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The widespreud use of lipids to define risk hus been d success bused on the
dramatic decreuse in the incidenhce of traunsmural myocurdial infarctions. This
success und the fuct that many putients with normal lipid levels go on to have
ucute coronury syndrome huve led to investigations on the use of honlipid-bused
inflummautory biomuarkers to predict risk. Interestingly, us the physiology reflected
by distinct biomuarkers is beftter understood, there is increusing interest in
multimarker approuches to determine risk und where d given putient may be on
u spectrum of risk. In this perspective, we review datu from over 95,000 putients
who had g multimarker unnuul wellness panel to demonstrate the utility of
multiple markers in defining those putients ut risk. We discuss g hovel multimurker
punel for curdiovuscular risk, define the differences between a multimarker
dpprouch und expensive umualgumuations of multiple markers, und discuss how

the field muy develop in the future.

The growing understanding of the molecular
pathways that regulate the development of acute
and chronic disease states has led to the launch
of a myriad of biomarkers, which claim to risk-
stratify patients for the development of different
conditions. The presumption with this type of
strategy is that with modification of preventive
strategies, we can prevent the development of
acute illness and the chronic manifestations that
follow.

One can argue that, by all measures, the strat-
egy works if the biomarker is pathologically
linked to the underlying disease. Two excellent
examples are fecal occult blood testing or colon-
oscopy for the detection of polyps in patients at
risk for colon cancer and hypercholesterolemia
in patients at risk for myocardial infarction. The
aggressive use of screening for precancerous and
cancerous lesions of the colon has led to a reduc-
tion in the death rate of colon cancer [1] and the
aggressive use of lipid panels and cholesterol-
lowering agents has decreased the incidence of
ST elevation myocardial infarctions by over 36%
from 1997 to 2005 [2].

As the field moved forward and ventured into
more complex chronic disease states, the link
between pathophysiology and the disease of a
single biomarker has faltered. Rather, biomark-
ers reflect the physiological state rather than
pathophysiology, regardless of whether they
are mechanistically involved in disease pro-
gression [3]. This has led many to propose that
multiple biomarkers are required to more fully
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stratify patient risk for chronic complex disease
states [4]. At the same time, while biomarker risk
stratification has become more complex, many
have argued that the approach is overimple-
mented and that healthy patients are exposed
to costly testing.

The goal of this article is to report the results
of 95,144 patients who underwent biomarker
screening to assess their state of wellness. The
biomarker screening panel was developed
between a collaboration of the physician leader-
ship of MD Value In Prevention Inc. (MDVIP,
FL, USA) and Cleveland Heart Lab, Inc. (OH,
USA). Importantly, patients in the MDVIP per-
sonalized wellness model pay an annual fee for
an annual wellness program, which includes the
wellness screen; thus, these patients have suffi-
cient interest in their health to pay out of pocket
for this type of care. Many would characterize
this population as ‘the worried well” and is the
very population that, because of their engage-
ment in their own health, many would argue
risk stratification is unnecessary. We will then
discuss a broader multimarker approach for the
stratification of cardiovascular risk and conclude
with the current and future role for multimarker
testing for cardiovascular risk.

Multimarker screening for wellness
Screening for a patient’s state of wellness can
take on many forms. The goal of any screening
test is to be easy to implement and have a high
sensitivity and a low relative cost. The goal of
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the MDVIP annual wellness panel is to broadly
assess risk factors of cardiovascular disease,
since cardiovascular disease remains the num-
ber one killer of Americans and guideline-based
age-appropriate cancer screening is covered by
Medicare and most commercial insurance.

The wellness screening panel is outlined in
Box 1. It focuses on known risk factors for car-
diovascular disease including diabetes, hyper-
cholesterolemia, apoB, apoAl and myeloper-
oxidase, a measure of vulnerable plaque [5]. The
panel also included a complete blood count and
basic metabolic panel (Na*, K*, Cl, HCO3",
blood urea nitrogen and creatinine). The pres-
ence of hypertension was assessed during the
physical examination, as was BMI. It should be
noted that the decision matrix applied to the
development of this wellness screening panel
was complex. We do not represent that this is
an ideal wellness screening panel for all groups
and acknowledge that the analyses that follow
are limited, based on what could and could not
be included.

Between 1 January and 31 December 2011,
95,144 patients underwent wellness panel
screening by their MDVIP physician. All analy-
ses were carried out on de-identified data; there-
fore, specifics about the patients with regard to
past medical history, physical examination and
medication profile were not available. Figure 14
depicts the age distribution of the population
tested.

Ficure 1B shows the percentage of patients
that were positive for each marker. A data set
of 95,144 patients allows us to investigate the
relative discriminatory power of each parameter,

Diabetes
HgA1C (<5.7%)
Fasting glucose (<100 mg/dl)
Lipids (mg/dl)
LDL (<130)
HDL (M: >45; F: >50)
Triglyceride (<150)
HDL2 (M: >10 F: >15)
HDL3 (M: >30; F: >25)
apoB (<109)
apoA1l (M: >118; F: >145)
Vascular health (pmol/ml)
MPO (<480)

Normative values are listed in parentheses.
F: Female; M: Male; MPO: Myeloperoxidase.
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as well as whether there is a high degree of cor-
relation between parameters. We observed that
a large percentage of patients had an abnormal
HDL2 (~40%) and we also observed through
further analysis that HDL3 was highly cor-
related with apoAl (R? = 0.97). We did not
observe a high degree of correlation between
other markers. Based on the relative lack of dis-
crimination of HDL2 and the high correlation
of HDL3 and apoAl, the analysis below is based
on all of the remaining markers [6].

Of the markers in the annual wellness panel,
the only one that is reimbursed for screening is
the lipid panel. Based on a cut-off of 130 mg/dl,
27% of patients were deemed at risk for cardio-
vascular disease. If the cut-off were lowered to
the more aggressive 100 mg/dl, then the number
of patients at risk would rise to 33%. A total of
30% of patients had no positive markers in the
annual wellness panel. This suggests that the
multimarker annual wellness panel identified
70% of patients with some risk, 37-43% more
patients than would have been identified with
LDL alone.

Ficure 1C shows that most patients who demon-
strated some level of risk had multiple positive
markers (41.1%); however, a significant number
of patients (28.9%) had only a single elevated
risk marker. Ficure 1D depicts the percentage
of patients who had a single positive marker,
stratified by the marker that was positive.

This real-life example demonstrates the utility
of a multimarker approach to screen for evidence
of cardiovascular risk. Clearly, no one marker
would have stratified this patient cohort appro-
priately and the early identification of patients
at risk with this annual wellness panel allows the
patient to address lifestyle issues related to risk,
and their treating physician to address medica-
tion and lifestyle changes, which could prevent
or treat chronic disease states with the patient.
From a risk standpoint, as could be the case for
self-insured employers, such an approach allows
for a deeper understanding of the risk associ-
ated with a cohort of people compared with any
single risk marker.

Beyond just identifying patients at risk, a
multimarker approach allows for the possibility
to stratify a given patient’s risk. For example,
multiple studies have shown that knowledge
of both the inflammatory state and lipid status
offers additive information for risk [7.8]. With
the multimarker annual wellness panel, we were
able to define patients at increased risk based
on high LDL levels or high myeloperoxidase
(MPO), and patients at a greater risk with both
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Figure 1. Summary of MDVIP data from 95,144 patients. (A) Age distribution of patient cohort; (B) percentage of patients positive
for the indicated biomarker; (C) percentage of patients with completely normal biomarker panel, a single abnormal marker or multiple
abnormal biomarkers; (D) percentage of patients with only the indicated biomarker positive.

MPO: Myeloperoxidase.

a high LDL and MPO (Fieure 2). Such informa-
tion can aid physicians in determining the acu-
ity of risk and whether just diet and exercise, or
diet, exercise and pharmacological intervention
are appropriate.

Multimarker approach to assess acuity
of risk
The response-to-injury hypothesis of athero-
sclerosis proposes that, following initiation of
the atherosclerotic process due to arterial injury,
inflammation occurs and propagates the disease.
As discussed above, the screening and treatment

of hypercholesterolemia has significantly
impacted the prevalence of the disease process
to the point that at least 50% of the patients who
present with acute myocardial infarction have
‘normal’ cholesterol levels due to treatment or
lifestyle modification [9]. Therefore, at the cur-
rent time, the measurement of lipid levels alone
is insufficient to determine whether patients are
at risk of a cardiovascular event.

Ridker and colleagues have worked for over
a decade to enhance our understanding of the
utility of high-sensitivity CRP (hsCRP) for

risk stratification of patients at risk of coronary
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Figure 2. Demonstrations of how combining myeloperoxidase with apoB or
HgA1C reclassify patients from increased risk (yellow) to high risk (red).

MPO: Myeloperoxidase.
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events [7.8,10). hsCRP stratifies the normal range
for the classic CRP test. Their numerous studies
unequivocally demonstrate that elevated hsCRP
levels identify patients at risk and that there is
additive utility in defining a patient’s lipid status
and inflammatory status [7). The work on hsCRP
highlights the fact that markers of inflammation
that can be elevated in multiple disease states
have value in the assessment of cardiovascu-
lar risk when applied to the appropriate clini-
cal populations, when the reference range that
reflects cardiovascular risk is defined and when
the physiology being represented is understood.

Based on the sum total of the data on lipid
and cardiovascular risk markers, we have pro-
posed that the complex space of cardiovascu-
lar risk stratification can be divided into three
general groups of risk acuity — lifelong (classic
lipid panel), mid-term (decades, advanced lipid
testing) and near-term (years, inflammatory
markers; Fioure 3).

One advantage of a multimarker approach to

Long-term Mid-term Near-term
risk ‘ risk risk
‘ Life long ‘ Decade(s)
— —

Inflammatory
markers

Classic lipid Advanced
panel lipid testing

Figure 3. Proposed strategy for classifying
different classes of cardiovascular risk
factors based on temporal relationship
with risk.

Figure courtesy of Cleveland Heart Lab, Inc.
(OH, USA).
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risk stratification is the concept that if the physi-
ology reflected by the marker is well understood,
then not only risk, but the acuity of risk, can be
assessed. This continuum of risk based on oxida-
tion/inflammation markers is based on the fact
that specific markers of inflammation have shown
nearer-term evidence of cardiovascular events in
specific populations, such as chest pain patients
with MPO [s], while others have demonstrated
longer-term risk (7.11]. Furthermore, populations
selected based on increased inflammatory mark-
ers for statin trials (JUPITER trial [9]) have led
to a rapid demonstration of a survival advantage
compared with statin trials in which patients were
enrolled based on elevated lipids or secondary
prevention [12].

Based on this concept, we have developed a
multimarker approach that does not simply define
whether a patient is at risk, but the potential acu-
ity of his or her risk (Ficure 4). This six-marker
panel based on oxidation and inflammation
assesses the patient for evidence of lifestyle risk
through to the presence of vulnerable plaque.The
markers on this panel from lowest to highest acu-
ity of risk are:

F2-isoprostane (F2-iso: a general marker of sys-
temic oxidation generated from free radical-
mediated oxidation of arachidonic acid. High
levels of F2-iso portend long-term cardio-
vascular [13] and cancer risk [14]. Strategies to
lower F2-iso include quitting smoking and
conditioning;

Oxidized LDL (oxLDL): a marker of apoB oxi-
dation/modification. A high level of oxLDL
greatly increases the risk of the patient develop-
ing metabolic syndrome in the ensuing 5 years
(15]. Increased oxLDL in patients with known
coronary artery disease suggests increased risk
of major adverse coronary events. One can
lower oxLDL through diet, weight loss, lower-
ing of cholesterol levels and control of blood
pressure;

Microalbuminuria: a marker of endothelial dys-
function. Increased levels of albumin in the
urine are correlated with increasing risk of
cardiovascular events. This increase in risk is
independent of whether the patient had diabe-
tes or not [16]. Strategies to lower micro-
albuminuria include angiotensin-converting
enzyme inhibitors and control of blood pressure;

hsCRP: a general marker of inflammation,
which, at low levels, represents the degree of
vasculopathy. An increase in hsCRP marks an
increased risk of cardiovascular events and a

future science group
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decrease in event rates if these patients are
treated with aspirin [11] and/or statin therapy [9].
hsCRP can be lowered by weight loss, statin
therapy and antiplatelet therapy. Importantly,
hsCRP has not been shown to be associated
with vulnerable plaque [s5], suggesting it may

represent plaque burden more than plaque
activity.

| 1p-PLA2: Lp-PLAZ is elevated in the blood-
stream in response to macrophage activation
in the intima-media of atherosclerotic plaque.

Macrophage activation under the cap of the
plaque is associated with vulnerable plaque
formation [17]. Increased levels of Lp-PLA2

p-PLA2

reflect increased risk for major adverse cardiac
events including myocardial infarction and
stroke. Lp-PLA2 can be decreased through
measures that restore vascular health, includ-
ing statin therapy, antiplatelet therapy and
controlling postprandial blood sugar levels.
Increased levels mark a patient at near-term risk;

= MPO is released by neutrophils and mono-
cytes at sites of inflammation. The MPO assay
quantifies the amount of free MPO in the
bloodstream. Free MPO in the bloodstream is
increased in response to vascular inflamma-

tion, including vulnerable plaque formation,

Lp- fissures and erosions in the luminal surface of
PLA2 the atherosclerotic plaque [5,18]. Similar to
MPO Lp-PLA2, MPO can be decreased through
measures that restore vascular health and
increased levels mark a patient at near-term risk.

Perhaps one of the stronger demonstrations for
he utility of a multimarker approach is based on
lata from the higher acuity risk markers in the

anel described above. Based'on our understand®

his is true in patients with and without a prior
istory of coronary artery disease [5.19). The'dift

between the two markers iSthat Lp-PLA2

Lp-
PLA2 If, in fact,
-PLA2 and MPO define distinct physiologies
blaque vulnerability, as described above, plaque
pture would be characterized by an elevated
- PLA2 and MPO. Furthermore, Lp-PLA2 and
PO would not identify the same clinical popu-
ons. To test this hypothesis, we compared the
MPO [relation between high Lp-PLA2 and MPO in

D0 patients from a preventive cardiology and an

Acute coronary

Disease initiation/
syndrome

Plaque maturation/ plaque growth

vulnerable plaque

Oxidation

Troponin T
CK-MB

Inflammation

MPO Vulnerable Rupture
. . plaque
Thickening Blood clot
Calcium Stiffening
build-up wall

Figure 4. Multimarker approach for identifying patients at risk and
assessing the degree of risk.

CK-MB: Creatinine kinase isoform MB; hsCRP: High-sensitivity CRP;

MPO: Myeloperoxidase; oxLDL: Oxidized LDL.

Figure courtesy of Cleveland Heart Lab, Inc. (OH, USA).

executive health clinic. Ficure 5 reveals that, in such
a population, approximately 6% of patients have
increased risk due to luminal irregularities, while
approximately 5% of patients are at risk based on
inflammation within the intima—media under the
collagen cap. Interestingly, in this asymptomatic

500 '
5.2%

positive | @ Executive health
L]

| ® Prevention

400+ :
0.2%

|
300+ | ® double-positive
|

Lp-PLA2

6.2% positive

I T f !
0 500 1000 1500 2000 2500

MPO

Figure 5. Risk based on vulnerable plaque risk markers in a stable clinical

population of patients. Patients originate from Preventive Cardiology (red) or
Executive Health (blue) practices. MPO and Lp-PLA2 levels measured in

2761 individual patients. 6.2 and 5.2% of patients had elevated MPO or Lp-PLA2
levels, respectively. Of the 2761 patients, only six (<0.2%) had both elevated MPO

and Lp-PLAZ2 levels.
MPO: Myeloperoxidase.
Figure courtesy of Cleveland Heart Lab, Inc. (OH, USA).
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RoofCat
p-PLA2在动脉粥样硬化斑块中随着巨噬细胞在内膜-介质中的激活而升高

RoofCat
根据我们对Lp-PLA2和MPO所反映的生理学的理解，这些生物标志物的增加都表明了易损斑块的存在和急性冠状动脉综合征的风险的增加

RoofCat
这两种标记物的不同之处在于，Lp-PLA2追踪由动脉粥样硬化病变的内膜-中膜内炎症引起的不良心脏事件的风险，而MPO追踪与病变的管腔方面相关的风险。
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outpatient population, approximately 0.2% of
patients have both markers elevated. These'data
demonstrate two important concepts regarding
multimarker approaches. First, if one understands
the physiology reflected in different markers, one
can begin to combine them to further stratify
risk; second, in the case of MPO and Lp-PLA2,
if one were to take a single marker approach, this
would suggest that one is comfortable with assess-
ing only one side of the coin or only half of the
patient’s potential for risk.

Multiple studies have demonstrated that com-
bining multiple markers allows for further risk
stratification. Analyses of the PROVE-IT trial
(8] and the Women’s Health study (7] have both
demonstrated that low cholesterol and hsCRP
indicates low risk, that either marker elevated
indicates elevated risk and that both markers ele-
vated indicates yet greater risk than either marker
alone. Similarly, Heslop and colleagues demon-
strated that patients who underwent left elective
angiography had a 5.33-fold increased hazard
ratio for mortality if either MPO or hsCRP were
elevated, but they had a further 4.33-fold increase
in hazard ratio if both MPO and hsCRP were
elevated [20].

It is important to note that a multimarker
approach does not only include blood-borne bio-
markers. There are multiple studies that show the
utility of combining imaging with inflammatory
biomarkers. One way to conceptualize a com-
bined imaging and blood biomarker approach
is that imaging captures the anatomical risk and
the inflammatory biomarkers capture the bio-
logical risk of an event [21,22]. Furthermore, it
is more convenient, cost-effective and, in some
cases, safer (i.e., coronary calcium score or coro-
nary angiography) to repeat blood testing than
to repeat an imaging test; therefore, one can fol-
low blood-borne biomarkers in the near-term
to determine whether treatment strategies are
having an impact at a shorter time interval than
imaging.

Multimarker testing for

cardiovascular risk
We have described two ongoing multimarker
approaches for stratifying cardiovascular risk:

The >90,000 patient cohort demonstrates that
limiting risk screening to lipid abnormalities
significantly inhibits our ability to identify
patients at risk. These findings are consistent
with the current reality that approximately
50% of patients who have acute coronary
syndrome have controlled lipoprotein levels;

Future Cardiol. (2013) 9(4)

The oxidation/inflammation multimarker
approach developed by Cleveland Heart Lab,
Inc. allows not only for identification of patients
at risk, but also determines the acuity of their
risk. Such an approach identifies those patients
best suited for primary lifestyle modification
and those who warrant early pharmacologic
intervention.

Our growing understanding of the physiology
characterized by individual biomarkers has led
many to propose and demonstrate the additive
utility and synergies associated with specific com-
binations of biomarkers. The data herein supports
the concept. The question becomes what consti-
tutes a multimarker approach and where can a
multimarker approach offer value?

What constitutes a multimarker
approach?

With respect to what constitutes a multimarker
approach for cardiovascular risk assessment, it
is our opinion that this should not constitute a
listing of several to dozens of markers that indi-
vidually may offer insight into a patient’s risk,
but collectively do not offer additive or synergis-
tic information, as we have outlined based in the
panel above. All too often, physicians are encour-
aged to order a multitude of tests based on ‘more
is better’, with little evidence of any additive value
of the combination of the tests. Unfortunately, at
times, the costs for this approach can run into
several hundred or even thousands of dollars,
driving up costs with little scientific or medical
evidence of benefit. It is this indiscriminate use of
multiple markers that we believe has turned many
against a multimarker approach and has largely
led the field ‘to throw the baby out with the bath
water’. Hopefully, as we have demonstrated with
the MDVIP annual wellness panel and the Cleve-
land Heart Lab, Inc. inflammation cardiovascular
risk panel, carefully thought out, scientifically and
medically based panels can offer value at a reason-
able price. While for contractual and proprietary
reasons we cannot reveal the costs of these panels,
we can share that they cost significantly less than

a handful of hundreds of dollars.

Where can a multimarker approach add
value?

The ability to identify and stratify risk can add
value in multiple settings.

Traditional patient-physician interaction

The most obvious setting where a multimarker
approach may offer value is on an individual basis

future science group
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between the physician and the patient. Identify-
ing patients at risk and where they exist on the
spectrum of risk allows for individualization of
preventive strategy to a greater extent than that
which exists in the binary outcome of a single
test. Identification of patients with significant
free radical generation or lipoprotein oxidation
identifies patients who, on balance, have lifestyle
risks that can be addressed through behavior
modification, ideally preventing the onset of
disease and the need for pharmacologic inter-
vention. Identifying and enriching for a patient
population that has primarily lifestyle risk can
lead to wellness strategies being optimized with-
out the risk of including patients with advanced
disease that will not respond to lifestyle changes
alone. Furthermore, identification of lifestyle
risk via an objective measure allows for measure-
ment of the changes in the objective marker in
response to lifestyle modification. Such patient-
specific feedback may serve to motivate patients
and enhance compliance. Conversely, identifica-
tion of a patient who has evidence of vulnerable
plaque identifies a patient who not only requires
institution of pharmacological intervention, but
also evaluation for risk factors that may not be
obvious, including insulin insensitivity or drivers
of chronic inflammation such as gum disease.
Unfortunately, physician time, patient interest
and costs do not allow for full testing of every
patient.

Self-insured employer risk assessment

On a population basis, using a multimarker
risk assessment strategy allows the self-insured
employer to understand the degree of risk inher-
ent in the covered population to a greater degree
than a single-marker approach. There are several
potential benefits of risk stratification along a
spectrum of risk markers including:

Allowing deployment of resources in a more
efficient and strategic manner. Lifestyle pro-
grams and incentives can be targeted at
patients whose risk is centered on lifestyle and
whose compliance in wellness programs can
prevent disease;

Identifying patients at highest risk for whom
aggressive testing and risk-factor modification
might offer the greatest return. For example,
based on Fiure 5, approximately 11% of
patients are at increased risk with evidence of
vulnerable plaque based on an elevated
Lp-PLA2 or MPO; however, one can further
refine this population to a smaller cohort with
the greatest risk based on an elevated Lp-PLA2

future science group

and MPO. Improved outcomes and avoidance
of acute events in this refined population has
the potential to offer sufficient avoidance of
cost-to-pay for the whole risk stratification
program for the entire population;

Quantification of the benefits of a program-
wide risk-factor modification. One of the goals
of implementing wellness programs within a
covered population is assessing the benefits to
the general health of the population. The ulti-
mate measure of benefit is a decrease in acute
clinical event; unfortunately, it can take a
number of years to see a decrease in events.
Furthermore, whether the number of events is
a true decrease can only be assessed if the base-
line risk of the population is defined. Thus,
two data points are needed to determine the
success of a wellness program: the number of
patients at risk at baseline and a measure of
how that risk has changed over time. A multi-
marker approach for cardiovascular risk assess-
ment offers a greater degree of granularity on
the risk of a given population than any single
marker can. As seen with the MDVIP data set,
focusing cardiovascular risk assessment solely
on lipid panels leads to poor characterization
of cardiovascular risk. Similarly, multimarker
assessment allows for better quantification of
the benefits associated with a wellness program
sooner than a decrease in event rate.

Step-wise risk factor assessment strategy

It should be noted that MDVIP data and its
approach highlights a risk-factor assessment
strategy that allows for a detailed assessment of
patients at risk over time. This approach fits the
workflow of concierge and primary care prac-
tices where there is sufficient time and physician
access so that the information and findings of
the multimarker approach can be fully explained
to the patient and appropriate next steps can be
taken. For example, with the MDVIP panel, if
a given patient was found to have increased risk
based on the lipid panel, but a normal MPO, the
patient could be followed up with a Lp-PLA2
test to further assess for the presence of vulner-
able plaque. Similarly, if a patient was found to
have a normal lipid panel and a normal MPO,
there is no indication for a Lp-PLA2 test, since
there is no clear concern for underlying risk of
atherosclerosis. However, further assessment with
a hsCRP test would be appropriate to further
assess atherosclerotic risk. In addition, a normal
lipid panel and an abnormal MPO suggests that
the next step could be a coronary calcium score or
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carotid intimal-medial thickness measurement
to determine whether there is evidence of preco-
cious atherosclerosis despite normal lipid levels.
Further assessment with oxLDL or hsCRDP tests
would be appropriate, as well as to further refine
risk and define baseline values to be followed
during treatment.

Conclusion

Our growing understanding of the molecular
pathways involved in the development of acute
and chronic disease has led to the discovery of
a number of biomarkers associated with the
presence and progression of a variety of disease
states. This has led many to propose that we can
better refine a given patient’s risk by measuring
multiple biomarkers rather than a single one. As
discussed above, there are several characteristics
of a multimarker approach that could add value:

The physiology reflected by the biomarkers is
understood and there is an understanding of
how the group of biomarkers is additive or
synergistic compared with a single measure;

The multimarker approach is not simply a list
of unrelated or redundant markers leading to
an expensive panel, in which the combination,
of biomarkers does not further refine a patient’s

risk profile;

The multimarker approach reflects the disease
state such that successful prevention or treat-
ment leads to changes in the overall measured
risk profile of the patient.

Unfortunately, in cardiovascular risk assess-
ment, there appears to be a bias in the academic

sector against novel biomarkers, and perhaps
an even greater bias against a multimarker
approach. The most common criticism is the
degree of benefit seen over Framingham risk.
Ridker and colleagues took this criticism head
on over a number of years, culminating in the
demonstration of a statin treatment benefit in
patients with an elevated hsCRP in the random-
ized placebo-controlled JUPITER trial. While
a great achievement, it needs to be understood
that the JUPITER trial was designed and funded
to support the development of a pharmaceutical
drug and that the revenues associated with bio-
markers are such that robust randomized con-
trolled clinical trials cannot be funded by diag-
nostic companies. Collaborations such as the one
described here for the first time between MDVIP
and Cleveland Heart Lab, Inc. should serve as a
model for how the field can bring forward real-
world data to prove or disprove the utility of
a multimarker approach for cardiovascular risk
assessment.

Future perspective

From the beginning of medical school train-
ing, physicians are taught to identify patients’
phenotype. Patients’ weight, nicotine-stained
fingers and teeth, ear creases, webbed feet, yel-
low eyes and tongue, clubbed fingers, ketotic
breath and xanthomas, among others. Neither
of us recalls a mentor who said just look at one.
We were always taught that it was the constel-
lation of phenotypes that led to diagnoses or,
more importantly, directed us in an appropriate
direction for further examination, imaging or
testing. Years ago, the early stages of laboratory

Early detection of disease allows the potential for prevention of morbidity and mortality.
Success in modulating risk from one pathway often increases the need and utility of risk stratification by other pathways.

Multimarker screening for wellness
Molecular mechanisms of ischemic cardiovascular events are being better defined.
Beyond lipids, inflammation has a key role in inducing plaque rupture.
No single marker fully defines a patients’ cardiovascular risk profile.

Multimarker approach to assess acuity of risk
A panel of multiple markers that are not synergistic or additive increases cost unnecessarily without improving risk prediction.
Understanding the physiology reflected by a specific biomarker allows multiple markers to be used in parallel to more fully define risk
without redundancy.

Multimarker testing for cardiovascular risk
Using a multimarker approach to identify patients prior to a clinical event has the potential to decrease costs if the event can be
prevented.
A multimarker approach has the potential to risk stratify and define risk in self-insured populations to a greater extent than is now
possible.

504 Future Cardiol. (2013) 9(4) future science group



Multimarker approach for identifying & documenting mitigation of cardiovascular risk Perspecﬁve

medicine and our understanding of the mecha-
nisms of disease single markers were accepted
and made a difference. The impact measuring
LDL cholesterol has had on atherosclerosis, as
discussed above, is an excellent example. But
just as phenotyping patients requires looking at
multiple physical characteristics, the growth in
our understanding of the mechanisms and bio-
logical manifestations of chronic disease have
led and will lead to the development of multiple
potential biomarkers for the risk stratification
of ischemic cardiovascular disease. These bio-
markers will take the form of proteins, miRNAs,
genotypes and possibly biopsies, and they will be
enhanced by imaging techniques that will define
the anatomical manifestations of the disease,
and perhaps the biology as well [23]. Importantly,
these multimarker panels will need to be biologi-
cally rational, medically meaningful and modi-
fiable. Their use to identify patients at risk for
disease and the prevention of subsequent clinical
events will need to be shown to be cost-effective
to the system in both dollars and morbidity and
mortality. As we have discussed here, the reality
is that multimarker panels are currently avail-
able. Over the next several years, the academics
will put the science through the rigors of clini-
cal trials and treating physicians will determine
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