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Although significant progress has been made to reduce the global burden of cardiovascular disease, efforts have focused

primarily on treatment of manifest disease rather than on prevention of events. An enormous opportunity exists to

transition focus from intervention to providing equal attention to prevention of cardiovascular disease. The nascent

specialty of “preventive cardiology” is emerging from the background of long-established services such as lipid, diabetes,

hypertension, and general cardiology clinics. It is incumbent on the cardiology community to invest in cardiovascular

prevention because past gains are threatened with the rising tide of obesity and diabetes. Now is the time to establish a

dedicated preventive cardiology subspecialty to train the clinicians of the future. This American College of Cardiology

Council Perspective aims to define the need for preventive cardiology as a unique subspecialty, broaches controversies,

provides a structure for future training and education, and identifies possible paths forward to professional certification.

(J Am Coll Cardiol 2019;74:1926–42) © 2019 the American College of Cardiology Foundation. Published by Elsevier.

All rights reserved.
O ver the last 4 decades, we have witnessed
significant reductions in morbidity and
mortality from cardiovascular disease

(CVD) (1). Nonetheless, CVD remains the leading killer
in both men and women across the globe. What is less
recognized, however, is that at least one-half of what
has been achieved in terms of improvement in CVD
outcomes relates to greater access to procedural in-
terventions and technological advancements that
allow patients to live and cope with advanced athero-
sclerotic cardiovascular disease (ASCVD) and heart
failure rather than preventing the disease in the first
place (2). Although avoiding earlier death, these indi-
viduals are at high risk for disability, and their
continued clinical needs are associated with signifi-
cant cost to the health care system. As declines in
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cardiovascular (CV) mortality are reaching a nadir,
our health care system is unable to support additional
therapies, particularly those that are prohibitively
expensive and with modest impact on risk reduction.
Furthermore, past gains are threatened by the
expanding epidemics of obesity and diabetes (3),
and this has brought to the forefront the practical
value and need for expansion of structured and
comprehensive interventions to prevent CVD.
Indeed, it is likely that a paradigm shift is necessary
to fulfill the promise of improving CV health in the
population at large. Put another way, the real revolu-
tion in CVD prevention will occur when greater ef-
forts and resources are applied to all preventive
efforts (secondary, primary, and primordial preven-
tion) (4). As such, preventive cardiology as a unique
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HIGHLIGHTS

� The medical community must invest in
cardiovascular disease prevention
because past gains are threatened by
increased rates of obesity and diabetes.

� An enormous opportunity exists to tran-
sition focus from intervention to pre-
vention of cardiovascular disease.

� Given the array of dedicated skills
necessary to manage cardiovascular risk,
the specialty of “preventive cardiology”
is emerging.

AB BR E V I A T I O N S

AND ACRONYM S

ABIM = American Board of

Internal Medicine

ACC = American College of

Cardiology

AHA = American Heart

Association

ASCVD = atherosclerotic

cardiovascular disease

CAC = coronary artery calcium

CV = cardiovascular

CVD = cardiovascular disease

EPA = eicosapentaenoic acid

FDA = U.S. Food and Drug

Administration

IMT = intima-media thickness

LDL-C = low-density

lipoprotein cholesterol

Lp(a) = lipoprotein(a)

MACE = major adverse

cardiovascular events

MI = myocardial infarction

PCSK9 = proprotein

convertase/subtilisin kexin

type 9
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subspecialty is emerging naturally and spontaneously
as a separate discipline providing a comprehensive
approach to a sector of CV care with enormously
increasing demand. However, this subspecialty is in
its infancy and remains fragmented and disorganized
at all levels, from education and training, to imple-
mentation, operations, and coordination with stan-
dard of care services. This subspecialty will not
realize its full potential until political barriers are
transcended, training is standardized, structured,
and delivered as part of dedicated fellowships, and
recognition by a national certifying body is achieved
(5). What follows is a critical examination of the
need for the development of preventive cardiology
as a subspecialty, highlighting the barriers to its
maturation and the opportunities for successful
implementation and growth.

A HISTORICAL PERSPECTIVE OF PREVENTIVE

CARDIOLOGY—HOW WE GOT HERE

The Framingham Heart Study, launched in 1948,
established the principle of CV risk, with its com-
pounding predictive factors (6). Early work from
TABLE 1 Components of an Academic Preventive Cardiology Program

Clinical staff Specialized physicians Advanced practice providers Cli

Services Daily outpatient clinics Counseling on diet, exercise,
and smoking cessation

Ca

Diagnostics Lipid and biomarker
laboratory

Subclinical atherosclerosis
imaging (CIMT, CACS,
CCTA)

Ge

Education Preventive cardiology
fellows

General cardiology fellows Int

Research Basic science in lipids
and vascular biology

Translational studies Cli

CACS ¼ coronary artery calcium score; CCTA ¼ coronary computed tomography angiog
PCSK9 ¼ proprotein convertase/subtilisin kexin type 9.
Framingham opened up the whole field of
preventive cardiology by identifying modifi-
able risk factors for heart disease. Next, clin-
ical trials extended the epidemiological
findings to demonstrate that managing hy-
percholesterolemia, hypertension, cigarette
smoking, and diabetes reduced the risk for
ASCVD across age and sex (7). Indeed, since
the landmark publication of 4S study (Scan-
dinavian Simvastatin Survival Study) in 1994,
an uninterrupted stream of randomized
controlled trials validated the effectiveness
of statin drugs in virtually all clinically
relevant patient groups (8). Due to the success
of several early studies, trial design pro-
gressed from placebo-controlled to statin-
controlled (high-intensity vs. low- or
moderate-intensity) studies. The clinical out-
comes from these studies suggested that there
was no low-density lipoprotein cholesterol
(LDL-C) level below which patients did not
receive further benefit, thus setting the stage
for the current standard of statin recommen-
dation for all individuals above a certain risk
threshold. The improved CVD outcomes
observed across the statin mega-trials were

impressive and strikingly consistent. Moreover, the
results of these studies transformed the way clinicians
perceived hypercholesterolemia and combined dysli-
pidemia, both in terms of risk assessment and
treatment.

As the understanding that LDL-C lowering is safe,
easy to achieve, and effective at mitigating athero-
sclerotic risk in broad populations became widely
established, several national and international
guidelines adopted LDL-C lowering as a top priority
for ASCVD risk management. At the same time,
proper risk assessment became a key driver of treat-
ments that are long-term and occasionally associated
nical pharmacist Dietitian Genetic counselor Registered nurse

rdiac rehabilitation PCSK9 inhibitor clinic LDL apheresis Outreach clinics and
telemedicine

netic testing Ambulatory blood
pressure
monitoring

Echocardiography Stress testing

ernal medicine
residents

Medical students Visiting physicians Classes for patients,
staff, and the public

nical research (family
studies, cohorts, EMR)

Epidemiological
studies

Clinical trials of novel
therapeutics and
devices

Registry and
biorepository

raphy; CIMT ¼ carotid intima-media thickness; EMR ¼ electronic medical record; LDL ¼ low-density lipoprotein;



TABLE 2 Common Indications for Referral to

Preventive Cardiology Services

Cardiovascular risk assessment

Nutritional interventions

Lifestyle counseling

Smoking cessation

Cardiac rehabilitation

Family history of premature ASCVD

Personal history of ASCVD, particularly in individuals <60 yrs of age

Inherited and/or severe dyslipidemias

Evaluation and management of SAMS

LDL apheresis

Genetic testing

Noninvasive atherosclerosis imaging

Optimization of hypertension management

Optimization of diabetes management

Participation in clinical trials

ASCVD ¼ atherosclerotic cardiovascular disease; LDL ¼ low-density lipoprotein;
SAMS ¼ statin associated muscle symptoms.
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with side effects. Specialty lipid clinics emerged to
optimize implementation of evidence-based guide-
lines for lipid-lowering therapies, to provide man-
agement for patients with high-risk genetic lipid
disorders, and for consultative guidance in the setting
of treatment-associated adverse effects. However, it
has become increasingly recognized that cholesterol
management is most often required for individuals
whose ASCVD risk is driven by a multiplicity of
comorbidities and risk exposures. Thus, lipid man-
agement is 1 component of a comprehensive inter-
vention addressing multiple important ASCVD risk
factors, often including a combination of therapeutic
lifestyle changes and medical therapies. This concept
should be extended to the management of hyper-
tension, diabetes, obesity, and suboptimal lifestyle
habits, and so on—all of which can be addressed un-
der the auspices of a dedicated preventive cardiology
program. As the need to identify more comprehensive
preventive opportunities in larger populations
emerged, the value of the limited specialty clinic
model diminished and the roots of preventive cardi-
ology took hold. It became increasingly apparent that
to prevent ASCVD most effectively, multiple risk
factor interventions are required.

Global risk assessment tools have limitations, with
prior algorithms underestimating and more modern
risk scores at times overestimating risk. Moreover,
risk assessment tools for ASCVD, although helpful,
continue to exhibit gaps, such as not accounting for
the risk of heart failure, and also require frequent
updating to incorporate contemporary data (9).
Current work moves from population-level data and
risk factors, such as cholesterol, to a new generation
of precision medicine and tailored therapeutics.
Within the realm of preventive cardiology, refine-
ment in risk estimation and therapeutic decision
making is being facilitated by atherosclerosis imag-
ing (e.g., ultrasound for carotid intima-media thick-
ness and carotid plaque, computed tomography for
coronary artery calcium score), new biomarkers,
advances in genetic testing (identification of causal
monogenic mutations and development of action-
able polygenic risk scores), and a plethora of pipe-
line and market pharmaceuticals with promise or
proof of benefits. Given the proliferation of new
data, approaches, and pharmacotherapy, preventive
cardiology needs a structure to deliver specialized
training and produce dedicated clinician-scientists
and practitioners to serve this ever-growing medi-
cal need (Table 1). This new direction will be
important to help us define risks early, initiate
appropriate treatments, and identify new drugs/
approaches for treatment and prevention. Table 2
delineates common indications for referral to pre-
ventive cardiology services.
LIPID-RELATED RISK. Scientists and clinicians from
varied backgrounds have been drawn to the relation
between cholesterol and ASCVD since 1913 when
Nikolai Ansitschkow, a Russian pathologist, fed pure
cholesterol to rabbits to induce aortic atherosclerosis
(10). The Framingham Heart Study launched the
concept of risk factors for ASCVD, a model that is just
as important today (6). Years later, John Gofman, a
physicist, defined plasma lipoproteins using analyt-
ical ultracentrifugation, and demonstrated the direct
and inverse relationships LDL-C and high-density li-
poprotein cholesterol levels, respectively, have with
rates of myocardial infarction (11). Ten years later,
Konrad Bloch and Feodor Lynen were awarded the
Nobel Prize for determining the complex metabolic
pathway of cholesterol synthesis (12). In 1973, Michael
Brown and Joe Goldstein made their groundbreaking
discoveries related to the LDL receptor, with the
original inspiration for their work being a young child
who sustained a heart attack due to homozygous fa-
milial hypercholesterolemia (13,14).

The Lipid Research Clinics–Coronary Primary Pre-
vention Trial with cholestyramine and the Coronary
Drug Project with niacin ushered in the era of lipid
modulation for prevention of heart disease (15–17).
These studies gave birth to the concepts of primary
and secondary prevention of CVD and paved the way
for the development and utilization of the statin
drugs, an incredible journey since lovastatin entered
the market in 1987 (18).
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Mere decades ago, atherosclerosis was seen as an
inevitable consequence of aging—a degenerative dis-
ease about which nothing could be done. Today,
prevention of ASCVD has acquired status as an
effective, practical, and widely applicable art. The
disease is eminently preventable, and lowering blood
cholesterol is always effective, though often margin-
ally, irrespective of the original drivers of the disease.

EMERGING SCIENCE IN CVD RISK REDUCTION. The
relatively recent discovery of proprotein convertase/
subtilisin kexin type 9 (PCSK9) as a master regulator of
plasma LDL-C has revolutionized our understanding
of lipid metabolism (19,20). Two fully human mono-
clonal antibodies that antagonize PCSK9 action were
approved by the U.S. Food and Drug Administration
(FDA) just 12 years after the discovery of this protein,
and landmark trials have demonstrated incremental
improvement in CV outcomes when these agents are
combined with statins (21,22). Alternative strategies
to inhibit PCSK9 are in advanced development (23).

Beyond LDL-C, enthusiasm and momentum are
building around targeting other atherogenic lipopro-
teins. Both observational and genetic epidemiology
suggest that triglycerides and lipoprotein(a) [Lp(a)]
levels are likely to become targets of therapy to
further improve CV outcomes. Randomized
controlled studies are assessing CV outcomes by tar-
geting triglycerides with omega-3 polyunsaturated
fatty acids (eicosapentaenoic acid [EPA] only or a
combination of EPA and docosohexaenoic acid) and a
novel selective peroxisome proliferator-activated re-
ceptor alpha modulator, pemafibrate (24–26). In fact,
the recently reported REDUCE-IT (Reduction of Car-
diovascular Events with Icosapent Ethyl–Intervention
Trial), testing the addition of 4 g/day of EPA on top of
statin therapy versus placebo in patients with estab-
lished ASCVD and/or diabetes, and at least 1 addi-
tional risk factor, demonstrated remarkable
improvements in CV outcomes (27). Volanesorsen, an
antisense oligonucleotide that blocks production of
apoC III, has demonstrated profound triglyceride-
lowering capability and apparent safety (28). The
second-generation (N-acetylgalactosamine version)
of this drug, Akcea, ApoCIII-Lrx, is currently being
evaluated in a Phase IIB clinical trial. Moreover, Lp(a)
has taken on considerable importance with the
development of a specific antisense oligonucleotide
that inhibits apolipoprotein(a) production and thus
dramatically lowers plasma Lp(a) concentrations by
approximately 80% (29,30). A large, randomized
controlled trial testing whether Lp(a) reduction is
associated with improved CV outcomes is being
designed. As delineated in the preceding text, lipid
science and translation to patient management have
and continue to evolve, requiring subspecialty
knowledge to optimize evaluation and management
of patients at risk for CVD events. The basic role of the
primary care provider in managing CV risk should be
and likely will continue unchanged, even after
specialized preventive cardiology services are avail-
able in all major markets. However, select patients
will benefit from evaluation and management from a
dedicated preventive cardiology service for accurate
CVD risk assessment and optimal management in-
clusive of lifestyle, supplemental, and pharmacolog-
ical therapy.

INFLAMMATORY RISK. ASCVD event rates are unac-
ceptably high, even among patients intensively
treated with existing therapies. The concept of resid-
ual CV risk implies that outcomes may be improved by
targeting other CV risk factors and comorbidities after
LDL-C is lowered maximally. As an example, in the
FOURIER (Further Cardiovascular Outcomes Research
With PCSK9 Inhibition in Subjects With Elevated
Risk) trial of evolocumab (a PCSK9 inhibitor), there
was a modest absolute risk reduction (1.5%) of the
primary composite major adverse CV outcome despite
achieving a median LDL-C of 30 mg/dl (21). Thus,
there has been great interest in exploring other ave-
nues to optimize CV outcomes.

The inflammatory hypothesis of atherosclerosis
was tested clinically in the CANTOS (Canakinumab
Anti-inflammatory Thrombosis Outcomes Study),
which enrolled 10,061 subjects with established
ASCVD and evidence of subclinical inflammation
(based on elevated high-sensitivity C-reactive protein
levels) and randomized to optimal medical therapy
plus either the interleukin-1b antagonist canakinu-
mab or placebo. A statistically significant reduction in
risk of recurrent events was seen among those allo-
cated to canakinumab (31). Thus, inflammation can
be added to the list of drivers of residual risk. To that
end, a number of additional anti-inflammatory
agents are currently being tested or evaluated for
reduction of ASCVD events. The road ahead for reg-
ulatory approval and clinical implementation of
potent anti-inflammatory agents for secondary pre-
vention is likely to be twisted and arduous. In fact,
Novartis officially withdrew its application to the
Committee for Medicinal Products for Human Use of
the European Medicines Agency for a marketing
authorization of canakinumab for secondary
prevention.

The CIRT (Cardiovascular Inflammation Reduction
Trial), testing low-dose methotrexate versus placebo
in high-risk patients, failed to demonstrate an
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improvement in CV outcomes, suggesting that tar-
geting specific inflammatory pathways will be neces-
sary to garner therapeutic benefits (32). Indeed, there
are ongoing studies testing the inflammatory hypoth-
esis of ASCVD by suppressing inflammation with
alternative approaches, including trials evaluating the
role of low-dose colchicine for secondary prevention
of CVD (33,34). The preventive cardiologist of the
future will need to be well versed in assessing in-
flammatory risk and potentially modulating this risk
with specific anti-inflammatory therapies.

DIABETES THERAPIES—FROM GLUCOSE CONTROL

TO CV RISK MANAGEMENT. Type 2 diabetes confers a
high lifetime risk for developing CVD (35). This asso-
ciation is further compounded by the fact that other
metabolic risk factors for both ASCVD and heart fail-
ure (HF) are commonly found in patients with dia-
betes. Indeed, the major medical threats among those
with diabetes are ASCVD and heart failure (both with
reduced, and increasingly with preserved, left ven-
tricular ejection fraction, which can develop even in
the absence of clinically manifest ASCVD) (36).
Although the role of glycemic control in prevention of
certain microvascular complications is clear, target-
ing plasma glucose as a strategy to mitigate ASCVD
and HF risks has failed to demonstrate signifi-
cant benefit.

In the UKPDS (United Kingdom Prospective Dia-
betes Study) of 5,102 individuals with newly diag-
nosed diabetes, intensive glycemic control did not
improve CV outcomes as compared with the stan-
dard control arm (glycosylated hemoglobin <9%)
(37). Additionally, meta-analyses of the UKPDS,
ACCORD (Action to Control Cardiovascular Risk in
Diabetes) study, ADVANCE (Action in Diabetes and
Vascular Disease: Preterax and Diamicron Modified
Release Controlled Evaluation) trial, and VADT
(Veteran Affairs Diabetes Trial) demonstrated that
intensive therapy, compared with conventional
therapy, is associated with adverse events, namely
hypoglycemia, without a significant reduction in CV
events (with no effects on CV death or hospitaliza-
tion for heart failure), despite a reduction in micro-
vascular complications (38). Furthermore, as newer
diabetes agents were developed, concerns for
possible CV harm associated with certain classes of
glucose-lowering medications came to the fore,
leading to the FDA mandate for dedicated large CV
outcomes trials to demonstrate CV safety, as part of
the drug approval process (39). In that regard, for
years, the medical community celebrated the arrival
of antidiabetic agents with no impact on CV
outcomes.
Now, a revolution is underway since the arrival of
new antidiabetic drugs that demonstrate improved
CV outcomes. The landmark EMPA-REG OUTCOME
trial (BI 10773 [Empagliflozin] Cardiovascular
Outcome Event Trial in Type 2 Diabetes Mellitus Pa-
tients) compared empagliflozin (an SGLT-2 inhibitor)
to standard care in 7,020 high-risk diabetes patients
with established CVD and reported a 14% reduction in
the composite outcome of major adverse cardiovas-
cular events (MACE [myocardial infarction (MI),
stroke, and CV death]), and a 35% reduction in heart
failure hospitalizations over 3 years of follow-up (40).
Subsequent analyses indicated that these CV benefits
of empagliflozin appear to be independent of its
glucose-lowering effects (41). The FDA has included
reduction of risk of CV death in patients with diabetes
and established ASCVD as an indication for empagli-
flozin—a first CV indication for a type 2 diabetes agent
in history. Some of these findings were replicated in
the CANVAS (Canagliflozin Cardiovascular Assess-
ment Study), in which another SGLT-2 inhibitor,
canagliflozin, reduced MACE by 14% during a median
follow-up of 3.6 years in 10,142 patients with diabetes
(ultimately leading to approval of canagliflozin by the
FDA for reducing the risk of MACE in patients with
type 2 diabetes and ASCVD), with similar reductions
in hospitalizations for HF (42). Finally, in the
DECLARE (Multicenter Trial to Evaluate the Effect of
Dapagliflozin on the Incidence of Cardiovascular
Events)—the largest SGLT-2 inhibitor CV outcomes
trial to date, which incorporated the majority of type
2 diabetes patients without known ASCVD—demon-
strated a significant reduction in the composite of CV
death and heart failure hospitalizations, even within
the subgroup of lower-risk patients, extending the
benefits of SGLT-2 inhibitor class to the primary pre-
vention patient population (43). Furthermore, all 3
trials demonstrated a marked reduction in the pro-
gression of kidney disease—another feared and
morbid complication of type 2 diabetes, with signifi-
cant health care cost implications.

The GLP-1 receptor agonists liraglutide and sem-
aglutide have also demonstrated CV benefits in in-
dividuals with diabetes and higher risk for CVD. In the
LEADER (Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcomes Results—A
Long Term Evaluation) trial, 9,340 patients with
diabetes at high risk for CVD or with known CVD were
followed over 3.8 years (44). A 13% reduction in risk
for the primary outcomes of stroke, MI, or CV death
was observed in patients receiving liraglutide
compared with placebo, and an independent signifi-
cant reduction in CV death. The FDA has subse-
quently approved the use of liraglutide for reducing
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the risk of MACE in individuals with type 2 diabetes
and known CVD. Since then, more evidence continues
to emerge regarding the ASCVD benefits of GLP-1 re-
ceptor agonists, including the data from the HAR-
MONY OUTCOMES (Effect of Albiglutide, When
Added to Standard Blood Glucose Lowering Thera-
pies, on Major Cardiovascular Events in Subjects With
Type 2 Diabetes Mellitus) trial, which demonstrated a
robust 22% relative risk reduction in MACE with
albiglutide, another long-acting GLP-1 receptor
agonist, as compared with placebo, and a 25% risk
reduction in recurrent MI among patients with type 2
diabetes and established ASCVD (45). The improved
outcomes were observed despite the modest meta-
bolic effects of albiglutide (including glycosylated
hemoglobin and weight loss effects), suggesting once
again that the mechanisms of these beneficial effects
are likely unrelated to their glucose-lowering
properties.

The positive results of all of these CV outcomes
trials have galvanized the cardiology community and
should expand the boundaries of preventive cardiol-
ogy well beyond lipid management. However, cardi-
ologists currently prescribe only approximately 5% of
all SGLT-2 inhibitors, with the lion’s share of these
effective drugs being prescribed by primary care
providers and endocrinologists. Moreover, these
trends did not change 1 year after the FDA broadened
the labeling of empagliflozin (46). The American
College of Cardiology (ACC) is actively addressing
these treatment gaps in a number of ways, including
the recent publication of the “2018 ACC Expert
Consensus Decision Pathway on Novel Therapies for
Cardiovascular Risk Reduction in Patients With Type
2 Diabetes and Atherosclerotic Cardiovascular Dis-
ease” (47). Indeed, optimal management of patients
with diabetes is quickly becoming one of the most
important facets of preventive cardiology, and dedi-
cated practitioners will need to be facile with newer
(and developing) therapies demonstrated to improve
CV outcomes in this high-risk group.

THE THREAT OF OBESITY. Along with type 2 dia-
betes, the risk factor whose incidence has moved in
the wrong direction is obesity. In fact, the obesity
epidemic threatens to blunt the CV gains that have
accrued over the last 50 years. Comprehensive life-
style intervention remains the foundation for weight
loss and the initial step in the management of obesity
according to the ACC/American Heart Association
(AHA) guidelines (48). Pharmacotherapy and bariatric
surgery are important adjuncts for the management
of obesity when lifestyle modification is inadequate.
Numerous antiobesity drugs have been available over
the years, however, there have been significant CV
safety concerns (49). Currently, there are 5 antiobe-
sity drugs that are FDA approved, including orlistat,
lorcaserin, naltrexone-bupropion, phentermine-top-
iramate, and liraglutide (50). Practicing clinicians,
including preventive cardiologists, must be knowl-
edgeable and facile with these agents and be able to
discuss the potential risks and benefits of these
therapies with patients (50). Although these drugs
can be used as adjuncts to lifestyle therapy, they
remain expensive, and there is a high risk of regaining
weight following discontinuation.

For patients who do not achieve targeted weight
loss goals with lifestyle modification and/or phar-
macotherapy, bariatric surgery is an option. Bariatric
surgery induces sustained weight loss and leads to
improvement in obesity related comorbidities such
as diabetes (50). The STAMPEDE (Surgical Treatment
and Medications Potentially Eradicate Diabetes Effi-
ciently) trial evaluated the efficacy of bariatric sur-
gery compared with intensive medical therapy in
patients with type 2 diabetes (51). Patients who un-
derwent bariatric surgery were more likely to ach-
ieve weight loss, glycemic targets, and better
quality-of-life measures compared with those in the
intensive medical therapy–only group (51,52).
Importantly, these findings were sustained at 5-year
follow-up (53). The evidence demonstrates that
metabolic surgery is the most effective means of
attaining significant and long-lasting weight loss in
obese individuals (50). These randomized trials also
demonstrate the superiority of surgery over medical
treatment alone in achieving euglycemia and
improvement in other traditional CV risk factors
(53,54). Moreover, observational studies suggest that
the noted reduction in risk factors translates to a
reduction in major adverse CV events and CV mor-
tality (55–57). The preventive cardiologist must
become acquainted with these advances in the
medical and surgical management of obesity.
Furthermore, we contend that the logical home for
obesity management is within future centers for
preventive cardiology. As such, prospective preven-
tive cardiology practitioners must become adept at
the evaluation and medical management of in-
dividuals with obesity.

HYPERTENSION. Hypertension is a well-established,
independent causal risk factor for CVD and treat-
ment of high blood pressure reduces morbidity and
mortality (58). Despite the availability of numerous
effective pharmacological treatment options, high
blood pressure continues to be a significant cause of
morbidity and mortality, with the number of deaths
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attributed to it increasing by 37.5% from 2005 to
2015 in the United States (59). The 2017 ACC/
AHA guidelines for the prevention, detection, evalu-
ation, and management of high blood pressure
established a new definition of hypertension as sys-
tolic blood pressure $130 mm Hg or diastolic blood
pressure $80 mm Hg (58). This new guideline
recommendation was largely based on evidence pro-
vided by the SPRINT trial (Systolic Blood Pressure
Intervention Trial) (60,61). On the basis of this new
definition, it is estimated that the overall prevalence
of hypertension among U.S. adults is 45.6% according
to a study based on data from the National
Health and Nutrition Examination Survey (62). More
importantly, <50% of patients taking antihyperten-
sive medications meet current blood pressure goals,
representing another important area of focus for the
prevention of CVD (62).

A number of new pharmacological and non-
pharmacological therapies are currently under
development for the management of hypertension.
Several novel drug classes under investigation
include vasopeptidase inhibitors, aldosterone syn-
thase and soluble epoxide hydrolase inhibitors,
natriuretic peptide A agonists, and vasoactive intes-
tinal peptide receptor 2 agonists (63,64). Vaccines
against angiotensin II and its receptor type 1 are in
preclinical stages (64). There has been excitement
over novel catheter-based interventions such as renal
denervation and baroreflex activation therapy that
may be promising as adjuncts to conventional treat-
ment options (65). Given the epidemic of hyperten-
sion and its close association with the development of
ASCVD, preventive cardiologists should play a key
role in the management of high blood pressure and
mitigating the associated morbidity and mortality.

ANTIPLATELET AND ANTITHROMBOTIC THERAPY.

Aspirin for primary prevention of ASCVD has recently
been tested in 3 large randomized placebo-controlled
trials. There was no significant reduction in the risk of
CV events in patients at moderate risk (66). Cardio-
vascular events were reduced modestly in patients
with diabetes, but this benefit was in part counter-
balanced by an increase in major bleeding events (67).
Among older adults, low-dose aspirin for primary
prevention resulted in a significantly higher risk of
major bleeding but did not lower risk of CV events as
compared with placebo (68). As a result of these trials,
evidence does not support the universal use of aspirin
for primary prevention except in those at high risk of
ASCVD without increased bleeding risk (69,70). A
more targeted aspirin use after a discussion between
the patient and preventive cardiologist might be
considered in high-risk patients. Again, this is an area
where specific understanding of the nuances of the
data, use of risk calculators, and the skill set of the
preventive cardiologist would be particularly useful.

Low-dose aspirin for secondary prevention re-
mains a class IA recommendation for people with
ASCVD, and treatment with clopidogrel is reasonable
when aspirin is contraindicated (71). The ADAPTABLE
trial is being conducted to compare low-dose (81 mg)
with high-dose (325 mg) aspirin to establish which
dosage of aspirin is best for secondary prevention of
ASCVD (72). Dual antiplatelet therapy (aspirin plus a
P2Y12 inhibitor) is recommended for 12 months in
patients with a history of acute coronary syndrome.
The optimal duration beyond 12 months is uncertain
(73). Recently, it was announced that the Phase III
THEMIS study (Effect of Ticagrelor on Health Out-
comes in Diabetes Mellitus Patients Intervention
Study) trial met its primary endpoint and demon-
strated that ticagrelor, taken in conjunction with
aspirin, demonstrated reduction in a composite of
MACE compared with aspirin alone in over 19,000
patients with coronary artery disease and type 2 dia-
betes with no prior heart attack or stroke (74). More-
over, the COMPASS (Cardiovascular Outcomes for
People Using Anticoagulation Strategies) trial tested
the hypothesis that a low dose of the direct-acting
anticoagulant rivaroxaban in combination with
aspirin or given alone is more effective than aspirin
alone for secondary prevention of CV events in pa-
tients with ASCVD (75). Those randomized to rivar-
oxaban (2.5 mg twice daily) plus aspirin had better CV
outcomes but more major bleeding events than those
assigned to aspirin alone. Rivaroxaban alone (5 mg
twice daily) did not result in better CV outcomes than
aspirin alone and caused more major bleeding events.
The discussion around potentially initiating antith-
rombotic therapy is a prime example where the pre-
ventive cardiologist will be uniquely suited to
individualize the risk-benefit ratio and facilitate
shared decision making.

TOBACCO CESSATION TREATMENT. Tobacco use
remains the leading preventable cause of morbidity
and mortality worldwide (76). Although there has
been a significant decline in tobacco abuse over the
last several decades, the prevalence of smoking
among U.S. adults remains unacceptably high. Almost
one-third of the deaths in the United States related
to cigarette smoking are secondary to CVD (76).
Moreover, smoking unfavorably affects all stages
of atherothrombosis, including endothelial dys-
function (77), initiation, progression, and destabili-
zation of atherosclerotic plaque (78) and favors a
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prothrombotic state (79,80). As such, smoking in-
creases the risk of ASCVD events (81–83). Addition-
ally, tobacco use is associated with an increased risk
of heart failure (84), and coronary artery disease
subjects who continue to smoke after revasculariza-
tion are at increased risk of stent thrombosis (85).

Smoking cessation reduces the risk of CVD events
by as much as 50%, an intervention associated with



TABLE 3 Components of a Preventive Cardiology Fellowship

Primary and secondary
prevention clinics

Cardiovascular risk assessment, genetic and complex lipid disorder management, obesity, smoking cessation, combination lipid therapies,
antithrombotic strategies, natural therapies, women’s cardiovascular health, lifestyle counseling, genetic testing

Diabetes clinic Optimal management of type 2 diabetes and metabolic syndrome, in cooperation with diabetes center when appropriate

Hypertension clinic Optimal management of hypertension, in cooperation with hypertension clinic when appropriate

Cardiac imaging Coronary artery calcium score, coronary CTA, CIMT, abdominal aortic ultrasound, echocardiography, and stress testing methodologies

Cardiac rehabilitation Core components and delivery of phase 2 cardiac rehabilitation services

LDL apheresis Exposure to/knowledge of LDL apheresis

Research Basic, clinical, translational, or health services research in preventive cardiology

Abbreviations as in Table 1.
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much greater risk reduction than any other available
therapy (86,87). The benefits of smoking cessation
apply to all subgroups, including those who quit after
the development of clinical CVD. Evidence demon-
strates that tobacco cessation programs are
cost-effective and compare favorably with the man-
agement of other CVD risk factors (88,89). Both
behavioral interventions and medications, especially
when provided together, are associated with benefit.
A recent ACC statement has reminded us of the steps
to be taken for effective risk reduction interventions
in practice (90).

The scope of preventive cardiology services should
include the provision of behavioral and pharmaco-
logical interventions for tobacco users. It must be
kept in mind that interventions exclusively directed
at smoking cessation are either not reimbursed or
reimbursed at levels that are too low for a sustainable
service. Therefore, it is incumbent on the preventive
cardiologist to acquire the skill set to address this
problem competently and effectively in the context of
risk management.
SUBCLINICAL ATHEROSCLEROSIS IMAGING. Risk
estimation is the starting point for therapeutic deci-
sion making for the primary prevention of ASCVD
(91). However, as mentioned earlier, global risk
assessment scores have limitations with regard to
accurate risk prediction. Noninvasive imaging for
subclinical atherosclerosis can be used in conjunction
with global risk scores to refine individual risk esti-
mation if there is clinical uncertainty and, more
importantly, to facilitate shared decision making (91).
In particular, the coronary artery calcium (CAC) score
has accrued the most robust data to support its clin-
ical utility in detecting subclinical atherosclerosis and
refining risk assessment (92). Over the past 3 decades,
computed tomography for CAC scoring has emerged
as a safe, noninvasive modality for identifying the
presence or absence of coronary atherosclerosis.
Although the presence and severity of atherosclerosis
is a strong predictor of future CV events (93), the
absence of CAC is associated with an extremely low
event rate, even in those who have multiple risk
factors (94–97) or those who meet current criteria for
statin therapy (98,99). Furthermore, data from
several studies suggest that the identification of CAC
promotes more aggressive pharmacological and life-
style therapies (100). Moreover, among individuals
who have coronary atherosclerosis detected by
computed tomography, statin therapy has been
shown to be associated with a significant reduction in
CV events (101–103). However, as atherosclerosis is a
systemic disease involving multiple vascular beds
including large and medium sized vessels such as the
carotid, aorta, coronary and peripheral arteries, im-
aging studies of multiple vascular territories may
provide a more complete overview of the burden of
atherosclerosis (104). From a practical standpoint,
ultrasound-based imaging of the carotid arteries for
measurement of intima-media thickness (IMT) and
plaque has also emerged as a reasonable noninvasive
modality for enhancing risk assessment.

Recently, a group of investigators performed ca-
rotid intima-media measurement in over 3,000 sub-
jects and found that sharing scans showing the
extent of atherosclerosis to patients and their doc-
tors resulted in a decreased risk of CVD 1 year later,
compared with the use of standard information
regarding CVD risk (105). Noninvasive atheroscle-
rosis imaging has the ability to provide insight into
the lifetime exposure to both known and unknown
risk factors, as well as the mostly unknown resil-
ience factors that reduce vulnerability to athero-
sclerosis. Expertise in subclinical atherosclerosis
imaging is likely to be one of the most critical skills
that will fall within the domain of preventive car-
diologists, especially given recent changes in the
AHA/ACC cholesterol guidelines and secular changes
in out-of-pocket cost (and perhaps future reim-
bursement) for testing.
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PROPOSAL FOR PREVENTIVE CARDIOLOGY

AS A SUBSPECIALTY OF

CARDIOVASCULAR MEDICINE

Preventive cardiology is in a critical growth spurt that
will define its future structure and scope. Historically,
the field has contributed much understanding to the
epidemiology of ASCVD, defining traditional risk
factors, and informing public health policy.
Currently, it is embracing new preventive therapies
and targets associated with greater risk reduction at
the primary and primordial level. Moreover, advances
in risk assessment, including novel biomarkers, ge-
netics, and noninvasive subclinical atherosclerosis
imaging represent major advances that are likely to be
applied more widely in the near future. Issues related
to primary and secondary prevention are becoming
increasing complex, and more and more patients are
seeking specialized advice on CVD risk assessment
and management. Given the increasing intricacies in
evaluating and managing CVD risk, there is a mandate
for the formation of a new subspecialty of CV medi-
cine (Central Illustration).

Since the first discussions of preventive cardiology
as a dedicated subspecialty, there have been multiple
perspectives as to which clinicians are best suited and
qualified to take on this role. The preventive cardi-
ologist of the future will need to have specialty
knowledge of CV physiology and imaging, coronary
anatomy, electrocardiography, and stress testing, and
thus this subspecialty naturally falls within the pur-
view and skillset of CV medicine. Subspecialty
training for preventive cardiology should be an op-
tion for advanced training after general cardiology
fellowship training, just as is required for advanced
heart failure management, congenital heart disease,
interventional cardiology, and electrophysiology.
However, as contrasted to other subspecialties of CV
medicine, the preventive cardiology fellowship
should be made available to other specialists, such as
internists, endocrinologists, family physicians,
and other board-certified providers, according to
pre-specified qualification requirements. It is none-
theless evident that cardiology fellowship training
provides the didactic and practical knowledge of CVD
and its consequences, far more so than any other
specialty. A cardiologist’s familiarity with this disease
stems from structured theoretical education, patient
care, training in CV imaging, and exposure to cardiac
catheterization laboratory procedures and to cardiac
rehabilitation services. Cardiology fellows are
immersed in risk evaluation and implications for
clinical management from the beginning of training.
From a practical standpoint, a preventive cardiologist
with general cardiology training will have the ability
to manage all facets of primary and secondary pre-
vention. Advanced training in lipid metabolism and
management, hypertension, type 2 diabetes, platelets
and anticoagulation, obesity, nutrition, supplemental
therapies, and atherosclerosis imaging should all be
provided in the preventive cardiology fellowship.
Although this vision may be seen as partisan and
dogmatic, we need to clarify that our concept of
preventive cardiology as a subspecialty of cardiology
in no way limits other clinicians from practicing the
prevention of CVD according to the current standards
of care and training. Rather, we propose that the
designation of a board-certified preventive cardiolo-
gist belongs in the domain and infrastructure of car-
diovascular medicine. We envision a convergence of
these 2 positions, with the preventive cardiology
fellowship being open to other applicants, as
described in the preceding text. Of course, for pre-
ventive cardiology to become a mature discipline,
worthy of subspecialty status, numerous gaps need to
be filled.

As the leading organization for CV professionals in
the United States, the ACC needs to play a key role in
the development and provision of the subspecialty of
preventive cardiology. Many other professional soci-
eties, such as the AHA, American Society for Preven-
tive Cardiology, the National Lipid Association, the
Endocrine Society, and the American Diabetes Asso-
ciation, are also key stakeholders. However, the ACC
has the potential to consolidate efforts around this
growing discipline and take ownership of the entire
subspecialty to provide a home for practitioners, set
standards and practice guidelines, establish a certi-
fying body and board certification process, and work
toward implementation of preventive cardiology
fellowship training programs.

FELLOWSHIP TRAINING

The cardiology community is undergoing a resur-
gence in CVD prevention due to a number of factors,
including secular changes in CV risk factors, new
understandings in CVD epidemiology, results from
large CV outcomes trials, advances in drug develop-
ment, and a move from the fee-for service-model to-
ward value-based care. Despite the fact that
improvement in lifestyle and implementation of
preventive therapies are associated with improve-
ment in clinical outcomes, these interventions are
vastly underutilized. There are myriad underpinnings
to this observation, though at least a substantial part
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of this problem is likely due to the insufficient
attention to education in CVD prevention during
residency and fellowship training. Although there are
a few preventive cardiology training programs around
the country, they differ markedly in emphasis and
approach (106), and are largely focused on providing
specialized research experience to fellows, residents,
and young scientists. Moreover, current competency
standards in preventive cardiology for cardiology
fellows are virtually nonexistent with a minimal
exposure (1 month of dedicated training) requirement
as set forth by the ACC 2015 Core Cardiovascular
Training Statement (COCATS 4) Task Force 2:
Training in Preventive Cardiovascular Medicine (107).
Specifically, to meet this requirement, the task force
recommended participation in a rotation devoted to
preventive cardiology with exposure to cardiac
rehabilitation, as well as diabetes, hypertension, and
lipid clinics.

The aim of this document is to provide a rationale
for the development of preventive cardiology as a
new subspecialty of cardiovascular medicine, not to
lay out a detailed list of training standards. None-
theless, we conceive of this subspecialty fellowship as
a dedicated 1- or 2-year training program that follows
completion of an accredited general cardiology
fellowship (Table 3). Entry in the subspecialty
fellowship could also be granted to other qualified
applicants, such as those who have completed a
fellowship in endocrinology or simply residency in
internal medicine but with additional accredited
study in cardiometabolic disease management (such
as diplomates from the American Board of Clinical
Lipidology, or certified specialists in clinical hyper-
tension). The purpose of this subspecialty fellowship
is to prepare the budding preventive cardiologist with
all of the theoretical and practical knowledge neces-
sary to be an expert in the evaluation and manage-
ment of patients with or at risk for ASCVD. The 1-year
fellowship is purely clinical and suited for the trainee
preparing for a career dedicated to patient care. The
2-year fellowship will include a robust research
component (e.g., clinical, basic science, translational,
or health outcome studies) that will prepare the
trainee for an academic career that includes clinical
responsibilities and research capabilities.

Preventive cardiology training programs will
require appropriate faculty in terms of number and
breadth of expertise to teach and mentor fellows.
Faculty expertise should include atherosclerosis,
lipoprotein metabolism, vascular biology, hyperten-
sion, diabetes, thrombosis, noninvasive atheroscle-
rosis imaging techniques, genetics, exercise
physiology, cardiac rehabilitation, nutrition, weight
management, smoking cessation, CV epidemiology,
natural therapies, and clinical pharmacology.
Training programs should include exposure to cardiac
rehabilitation classes, registered dietitians, clinical
pharmacists, lifestyle counselors, and smoking
cessation programs.

As in any training program, didactic instruction is
an essential component for trainees. Didactics would
include lectures, one-on-one sessions, conferences,
journal clubs, grand rounds, and clinical case pre-
sentations. Clinical training would include experi-
ence in assessment of CV risk, management of
complex dyslipidemia, hypertension, car-
diometabolic risk, obesity medicine, novel risk fac-
tors, cardiac rehabilitation, atherosclerosis imaging,
and implementation of all facets of lifestyle coun-
seling (e.g., dietary interventions, weight manage-
ment, exercise, smoking cessation, stress reduction,
sleep hygiene, and so on). Preventive cardiology
training must include exposure across all risk strata
amongst individuals of all ages, sex, and ethnicity.
Trainees should be exposed to patients with a history
of revascularization, cardiac transplantation, and
other complex CV procedures.

RECOGNITION AND CERTIFICATION

The culmination of subspecialty training is not only
successful completion of an approved training pro-
gram, but also recognition of competence as deter-
mined by a governing board or societal examination.
This issue of subspecialty certification is of utmost
importance and cannot be overstated. Preventive
cardiology will not truly be an authentic subspecialty
of CV medicine until it achieves these milestones.
There are a number of certifying boards that oversee
and administer nonaccredited specialties, but they
fail to encompass the wider knowledge spectrum that
should be required for a clinician to call oneself a
preventive cardiologist. There are various options for
recognition and subspecialty certification of preven-
tive cardiology. Traditionally, the American Board of
Internal Medicine (ABIM) has been the accrediting
and certifying body for proposed specialties and
subspecialties of internal medicine. They have set
forth guidelines for creating new subspecialties that
were published initially in 1993 and revised in 2006.
The most recent document “New and Emerging Dis-
ciplines in Internal Medicine–2 (NEDIM–2)” de-
lineates the standards for consideration of a new
request (108). The major principle that underlies
these recommendations is evidence that the pro-
posed subspecialty is definable in terms of body of
knowledge that is nonredundant with the parent
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specialty, that a significant number of clinical training
programs already exist, and that the unique clinical
offerings of the discipline would enhance patient
care. The ABIM applies these guidelines rigorously to
all applications. Indeed, subspecialty applications
from clinical pharmacology, vascular medicine,
addiction medicine, and obesity medicine have not
been approved to date as they did not meet 1 or more
of these criteria or they were deemed insufficiently
mature, as reflected by the number of training pro-
grams or practitioners in the field. In addition, the
aforementioned American Board of Clinical Lipidol-
ogy is not affiliated with the ABIM.

We propose another option for consideration—an
ACC certification of clinicians who are able to
demonstrate proof of training (preventive cardiology
fellowship) and competence (certifying examination)
in preventive cardiology (Central Illustration). We
view this option as being preferable to pursuing
jurisdiction under the ABIM. In this scenario, the ACC
would set the standards for fellowship training, ac-
credit training programs, and administer a certifying
examination. The ACC has the expertise, leadership,
primary interest, and experience to accomplish this
goal. Nevertheless, the ACC would develop this
model with input from partner organizations (e.g.,
American Society for Preventive Cardiology, Amer-
ican Diabetes Association, National Lipid Association,
American Association of Cardiovascular and Pulmo-
nary rehabilitation, etc.). These collaborations would
ensure that training and certification are compre-
hensive and high value. The ACC would work with a
preventive cardiology fellowship program task force
to establish a core curriculum to train and certify
cardiologists and other qualified participants, with
the understanding that parallel programs may also
develop to train qualified specialists in this area.
Indeed, there are a variety of other excellent pro-
posals for training, including 1 for the car-
diometabolic specialist that represents a hybrid
between cardiology and endocrinology training
(109,110).

CONCLUSIONS

We are in the midst of a revolution in the prevention
and management of CVD, with the emergence of new
drugs and new targets associated with improved CV
outcomes. At the same time, advances in risk
assessment, including novel biomarkers, genetics,
and noninvasive subclinical atherosclerosis imaging
represent major advances that will be implemented
more widely in the coming years. Issues related to
primary and secondary prevention are becoming
increasing complex, and more and more patients are
seeking specialized advice on CVD risk assessment
and management. There is a need for the formation of
a new subspecialty of CV medicine. With advances in
basic science, epidemiology, genetics, clinical trials,
therapeutics, risk assessment, and CV imaging, the
preventive CV specialist of the future will require
training and expertise beyond what is currently
delivered in standard fellowship training programs.
We propose that the culmination and validation of
these efforts should be the formation of a standard-
ized fellowship program and certification exam,
endorsed by the ACC.

ADDRESS FOR CORRESPONDENCE: Dr. Michael D.
Shapiro, Center for Preventive Cardiology, Wake
Forest University Baptist Medical Center, Medical
Center Boulevard, Winston-Salem, North Car-
olina 27106. E-mail: mdshapir@wakehealth.edu.
Twitter: @DrMichaelShapir.
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