a very-low-fat diet (10% to 15% of
calories) is recommended (see previous discussion). In
addition, added sugars and alcohol should be elimi-
nated. Clinicians should also identify and address sec-
ondary causes of hypertriglyceridemia (see Table 1) (2).
As per the 2021 American Diabetes Association Stan-
dards of Medical Care in Diabetes, glycemic control may
also beneficially modify plasma lipid levels, particularly
in patients with very high triglycerides and poor gly-
cemic control (105). With markedly elevated tri-
glycerides and insulin insufficiency, hyperglycemia
should be treated first, and hypertriglyceridemia
should then be re-evaluated. When triglycerides
are $1,000 mg/dL, the effectiveness of pharmaco-
therapy to lower triglyceride levels is limited. Thus, for
these patients, the initial approach in management can
include extreme dietary fat restriction, with <5% of
total calories as fat, until triglycerides are <1,000 mg/
dL. This is the level at which triglyceride-lowering
drugs may have improved efficacy (113).

Triglyceride risk-based nonstatin therapy: The 2018
AHA/ACC/multisociety cholesterol guideline recommends
that if triglycerides are persistently elevated or
increasing, it is reasonable to further reduce triglycerides
by the addition of prescription omega-3 fatty acids (IPE or
omega-3 acid ethyl esters), and, if necessary to prevent
acute pancreatitis, fibrate therapy (2).

LDL-C risk-based therapy: Statin therapy should also
be considered in appropriate patient management groups
as per the 2018 AHA/ACC/multisociety cholesterol
guideline.

Figure 6 provides guidance for the clinical workflow for
adults aged $20 years with severe hypertriglyceridemia,
triglycerides $500 mg/dL, and especially triglycerides
$1,000 mg/dL.

7. CONCLUSIONS AND PENDING TRIALS OF

TRIGLYCERIDE RISK-BASED NONSTATIN

THERAPIES

Since the publication of the 2018 AHA/ACC/multisociety
cholesterol guideline, further evidence has emerged regarding
treatment options for a triglyceride risk-based approach in at-
risk patients with persistent hypertriglyceridemia. The



Virani et al. J A C C V O L . 7 8 , N O . 9 , 2 0 2 1

Hypertriglyceridemia Management Expert Consensus Decision Pathway A U G U S T 3 1 , 2 0 2 1 : 9 6 0 – 9 9 3

986
algorithms presented in this ECDP endorse recommendations
identified in the 2018 AHA/ACC/multisociety cholesterol
guideline and address management of hypertriglyceridemia in
4 patient populations frequently encountered by clinicians in
daily practice. TheECDPprovides comprehensive andpractical
information for clinicians on triglyceride measurement, eval-
uation and management of secondary causes of hyper-
triglyceridemia, lifestyle interventions for management of
hypertriglyceridemia, the role of statin therapy inpatientswith
persistent hypertriglyceridemia, and the role for triglyceride
risk-based therapies for ASCVD risk reduction.

This ECDP aims to provide the risks and benefits of these
approaches based on the best available evidence at the time
of its publication. Ongoing randomized clinical trials of EPA
only in patients with coronary artery disease (119) and se-
lective peroxisome proliferator-activated receptor alpha
agonists in patients with type 2 diabetes mellitus (18) will
inform future iterations of guidelines as well as ECDPs.
Similarly, with genetic studies supporting the role of
several novel therapeutic targets (eg, apo C-III and
ANGPTL3) in atherosclerosis, ongoing clinical trials using
RNA interference therapy (antisense oligonucleotides and
small interferingRNAs) have thepotential to further inform
our understanding of the triglyceride-based atheroscle-
rotic pathways (120,121). Pending outcomes trials, studies
targeting specific proteins in these novel pathways also
have the potential to provide clinicians with multiple op-
tions to address triglyceride-based ASCVD risk in patients
treated with maximally tolerated statin therapy.
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APPENDIX 3. ABBREVIATIONS
ACC ¼ American College of Cardiology

AF ¼ atrial fibrillation

AHA ¼ American Heart Association

ASCVD ¼ atherosclerotic cardiovascular disease

CI ¼ confidence interval

DHA ¼ docosahexaenoic acid

ECDP ¼ expert consensus decision pathway

EPA ¼ eicosapentaenoic acid

HDL-C ¼ high-density lipoprotein cholesterol

HR ¼ hazard ratio
IPE ¼ icosapent ethyl

LDL-C ¼ low-density lipoprotein cholesterol

MI ¼ myocardial infarction

MNT ¼ medical nutrition therapy

PCE ¼ Pooled Cohort Equations

PCSK9i ¼ proprotein convertase subtilisin/kexin type 9

inhibitors
PUFA ¼ polyunsaturated fatty acids

RWI ¼ relationships with industry

VLDL ¼ very-low-density lipoprotein
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