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Abstract

Introduction: A biomarker is a substance, structure, or process that indicates the presence of
a disease, infection, or environmental exposure. Clinically useful biomarkers are measurable,
improve diagnostic or prognostic performance, and ultimately aid clinicians in determining the
initiation, duration, or magnitude of therapy.

Areas Covered: The purpose of this review is to explore the roles of various blood biomarkers
of atherosclerotic cardiovascular disease (ASCVD) and how their use may improve the precision
with which clinicians can identify, treat, and ultimately prevent ASCVD. Our review will include
lipid biomarkers, markers of cardiac injury and wall stress, markers of inflammation, and a few
others.

Expert Opinion: Several biomarkers have recently been highlighted as “risk-enhancing factors”
in the 2019 American College of Cardiology/American Heart Association Guideline for the
Primary Prevention of ASCVD, which can help guide shared decision-making. These included
elevated low-density lipoprotein cholesterol, triglycerides, lipoprotein(a), apolipoprotein B, or
high-sensitivity C-reactive protein. However, some other biomarkers mentioned in this review are
not commonly used despite showing initial promise as prognostic of ASCVD risk, as it is not
clear how treatment decisions should be changed after their measurement among asymptomatic
individuals. Future studies should focus on whether biomarker-directed management strategies can
improve clinical outcomes.
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1. Introduction
1.1 Burden of ASCVD

Over the last several decades, there have been major advances in the treatment and
prevention of atherosclerotic cardiovascular disease (ASCVD), evidenced by dramatic
reductions in overall mortality rates [1]. While progress had been made in prior decades

to improve survival of cardiovascular disease [2], CVD has remained the number one

cause of death in the United States (U.S.) and worldwide, at least prior to the COVID-19
pandemic in 2020 [3]. As the U.S. population ages and grows, the absolute number of
deaths due to ASCVD has increased in spite of these improvements in mortality rates [4].
Furthermore, evidence suggests that the rate of improvement in ASCVD mortality is slowing
and even reversing in some groups, particularly women, racial and ethnic minorities, and
those lacking health insurance [1,2,5,6].

The exact reason for the stagnation in ASCVD mortality rates among specific cohorts is

not fully understood and is likely affected by complex social, political, and environmental
factors. What is clear is that disparities in ASCVD morbidity and mortality underscore

the shortcomings of current risk estimation practices and their reliance on broad, population-
level disease markers rather than patient-specific metrics. Precision medicine, the practice
of integrating an individual’s genetics, social environment, and specific disease phenotype
to guide management [7], is gaining increased attention as a way to improve ASCVD
morbidity and mortality.

The purpose of this review is to explore the roles of various novel biomarkers of ASCVD
and how their use may improve the precision with which clinicians, in partnership with
patients, can identify, treat, and ultimately prevent ASCVD. Our focus will be on lipoprotein
biomarkers, cardiac biomarkers, and biomarkers of inflammation, as well as a few select
others.

1.2 ASCVD Risk Estimation Tools

At present, ASCVD risk prediction is largely derived from the Pooled Cohort Equations
(PCE), in which a patient’s age, total and HDL-cholesterol levels, systolic blood pressure,
smoking history, diabetes history, and antihypertensive therapy status are used to predict
10-year ASCVD risk according to sex- and race-specific formulae [8]. The calculated risk,
reported as a percentage likelihood of having a fatal or non-fatal coronary heart disease
(CHD) or stroke event in the next 10 years, is then used to decide whether or not to initiate
preventive therapy (e.g. statins) and how intensive that therapy should be. However, the PCE
and other similar ASCVD Risk Scores are not without their shortcomings [9,10]. For one,
these equations are heavily driven by age. Furthermore, there is a complex pathophysiology
that underpins ASCVD and many factors linked to ASCVD are not consistently captured
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by population-level models. It can be problematic applying results from population-based
estimators (which estimate the average risk in a group of individuals who have similar risk
profiles) to clinical decision-making at the individual level [11]. Risk may be overestimated
in some groups (such as those with higher socioeconomic status) and underestimated in
others (such as those with more social deprivation or among those with unique health factors
such as human immunodeficiency virus (HIV)-infection or inflammatory diseases). The
PCE are best calibrated for non-Hispanic White and non-Hispanic Black adults, aged 40 to
79 years, living in the U.S. The risk equations may perform poorly for other race/ethnicities
and in other global populations; thus in response, other regional risk score tools have been
developed as well [12-14].

The recent 2019 guideline put forth by the American College of Cardiology (ACC) and
American Heart Association (AHA) for the primary prevention of CVD recognized some
of the limitations of the PCE [8]. The guideline indicates that 10-year ASCVD risk
estimation is just the start of the clinician-patient risk discussion but not the end of the
conversation. After estimating 10-year risk, the guideline encourages the consideration of
“risk-enhancing” factors that would modify ASCVD risk estimation upward, as well as the
selective use of coronary artery calcium (CAC) scores if risk-based decisions for preventive
pharmacotherapies such as statins remained uncertain, as part of shared decision-making
with the patient (Figure 1) [8].

1.3 Role of Biomarkers

A biomarker is a substance, structure, or process that indicates the presence of a disease,
infection, or environmental exposure [15]. Clinically useful biomarkers are those that are
measurable, improve diagnostic or prognostic performance, and ultimately aid clinicians in
determining the initiation, duration, or magnitude of therapy. The identification of a putative
biomarker typically begins when large epidemiological studies identify a relationship
between a marker (e.g. serum cholesterol) and an outcome of interest (e.g. incident
myocardial infarction). Subsequent studies then establish population-level reference ranges
to define abnormal levels of said biomarker. Ideally, studies will then seek to identify
interventions (e.g. statin therapy) that modify levels of the proposed biomarker /n vivo,

and determine whether there is a resultant change in the original outcome of interest. It
should be noted that a biomarker need not be part of the causal chain leading to a particular
disease state. As such, modulation of biomarker levels may not necessarily affect clinical
outcomes, but this does not disqualify said molecule from being classified as a biomarker.
When sufficient lines of evidence implicate the new molecule as a predictor of disease, it is
incorporated into prediction models for validation.

Since the introduction of the term in 1989, interest in biomarkers has grown dramatically;

a PubMed search for the MESH term “biomarker” produces over 59,000 results from 2020
alone. However, not all proposed biomarkers are clinically useful. Increasing efforts are
being made to identify clinical biomarkers that improve the precision of risk prediction
tools, extending the reach of recent advances in preventive medicine. Several biomarkers
have already been highlighted as “risk-enhancing factors” in the 2019 ACC/AHA prevention
guideline. These included elevated low-density lipoprotein cholesterol (LDL-C), persistently
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elevated triglycerides (TG), elevated lipoprotein (a) [Lp(a)], apolipoprotein B (apoB), and
high-sensitivity C-reactive protein (hsCRP) (Figure 2). These biomarkers, along with other
promising candidates, are further discussed with below.

2. Lipid Biomarkers

2.1 Low-density Lipoproteins

The first and most widely recognized ASCVD biomarker is serum cholesterol, implicated
in the development of heart disease in 1961 by investigators of the Framingham Heart
Study [16]. While most of the body’s cholesterol mass is located in cell membranes,
cholesterol found within the circulation is carried by soluble transport protein complexes
called lipoproteins. These lipoproteins interact with various receptors in the body and
ultimately determine the fate of the cholesterol mass they carry. LDL-C, the cholesterol
mass carried by low-density lipoproteins (LDL) has been shown to be the most important
driver of atherosclerosis in circulation [17-19].

As such, LDL-C is the primary target for therapies aimed at reducing ASCVD risk [8,20-
22]. Although it can be measured directly, LDL-C is typically estimated on a lipid panel by
the Friedewald equation [23]. A novel equation for estimating LDL-C (the Martin/Hopkins
method) has been shown to better correlate with directly measured LDL-C, particularly
among patients with elevated TG or very low LDL-C concentrations [24-26]. The 2019
ACC/AHA primary prevention guideline considers a moderately elevated LDL-C of 160
189 mg/dL as a “risk enhancer” that would favor statin treatment among individuals
otherwise at borderline- or intermediate- estimated ASCVD [8]; of note, individuals

with severe primary hypercholesterolemia (LDL-C =190 mg/dL) are already strongly
recommended for statin therapy in the guidelines [8,20].

It is worth noting that the establishment of biomarker reference ranges typically involves the
calculation of statistics as they apply to defined populations, e.g. the catchment area of a
hospital laboratory. This should not be confused with what are considered to be clinically
relevant serum biomarker ranges. For example, in patients at elevated ASCVD risk receiving
lipid lowering therapy, target LDL-C levels are generally recommended to be 50% of initial
values or <70 mg/dL, even though the typical laboratory reference range sets the upper

limit of “normal” (i.e. the 99th percentile for the general population of “healthy” adults)

at around 100 mg/dL [20]. In seeking to establish clinically useful biomarkers, one should
recognize that reference ranges for use in laboratories may not necessarily coincide with
ranges considered to be clinically meaningful.

While LDL-C has long been the most widely available and measured biomarker for clinical
use, it is not a perfect predictor of ASCVD and in certain circumstances can falsely under-
or over-estimate risk [27]. Many individuals with moderate elevation in LDL-C never have
a clinical ASCVD event, and approximately 40% of individuals who do experience an event
have a total cholesterol level less than 200 mg/dL [27]. Therefore, measuring cholesterol
mass alone is insufficient to predict adverse cardiac outcomes. Other non-lipid drivers such
as genetic risk, insulin resistance, and inflammatory states may fuel atherogenesis even in
absence of very elevated LDL-C.
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Some patients at elevated ASCVD risk actually have a “discordance” between the

mass of cholesterol contained within LDL (LDL-C) and the number of individual LDL
particles carrying that cholesterol mass (LDL-P) [28-30]. LDL particles that are relatively
cholesterol-depleted (and therefore smaller and denser) are more likely to enter the vascular
intima to cause atherosclerosis [31]. In other words, a fixed mass of cholesterol trafficked by
smaller, more numerous particles produces a more atherogenic milieu than if that same mass
were carried by fewer, larger LDL particles. The patients at highest risk of atherosclerosis,
then, are those with many small and dense LDL particles.

Indeed, LDL-P may predict ASCVD risk better than LDL-C [29,32-34]. Patients with
metabolic syndrome, diabetes, and hypertriglyceridemia tend to exhibit the small-dense
LDL particle phenotype. Studies have also shown that patients adhering to a ketogenic diet
may demonstrate changes in particle morphology (increase in LDL particle size), though

it is unclear what clinical relevance these changes have [35,36]. Current methods of risk
prediction based on LDL-C do not take LDL particle morphology or quantity into account
and therefore may not accurately estimate risk for patients with identical LDL-C levels but
dissimilar particle characteristics. However, LDL particle number and size are measured
by nuclear magnetic resonance (NMR) or other techniques, which, while commercially
available, are not readily accessible in clinical practice, are not well standardized, lack
well-established clinical cut-points, and are of unclear cost-effectiveness, which limits their
routine use.

2.2 Apolipoprotein B

At present, it is not practical to collect LDL particle number, size, and density data

for each patient encountered in routine clinical practice, nor is there sufficient evidence

to advise such an approach. Furthermore, LDL is not the only atherogenic particle in
circulation; chylomicrons, chylomicron remnants, very low-density lipoproteins (VLDL),
intermediate-density lipoproteins (IDL), and Lp(a) particles all may enter the arterial wall
and contribute to atherosclerotic disease. (Of note, IDL-C and Lp(a)-C are included in
LDL-C, as defined clinically.) Given that all of these atherogenic particles contain one
apoB molecule, measurement of apoB accurately quantifies the total number of atherogenic
particles in plasma [37].

As with comparisons between LDL-P and LDL-C, several studies have shown apoB to
outperform Friedewald-estimated LDL-C for ASCVD risk estimation. An analysis from

the Women’s Health Study compared the predictive value of these two markers among
lipoprotein discordant individuals, with discordance defined as an LDL-C level above the
median and an apoB level below the median, or vice versa. Among participants with
discordant lipid parameters, apoB was found to more accurately predict coronary events than
LDL-C [29]. Similar findings have been obtained from Mendelian randomization analyses
[38,39].

Sniderman et a/have argued for apoB to replace LDL-C as the main lipoprotein marker for
ASCVD risk [40]. As mentioned in the Introduction, at present, elevated apoB is included in
the guidelines as a “risk-enhancer”—a binary indicator that, when present, signals ASCVD
risk above and beyond the numeric value obtained from the PCE [8]. While apoB has not
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yet seen its day as the primary lipoprotein biomarker for ASCVD, this designation is a

step towards a more precise paradigm for ASCVD risk assessment, particularly if apoB

is used to make more specific diagnoses of Fredrickson-Levy-Lees lipid disorders [41,42].
This transition may enable clinicians to use a widely available test to provide counseling
and treatment options that are better tailored to the specific individual. On the other hand, a
contrasting argument can be made that apoB, as well as hon-HDL-C, may be considered less
precise because they lump all atherogenic lipoproteins together, and LDL-C is more specific
to the lipid-lowering drugs which upregulate the LDL receptor and have been proven to
have efficacy for ASCVD reduction. It is important to acknowledge that a key barrier to
increasing the utilization of apoB is the lack of standardized methods and the lack of clinical
trials showing that incorporating apoB into decision making improves outcomes [43].

2.3 Lipoprotein (a)
Lp(a) is an LDL-like particle with a single apoB-100 moiety bound to one of multiple
isoforms of apolipoprotein(a) [44]. In addition, Lp(a) has structural homology with
plasminogen, which means it competes for binding of fibrin and inhibits tissue plasminogen
activator, creating the potential for a hypercoagulable state [45,46]. Thus, elevated Lp(a) can
increase the risk for both atherosclerosis and thrombosis [47].

Lp(a) levels have been shown to vary with certain interventions but are most significantly
governed by genetics, in particular by the LPA gene [48,49]. In several observational studies,
Lp(a) was found to be associated with an increased incidence of CHD and stroke [50-55].
Lp(a) has also been associated with valvular calcification and aortic stenosis [56,57].

The clinical relevance of Lp(a) was illustrated by the results of the Atherothrombosis
Intervention in Metabolic Syndrome with Low HDL/High Triglyceride and Impact on
Global Health Outcomes (AIM-HIGH) trial, which identified Lp(a) as a significant
contributor to residual ASCVD risk in patients receiving statin therapy [58]. Randomized
clinical trials investigating proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor
therapy in secondary prevention populations similarly noted that Lp(a) was a marker

of elevated residual ASCVD risk [59], as well as for peripheral arterial disease (PAD)

and venous thromboembolism (VTE) [60]. Mendelian randomization studies have also
independently linked elevations in Lp(a) with increased ASCVD risk [61,62]. Lp(a),
unsurprisingly, has improved risk discrimination for ASCVD when added to traditional risk
prediction tools [63].

The cholesterol mass contained within Lp(a) particles is counted as LDL-C by conventional
methods, causing appreciation for the residual atherogenicity risk it confers to be lost

when LDL-C is used in isolation for risk prediction. This issue highlights the problem

with imprecise ASCVD risk methods: two patients with equal LDL-C but with different
contributions from Lp(a) will have similar estimated risk using conventional calculations,
even though the patient with higher Lp(a) likely has higher “true” risk. This imprecision is
partially addressed by recent primary prevention guidelines through the inclusion of Lp(a) as
a risk-enhancer [8,22]. While the U.S. guidelines have endorsed measuring Lp(a) selectively,
such as in those with a personal or family history of premature CHD [8], the European
guidelines actually recommended measuring Lp(a) at least once in each adult’s lifetime
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since it is highly heritable, to identify those with very high inherited Lp(a) levels who
might have an ASCVD risk similar to those with familial hypercholesterolemia [22]. This
designation holds promise to refine risk estimation beyond the PCE.

2.4 Triglycerides

TG are the primary energy storage molecules of the body and are found predominantly in
adipose tissue. In circulation, TG are trafficked alongside cholesterol in the largest of the
lipoprotein subclasses, namely VLDL and chylomicrons. These structures are responsible
for carrying TG from endogenous (hepatic) and exogenous (dietary) sources, respectively,
throughout the body [64]. As these structures are depleted of their TG contents, the
remnants left behind are able to penetrate the arterial wall and begin the atherosclerosis
cascade. TG are easily measured on routine lipid panels and, though they are not included
in the PCE, have been shown to predict ASCVD risk independent of LDL-C [65].

While the role of chylomicron and VLDL remnants in ASCVD has been established, the
mechanisms by which TGs themselves affect atherosclerosis are still under investigation.
Several cross-sectional studies have identified an association between elevated TG levels
and endothelial dysfunction, an important step in atherosclerosis. Increased expression of
cellular adhesion molecules and inflammation have also been postulated as mechanisms by
which hypertriglyceridemia influences ASCVD [66].

The 2019 ACC/AHA Guideline on the Primary Prevention of CVD includes persistently
elevated TG >175 mg/dL (non-fasting, on =3 occasions) as a risk-enhancer for those

at borderline or intermediate ASCVD risk [8]. Exercise, limitation of simple dietary
carbohydrates, reduction in alcohol consumption, and weight loss have all been shown to
decrease TG levels in the blood [20,67].

There are several pharmaceuticals that reduce serum TG levels. While the primary effect

of statins is to reduce LDL-C, this class of medications has also demonstrated a modest TG-
lowering effect [20]. Of note, patients receiving statin therapy who continue to have elevated
TG levels have residual ASCVD risk beyond what would be expected based on achieved
LDL-C alone [68]. The mechanism of this residual risk is under continuing investigation,
though several attempts have been made to reduce this risk through pharmacologic
intervention.

Several non-statin agents are available that reduce TG levels further, including niacin,
fibrates, and omega-3 fatty acids. Unfortunately, neither niacin nor fibrate therapy has been
shown in large randomized clinical trials to significantly reduce adverse cardiovascular
outcomes for patients already treated with a statin [69,70] Conversely, certain formulations
of omega-3 fatty acids have produced impressive reductions in CVD mortality when used

in conjunction with statins. In the Reduction of Cardiovascular Events with Icosapent Ethyl-
Intervention Trial (REDUCE-IT), participants randomized to daily use of icosapent ethyl,

a highly purified form of eicosapentaenoic acid (EPA), at 4 grams per day in addition to

a statin experience significantly fewer adverse cardiovascular outcomes than counterparts
treated with statin alone [71]. While the results of the REDUCE-IT trial are certainly
exciting, it should be noted that the mortality benefits seen were independent of achieved TG
level, signaling the possibility of effects not limited to changes in lipid profile.
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Other studies testing the effect of omega-3 fatty acid supplements on ASCVD outcomes
have been unable to produce similar findings. A Study of Cardiovascular Events in Diabetes
(ASCEND) used a factorial design to randomize over 15,000 participants to receive a
combination of aspirin, omega-3 fatty acids, or placebo [72]. Patients randomized to receive
1 gram of omega-3 fatty acid did not show significant improvements in cardiovascular
events compared to those receiving placebo. The Outcomes Study to Assess Statin Residual
Risk Reduction With Epanova in High CV Risk Patients With Hypertriglyceridemia
(STRENGTH) trial randomized participants to receive either 4 grams per day of a high
bioavailability mixture of EPA and docosahexaenoic acid or a corn oil placebo in addition
to maximally tolerated statin therapy. The trial was halted early due to early data showing
low probability of clinically significant results [73]. The negative findings of ASCEND

and STRENGTH underscore the importance of both omega-3 dose and formulation for
reducing cardiovascular events. It also highlights the issue that improvement of a biomarker
alone (in this case, TGs) is not necessarily sufficient to translate to meaningful ASCVD
risk reduction. While high dose icosapent ethyl is a proven and available therapy for
patients with hypertriglyceridemia-related ASCVD risk, further investigation is warranted
to determine through what mechanisms this drug acts [74].

3. Cardiac Markers of Injury and Wall Stress

3.1 High-sensitivity Cardiac Troponin land T

Cardiac troponin is a regulatory protein found in cardiac myocytes and is released in the
setting of myocardial injury [75]. As such, troponin assays have found use primarily in the
diagnosis of active clinical events such as acute coronary syndrome [76]. However, there
has been increasing recognition of their role in prognosticating future ASCVD risk even
among asymptomatic individuals [77]. With the development of high-sensitivity cardiac
troponin (hs-cTn) assays that can detect elevated circulating troponin on the order of tens
of nanograms per liter, investigators have begun to explore the importance of previously
undetectable troponin elevations as markers of subclinical myocardial injury and, by
extension, risk of progression to clinical ASCVD events [78]. A hs-cTn assay is one that can
measure a value above the limit of detection in >50% of healthy men and women, and there
are high sensitivity assays for both cardiac troponin T and cardiac troponin 1.

Hs-cTn may have both positive and negative predictive value with respect to ASCVD. One
analysis of high-risk patients in a cohort of high-risk but asymptomatic participants found
that elevated baseline hs-cTn predicted future major adverse cardiac events [79]. Similar
results were found in other large cohort studies that included participants free from ASCVD
at baseline. In the Atherosclerosis in Communities (ARIC) study, which included 8,121
participants free from ASCVD at baseline, those in the highest quintile of hs-cTn were
found to have increased risk of global CVD (ASCVD plus heart failure) compared to those
in the lowest quintile, even after adjusting for the traditional risk factors in the PCE [80].
Similarly, the West of Scotland Coronary Prevention Study randomized 3,318 men with
elevated LDL-C (but without established ASCVD) to receive pravastatin or placebo and
followed them for an average duration of five years. Elevated hs-cTn was again associated
with increased risk of ASCVD [81]. Additionally, statin therapy was shown to significantly
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reduce hs-cTn over five years compared to placebo and participants who sustained the
greatest reduction in hs-cTn enjoyed a five-fold reduction in CHD events compared to those
whose hs-cTn increased by the study’s close [81].

The addition of hs-cTn has been shown to improve risk prediction when considered
alongside results from the PCE and the Framingham Risk Score [80,82]. In spite of this,
hs-cTn is not included in major society guidelines for use in ASCVD risk prediction. The
reason for hs-cTn’s omission may be related to the significant variations in baseline troponin
among different populations. Patients with chronic kidney disease, for example, have
reduced troponin clearance and thus higher baseline levels in circulation [83]; nevertheless,
troponin still predicts ASCVD risk even among patients with chronic kidney disease [84].
While this poses a challenge when attempting to describe population level statistics, it

is less problematic for use in the care of an individual patient. Periodic measurement of
hs-cTn over time may provide insight into subtle changes in a patient’s physiology before
any overt manifestations are clinically appreciable [85,86]. However, which preventive
therapies should be implemented (statin therapy vs. more intensive blood pressure control
vs. other) is not exactly certain. Further study is required before such practices can become
commonplace.

3.2 Natriuretic peptides

B-type natriuretic peptides (BNP) are secreted from cardiomyocytes in response to
myocardial wall stress from volume expansion and pressure overload [87]. BNP plays an
important role in volume homeostasis by promoting vasodilation, natriuresis, and ventricular
relaxation, and by inhibiting renin secretion [87]. BNP is synthesized first as a pre-hormone
(proBNP) which is cleaved to the active hormone BNP and also to the N-terminal pro-B
type natriuretic peptide (NT-proBNP). NT-proBNP and BNP levels are used clinically for of
heart failure, as well as to indicate left ventricular hypertrophy, silent cardiac dysfunction,
and myocardial ischemia [88-91]. However, even among asymptomatic individuals free

of clinical ASCVD or heart failure, elevated NT-proBNP levels are associated with

an increased risk of incident future CVD [92], heart failure hospitalizations [93], and
cardiovascular mortality events [94,95]. While BNP levels are incorporated into specific
disease management guidelines such as those for heart failure and valvular dysfunction,
BNP levels were not considered one of the risk enhancing factors in the ACC/AHA primary
prevention guideline. Further work is needed about how to best incorporate this biomarker
in the evaluation of the asymptomatic individual to guide risk-based decisions for preventive
therapies.

4. Inflammatory Biomarkers

4.1 High-sensitivity C-reactive Protein (hsCRP)

Inflammation is fundamental to the development of atherosclerosis and has received
significant attention as both a diagnostic and therapeutic target [96]. Interleukin-1p (IL-1B)
is a cytokine that is thought to be causally related to atherosclerosis by increasing production
of interleukin-6 (IL-6), which stimulates liver production of C-reactive protein (CRP) and
further amplifies the inflammatory cascade [97]. An inhibitor of IL-1f (canakinumab) has
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been shown to reduce levels of hsCRP and IL-6 and notably reduce ASCVD events without
lowering LDL-C [98], which provided proof of concept of the role of inflammation in
atherogenesis independent of lipids.

Inflammatory biomarkers like CRP and hsCRP are measured as part of the workup for a
variety of pathologies, including rheumatological conditions and infectious processes. CRP
is a pattern recognition molecule whose plasma levels increase markedly in the setting of
infection or tissue damage [99]. Circulating levels of CRP have been shown to have utility in
predicting cardiac events. In a prospective case-control study of 28,263 women, hsCRP was
a strong independent predictor of future cardiovascular events and improved risk estimation
when added to standard lipid-based risk prediction models [100]. These findings were
corroborated in an ARIC study involving 9,784 participants that found hsCRP to predict
ASCVD risk independently of the lipid profile [101]. Cardiovascular risk prediction tools
that incorporate CRP measurements have been developed and improve risk discrimination
over traditional methods [102,103]. Given the association of elevated inflammation with
ASCVD risk, hsCRP has been included as a “risk enhancer” in the most recent ACC/AHA
primary prevention guidelines [8].

Although hsCRP is now used to inform the decision to initiate or escalate lipid lowering
treatment in patients at borderline or intermediate risk by PCE, further study is required

to identify those who might benefit from targeted anti-inflammatory therapy. Post-hoc
“responders” analyses from randomized clinical trials such as the Justification for the Use
of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) [104],
Improved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE IT)
[105] and the Pravastatin or Atorvastatin Evaluation and Infection Therapy Thrombolysis
in Myocardial Infarction 22 (PROVE IT-TIMI 22) [106] suggested that those patients who
achieved the dual targets of LDL-C <70 mg/dL and hsCRP <2 mg/L while on statin
treatment experienced the lowest rates of ASCVD events. Similarly, the Canakinumab Anti-
Inflammatory Thrombosis Outcome Study (CANTQOS) also showed that an on-treatment
hsCRP level <2 mg/L was associated with reduction in cardiovascular and all-cause
mortality [107]. Nevertheless, it remains controversial whether a “treat to target” approach
should be used for hsCRP. While participants who achieved lower levels of hsCRP on
treatment in these trials had better outcomes, those reaching the <2 mg/L benchmark

were more likely to have had lower hsCRP levels at baseline and concern for residual
confounding remains [108-110]. Further investigation is warranted to confirm whether
baseline inflammation or on-treatment reduction is more closely related to improvement in
outcomes. This would allow clinicians to better identify which patients stand to derive the
maximal benefit from inflammation-directed therapies.

GlycA, a quantitative measurement of glycan N-acetylglucosamine residues on
enzymatically glycosylated acute-phase proteins using nuclear magnetic resonance,
correlates with other established markers of inflammation including CRP and IL-6
[111,112]. GlycA has been shown to have superior intra-individual precision when
compared to hsCRP, making it a compelling target for ASCVD risk prediction.
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Several investigations have validated the relationship between GlycA and ASCVD risk.
Analyses from the Women’s Health Study involving over 25,000 participants free from
CVD at baseline have shown GlycA to independently predict future CVD events, even

after adjustment for traditional ASCVD risk factors [113,114]. A similar study of 6,523

men and women in the Multi-ethnic Study of Atherosclerosis (MESA) cohort corroborated
these findings and showed that GlycA retained its predictive value with adjustment for

other inflammatory biomarkers including CRP [115]. GlycA has been further associated
with specific markers of subclinical atherosclerosis, including carotid plague, CAC, valvular
calcium, and thoracic aortic calcification [116-118]. GlycA has also been linked to incident
PAD events, as well as heart failure with preserved ejection fraction [116,119].

Although GlycA appears to hold promise as a useful biomarker for CVD risk determination,
additional investigation is needed before it is recommended for clinical use. Further work

is needed for GlycA to be considered a risk enhancer, particularly the characterization

of formal reference ranges. Furthermore, although a plasma GlycA test is commercially
available, it is measured via NMR, and so may not be as readily accessible as other markers,
like CRP.

Finally, it is worth noting that biomarkers that track with a process as dynamic as
inflammation are vulnerable to misinterpretation if only observed at a single moment in
time. One can imagine testing hsCRP or GlycA in a patient recently getting over the
common cold would see these markers substantially elevated. If these stand-alone values
were used to predict ASCVD risk, it would lead to overestimation of risk. Certainly, any
interpretation of a biomarker should be in the clinical context of which it was drawn.
However, the true utility in these biomarkers may be in the context of serial measurements to
identify concerning trends, rather than as snapshot tests.

4.3 Lipoprotein-associated phospholipase A2

Lipoprotein-associated phospholipase A2 (Lp-PLA2) is an enzyme involved in the
generation of pro-atherogenic and pro-inflammatory molecules that has also been associated
with increased ASCVD risk [120,121]. A large case-control cohort study involving 12,819
asymptomatic men and women identified higher baseline activity of Lp-PLAZ2 in those who
went on to suffer cardiac events than in those who did not, and prognostic information was
complementary to CRP [122]. A separate analysis assessing the relationship of smoking

on both Lp-PLA2 and CRP showed that both measures correlated with smoking intensity
and with risk of major cardiac events, though CRP outperformed Lp-PLAZ2 as a risk
predictor [123]. An inhibitor of Lp-PLA2, darapladib, has been developed and was tested
in a randomized controlled trial for secondary prevention of CHD. As darapladib was not
associated with reductions in ASCVD in this study [124], it is unlikely to play a role in
primary prevention, though this has not specifically been assessed.

Expert Rev Precis Med Drug Dev. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sweeney et al.

Page 12

5. Other biomarkers

5.1 Adipokines

Fat tissue is now widely understood to be an endocrine organ, responsible for the regulation
of energy partitioning and utilization. Hormones secreted from adipose tissue, known as
adipokines, participate in myriad biochemical pathways [125-127]. Generally, a greater
burden of adipose tissue is associated with unfavorable levels of adipokines [128]. Leptin
regulates satiety and lowers blood glucose, and leptin levels have been shown to be

higher among individuals with obesity, suggesting a leptin-resistant phenotype [129,130].
Adiponectin reduces inflammation and improves insulin sensitivity, and levels are decreased
in patients who are obese [125]. Resistin promotes endothelial dysfunction and foam cell
formation, and levels are higher in states of chronic inflammation like obesity [131]. Thus,
it comes as no surprise that multiple studies have identified a link between adipokine
dysregulation with incident diabetes [132] and atherosclerotic disease [129,133-135], and
these associations have been independent of body mass index.

However, at present, the measurement of adipokines has been predominantly conducted in
the research setting and is not widely used in clinical practice. While lifestyle modification
and other interventions can affect the levels of various adipokines in circulation, the benefit
of changes in these hormone levels is unclear and difficult to parse out from the other
benefits these interventions confer (such as weight loss). Further study is required before
adipokines are ready for use in ASCVD risk prediction or treatment monitoring.

6. Conclusions

Serum biomarkers have long been central to estimating ASCVD risk. Since the discovery
of a link between circulating cholesterol levels and cardiac events, huge progress has

been made in terms of refining risk predictions models and developing new treatment and
prevention strategies. With the development of high sensitivity assays and the elucidation of
pathophysiologic mechanisms leading to atherosclerosis, the field has more risk prediction
tools at its disposal than ever before. The challenge now is to identify which biomarkers
have a place in common clinical practice. As our understanding of the complex physiology
of heart disease grows, so too should our understanding that no two patients are alike. Here,
we have touched upon several promising biomarkers that we believe are poised to advance
the practice of precision medicine in ASCVD prevention. We expect these tools will add

to current population-based risk prediction models such that each patient may receive the
optimal care to live longer and healthier.

7. Expert Opinion

Population-level studies have been fundamental to the massive improvements in
cardiovascular disease mortality experienced throughout the world. Since the seminal
work of the Framingham Heart Study, the analysis of large repositories of data continues
to identify new therapeutic targets against ASCVD. While progress to-date has been
impressive, we are at risk of reaching an asymptote. The next several decades of CVD
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prevention will hinge upon the implementation of extant and novel biomarkers of CVD risk
to personalize therapy at the patient (rather than population) level.

The measurement of blood biomarkers allows clinicians to capture many different biological
processes that lead to development of atherosclerosis and to detect subclinical cardiac
dysfunction. Thus, these biomarkers offer much promise of personalizing risk-based
decisions, with the opportunity to intervene with preventive strategies early and to deliver
medicine with more precision at the individual level. However, it should be noted that

many of these biomarkers discussed in this review have not been used in routine CVD risk
assessment as they have not been shown to sufficiently change the area under the curve
(C-statistic) compared to traditional risk factors alone.

Additionally, while the epidemiology behind many of these biomarkers is well-established
(i.e., their associations with incident CVD events), there are other gaps missing which limit
moving some of these markers forward in clinical practice. Some of these missing pieces
include: (1) population reference ranges and their association with outcomes; (2) effects of
treatments (i.e., statins, blood pressure reduction, etc.) on these biomarkers; (3) change in
these biomarkers over time in relation to long-term events; (4) studies formally evaluating
predictive models with the addition of the new markers — such as does risk prediction
improve beyond PCE; and (5) clinical trials where markers are incorporated to assess impact
of therapies on CVD risk.

Consideration of serum biomarkers is but one component of the clinical decision-making
process. Not included in most risk models are social determinants of health (SDOH) other
than self-reported skin color, which SDOH also need to be considered when personalizing
preventive cardiology interventions [8,136]. Additionally, while serum biomarkers offer
insight into the risk of atherosclerotic disease, the identification of other markers, like CAC,
provides useful information on atherosclerotic disease already in progress. An advantage
of blood biomarkers is the potential to capture dynamic changes/fluctuations in risk,

which may not be possible with CAC. The combination of these data is fundamental to
patient-centered management. Studies have already demonstrated the improvement in risk
prediction when a multimodal approach is taken, and as computational power continues to
improve, so too will our ability to identify previously unknown phenotypic patterns at a
higher resolution [11,137-139]. Finally, as more clinically relevant variables are described,
one can imagine a time when a suite of different predictive models are available, each
tailored to populations with different socioeconomic statuses, different comorbid disease
burdens, and different CVD histories.

A “one size fits all” approach has limitations and guidelines are just that... guides, not rules.
Ultimately decisions regarding initiation and intensification of preventive therapies need to
be patient-centered, with shared decision making not only discussing risks and benefits but
understanding a patient’s own preferences and values in regards to their views on taking
long-term preventive therapies [140]. This review has been an attempt to collate some
emerging serum-based biomarkers that we believe are most useful in achieving precision
medicine as it relates to atherosclerotic disease and the clinician-patient risk discussion.
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These molecules, when considered alongside other clinical data such as CAC scoring and

SO

ciodemographic information, will be key to maximizing preventive efforts.
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Estimated 10-year ASCVD Risk
Using Pooled Cohort Equations

Consider “Risk Enhancing”
Factors* to Refine Risk Estimates

*Select Biomarkers

Shared Decision Making for
Individualized Patient-Centered
Approach to Prevention

Figure 1:
Current model of preventive cardiology incorporating the Pooled Cohort Equations to

determine a rough estimation of risk that is then further refined with the use of validated
biomarkers and other risk enhancers. The result of this refined estimation is then used
to inform shared decision-making discussions with patients before selecting appropriate
therapies.
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Figure 2:
Serum biomarkers included in the 2019 ACC/AHA Guideline on the Primary Prevention of

Cardiovascular Disease as risk enhancers.
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