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Commentary 

Advanced subclinical atherosclerosis: A novel category within the cardiovascular risk 
continuum with distinct treatment implications  
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A B S T R A C T   

Traditionally, guidelines divide patients into primary and secondary prevention for atherosclerotic cardiovas
cular disease (ASCVD) risk management. However, the modern understanding of the biological progression of 
atherosclerosis is inconsistent with this binary approach. Therefore, a new approach demonstrating both 
atherosclerosis and ASCVD risk as a continuum is needed to give clinicians a framework for better matching risk 
and intensity of therapy. Advances in coronary imaging have most clearly brought this problem into view, as for 
example coronary artery calcium (CAC) scoring has shown that some individuals in the primary prevention have 
equal or higher ASCVD risk as certain subgroups in secondary prevention. This article introduces “advanced 
subclinical atherosclerosis” as a new and distinct clinical group that sits between the traditional groups of pri
mary and secondary prevention. Importantly, this article also introduces a new graphic to visualize this inter
mediate population that is explicitly based on plaque burden. The aim of the graphic is both to educate and to 
allow for better identification of a patient’s cardiovascular risk and guide more effective risk-based management.   

Cardiovascular diseases (CVD) remain the leading cause of disease 
burden in the world, with the age-standardized rate of CVD rising in 
some high-income countries [1]. Although the medical and surgical 
management of patients after an ischemic event has improved 
immensely, population-wide prevention of ischemic events lags behind. 
This is due in part to our limited ability to both identify patients at high 
risk and to deliver aggressive disease management. For example, we still 
largely rely on the assessment of traditional risk factors using 
population-based risk calculators such as the atherosclerotic cardio
vascular disease (ASCVD) Risk Estimator [2] and SCORE 2 [3]. Outputs 
from risk calculators may overestimate or underestimate the risk asso
ciated with certain groups of patients, including those older patients 
without risk factors and young adults with a family history of CVD [4] or 
younger patients with metabolic syndrome en route to type 2 diabetes 
[5]. Furthermore, results from disease risk calculators are often difficult 
for end users to understand [6] and therefore to act upon. 

There is growing evidence that an increased risk of CVD is present 
long before an acute ischemic event, and not infrequently before tradi
tional risk factors are even detected [7]. As an example, impaired 
glucose tolerance is associated with a 20–30% increased risk of devel
oping CVD [8] in the absence of overt type 2 diabetes. This increase in 
risk is apparent with higher glycated hemoglobin (HbA1c) in people 
within the so-called normoglycemic range [9]. This raises the questions: 
are current approaches to identifying high-risk patients flawed? What 
are we missing? 

The pathophysiology of atherosclerotic disease is complex and pro
gressive in nature. It develops silently throughout different vascular 
territories long before a stenosis reaches functional relevance or an 

ischemic event occurs [10–12]. Many studies have shown that the ma
jority of coronary events happen in patients not previously considered 
high risk, who do not have known obstructive coronary artery disease, 
and/or whose functional tests remain normal [12–14]. A review con
ducted across 1,475 patients who experienced a myocardial infarction at 
age ≤50 years, found that more than 50% were considered low risk 
immediately before the event [12,14]. 

The use of noninvasive imaging techniques (coronary artery calcium 
[CAC] score and coronary computed tomography angiography [CCTA]) 
can refine the risk category that is defined by traditional algorithms 
alone [15]. Use of the CAC score is based on the understanding that 
calcifications of the coronary arteries are not a passive process but 
pathognomonic of evolving coronary atherosclerosis. Coronary calcifi
cation is nearly universal in all patients with documented coronary ar
tery disease and its development is closely related to early aging 
(starting typically at >30–40 years of age [4]), vascular injury, inflam
mation and repair, and cardiovascular risk factors such as metabolic 
syndrome, dyslipidemia, tobacco use, hypertension, chronic kidney 
disease, high C-reactive protein levels, and high lipoprotein(a) [16]. 
Several large observational studies and reviews have shown that CAC 
score predicts future cardiovascular events and can be used to accurately 
classify patients into low-risk and high-risk categories [17,18]. Major 
guidelines recommend the use of CAC scoring and a recent paper pro
vides guidance on determining the appropriate age to initiate clinical 
CAC testing [19]. 

However, as part of the total plaque volume comprises nondetectable 
noncalcified tissue, the CAC score may underestimate total coronary 
atherosclerotic plaque burden in select individuals, particularly younger 
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people. Furthermore, the relationship of coronary calcification with 
significant stenosis is variable, as obstructive plaques can occur at sites 
with limited calcium and extensive calcific deposits can be observed 
without stenosis [15]. As imaging for early heart disease improves, new 
studies are painting an even clearer picture of subclinical atheroscle
rosis. For example, while a recent general population-based study of 
asymptomatic adults reported a tight association between total athero
sclerosis detected by CCTA and increasing CAC score – all people with a 
CAC score >400 had atherosclerosis and 45.7% had significant stenosis 
on CCTA [20] – importantly, 5.5% of those with a CAC score of 0 had 
atherosclerosis and 0.4% had significant stenosis, and 10% of 
intermediate-risk patients with a CAC score of 0 had coronary athero
sclerosis by CCTA. Equally remarkable is that 58% of the population had 
absolutely no plaque that could be detected by either CAC score or CCTA 
[20]. Another large community-based study of asymptomatic in
dividuals noted that 16% of those with a CAC score of 0 had some plaque 
and over 2% had high-risk plaque features [21]. However, 51% of this 
primary prevention population had absolutely no plaque despite sub
optimal risk factor levels. A systematic review and meta-analysis of 19 
studies noted that 45% of patients who presented for work-up of acute 
chest pain had a CAC score of 0. In this review, the negative predictive 
values for a CAC score of 0 ruling out obstructive coronary artery disease 
(CAD) were 97% and 98% for stable and acute chest pain, respectively 
[22]. 

These studies documented marked heterogeneity of plaque burden 
have prompted many clinicians to challenge the reliance on traditional 
risk factors and the current clinical dichotomy of primary and secondary 
prevention. There is growing recognition of an intermediate population, 
a group of patients between those who are currently considered the 
primary prevention population and those who have suffered an ischemic 
event, the secondary prevention population. In this article, we posit that 
this intermediate population is best described as those with “advanced 
subclinical atherosclerosis.” This highly descriptive term is commonly 
understandable for patients and points to a new and distinct, yet highly 
prevalent, patient population. We believe that other terms such as 
“primary and a half prevention” [23] blend traditional concepts and fail 
to concretely describe a new population or concept. Naming this pop
ulation is critically important; if clinical guidelines or clinical trials are 
to target such a population, it needs a descriptive name that can be 
clearly defined. A clear distinction between the primary prevention 
population and those with advanced subclinical atherosclerosis may also 
help to drive engagement in lifestyle changes that would prevent people 
from moving into this higher-risk population. 

In order to effectively control the rise of CVD, there is an increasing 
need to identify this intermediate group of patients with advanced 
subclinical atherosclerosis and to manage their condition appropriately. 
This is even more important as our therapies for reducing CVD risk have 
improved. Our most intensive preventive treatments are rarely consid
ered for patients with extensive but nonobstructive coronary artery 
disease [13,24]. Even though the most recent European Society of 
Cardiology/European Atherosclerosis Society guideline begins to 
incorporate this philosophy, the definition of high-risk populations and 
attendant recommendations are generally restricted to those in whom 
aggressive statin treatment is recommended [25]. Future recommen
dations should be based on the notion that event rates can be similar in 
high-risk primary and stable secondary prevention patients, and that our 
most effective treatments should not be reserved for secondary pre
vention alone [26]. 

Two important changes can be implemented to overcome the bar
riers to achieving better identification of patients with subclinical 
atherosclerosis and providing appropriate management. The first in
volves increasing the efficiency of patient identification, and the second 
involves motivating physicians and patients to engage in the most 
appropriate management of risk factors and the use of preventive 
medication outside of the traditional binary framework of primary/ 
primordial and secondary prevention. Lifestyle changes are difficult for 

patients to maintain, Lp(a) is largely genetically determined, and target 
blood pressure, low-density lipoprotein (LDL) cholesterol levels, and 
HbA1c are not achieved in the majority of patients [27,28], despite the 
existence of numerous algorithms and treatment pathways that are 
designed to simplify the treatment choices. However, the impact of a 
high CAC score has been shown to positively impact the initiation and 
maintenance of preventive treatments and lifestyle changes for up to 10 
years [17,29]. 

Graphics can play a vital role in communicating healthcare messages 
by linking cause and effect in complex conditions in a way that is easier 
to understand than text. Visual representations can increase attention to 
and recall of information when compared with text alone and may 
generate an emotional response that could then be related to health 
behaviors [30]. We reviewed the graphics developed so far describing 
the cardiovascular risk continuum and believe that there is a gap in the 
current educational literature [31–35]. Our international author group 
could not find a single graphic that fully encapsulates what we see as the 
atherosclerotic cardiovascular risk continuum across a person’s lifespan. 

Here, we introduce a new conceptual graphic to describe the many 
interlinked and progressive pathophysiological processes involved in 
atherosclerosis over its natural history (Fig. 1). This graphic illustrates 
the continuum of atherosclerosis (spanning primary and secondary 
prevention) and how patients at different points along this continuum 
may be at greater risk of an ischemic event than is apparent from 
traditional assessment of their risk factors. Although other authors have 
provided graphical representations of a disease continuum, these focus 
on stenosis and the ischemic event as the terminal event in the process. 
This new graphic is among the first to clearly show that cardiovascular 
risk progression is not strictly linear, in that some patients develop little 
or no atherosclerosis, while others can, and do, have sudden ischemic 
events even though they may be asymptomatic with nonobstructive 
disease. The graphic communicates how their risk post-event is directly 
influenced by the ongoing progression of underlying atherosclerosis in 
other vessels. It also attempts to explain why some patients who receive 
successful revascularization and aggressive treatment have a lower risk 
of a subsequent event than patients who have not yet had an event but 
have a high plaque burden (i.e. can be lower risk than the advanced 
subclinical atherosclerosis population), while some patients continue to 
progress to a “very high risk” status. 

Early in life (even in childhood), a combination of risk factors im
pacts the vascular endothelium to create a toxic milieu. This promotes 
the development and progression of atherosclerosis. During the primary 
prevention phase, there is an opportunity to halt or reverse some of these 
processes with changes in diet and lifestyle or with targeted control of 
risk factors such as hypertension, high LDL cholesterol, or hyperglyce
mia [39,40]. As the atherosclerosis progresses, which can take decades 
of an adult patient’s life, the accumulation of lipid (the yellow areas in 
the graphic) and calcium (white areas) in plaque increases. In our 
model, plaque burden is the fundamental measure of disease risk [36]. 
Thereafter, an ischemic event may be caused by plaque rupture, erosion 
or progressive plaque stenosis. The graphic reflects and visualizes our 
increasing understanding that the majority of ischemic events do not 
take place in occluded vessels and that the global burden of athero
sclerotic plaque is the best indicator of risk of an event rather than a 
single target lesion or stenosis. 

The graphic is a tool that physicians can use when counseling pa
tients. Integrating available measures of subclinical atherosclerosis in 
risk assessment, rather than categorizing patients strictly by the primary 
or secondary prevention categories, may enable patients to understand 
where they are along the cardiovascular risk continuum. Furthermore, it 
can be used as part of the clinician–patient risk discussion, during which 
the physician can illustrate the impact that their risk status may have on 
their future health and how lifestyle changes and preventive therapies 
might alter this trajectory. This strategy would better represent those 
patients who are at high risk of an event and highlight the need for more 
aggressive consideration of preventive measures. We strongly suggest 
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renewed efforts for lifestyle modification and aggressive goal-based 
lowering of relevant risk factors in those people with advanced sub
clinical atherosclerosis who have not achieved optimal control of blood 
pressure, LDL cholesterol, or HbA1c, along with consideration for their 
treatment with low dose aspirin and/or emerging cardiometabolic 
therapies. 

We believe that the simple visualization of the underlying and pro
gressive processes involved in subclinical atherosclerosis presented here 
will encourage both clinicians and patients to think about risk in a 
different way. The graphic can be used to emphasize the importance of 
lifestyle and early risk modification, while uniquely drawing attention to 
advancing subclinical atherosclerosis, paving the way for a new para
digm of management and thereby reducing the risk of an ischemic event. 
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