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BACKGROUND: Current guidelines target low-density
lipoprotein cholesterol (LDL-C) concentrations to
reduce atherosclerotic cardiovascular disease (ASCVD)
risk, and yet clinical trials demonstrate persistent resid-
ual ASCVD risk despite aggressive LDL-C lowering.

CONTENT: Non–LDL-C lipid parameters, most nota-
bly triglycerides, triglyceride-rich lipoproteins
(TGRLs), and lipoprotein(a), and C-reactive protein as
a measure of inflammation are increasingly recognized
as associated with residual risk after LDL-C lowering.
Eicosapentaenoic acid in statin-treated patients with
high triglycerides reduced both triglycerides and
ASCVD events. Reducing TGRLs is believed to have
beneficial effects on inflammation and atherosclerosis.
High lipoprotein(a) concentrations increase ASCVD
risk even in individuals with LDL-C< 70 mg/dL.
Although statins do not generally lower lipoprotein(a),
proprotein convertase subtilisin/kexin type 9 inhibitors
reduce lipoprotein(a) and cardiovascular outcomes,
and newer approaches are in development. Persistent
increases in C-reactive protein after intensive lipid
therapy have been consistently associated with in-
creased risk for ASCVD events.

SUMMARY: We review the evidence that biochemical
assays to measure TGRLs, lipoprotein(a), and C-reac-
tive protein are associated with residual risk in
patients treated to low concentrations of LDL-C.
Growing evidence supports a causal role for TGRLs,
lipoprotein(a), and inflammation in ASCVD; novel
therapies that target TGRLs, lipoprotein(a), and in-
flammation are in development to reduce residual
ASCVD risk.

Introduction

Based on the well-established relation between increased
blood cholesterol, particularly cholesterol in low-density
lipoproteins (LDL-C), and atherosclerotic cardiovascular
disease (ASCVD) morbidity and mortality, current
treatment guidelines focus on reducing LDL-C concen-
tration to reduce ASCVD risk (1, 2). However, numer-
ous clinical trials of statin, nonstatin, and combination
therapy have shown persistent residual ASCVD risk
despite aggressive LDL-C lowering (3–5), leading to
efforts to identify determinants of residual ASCVD risk,
including those that can be measured by clinical chemis-
try methods. Recently, the multidisciplinary consensus
panel of the European Atherosclerosis Society and the
European Federation of Clinical Chemistry and
Laboratory Medicine published their recommendations
on the quantification of atherogenic lipoproteins beyond
LDL-C for lipid-lowering strategies (6).

We will review the evidence for triglycerides (TGs)
and triglyceride-rich lipoproteins (TGRLs), lipopro-
tein(a) [Lp(a)], and inflammation as residual risk factors.
In particular, we discuss the association of measure-
ments obtained by available biochemical assays for these
factors (Table 1) with ASCVD risk in statin-treated
patients, the increasing data supporting a causal role
for these factors in ASCVD, and novel therapies in de-
velopment that target these factors to reduce residual
ASCVD risk.

Role of Triglycerides and Remnant
Lipoproteins in Atherosclerotic Cardiovascular
Disease

In recent years, growing evidence suggests that TGs and
TGRLs may contribute to residual ASCVD risk.
TGRLs are a heterogeneous population of lipoprotein
particles that consist of remnant lipoproteins derived
from either chylomicrons synthesized in the intestine or
very-low-density lipoproteins (VLDL) synthesized in
the liver (Fig. 1). Increased production and delayed ca-
tabolism of TGRLs lead to increased TG-enriched rem-
nant lipoproteins, with increased concentrations of
remnant-like particle cholesterol (RLP-C). In hypertri-
glyceridemia, cholesteryl ester transfer protein–mediated
transfer of TGs from chylomicrons and VLDL to LDL
and high-density lipoprotein (HDL) in exchange for
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Table 1. Laboratory tests for triglyceride-rich lipoprotein measures, lipoprotein(a), and inflammatory markers.

Measures Assay features Pros Cons

Total TGs Measures circulating con-

centrations of total TGs

based on quantification

of glycerol following

lipolytic conversion of

TGs

Automated chemistry

assay

Standardized methodol-

ogy via traceable SRMs

High-throughput/low-

complexity method

Does not measure TG con-

centrations of individual

lipoprotein classes/

subfractions

Non–glycerol blanked TG

assays can result in a free

glycerol error

Calculated RC Total cholesterol – ( HDL-C

þ directly measured

LDL-C)

Cost effective: can be cal-

culated using standard

lipid profile

High-throughput/low-

complexity method

May be inaccurate when

calculated LDL-C is used

instead of directly mea-

sured LDL-C

Does not measure cholesterol

concentrations of lipopro-

tein classes/subfractions

RLP-C by

homogeneous

assay (Denka

Seiken)

Measures cholesterol con-

centration in remnant

lipoproteins using spe-

cific surfactants and

enzymes

Automated chemistry

assay

Standardized against den-

sity gradient ultracentri-

fugation method

Directly measures choles-

terol concentration in

remnant lipoproteins

High-throughput/low-

complexity method

Novel assay with limited

data available from

clinical studies

LDL-TG by

homogeneous

assay (Denka

Seiken)

Measures TG concentra-

tion in LDL using

specific surfactants and

enzymes

Automated chemistry

assay

Standardized against

density gradient ultra-

centrifugation method

Directly measures TG

concentration in LDL

High-throughput/low-

complexity method

Novel assay with limited

data available from

clinical studies

Density gradient

ultracentrifugation/

precipitation (beta

quantification)

Can be used to measure

cholesterol and TG con-

centrations in VLDL, IDL,

LDL, HDL, and Lp(a) by

density ultracentrifuga-

tion/precipitation and

subsequent enzymatic

methods for cholesterol

and TGs

Gold standard reference

method for LDL-C and

HDL-C

High-complexity method/

low-throughput method

Continued
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Table 1. (continued)
Measures Assay features Pros Cons

NMR (LipoScience/

LabCorp)

Measures lipoprotein par-

ticle concentrations

(VLDL, IDL, LDL, HDL)

and size in 11 lipopro-

tein subfractions

LDL-P assay is US FDA

approved

High-throughput assay

Directly measures

lipoprotein concentra-

tions and sizes

High-complexity method

Does not measure cholesterol

or TG concentration in li-

poprotein subfractions

Issues regarding standardiza-

tion of lipoprotein subfrac-

tions and instrument

sensitivity

NMR (Nightingale

Health)

Measures lipoprotein par-

ticle concentrations

(VLDL, IDL, LDL, HDL)

and size in 14 lipopro-

tein subfractions as well

as their TGs, cholesterol

(free and esterified),

phospholipids, and fatty

acids

High-throughput assay

Directly measures lipopro-

tein concentrations and

sizes in addition to their

lipid constituents

High-complexity method

Specific software and data

analysis tools required

Issues regarding standardiza-

tion of lipoprotein subfrac-

tions and instrument

sensitivity

ES-DMA (Quest) Measures lipoprotein par-

ticle concentrations

(VLDL, IDL, LDL, HDL)

and size in lipoprotein

subfractions in the

range of 17.2–540.0 Å

based on ion mobility

High-throughput assay

Directly measures lipopro-

tein concentrations and

sizes

High-complexity method

Does not measure cholesterol

or TG concentration in li-

poprotein subfractions

Issues regarding standardiza-

tion against other

methodologies

Lp(a) (immuno-

turbidimetric

assays; Denka

Seiken,

Roche, Randox)

Measures circulating Lp(a)

concentration using

antibodies directed

against apo(a)

Automated immunoturbi-

dimetric assay

Assay standardization pos-

sible via traceable

SRMs (WHO/IFCC)

High-throughput/low-

complexity method

Assays using monoclonal

antibodies that are krin-

gle IV type 2 repeat in-

sensitive allow for assay

standardization (values

expressed in nmol/L)

Lp(a) cut off values for

ASCVD risk unresolved

(older guidelines sug-

gest >30 mg/dL or

>50 mg/dL)

Global assay standardization

issues related to general

acceptance of nmol/L units

of measurement

Most currently available Lp(a)

assays are affected by

apo(a) size heterogeneity

hs-CRP (immuno-

turbidimetric

assays)

Widely accepted surro-

gate marker for chronic

low-grade inflammation

Automated immunoturbi-

dimetric/nephelometric

assay

Assay standardization via

traceable SRMs

(ERM/IFCC)

Large intraindividual bio-

logical variability

requires serial measure-

ments for accurate risk

classification

Continued
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cholesteryl esters from LDL and HDL leads to TG-
enriched VLDL remnants, intermediate-density lipopro-
tein (IDL), LDL, and small dense LDL. Although all
remnant particles have a relatively high TG content, it is

not fully understood to what extent the TGs and choles-
terol of remnant lipoproteins each contribute to
ASCVD risk. The cholesterol content of remnant lipo-
proteins, broadly defined as remnant cholesterol (RC)

Table 1. (continued)
Measures Assay features Pros Cons

High-throughput/low-

complexity method

Cost-effective

Abbreviations: apo, apolipoprotein; ASCVD, atherosclerotic cardiovascular disease; ERM, European Reference Material; ES-DMA, electrospray-differential mobility analysis; FDA,
U.S. Food and Drug Administration; HDL, high-density lipoprotein; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; IDL, intermediate-
density lipoprotein; IFCC, International Federation of Clinical Chemistry and Laboratory Medicine; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; LDL-
TG, low-density lipoprotein triglycerides; Lp(a), lipoprotein(a); NMR, nuclear magnetic resonance; RC, remnant cholesterol; RLP-C, remnant-like particle cholesterol; SRM, U.S.
Standard Reference Material; TG, triglyceride; VLDL, very-low-density lipoprotein; WHO, World Health Organization.

Fig. 1. Remnant lipoprotein metabolism. Chylomicrons secreted from the intestine and very-low-density lipoprotein (VLDL) se-
creted from the liver are lipolyzed by lipoprotein lipase (LPL), leading to triglyceride-rich lipoprotein (TGRL) remnants.
Chylomicron secretion is largely regulated by food intake, whereas VLDL secretion is controlled by insulin. Remnant particles
undergo remodeling via the enzymatic action of cholesteryl ester transfer protein (CETP) with high-density lipoprotein (HDL), he-
patic lipase (HL), and the exchange of soluble apolipoproteins such as E, C-I, C-II, and C-III. TGRL remnants are cleared from the
circulation via receptor-mediated uptake involving the low-density lipoprotein (LDL) receptor (LDLR), LDL receptor–like protein
(LRP), and heparan sulfate proteoglycans (HSPG). Chylomicron remnants and VLDL remnants compete for the same lipolytic
pathway, a process mediated by apoE. While chylomicron remnant clearance may be mediated by LDLR, LRP, or HSPG, VLDL
remnants are believed to be cleared predominantly via LDLR. Individuals with apoE2 isoforms have reduced remnant clearance
and are postulated to have compensatory upregulation of cellular LDLR expression that may lead to decreased LDL-TG and LDL-C
concentrations. The purported role of HL in the lipolytic conversion of IDL to LDL may at least partly explain why individuals
with decreased HL activity due to genetic variation in the LIPC gene (e.g., rs 2070895) have high LDL-TG concentrations.
Reproduced with permission from Saeed et al. (7).
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and sometimes described as RLP-C, is highly athero-
genic. Numerous studies have focused on the athero-
genic potential of remnant lipoproteins and RLP-C (8,
9). However, few data describe the association between
TGs in LDL (LDL-TG) and future ASCVD risk.

TRIGLYCERIDE-RICH LIPOPROTEINS AND INFLAMMATION

Both LDL-TG (10) and RLP-C, but not cholesterol in
LDL (LDL-C) (11), are related to systemic low-grade
inflammation and vascular damage, and it has been pro-
posed that the TG content of LDL may be a marker for
delayed remnant particle catabolism (10). Consistent
with these observations (7), individuals with increased
LDL-TG and RLP-C concentrations also had increased
concentrations of inflammatory markers high-sensitivity
C-reactive protein (hs-CRP) and white blood cell count
(7), which may reflect an adverse impact on
inflammation.

LABORATORY TESTS FOR TRIGLYCERIDE-RICH LIPOPROTEIN
MEASUREMENTS

It is generally believed that the circulating concentration
of TGs serves as a surrogate measure for TGRLs. Plasma
TG concentration predominantly reflects the TG con-
tent of hepatic-derived VLDL remnants (i.e., VLDL-
TG, IDL-TG, and LDL-TG) in the fasting state but
also includes the TG content of intestinal-derived chylo-
micron remnants in the nonfasting state or in the altered
fasting state in hypertriglyceridemic individuals. Plasma
TGs are most commonly measured using automated
chemistry methods and involve the quantification of
glycerol upon lipolytic conversion of TGs (12).
Methods for the measurement of plasma TG concentra-
tions are standardized through the distribution of
commercially available standardized reference materials
and are governed by clinical laboratory accreditation
and certification agencies. A variety of methods have
been used to measure the TG content of specific
lipoprotein fractions, particularly LDL-TG content, to
investigate the efficacy of these TGRL measures for
ASCVD risk prediction. These methodologies generally
use some form of conventional equilibrium density-
gradient ultracentrifugation to isolate the lipoprotein
fraction of interest (e.g., LDL), combined with an
enzymatic method for TG quantification (10). More
recently, an automated detergent-based homogeneous
assay for LDL-TG was developed, which was validated
against the standard sequential density ultracentrifuga-
tion method (13).

To determine the cholesterol content of TGRLs, a
number of different methods have been described. The
simplest method, which has been most commonly used,
involves a formula for calculating RC by simply sub-
tracting LDL-C and HDL-C from total cholesterol.
Calculated RC is a more accurate estimate if directly

measured LDL-C is used instead of LDL-C calculated
based upon the Friedewald equation, as the Friedewald
equation becomes unreliable when TG concentrations
are 400 mg/dL or higher (14). It is important to note
that calculated RC simply equals TG/5 (i.e., a fixed fac-
tor for the TG-to-VLDL-C ratio in mg/dL) when
Friedewald-estimated LDL-C is used, and in this case it
does not add clinical information beyond TG concen-
tration (15). A newer method for estimating LDL-C
using an adjustable factor for the TG-to-VLDL-C
ratio based on TG and non–high-density lipoprotein
cholesterol (non-HDL-C) concentrations (16) may
more accurately estimate calculated RC, particularly in
hypertriglyceridemic individuals. Laboratory methods
for direct measurement of RC typically involve separa-
tion of remnant lipoprotein fractions based on density-
gradient ultracentrifugation followed by measurement
of their cholesterol content. Several studies, including
the VLDL-3 Study, Jackson Heart Study, and
Framingham Offspring Cohort Study, have used this
method, in which RC was determined by the sum of
cholesterol in the densest VLDL subfraction (VLDL3-
C) and IDL (9, 17). Other laboratory methods for di-
rect measurement of RC are based on immunosepara-
tion of apolipoprotein (apo) E–enriched remnant
particles by removing lipoproteins containing apo A-I
and some apo B-100–containing lipoproteins and subse-
quent determination of their cholesterol content (18).
More recently, a fully automated homogeneous assay
was developed for the direct measurement of RLP-C
(19). Although the lack of standardization of methods
for the measurements of TGRLs hampers their use
in ASCVD risk assesment, the recent availability of
validated fully automated procedures for measuring
LDL-TG and RLP-C should facilitate widespread use in
routine clinical chemistry laboratories and may aid in
evaluating the use of TGRLs in ASCVD risk assesment.

Nuclear magnetic resonance (NMR) spectroscopy
has been used since the early 1990s to obtain quantita-
tive lipoprotein measurements. Although several re-
search teams have applied NMR spectroscopy for
lipoprotein quantification, mostly on smaller numbers
of study subjects, the development of commercial
NMR-based lipoprotein quantification methods pio-
neered by Otvos and colleagues at LipoScience (now
LabCorp, Raleigh, NC) allowed for a broader applica-
tion of this method in large population-based studies
and clinical trials. Studies using NMR-derived lipopro-
tein quantification focus on characterization of both
particle size and concentration rather than lipoprotein
lipid composition. The concentration of each lipopro-
tein particle subfraction is calculated and particles are
classified based on size as VLDL (VLDL-P, including 5
subclasses), LDL (LDL-P, including 3 subclasses), and
HDL (HDL-P, including 3 subclasses). Several studies
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have shown that NMR-derived lipoprotein measures
are associated with future ASCVD events (20, 21) and
diabetes (22).

More recently, the Nightingale Health Company
has developed a NMR spectroscopy method to measure
>200 metabolic plasma biomarkers, including lipopro-
tein particle size and 14 lipoprotein subclasses. In addi-
tion, for each lipoprotein subclass, total, free, and
esterified cholesterol, triglycerides, phospholipids, fatty
acids, apolipoproteins, and particle concentration are
measured (23). The Nightingale Health NMR method-
ology has been used to measure directly the contribution
of cholesterol content in remnant lipoproteins to plasma
total cholesterol concentrations in the general popula-
tion (24). Lipoprotein particle concentrations in clinical
laboratories are also measured using electrospray differ-
ential mobility analysis, also known as ion mobility,
which can be used for the direct quantification of lipo-
protein particles in the range of 17.2–540.0 Å, spanning
from small, dense HDL to large buoyant VLDL and
providing information on both particle size and concen-
tration (25). The method is based on the principle
that particles of a given size and uniform charge behave
in a predictable manner when carried in a laminar air
flow and subjected to an electrical field. The use of ion
mobility for quantification of lipoprotein particle
subfractions has been validated against other methods
such as NMR and gradient density (vertical auto profile)
ultracentrifugation; small dense LDL particles were
consistently associated with greater coronary atheroscle-
rosis progression independent of standard lipid measure-
ments (26).

Although commercially available high-throughput
NMR spectroscopy and ion mobility are promising
methods for quantifying lipoprotein subclasses, includ-
ing remnant lipoproteins, several obstacles prevent their
broad application in routine clinical chemistry laborato-
ries, including lack of standardization for lipoprotein
subclasses, proprietary software, issues related to sensi-
tivity (variability in 600- to 800-MHz NMR instru-
ments used), high costs for instruments, and complexity
of the methods.

EPIDEMIOLOGIC STUDIES OF TRIGLYCERIDES AND
TRIGLYCERIDE-RICH LIPOPROTEINS AND ATHEROSCLEROTIC
CARDIOVASCULAR DISEASE RISK

Large epidemiologic studies provide accumulating
evidence for the role of TG in ASCVD risk (27). Few
data are available on clinical utility of LDL-TG concen-
trations in ASCVD risk prediction, possibly because of
the complexity of measuring LDL-TG (28). In a cross-
sectional study of cases with stable coronary heart dis-
ease (CHD), in which LDL-TG was measured after
fractionation of LDL by equilibrium density-gradient
centrifugation, altered LDL metabolism characterized

by high LDL-TG was correlated with prevalent CHD
and systemic low-grade inflammation independent of
LDL-C (10). The Atherosclerosis Risk in Communities
(ARIC) study, was the first to demonstrate a significant
association of LDL-TG concentrations with incident
CHD and stroke in middle-aged adults (mean age
63 years) followed up to 16 years (7). Similarly, the
Ludwigshafen Risk and Cardiovascular Health (LURIC)
study in 3316 subjects (mean age 63 years) also showed
that high concentrations of LDL-TG were associated
with increased risk for cardiovascular mortality, inde-
pendent of LDL-C, during approximately 10-year
follow-up (29). In a study of older ARIC participants
(mean age 76 years, half of whom were taking statin
therapy, LDL-TG and RLP-C, markers of TGRL, were
associated with TG, and higher LDL-TG concentration
was associated with higher risk for CHD and ASCVD
independent of traditional risk factors, indicating a role
of LDL-TG in residual ASCVD risk in individuals on
lipid-lowering therapy and suggesting additional targets
for ASCVD risk reduction. In a biracial cohort from the
Jackson Heart Study and Framingham Offspring
Cohort Study, RLP-C was positively associated with in-
cident CHD in unadjusted models (9). The ARIC study
showed that high concentrations of small dense LDL-C,
but not large buoyant LDL-C, were associated with in-
creased risk of ASCVD even in individuals considered to
be at low cardiovascular risk based on their LDL-C con-
centrations (30). The Copenhagen General Population
Study recently showed that individuals with high concen-
trations of small dense LDL-C had higher risks for myo-
cardial infarction (MI) and ASCVD (31). The Women’s
Health Study recently found that TGRL-C was strongly
associated with future MI and peripheral artery disease
events, whereas small dense LDL-C was associated with
MI alone (32). The authors suggested that the cholesterol
content of TGRLs and small dense LDL might therefore
influence atherogenesis with potentially different potency
across vascular beds.

GENETIC STUDIES OF TRIGLYCERIDES AND TRIGLYCERIDE-RICH
LIPOPROTEINS AND ATHEROSCLEROTIC CARDIOVASCULAR
DISEASE RISK

Genetic studies, in particular Mendelian randomization
studies, have been used to investigate the causal relation-
ship between a biomarker and disease risk because they
capture the lifetime effect of an exposure without the
possibility of reverse causality. Genetic studies provide
additional evidence of the association of TGRL with
ASCVD (33). Among genes involved in TG and TGRL
metabolism, variants of those encoding lipoprotein
lipase (LPL) and hepatic lipase (LIPC) and their inhibi-
tors (apo C-III [APOC3], angiopoietin-like protein 3
[ANGPTL3; ANGPTL3]) have been associated with
ASCVD risk.
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A gain-of-function variant of LPL (rs328) was
strongly associated with lower RLP-C and LDL-TG
concentrations in ARIC (7) and has been associated
with decreased TG and increased HDL-C concentra-
tions (34) and reduced CHD (35). The LIPC variant
rs2070895, in the promoter region of the gene, has
been associated with decreased hepatic lipase activity
(36) and increased LDL-TG concentrations (7). LIPC
variants were associated with increased risk for ischemic
heart disease risk in the Copenhagen City Heart Study
(37), and complete deficiency of hepatic lipase leads to
increases in RLP-C and LDL-TG (36).

The inhibitory effect of apo C-III on lipoprotein li-
pase leads to delayed clearance of TGRLs (38). APOC3
loss-of function variants are associated with decreased
concentrations of TGs and small dense LDL-C, in-
creased HDL-C concentration, and reductions in post-
prandial lipemia and CHD risk (39). In ARIC, APOC3
loss-of-function variants were associated with decreased
RLP-C and LDL-TG concentrations.

ANGPTL3 also inhibits lipoprotein lipase and
decreases clearance of VLDL-TG (40). Loss-of-function
variants in ANGPTL3 have been associated with de-
creased TG and LDL-C concentrations and reduced
ASCVD risk (41).

EVIDENCE FROM CLINICAL TRIALS OF LOWERING
TRIGLYCERIDES AND TRIGLYCERIDE-RICH LIPOPROTEINS TO
REDUCE ATHEROSCLEROTIC CARDIOVASCULAR DISEASE RISK

Eicosapentaenoic acid (EPA) reduces TG and RLP-C
concentrations (42). In the Reduction of Cardiovascular
Events with Icosapent Ethyl–Intervention Trial
(REDUCE-IT) (43), patients with high TGs and either
ASCVD or high ASCVD risk who were treated with
EPA had significant ASCVD risk reduction compared
with placebo. In contrast, Statin Residual Risk
Reduction with Epanova in High Cardiovascular Risk
Patients with Hypertriglyceridemia (STRENGTH;
NCT02104817), in which patients with ASCVD, high
TG, and low HDL-C were treated with omega-3
carboxylic acids (Epanova; EPA þ docosahexaenoic
acid) or placebo, was stopped earlier than planned on
the recommendation of an independent data monitor-
ing committee because of low likelihood of benefit; trial
results have not yet been published.

Fibrates activate peroxisome proliferator-activated
receptor–a to downregulate APOC3 expression and
upregulate LPL expression, which leads to reductions in
TG and TGRL and improvements in LDL phenotype
from small dense to more-buoyant particles (44).
The ongoing Pemafibrate to Reduce Cardiovascular
Outcomes by Reducing Triglycerides In Patients with
Diabetes (PROMINENT; NCT03071692) is examin-
ing the clinical efficacy of pemafibrate added to statin
therapy for ASCVD risk reduction in high-risk patients

with diabetes, high TG concentrations, and low HDL-
C concentrations.

Emerging therapies use gene silencing that targets
APOC3 and ANGPTL3 as potential new approaches for
treating hypertriglyceridemia (45). Antisense oligonu-
cleotides in development inhibit APOC3 (APOCIII-
LRx) (46) and hepatic ANGPTL3 (ANGPTL3-LRx)
(47), and targeted delivery of small interfering RNAs
against APOC3 (ARO-APOC3) (48) and ANGPTL3
(ARO-ANG3) (49) to hepatocytes provides efficient
gene silencing. In early-phase clinical trials, both
approaches to both targets demonstrated dramatic and
durable TG reductions.

Role of Lipoprotein(a) in Atherosclerosis

Genetic, epidemiologic, and clinical studies have estab-
lished that high concentrations of Lp(a) are associated
with increased risk for ASCVD. Lp(a) was first de-
scribed in 1963 and has an apo B lipoprotein moiety
with covalent bonding to apo(a), which has homology
to plasminogen (50). Apo(a) contains multiple repeating
kringle motifs, and the differing number of kringle IV
type 2 repeats in apo(a) leads to Lp(a) isoform size het-
erogeneity. There is a general inverse correlation be-
tween apo(a) isoform size and plasma Lp(a)
concentration, which is believed to be largely due to less
efficient secretion of the larger apo(a) isoforms from
hepatocytes. Lp(a) is thought to have pleiotropic effects
on ASCVD: promoting atherosclerosis due to its LDL
moiety, promoting thrombosis due to the homology with
plasminogen, and promoting vascular inflammation due
to the oxidized phospholipids (51) which mediate arterial
wall inflammation. Targeting Lp(a) may therefore be of
incremental value beyond lowering LDL-C, even in indi-
viduals without increased LDL-C (52).

EVIDENCE FROM EPIDEMIOLOGIC AND GENETIC STUDIES FOR
A CAUSAL ROLE OF LIPROTEIN(A) IN ATHEROSCLEROTIC
CARDIOVASCULAR DISEASE

Numerous epidemiologic studies have shown a relation-
ship between Lp(a) concentrations and MI, stroke, and
aortic stenosis (53), and high Lp(a) concentrations have
been shown to improve risk assessment (54). Lp(a) con-
centrations are primarily determined by genetics, and
the ability to combine genomic data with epidemiologic
data in Mendelian randomization studies has provided
evidence that increased concentrations of Lp(a) are caus-
ally related to both ASCVD and aortic stenosis (55, 56).
The accumulating evidence that Lp(a) is an
independent ASCVD risk factor has led to the recent
consensus statement from HEART UK, which provides
recommendations for its measurement in clinical prac-
tice and reviews therapeutic strategies to reduce ASCVD
risk in individuals with high Lp(a) concentrations (57).
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LIPOPROTEIN(A) ASSAY STANDARDIZATION AND CUTOFFS FOR
ATHEROSCLEROTIC CARDIOVASCULAR DISEASE RISK
ASSESSMENT

Measurement of Lp(a) is typically performed with auto-
analyzers that use immunological methods usually based
on polyclonal antibodies directed against apo(a).
Historically, most labs have reported Lp(a) concentra-
tions in mg/dL with target values of the assay calibrators
in terms of total Lp(a) mass, which consists of apo(a),
apo B, and lipids. The preferred approach is to report
values in nmol/L using calibrators traceable to the
World Health Organization/International Federation of
Clinical Chemistry and Laboratory reference materials
(58). There is no conclusive evidence for specific cut-
points based on age, sex, and race. Risk in primary pre-
vention has been documented to increase at Lp(a)
concentrations >30 mg/dL or >75 nmol/L in some
studies, but the most recent guidelines in the United
States and Europe consider a concentration �50 mg/dL
or �125 nmol/L to be at high risk (2, 59).

EFFICACY OF LIPID-LOWERING THERAPIES IN PATIENTS WITH
HIGH LIPOPROTEIN(A) CONCENTRATIONS

In the past, niacin was frequently used in patients with
high concentrations of Lp(a) because it had been shown
to reduce Lp(a) by 20%–25%. However, as recently
reviewed, both the AIM-HIGH and HPS2-THRIVE
trials failed to show any benefit of adding niacin to
statin therapy for reducing ASCVD events but showed
increased risk for adverse events such as new-onset
diabetes and infections (60). Although statins are highly
effective therapies for reducing LDL-C and apo B con-
centrations and reducing ASCVD events, statins do not
lower Lp(a), and high-efficacy statin doses may lead to
increases in Lp(a) concentrations. Statin therapy has
been shown to reduce ASCVD events in patients with
high concentrations of Lp(a) in both primary and sec-
ondary prevention studies (52, 61).

The approved proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors, evolocumab and aliro-
cumab, reduce Lp(a) concentration by 23%–27% (5,
62). In patients with higher baseline Lp(a), PCSK9 in-
hibitor provided greater absolute Lp(a) reduction and
greater absolute risk reduction for cardiovascular events
(63, 64). In a subgroup analysis from Odyssey
Outcomes, Lp(a) reduction with alirocumab indepen-
dently contributed to ASCVD reduction beyond the
effects of reductions in LDL-C and non-HDL-C (63).

EMERGING THERAPIES TO REDUCE HIGH LIPOPROTEIN(A)
CONCENTRATIONS

Because of the limited efficacy of current therapies to
lower Lp(a) concentrations, novel approaches are in
development that use newer technologies to lower
Lp(a) by inhibiting synthesis of apo(a). APO(a)-LRx is

a GalNAc-conjugated second-generation antisense
oligonucleotide that targets apo(a) by reducing the
synthesis of apo(a) in the liver. Dose-dependent and sus-
tained Lp(a) reductions of up to 80% were observed
in a phase 2 clinical trial, in which the agent was well
tolerated, with the major side effect being increased
frequency of injection-site erythema reported in those
receiving drug compared with placebo (65). The
Assessing the Impact of Lipoprotein (a) Lowering With
TQJ230 on Major Cardiovascular Events in Patients
With CVD (Lp(a)HORIZON; NCT04023552) is a
phase 3 outcomes trial enrolling 7860 high-risk second-
ary prevention patients with Lp(a) concentrations
�70 mg/dL.

AMG 890 (formerly ARO-LPA) is a GalNAc-
conjugated small interfering RNA designed to inhibit
Lp(a) production. A phase 1 single ascending dose clini-
cal trial to evaluate the safety, pharmacokinetics, and
pharmacodynamics in patients with high Lp(a) (n¼ 80)
has been completed (NCT03626662), and a phase 2
clinical trial to determine dosing is ongoing in patients
with high Lp(a) (n¼ 240; NCT04270760).

Inflammation and Residual Atherosclerotic
Cardiovascular Disease Risk with Low
Concentrations of Low-Density Lipoprotein
Cholesterol

Although numerous biochemical measures related to
inflammation have been shown to be associated with in-
creased risk for ASCVD in both epidemiologic studies
and clinical trials, hs-CRP is the most widely studied
and has the greatest evidence as a useful marker in
patients who have been treated to low concentrations of
LDL-C. Although hs-CRP has been a useful marker of
increased risk, Mendelian randomization studies investi-
gating the association of genetic variants in the CRP
gene with risk for CHD suggest that CRP concentration
itself is unlikely to be a causal factor in CHD (66).
Other Mendelian randomization studies have demon-
strated a causal relationship between genetic variation in
cytokine signaling, such as interleukin-6 receptor and
the risk for CHD (67).

In a post hoc analysis of 10 major statin trials (68)
and a prospective analysis the JUPITER study, the
greatest benefit of therapy was observed in those who
achieved the lowest concentrations of LDL-C and hs-
CRP (69). This has also been observed when nonstatin
therapies, such as ezetimibe (70) or PCSK9 inhibitors,
were added to statin therapy (71). A recent prespecified
post hoc secondary analysis of the Assessment of
Clinical Effects of Cholesteryl Ester Transfer Protein
Inhibition with Evacetrapib in Patients at a High Risk
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for Vascular Outcomes (ACCELERATE) trial showed
that increased Lp(a) concentrations with high-risk
vascular disease are related to cardiovascular death, MI,
and stroke when hs-CRP concentrations are �2 mg/L
but not <2 mg/L, suggesting a potential benefit of low-
ering Lp(a) in patients with residual systemic inflamma-
tion despite optimal medical therapy (72).

Canakinumab is a monoclonal antibody against in-
terleukin-1b. In CANTOS, a phase 3 randomized,
placebo-controlled clinical trial in 10 061 participants
with a history of MI and hs-CRP concentrations
>2.0 mg/L, canakinumab 150 mg resulted in a 15% re-
duction in the primary composite endpoint of MI,
stroke, and cardiovascular death (hazard ratio [HR]
0.85, 95% confidence interval [CI] 0.74–0.98) com-
pared with placebo (73). Key secondary endpoints in-
cluding MI, unstable angina requiring urgent
revascularization, and any coronary revascularizations
were also reduced. There was no significant reduction in
cardiovascular mortality or stroke. CANTOS was a
landmark trial because it was the first to show that a
therapy specifically targeting inflammation provided
clinical benefit independent of lowering lipoproteins.
Although canakinumab therapy was associated with in-
creased risk for fatal infection, it was also associated with
reduced risk for death from cancer, with a reduction in
lung cancer. Furthermore, participants who achieved hs-
CRP concentrations <2 mg/L after a single dose of can-
akinumab had greater reduction in cardiovascular out-
comes (by 25%) and all-cause mortality (by 31%) (74).
These findings have important clinical implications, as
they may help identify a subset of patients in whom can-
akinumab or other anti-inflammatory therapy may
prove particularly clinically effective.

Beyond residual cholesterol risk, these results sup-
port the concept of residual inflammatory risk. Residual
inflammatory risk is not uncommon; in both
Pravastatin or Atorvastatin Evaluation and Infection
Therapy (PROVE IT) (75) and IMPROVE-IT (4), al-
most one-third of statin-treated patients had hs-CRP
>2 mg/L. More than one-third of the patients in the
PCSK9 mAb cardiovascular outcomes trials met the eli-
gibility criteria for CANTOS despite achieving very low
LDL-C (71).

Summary/Conclusions

Accumulating evidence from epidemiologic and genetic
studies, as well as randomized clinical trials, suggest that
remnant lipoproteins, Lp(a), and inflammation are caus-
ally related to risk of ASCVD in individuals already
treated with statin therapy. Novel therapies to reduce
circulating concentrations of TGRL, Lp(a), and

inflammatory markers in these individuals show promis-
ing results, although their efficacy in reducing residual
cardiovascular risk is still under investigation with
several clinical trials currently ongoing. Issues related to
the lack of standardization of various clinical tests to
measure TGRLs and Lp(a) remain an obstacle to their
widespread adoption in clinical practice.

Nonstandard Abbreviations: AIM-HIGH, Atherothrombosis
Intervention in Metabolic Syndrome with Low HDL/High
Triglycerides, Impact on Global Health Outcomes; ANGPTL3, angio-
poietin-like protein 3; apo, apolipoprotein; ARIC, Atherosclerosis Risk
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