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Migrating from a binary approach to risk assessment to a ternary model of disease
identification allows for individualized, optimal disease management. Redefining the
disease/inflammatory approach has been proven to identify, stabilize, and regress
atherosclerosis while adding understanding to the progression of vascular disease.
Our previously published results show the beneficial effect of comprehensive,
evidence-based management on subclinical atherosclerosis and vulnerable plaque. We
argue that this approach does not mitigate the value of utilizing standard risk factor
identification, but rather augments it for the benefit of the individual patient.
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INTRODUCTION
Despite a growing wave of attention on the devastating consequences of sudden cardiac death and
ischemic strokes, we still struggle with staggering and stagnant statistics within the United States
(1). The latest data published March 2019 from the American Heart Association reveal that the
incidence of cardiovascular disease (coronary heart disease, heart failure, stroke and hypertension)
in adults ≥20 years of age is 48% overall, comprising 121.5 million people according to NHANES
data from 2016. When excluding hypertension, the statistics remain alarming with 24.3 million
people affected (2). The 2014–2015 projected direct and indirect cost of cardiovascular disease
(CVD) is more than $351 billion ($213.8 billion in direct costs and $137.4 billion in lost
productivity/mortality), overtaking the cost of any other diagnostic group. The projected annual
CVD expense in 2035 is estimated to be 1.1 trillion dollars (2). “True healthcare reform will
be realized only when we focus attention on disease prevention and not disease management,”
former American Heart Association (AHA) president- Dr. Gordon Tomaselli (3). Currently 48%
of US Adults have CVD, equating to 121.5 million. By 2025 it is projected that 130 million
people in the US will have CVD. Appreciating the escalating economic burden and continued
morbidity and mortality related to CVD, it is imperative that new innovations be considered
to improve CV prevention. CV events place significant health and economic burden on our
country. Improvements in our current system must be improved (1). We propose the first step
is a re-classification of risk. A system that is directed at the individual patient and focuses on
the optimization of precision healthcare. Healthcare must facilitate the uptake and deployment
of prevention to improve health and lower costs (4).
Although the guidelines for treatment are based on a risk factor paradigm, plaque in the artery
wall is the actual initial culprit of type 1 myocardial infarctions and systemic vascular events (5–7).
Despite the latest modification of the Framingham Risk Factor Score analysis, the focus remains
on the risk factors rather than the presence or absence of atherosclerosis (8). Even with the latest
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revision of the traditional risk factor analysis (9) to enhance
treatment decisions, it fails to direct the initial evaluation
for atheroma or vascular inflammation (10). Herein lies the
conundrum that seems to elude repetitive modifications of the
current risk factor paradigm assessment to reduce recidivism and
stop the unexpected death and disability associated with vascular
disease. The presence of an atheroma is essential in determining
risk of having an atherothrombotic event therefore the evaluation
of the presence of atherosclerosis is an indispensable element for
risk assessment. As stated by Arbab-Zedeh et al., “atherosclerosis
is essentially a condition sine qua non.” Therefore, assessing for
atherosclerosis is fundamental for appropriate risk estimates (11).

risk for causing a coronary event is a critical element for CV
risk assessment, particularly in asymptomatic individuals who
may be at risk for an event and yet be considered to be primary
prevention in the traditional setting.
Based on the most recent work by Ahmadi et al., the approach
discussed herein of identifying non-obstructive atherosclerosis
to identify patients who are “at risk” for a cardiovascular event
is well-supported and aims to redefine the traditional paradigm
of primary and secondary assessment (20). However, we further
support focusing treatment effects on the anti-inflammatory
effect of identifying all root causes of vascular inflammation,
often going beyond the hypothesis of simply obtaining LDL
reduction from maximum lipid-lowering therapy. Incorporating
inflammatory testing to evaluate the atherosclerotic activity
provides the opportunity to individualize therapy to treat the n
of 1 = the unique individual patient.
Applying a third category to CV risk assessment provides for a
more accurate and individualized approach to treatment of the n
of 1. Coupling structure (disease assessment) with inflammation
provides a clear approach to treatment decisions.
Treatment for CVD is anchored in a classification system of
primary or secondary. Currently, we are in a risk platform of
a world of “have’s” and “have nots,” simply meaning treatment
decisions are based on whether or not the individual patient
has had a heart attack, stroke, or CV intervention in the past.
Secondary prevention labels a patient to have proven CVD either
by having had an intervention for CVD or having had a CV event.
These individuals are considered high risk and, while there are
clear treatment guidelines for this category, the focus remains
optimal LDL-C management and is often in some state of
flux. The current risk category of “primary prevention” includes
all individuals who have not proven they have CVD with an
intervention or event. Therapy for this primary risk classification
is determined by risk factors alone which is based on population
data. It is well-known that for the individual person being
considered the resulting “population” calculation of risk fails to
identify a substantial number of people as high risk who go on to
suffer a CVD episode of intervention or event. Likewise, it is also
true that some people are incorrectly classified as high risk when
using risk factors alone. The current risk-factor assessment is
innately flawed as it fails to treat people individually based on the
presence of arterial inflammation and non-obstructive disease.
Often patients receive treatments that are unnecessary and many
cause harm. Thus, our current classification of prevention is
arguably potentially causing harm for many individuals in the
“primary” category; some over treated and some under-treated.
A ternary classification system in light of our current
knowledge about CVD and our current imaging technologies
and inflammatory testing could enhance appropriate therapy
decisions for the individual patient. It is known that having
an atheroma is a condition sine qua non for having risk of a
CV event (21). Therefore, assessing for an atheroma should be
considered fundamental in any risk assessment. Historically, the
risk factor classification was developed out of necessity because
clinicians did not have easily assessible reliable, safe and costeffective imaging technology to evaluate an individual patient for
the presence of atherosclerosis.

BINARY TO TERNARY CLASSIFICATION
The guidelines for evaluating who might be “at risk” for a
vascular event fail to look directly for the plaque, particularly
the vulnerable plaque. The standard of care places individuals
into those who have had a CV event (secondary prevention) and
those who have not (primary prevention). Knowing if a patient is
harboring silent, potentially deadly thickening in the artery wall,
provides a new-found ability to triage treatment in a different
way from the traditional risk factor paradigm (12). As eloquently
articulated in the 2016 Ross Memorial Lecture in vascular
biology, atherosclerosis is “triggered by the sub endothelial
retention of ApoB-containing lipoproteins in focal areas of
the arterial tree” (13). Tabas then continues to suggest “the
ensuing events of complex cell biological processes (are) termed
atherosclerosis.” Appreciating the atherogenic triad allows for the
opportunity to understand how various causes of vascular risk
can determined. The formation of atherosclerosis requires three
essential factors: serum lipoprotein concentration, endothelial
permeability and lipoprotein binding in the intima (14). As
previously reported, there are many causes of atherosclerosis
via interaction with this triad that are not part of a standard
of care risk factor analysis, such as high risk periodontal
pathogens (15).
The natural progression of vascular disease can begin in early
adolescence as fatty streaks within the arterial wall (16). At the
same time, it is important to realize that atherosclerosis and
CVD are not unavoidable consequences of aging and there are
occasions to intervene early in the disease progression and halt
the atherosclerotic disease process (17, 18). Gradual, often silent
expansion of extant lesions may eventually limit arterial blood
flow. However, such slow evolving stenotic lesions are not usually
the cause of acute coronary events; rather, either rupture or
erosion of the endothelium overlying an atheroma leads to a
thrombus. Often times, the thrombus causes an acute obstruction
that results in a symptomatic ischemic event: heart attack or
ischemic stroke. If a small thrombus is present, it may migrate
distally, causing silent ischemia. Additionally, the thrombus may
simply resolve, leading to a size progression in the underlying
atheroma (19). This schema can happen in any artery and
ultimately present as coronary, renal, intestinal, peripheral, or
cerebral disease. With this understanding of the atherosclerotic
disease process, identifying vulnerable plaques that are at high
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paradigm shift from the definition of vascular disease as a binary
approach (those who have had a vascular event and those who
have not) to a ternary approach (adding a significant risk category
for those who have inflammatory vascular disease but who have
not yet had an event). Using this approach, it is appreciated
that individuals are vulnerable to vascular events if they are
harboring silent and potentially inflammatory atheroma. This
approach also demands that we augment many traditional risk
assessment tools to identify individuals with vascular disease
that lack any lumen diameter changes. Atherosclerosis is much
more dynamic than the technology historically designed to find
it and evaluate CV risk. An example of this is the common
cardiac stress test, which is only considered abnormal if there is
a significant amount (>70%) of lumen blood flow obstruction.
However, eight-six percent of heart attacks manifest in vessels
that are <70% occluded (24). As published previously, it is
well-founded that the majority of plaque grows extra-luminally
which contributes to the fact that 50% of cardiovascular events
are considered to be sudden or unexpected (25). Patients who
have normal imaging stress tests frequently have extensive
atherosclerosis (26). Additionally, we have known for over three
decades that the obstruction causing the lion share of heart
attacks and ischemic strokes is a thrombus (27). Using advanced
imaging, such as MRI, optical coherence tomography, and nearinfrared spectroscopy, it has now been established that the lipid
richness of atherosclerosis is the most predictive element of
plaque vulnerability and event prediction (28–30). Therefore,
appreciating technology that assesses for subclinical lipid-rich
plaque is critical for accurate risk assessment for CV events.
The plaque develops in the artery wall creating a vulnerable
lesion that can grow silently until the endothelium becomes
compromised and allows for a plaque rupture or erosion. A
thrombus can form, potentially causing a blockage in blood
flow (11). With this understanding, it is imperative that the
study of atherosclerosis focus on the wall of the artery where
plaque is identified at its most vulnerable state. Most initial
coronary events do not occur among those considered “high
risk” by risk factor score. Assessing subclinical atherosclerosis at
several vascular sites may provide greater insight over traditional
risk factors on when assessing for the risk of a CV event
(31). Screening methods are recommended and accessible to
assess the artery wall for subclinical vascular disease. These
include common techniques, such as B-mode ultrasound of
the carotid arteries and femoral arteries and coronary calcium
scanning (32, 33). This approach to vascular risk assessment
using technology to assess for the presence, location, and
severity of atherosclerosis is the premise for risk identification.
With the focus on the artery wall the earliest most vulnerable
lesions can be identified and monitored. Waiting for plaque to
rupture and form a subsequent thrombus becomes an emergent
situation and has helped drive our current conundrum that CVD
remains the leading cause of unexpected death and disability.
The microvascular complications of unidentified atherosclerosis
lead to diseases of aging, such as erectile dysfunction, chronic
heart failure, kidney failure, vascular dementia and peripheral
artery disease. These end-stage results of vascular disease are
equally debilitating and can lead to decreased quality of life.

TABLE 1 | Proposed binary to ternary classification with treatment goals.
Patient classification

Arterial
disease
identified

History
of a CV
event or
PCI

Goal of therapy

Primary prevention

No

No

Prevent the
development of
atherosclerosis and
vascular inflammation

Secondary prevention

Yes

No

Stabilize plaque and
mitigate all sources of
arterial inflammation

Tertiary prevention

Yes

Yes

Prevent Recidivism by
stabilizing disease and
mitigating all sources of
arterial inflammation

Imaging technology is now available to all patients, allowing
the opportunity to personalize care by looking for asymptomatic
atherosclerosis. It is known now that inflammation (CANTOS)
and the prothrombotic state determine the risk for an
atherothrombotic event in the presence of atheroma (22).
Individuals with subclinical disease should be considered high
risk and their inflammatory and prothrombotic state should be
evaluated and managed. These patients should be considered
secondary prevention: they already have disease and the goal
of therapy should be to prevent progression to mechanical
intervention or event. The patients who have already proven they
have disease should be classified as tertiary prevention. They are
obviously high risk and need optimal medical management to
mitigate arterial inflammation and prevent a recidivistic event.
The patients who do not demonstrate atherosclerosis after a
thorough review of imaging records and no evidence with US
of the carotids, femoral, or aorta along with a zero CACS,
should be classified as primary prevention. The goal with these
patients is to prevent the formation of atheroma. Antithrombotic
therapies including aspirin would be unnecessary. Overall their
need for prescription medications should be minimal. Thus,
this new classification system would mitigate the current harm
from medical therapy occurring in the “primary” prevention
group. This classification system would move us forward
with personalized care which should enhance CVD outcomes
(Table 1).

DISCUSSION
Traditional cardiology has been a science and study of the
lumen of the artery, ensuring that blood flow is maintained.
This science has led to miraculous advances in treating endstage disease and yet, we are still faced with dismal statistics
that support the continuation of a rising death and disability
rate associated with cardiovascular disease (23). With these
compelling statistics as the backdrop, the purpose of this article
is to propose two important concepts that will reshape the
definition of atherosclerosis and patient CV risk evaluation. A
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the first 2 years of treatment (p < 0.0001). After the first 2
years of treatment the lipid-rich plaques continued to decline
at reduced rates. These reductions in vulnerable plaque also
demonstrated a lack of clinical events in this cohort of 324
patients. The technology embraced by these studies was one of
arteriology vs. lumenology, which is a novel concept in traditional
cardiovascular disease management.
As previously published by the authors, this approach to
prevention is founded in the science of early disease identification
The technology is now available to identify asymptomatic arterial
disease allowing the shift from treating end-stage disease to one
of precision based preventive care (44). In order to appreciate the
value of an arteriology approach, the clinician must advance to a
vantage point of dividing CV patient risk from a binary approach
of primary and secondary prevention to one of a more fluid,
yet definable; primary, secondary, tertiary prevention. When this
approach is absorbed into clinical practice, the conundrum of
vascular treatment decisions, such as aspirin therapy becomes
clear. This novel approach to risk assessment is based on
the pooling of scientific literature over the past two decades.
Appreciating a risk assessment using the arteriology standpoint,
patients must first be evaluated for the presence of asymptomatic
vascular disease (18, 31, 33, 34, 44).
To articulate the timely importance of utilizing this proposed
tiered (primary, secondary, tertiary) approach to risk assessment,
we will discuss the recent discussion regarding the risk of
utilizing low-dose aspirin therapy in “primary” prevention
individuals. We will also articulate the value of our approach
to risk identification through the lens of statin therapy
for those with vascular disease as a plaque-stabilizing tool.
Categorizing patients into three categories, which ultimately
helps determine appropriateness of the precision-based medical
approach to vascular wellness. Utilizing medical history, patients
are determined to be “tertiary” prevention if they have a personal
history of a vascular event (heart attack or stroke) or a vascular
intervention due to atherosclerosis. “Secondary” prevention is
determined when someone is found to have atherosclerosis in
the artery wall. This is often determined using non-invasive
imaging, such as B-mode ultrasound of the carotid or femoral
arteries, ultrasound imaging of the abdominal aorta showing
plaque deposits, coronary calcium scanning showing a positive
calcium score, an ankle-brachial index (ABI) measurement of
<0.95 or any vascular image that shows atherosclerotic plaque.
These patients have documented atherosclerosis but have never
suffered a vascular event or a need for vascular intervention.
Finally, patients who have no history of CV events and are
determined to be devoid of atheroma after non-invasive imaging
are classified as “Primary Prevention.”
Additionally, vascular inflammatory testing is utilized to
determine the vulnerability of the atherosclerotic disease process
in each individual. Setting optimal goals for each tier group is
essential to yield optimal health outcomes and demonstrate CV
stability in each patient (34) (Figure 1). An approach supported
by identifying vascular disease allows for clear need for plaque
stabilizing therapies, such as statin therapy. The concept is
gaining traction as demonstrated in Ramos’ research showing
that statins in low-risk patients with an ABI <0.95 prevented

The current approach waits until the plaque has grown to the
point that the lumen is showing change in blood flow, which is
ultimately supporting the standard of care approach to treating
end-stage disease.
Cardiovascular prevention programs have clinical tests to
identify and monitor subclinical plaque in its asymptomatic
form (18, 34). Carotid intima-media thickness (cIMT) testing
via B-mode ultrasound is an inexpensive method that is safe
and simple for evaluating CV risk by measuring the combined
thickness of the intimal and medial layers of the artery wall.
CIMT testing has the ability to also detect abnormal thickening
of the arterial wall, potentially indicating plaque or atheroma’s
that are associated with accelerated atherosclerotic disease and
increased risk for coronary artery disease, myocardial infarction,
and stroke (35–37). The cIMT testing of patients to identify and
quantify atherosclerotic disease has led to cIMT being adopted
as a surrogate endpoint in clinical trials, allowing the efficacy of
treatments to be determined much more rapidly than would be
possible using CV event or mortality rates alone (29, 38). Perhaps
even more compelling from an initial risk assessment and
monitoring standpoint, is the lipid-richness of the plaque which
can be effectively evaluated over time using MRI imaging, albeit
often times more difficult to obtain in the clinical arena. cIMT
does have the ability to identify and quantify plaque vulnerability
using reproducible measurements of plaque lipid richness into
categories of soft, heterogeneous and echogenic (39–43).
Utilizing early disease identification and monitoring has
proven successful to identify, stabilize and regress atherosclerosis
as validated by reduction of carotid intima media thickness,
plaque burden reduction and lipid richness stabilization in the
ambulatory clinical setting. Two trials have clinically evaluated
this approach to CV Prevention (The BaleDoneen Method).
Both trials demonstrate that vascular disease can be identified
at its most early and vulnerable state, stabilized, halted, and
regressed (18). In both of these clinical trials, patients were
assessed for the presence, vulnerability, severity, and location
of vascular disease utilizing cIMT testing. Treatments were
based on the presence or absence of atherosclerotic plaque and
the inflammatory burden of that disease utilizing inflammatory
testing to appreciate the vulnerability of the disease. The
purpose of Feng’s paper was to evaluate the effectiveness of
the BaleDoneen Method on traditional CV risk factors (i.e.,
lipoproteins) and to “illustrate the use of a latent growthcurve analysis in studying trajectories of clinical outcomes and
biomarkers in individual patients over time” (18). The analysis
evaluated 576 patients at an outpatient ambulatory clinic who
received CV care based on this arteriology approach over
an 8-years period of time. On average, the mean IMT score
decreased by 0.01 mm per year, plaque burden score decreased
by 0.17 mm per year (p < 0.001 for both). The interpretation
was that the BaleDoneen Method is effective in eliciting a
positive effect on the atherosclerotic disease process by driving
regression of disease in the carotid arteries. The BaleDoneen
Method is the study and clinical application of arteriology.
The second article, published in partnership with colleagues
at Johns Hopkins (34), the BaleDoneen Method demonstrated
a decrease in lipid-rich (vulnerable) plaque by 78.4% within
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FIGURE 1 | Definition of classification levels.

vascular events (45). Statin therapy is indicated in patients
determined to have a 10-years Framingham Risk Score >7.5
(46). However, statin therapy is also indicated to reduce vascular
inflammation as documented in the Jupiter Trial showing the
benefit of statin therapy in patients with low-density lipoprotein
(LDL) LDL <130 mg/dL (47). In 2013, it was demonstrated that
the benefit of statin therapy was best noted by the ability to lower
Lp-PLA2 rather than simply lowering LDL (48).
Additionally, Puri et al. demonstrated that statins can increase
coronary calcification (49). Using the BaleDoneen Method
approach to risk assessment, this supports the concept of
stabilizing atherosclerosis and removing the vulnerable elements
of plaque (34, 50). Appreciating the body of evidence that
has been previously demonstrated, it is imperative to refrain
from a binary approach to risk assessment and categorize
each patient using a ternary system approach to assessment of
disease and categorize each as primary (no plaque), secondary
(plaque/inflammation) and tertiary (symptomatic lesions). This
approach takes established treatments, such as statins, to the
forefront for individuals with vascular disease rather than simply
guessing of their disease burden using risk factors alone.
The same approach can be taken with low-dose aspirin (ASA)
therapy, eliminating the clinical confusion of determining when
to use low-dose aspirin in patients who have not had a vascular
event. Using our ternary definition, all patients deemed to have
atherosclerosis (secondary and tertiary) should be placed on
low-dose aspirin unless contraindicated for bleeding risk.
“The effectiveness of low-dose ASA for people who have
already suffered one or more heart attacks or strokes remains
undisputed. Daily aspirin is prescribed for all people who fall into
the traditional definition of ‘secondary prevention.’ However,
using this historic model, the ‘primary prevention’ individual
may have asymptomatic vascular disease and would also benefit
from low-dose aspirin therapy. A plethora of studies have
demonstrated that ASA reduces rates of recidivistic events thus
allowing the benefit to outweigh the risk, particularly bleeding
associated with aspirin therapy” (51).
Current guidelines are based on the Framingham Risk Score
(FRS) which provides recommendations for aspirin’s use in
primary prevention which is based on a risk-factor analysis. The
U.S. Preventive Services Task Force (USPSTF) also discussed
aspirin’s utility for colon cancer prevention. The USPSTF only
recommends the drug for people who are ages 50–69, have a
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10% or higher 10-years risk for CVD and are at no increased risk
for bleeding. The USPSTF considers the evidence insufficient to
recommend low-dose ASA for people under age 50 or over age
69, regardless of the magnitude of their risk (51).
The role of ASA in primary prevention has remained
controversial. Five RCTs conducted between 1988 and 2003
linked aspirin use to a 32% reduction in first-time heart
attacks. Since then additional RCTs have been published with
inconsistent findings, leading to inconsistent guidelines, with
medical societies and government agencies in the U.S. and
Europe recommending both for and against low-dose aspirin
for primary prevention. Here are key findings from the three
latest RCTs:
To highlight the relevant value of our ternary definition of
CVD risk, let’s examine three recent trials with aspirin use
in people who have not had vascular events. The ASPREE,
ASCEND, and ARRIVE trials all demonstrate a concern with
prescribing low dose aspirin for CVD risk prevention in
“primary prevention” patients (no previous recorded heart
attack). Although rates of CVD events were lower in the aspirin
group in all three trials, the bleeding risk challenged the statistical
significance of the findings. This current recommendation for
aspirin use is reserved for those with known cardiovascular
disease or risk profiles that demonstrate a moderate to high-risk
FRS score (52–55).
Given the conflicting findings of 30 years of research on the
role of low-dose ASA in primary prevention, and recent RCTs
raising questions as to whether the benefits outweigh the harms,
what should patients and medical providers conclude? Using
our proposed BaleDoneen Method Ternary approach to CVD
risk determination, the decision about low-dose aspirin use is
actually about proper patient selection. While the standard of
care divides patients into two groups based on whether or not
they have experienced a CV event, we recommend a precisionmedicine, three-tiered approach that starts with a comprehensive
evaluation that includes laboratory testing and vascular imaging.
We also recommend that patients who are being considered for
low-dose ASA for prevention of CVD or CV events be screened
for aspirin resistance. In a meta-analysis of 1,813 patients with
CVD from twelve prospective studies, the average prevalence
of aspirin resistance was 27%. Aspirin-resistant patients were
also found to have nearly quadruple the rate of CV events,
compared to aspirin-responsive patients. Another recent study
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revealed that the odds ratio for recurrent stroke is 14 times
higher in non-responders to ASA. These findings highlight the
paramount importance of determining the patient’s ASA status
before initiating a therapy that may fail to protect a large
proportion of patients (51).
We consider the current controversy about low-dose ASA
for “primary prevention” a valuable opportunity for patients
and providers to shift away from using traditional “risk-factor
profiling” to guide treatment decisions to being guided by the
disease/inflammation approach employed by the BaleDoneen
Method. Two recent peer-reviewed studies have demonstrated
our precision-medicine approach to prevention and treatment
can effectively detect, stabilize and reverse CVD, helping patients
avoid heart attacks and strokes even if they have previously
suffered one or more of these events (18, 34).

be at the center of any prevention program. Using a binary
system, demands that we wait until someone has had a CV
event or a CV intervention; thus, labeling them secondary
prevention. In the new system they would be referred to as
tertiary prevention; most certainly deserving of comprehensive
management of all CV risk factors to mitigate recidivism
risk. Patients who are discovered to have arterial disease
albeit without any history of intervention or events would
be classified as secondary prevention. They possess the prerequisite for needing an intervention or suffering a CV event.
They need comprehensive management of all known CV risk
factors to extinguish any arterial inflammation and to minimize
a pro-thrombotic state. In order to stabilize plaque in both
the secondary and tertiary prevention categories, patients will
assuredly require pharmaceutical intervention which needs to be
handled with care and balance the potential for possible harm.
After a comprehensive arterial health evaluation, the patients
who fail to demonstrate any atheroma would be classified as
primary prevention with a goal of management to stop them
from ever developing atherosclerosis. Just like the secondary and
tertiary patients, the primary prevention patients will require
regular monitoring of their arterial inflammatory state and
monitored over time. Non-pharmaceutical therapies would be
the preferred management as they generally carry less risk.
Theoretically, assuming the search for subclinical disease was
sufficient, these individuals do not have any atheroma’s which
generates very low risk for a CV intervention or event. This
ternary approach supports a precision-based risk assessment that
allows for the optimal care of in the unique, individual patient
with the aim to live a life free of CV events.

CONCLUSION
Migrating from a binary approach to risk assessment to a
ternary model of disease identification allows for individualized,
optimal management. Using a disease/inflammatory approach
has been proven to identify, stabilize, and regress atherosclerosis
while adding understanding to the progression of vascular
disease (34, 56). Our previously published results show the
beneficial effect of comprehensive, evidence-based management
on subclinical atherosclerosis and vulnerable plaque. This
approach does not mitigate the value of utilizing standard risk
factor identification but rather augments it for the benefit of the
individual patient.
In order to suffer a CV event, the presence of atherosclerosis
is necessary. Waiting for the atherosclerotic disease process
to rupture and cause an event is continuing to drive the
morbidity and mortality data associated with CV disease. We
have affordable safe accessible imaging modalities to evaluate
each person for the presence of atheroma. This action should

AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

REFERENCES
1. Ritchey MD, Wall HK, Owens PL, Wright JS. Vital signs: state-level variation
in nonfatal and fatal cardiovascular events targeted for prevention by
million hearts 2022. MMWR Morb Mortal Wkly Rep. (2018) 67:974–82.
doi: 10.15585/mmwr.mm6735a3
2. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway
CW, Carson AP, et al. Heart disease and stroke statistics2019 update: a report from the American Heart Association.
Circulation.
(2019)
139:e56–8.
doi:
10.1161/CIR.00000000000
00659
3. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van
Horn L, et al. Defining and setting national goals for cardiovascular
health promotion and disease reduction: the American Heart
Association’s strategic Impact Goal through 2020 and beyond.
Circulation. (2010) 121:586–613. doi: 10.1161/CIRCULATIONAHA.109.
192703
4. Pryor K, Volpp K. Deployment of preventive interventions–
time for a paradigm shift. N Engl J Med. (2018) 378:1761–3.
doi: 10.1056/NEJMp1716272
5. Belcaro G, Nicolaides AN, Ramaswami G, Cesarone MR, De
Sanctis M, Incandela L, et al. Carotid and femoral ultrasound
morphology screening and cardiovascular events in low risk

Frontiers in Cardiovascular Medicine | www.frontiersin.org

6.

7.

8.

9.

10.

6

subjects: a 10-year follow-up study (the CAFES-CAVE study(1)).
Atherosclerosis. (2001) 156:379–87. doi: 10.1016/S0021-9150(00)0
0665-1
Chapman AR, Shah ASV, Lee KK, Anand A, Francis O, Adamson
P, et al. Long-term outcomes in patients with type 2 myocardial
infarction and myocardial injury. Circulation. (2018) 137:1236–45.
doi: 10.1161/CIRCULATIONAHA.117.031806
Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow
DA, et al. Fourth universal definition of myocardial infarction
(2018). Eur Heart J. (2019) 40:237–69. doi: 10.1093/eurheartj/e
hy856
Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB,
Eckel RH, et al. 2013 ACC/AHA guideline on the treatment of blood
cholesterol to reduce atherosclerotic cardiovascular risk in adults: a report
of the American College of Cardiology/American Heart Association Task
Force on practice guidelines. J Am Coll Cardiol. (2014) 63:2889–934.
doi: 10.1016/j.jacc.2013.11.002
Lloyd-Jones DM, Goff DC, Stone NJ. Treatment of blood cholesterol to
reduce risk for atherosclerotic cardiovascular disease. Ann Intern Med. (2016)
164:135–6. doi: 10.7326/L15-0521
Grundy SM, Stone NJ, Guideline Writing Committee for the Cholesterol
Guidelines. 2018 Cholesterol clinical practice guidelines: synopsis
of the 2018 American Heart Association/American College of

May 2020 | Volume 7 | Article 92

Doneen et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

Redefining the Classification of Cardiovascular Prevention

Cardiology/multisociety cholesterol guideline. Ann Intern Med. (2019)
170:779–83. doi: 10.7326/M19-0365
Arbab-Zadeh
A,
Nakano
M,
Virmani
R,
Fuster
V.
Acute
coronary
events.
Circulation.
(2012)
125:1147–56.
doi: 10.1161/CIRCULATIONAHA.111.047431
Feng X, Zhang J, Liu M, Li X. Impact on the carotid intima-medial thickness
and safety of rosuvastatin in Chinese patients with carotid atherosclerosis:
a meta-analysis. Zhonghua Xin Xue Guan Bing Za Zhi. (2014) 42:247–53.
doi: 10.3760/cma.j.issn.0253-3758.2014.03.014
Tabas I. 2016 Russell Ross memorial lecture in vascular biology: molecularcellular mechanisms in the progression of atherosclerosis. Arterioscler Thromb
Vasc Biol. (2017) 37:183–9. doi: 10.1161/ATVBAHA.116.308036
Wilkins JT, Li RC, Sniderman A, Chan C, Lloyd-Jones DM. Discordance
between apolipoprotein B and LDL-cholesterol in young adults predicts
coronary artery calcification: the CARDIA study. J Am Coll Cardiol. (2016)
67:193–201. doi: 10.1016/j.jacc.2015.10.055
Bale BF, Doneen AL, Vigerust DJ. High-risk periodontal pathogens contribute
to the pathogenesis of atherosclerosis. Postgrad Med J. (2017) 93:215–20.
doi: 10.1136/postgradmedj-2016-134279
Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull
W, et al. A definition of advanced types of atherosclerotic lesions
and a histological classification of atherosclerosis. A report from the
Committee on Vascular Lesions of the Council on Arteriosclerosis, American
Heart Association. Arterioscler Thromb Vasc Biol. (1995) 15:1512–31.
doi: 10.1161/01.ATV.15.9.1512
Arbab-Zadeh A, Fuster V. The myth of the “vulnerable plaque”: transitioning
from a focus on individual lesions to atherosclerotic disease burden for
coronary artery disease risk assessment. J Am Coll Cardiol. (2015) 65:846–55.
doi: 10.1016/j.jacc.2014.11.041
Feng D, Esperat MC, Doneen AL, Bale B, Song H, Green AE. Eightyear outcomes of a program for early prevention of cardiovascular
events: a growth-curve analysis. J Cardiovasc Nurs. (2015) 30:281–91.
doi: 10.1097/JCN.0000000000000141
Arbab-Zadeh A, Fuster V. The risk continuum of atherosclerosis and its
implications for defining CHD by coronary angiography. J Am Coll Cardiol.
(2016) 68:2467–78. doi: 10.1016/j.jacc.2016.08.069
Ahmadi A, Argulian E, Leipsic J, Newby DE, Narula J. From subclinical
atherosclerosis to plaque progression and acute coronary events:
JACC state-of-the-art review. J Am Coll Cardiol. (2019) 74:1608–17.
doi: 10.1016/j.jacc.2019.08.012
Von Sarnowski B, Putaala J, Grittner U, Gaertner B, Schminke U, Curtze S,
et al. Lifestyle risk factors for ischemic stroke and transient ischemic attack
in young adults in the Stroke in Young Fabry Patients study. Stroke. (2013)
44:119–25. doi: 10.1161/STROKEAHA.112.665190
Misra DP, Agarwal V. CANTOS–is selective targeting of inflammation
in atherosclerosis enough? J R Coll Physicians Edinb. (2018) 48:246–7.
doi: 10.4997/JRCPE.2018.310
Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ, et al.
Executive summary: heart disease and stroke statistics−2014 update: a report
from the American Heart Association. Circulation. (2014) 129:399–410.
doi: 10.1161/01.cir.0000441139.02102.80
Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation. (1995)
92:657–71. doi: 10.1161/01.CIR.92.3.657
Nissen SE, Tuzcu EM, Schoenhagen P, Crowe T, Sasiela WJ, Tsai J,
et al. Statin therapy, LDL cholesterol, C-reactive protein, and coronary
artery disease. N Engl J Med. (2005) 352:29–38. doi: 10.1056/NEJMoa0
42000
Berman DS, Wong ND, Gransar H, Miranda-Peats R, Dahlbeck J, Hayes
SW, et al. Relationship between stress-induced myocardial ischemia and
atherosclerosis measured by coronary calcium tomography. J Am Coll Cardiol.
(2004) 44:923–30. doi: 10.1016/j.jacc.2004.06.042
Dewood MA, Spores J, Notske R, Mouser LT, Burroughs R, Golden MS,
et al. Prevalence of total coronary occlusion during the early hours of
transmural myocardial infarction. N Engl J Med. (1980) 303:897–902.
doi: 10.1056/NEJM198010163031601
Madder RD, Husaini M, Davis AT, Vanoosterhout S, Khan M, Wohns D, et al.
Large lipid-rich coronary plaques detected by near-infrared spectroscopy at
non-stented sites in the target artery identify patients likely to experience

Frontiers in Cardiovascular Medicine | www.frontiersin.org

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

7

future major adverse cardiovascular events. Eur Heart J Cardiovasc Imaging.
(2016) 17:393–9. doi: 10.1093/ehjci/jev340
Sun J, Zhao XQ, Balu N, Neradilek MB, Isquith DA, Yamada K, et al. Carotid
plaque lipid content and fibrous cap status predict systemic CV outcomes:
the MRI substudy in AIM-HIGH. JACC Cardiovasc Imaging. (2017) 10:241–9.
doi: 10.1016/j.jcmg.2016.06.017
Xing L, Higuma T, Wang Z, Aguirre AD, Mizuno K, Takano M, et al.
Clinical significance of lipid-rich plaque detected by optical coherence
tomography: a 4-year follow-up study. J Am Coll Cardiol. (2017) 69:2502–13.
doi: 10.1016/j.jacc.2017.03.556
Baber U, Boffetta P. Improving fitness to achieve health: shifting the
focus from theory to practice. J Am Coll Cardiol. (2015) 65:2101–3.
doi: 10.1016/j.jacc.2015.03.542
Baber U, Mehran R, Sartori S, Schoos MM, Sillesen H, Muntendam P, et al.
Prevalence, impact, and predictive value of detecting subclinical coronary and
carotid atherosclerosis in asymptomatic adults: the BioImage study. J Am Coll
Cardiol. (2015) 65:1065–74. doi: 10.1016/j.jacc.2015.01.017
Nicolaides A, Panayiotou AG. Screening for atherosclerotic cardiovascular
risk using ultrasound. J Am Coll Cardiol. (2016) 67:1275–7.
doi: 10.1016/j.jacc.2016.01.016
Cheng HG, Patel BS, Martin SS, Blaha M, Doneen A, Bale B, et al.
Effect of comprehensive cardiovascular disease risk management on
longitudinal changes in carotid artery intima-media thickness in a
community-based prevention clinic. Arch Med Sci. (2016) 12:728–35.
doi: 10.5114/aoms.2016.60955
Nambi V, Chambless L, Folsom AR, He M, Hu Y, Mosley T, et al.
Carotid intima-media thickness and presence or absence of plaque improves
prediction of coronary heart disease risk: the ARIC (Atherosclerosis
Risk In Communities) study. J Am Coll Cardiol. (2010) 55:1600–7.
doi: 10.1016/j.jacc.2009.11.075
O’leary DH, Bots ML. Imaging of atherosclerosis: carotid intimamedia thickness. Eur Heart J. (2010) 31:1682–9. doi: 10.1093/eurheartj/
ehq185
Bots ML, Groenewegen KA, Anderson TJ, Britton AR, Dekker JM, Engstrom
G, et al. Common carotid intima-media thickness measurements do not
improve cardiovascular risk prediction in individuals with elevated blood
pressure: the USE-IMT collaboration. Hypertension. (2014) 63:1173–81.
doi: 10.1161/HYPERTENSIONAHA.113.02683
Doneen AL, Bale BF. Carotid intima-media thickness testing as
an asymptomatic cardiovascular disease identifier and method for
making therapeutic decisions. Postgrad Med. (2013) 125:108–23.
doi: 10.3810/pgm.2013.03.2645
Nissen SE. Effect of intensive lipid lowering on progression of coronary
atherosclerosis: evidence for an early benefit from the Reversal of
Atherosclerosis with Aggressive Lipid Lowering (REVERSAL) trial. Am J
Cardiol. (2005) 96:61F−8F. doi: 10.1016/j.amjcard.2005.07.013
Burgstahler C, Reimann A, Beck T, Kuettner A, Heuschmid M, Kopp AF, et al.
Imaging of a regressive coronary soft plaque under lipid lowering therapy by
multi-slice computed tomography. Int J Cardiovasc Imaging. (2006) 22:119–
21. doi: 10.1007/s10554-005-8023-5
Lee JM, Robson MD, Yu LM, Shirodaria CC, Cunnington C, Kylintireas I,
et al. Effects of high-dose modified-release nicotinic acid on atherosclerosis
and vascular function: a randomized, placebo-controlled, magnetic
resonance imaging study. J Am Coll Cardiol. (2009) 54:1787–94.
doi: 10.1016/j.jacc.2009.06.036
Kadoglou NP, Sailer N, Moumtzouoglou A, Kapelouzou A, Gerasimidis T,
Liapis CD. Aggressive lipid-lowering is more effective than moderate lipidlowering treatment in carotid plaque stabilization. J Vasc Surg. (2010) 51:114–
21. doi: 10.1016/j.jvs.2009.07.119
Hattori K, Ozaki Y, Ismail TF, Okumura M, Naruse H, Kan S, et al. Impact
of statin therapy on plaque characteristics as assessed by serial OCT, grayscale
and integrated backscatter-IVUS. JACC Cardiovasc Imaging. (2012) 5:169–77.
doi: 10.1016/j.jcmg.2011.11.012
Bale B, Doneen A, Cool LC. Beat the Heart Attack Gene: The Revolutionary
Plan to Prevent Heart Disease, Stroke, and Diabetes. New York, NY:
Wiley (2014).
Ramos R, Garcia-Gil M, Comas-Cufi M, Quesada M, Marrugat J, Elosua
R, et al. Statins for prevention of cardiovascular events in a low-risk

May 2020 | Volume 7 | Article 92

Doneen et al.

46.

47.

48.

49.

50.

51.

52.

Redefining the Classification of Cardiovascular Prevention

population with low ankle brachial index. J Am Coll Cardiol. (2016) 67:630–40.
doi: 10.1016/j.jacc.2015.11.052
Stone NJ, Robinson JG, Lichtenstein AH, Goff DC Jr, Lloyd-Jones DM,
Smith SC Jr, et al. Treatment of blood cholesterol to reduce atherosclerotic
cardiovascular disease risk in adults: synopsis of the 2013 American College
of Cardiology/American Heart Association cholesterol guideline. Ann Intern
Med. (2014) 160:339–43. doi: 10.7326/M14-0126
Ridker PM. The JUPITER trial: results, controversies, and implications
for prevention. Circ Cardiovasc Qual Outcomes. (2009) 2:279–85.
doi: 10.1161/CIRCOUTCOMES.109.868299
White HD, Simes J, Stewart RA, Blankenberg S, Barnes EH, Marschner IC,
et al. Changes in lipoprotein-Associated phospholipase A2 activity predict
coronary events and partly account for the treatment effect of pravastatin:
results from the Long-Term Intervention with Pravastatin in Ischemic
Disease study. J Am Heart Assoc. (2013) 2:e000360. doi: 10.1161/JAHA.113.
000360
Puri R, Nicholls SJ, Shao M, Kataoka Y, Uno K, Kapadia SR, et al.
Impact of statins on serial coronary calcification during atheroma
progression and regression. J Am Coll Cardiol. (2015) 65:1273–82.
doi: 10.1016/j.jacc.2015.01.036
Otsuka K, Fukuda S, Tanaka A, Nakanishi K, Taguchi H, Yoshiyama M,
et al. Prognosis of vulnerable plaque on computed tomographic coronary
angiography with normal myocardial perfusion image. Eur Heart J Cardiovasc
Imaging. (2014) 15:332–40. doi: 10.1093/ehjci/jet232
Doneen, A. (2018). Low-dose Aspirin for Heart Attack and Stroke Prevention:
Helpful or Harmful? Bale Doneen Method. Available online at: https://
baledoneen.com/blog/low-dose-aspirin-for-heart-attack-and-strokeprevention-helpful-or-harmful/
Ward SA, Raniga P, Ferris NJ, Woods RL, Storey E, Bailey MJ, et al. ASPREENEURO study protocol: a randomized controlled trial to determine the effect

Frontiers in Cardiovascular Medicine | www.frontiersin.org

53.

54.
55.

56.

of low-dose aspirin on cerebral microbleeds, white matter hyperintensities,
cognition, and stroke in the healthy elderly. Int J Stroke. (2017) 12:108–13.
doi: 10.1177/1747493016669848
Bowman L, Mafham M, Stevens W, Haynes R, Aung T, Chen F, et al. ASCEND:
a study of cardiovascular events iN diabetes: characteristics of a randomized
trial of aspirin and of omega-3 fatty acid supplementation in 15,480 people
with diabetes. Am Heart J. (2018) 198:135–44. doi: 10.1016/j.ahj.2017.12.006
Capodanno D, Angiolillo DJ. Aspirin for primary prevention of cardiovascular
disease. Lancet. (2018) 392:988–90. doi: 10.1016/S0140-6736(18)31990-1
Gaziano JM, Brotons C, Coppolecchia R, Cricelli C, Darius H, Gorelick
PB, et al. Use of aspirin to reduce risk of initial vascular events
in patients at moderate risk of cardiovascular disease (ARRIVE): a
randomised, double-blind, placebo-controlled trial. Lancet. (2018) 392:1036–
46. doi: 10.1016/S0140-6736(18)31924-X
Feng L, He L, Wang Y, Du L, Xu C, Liu Q, et al. Eight-year follow-up study
of three individuals accidentally exposed to (60)Co radiation: chromosome
aberration and micronucleus analysis. Mutat Res Genet Toxicol Environ
Mutagen. (2015) 784–785:10–4. doi: 10.1016/j.mrgentox.2015.04.005

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Doneen, Bale, Vigerust and Leimgruber. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

8

May 2020 | Volume 7 | Article 92

