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ARTICLE INFO ABSTRACT

Keywords: Remarkable transformations in science and healthcare have resulted in declines in mortality from cardiovascular
Preventive cardiology disease over the past several decades, largely driven by progress in prevention and treatment of persons at risk.
Atherosclerosis

However, these trends are now beginning to stall, as our county faces increases in cardiovascular risk factors
including overweight and obesity, type 2 diabetes mellitus, and metabolic syndrome. Furthermore, poor long-
Secondary prevention term adherence to a healthy lifestyle and lifesaving pharmacotherapy have exacerbated these trends, with
Risk assessment recent data suggesting unprecedented increases in cardiovascular morbidity and mortality. A paradigm shift is
Cardiovascular disease needed to improve the cardiovascular health of our nation. Preventive cardiology, a growing subspecialty of
cardiovascular medicine, is the practice of primordial, primary, and secondary prevention of all cardiovascular
diseases. Preventive cardiologists and preventive cardiology specialists are well equipped with the knowledge
and skill-set necessary to reduce deaths related to the growing burden of heart disease and its risk factors. Despite
dedicated efforts, cardiovascular disease remains the leading killer of men and women in the United States.
Although there is little debate regarding the importance of prevention, many healthcare professionals question
the need for preventive cardiology as a distinct subspecialty. Additionally, the field’s growth has been hampered
by a lack of organization and standardization, and variability of training within programs across the country. The
purpose of this document is to delineate the key attributes that define the field of preventive cardiology ac-
cording to the American Society for Preventive Cardiology.

Primordial prevention
Primary prevention

1. Introduction clinical utility of preventive cardiology as a distinct subspecialty of
cardiovascular medicine, with many arguing that CVD prevention

Cardiovascular disease (CVD) is eminently preventable, though it should be undertaken by primary care clinicians or general cardiolo-
remains the leading cause of death and disability in the United States gists. Additionally, preventive cardiology programs across the country
(US) and worldwide [1]. There continues to be debate regarding the differ in their areas of expertise, approach, and treatment, leading to
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confusion among healthcare professionals, which has been exacerbated
by a general lack of consensus on the definition of this emerging
subspecialty.

Some of the confusion regarding the definition of preventive cardi-
ology may stem from inadequate exposure and training during residency
and fellowship. While the 2015 American College of Cardiology (ACC)
Core Cardiovascular Training Statement (COCATS 4) provided guidance
on prevention training during general cardiology fellowship [2], less
than 25% of programs meet the requirements for Level I training [3].
Poor awareness among the healthcare community and general public,
and the absence of a sub-specialty board examination have also hindered
the field. Additionally, many conflate preventive cardiology with gen-
eral cardiology or clinical lipidology, though the prevention of CVD
encompasses a much wider scope that transcends traditional athero-
sclerosis risk. The practice of preventive cardiology requires specialized
knowledge of cardiovascular anatomy and physiology, metabolism,
genetics, sex and race/ethnic group specific risk factors, imaging, car-
diac rehabilitation (CR), pharmacotherapy, and lifestyle management.
To provide clarity regarding the scope of this emerging discipline, this
document aims to delineate the key attributes that define the field of
preventive cardiology according to the American Society for Preventive
Cardiology (ASPC).

2. History of the ASPC

The ASPC was founded in 1985, sprouting out of the National Heart,
Lung, and Blood Institute after the organization recommended specific
curricula to facilitate medical school teaching and research in the pre-
vention of CVD. Roughly half of US medical schools received 5 year
National Institutes of Health (NIH) Preventive Cardiology Academic
Awards, which were granted from 1979 to 1996, with many awardees
going on to serve in leadership roles throughout the American Heart
Association (AHA) and ACC [4]. Joseph Stokes III, a renowned clinical
investigator and preventive cardiologist, was the seminal leader and
founder of the ASPC whose work transformed the field of CVD
prevention.

Richard Carleton, an original recipient of the NIH’s Preventive Car-
diology Academic Awards, became the first president of the ASPC in
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1990. He expanded the organization’s mission to include education on
population health studies, blood pressure, lipids, exercise, nutrition, and
clinical cardiology [4], and broadened collaborations between the
ASPC, ACC and AHA. In the modern era, several ASPC leaders expanded
the organization’s inclusivity, beyond academia, to a broader audience
of healthcare professionals which now encompasses multiple disci-
plines, centered in the mission “to promote the prevention of CVD,
advocate for the preservation of cardiovascular health (CVH), and
disseminate high-quality, evidence-based information through the ed-
ucation of healthcare professionals and their patients” [4]. In order to
implement this mission, the ASPC has proposed a unifying definition of
preventive cardiology: a proactive, patient-centered approach in which the
clinician, or team of clinicians and non-clinicians, assesses cardiovascular
risk and implements a comprehensive strategy of risk mitigation to prevent
cardiovascular diseases and its clinical sequelae.

3. Conceptual framework within preventive cardiology

When examining risk from either a population or patient level, pre-
ventive cardiologists and preventive cardiology specialists often cate-
gorize risk based on the presence or absence of risk factors and/or
clinical CVD so that interventions and therapy can be appropriately
tailored (Fig. 1). As the burden of heart disease continues to expand,
efforts towards upstream prevention will likely yield the most impact in
improving CVH. The discussion below provides a general overview of
necessary areas of expertise within the field.

3.1. Primordial prevention

Autopsy studies of young men killed in the First World War, Korean
War, and Vietnam War uncovered visible atherosclerotic plaque in
coronary arteries, prompting concern that atherosclerosis may begin in
childhood [5-7]. Studies from the 1980s and 1990s went on to uncover
the determinants of early atherosclerotic lesions. The landmark Boga-
lusa Heart Study, which evaluated individuals 2-39 years of age who had
autopsies performed, found that every individual had evidence of a fatty
streak in the aorta, and half of children 2-15 years old had fatty streaks
in their coronary arteries [8]. Serum cholesterol, body mass index (BMI),

Second Event: Recurrent Major
Adverse Cardiovascular Event

First Event: Clinical Disease
Myocardial infarction, congestive heart failure,
peripheral artery disease, stroke, sudden cardiac

Risk Factors:

Sedentary lifestyle, obesity, sleep, diet, smoking,
hypertension, dyslipidemia, chronic kidney disease,
metabolic syndrome/diabetes, female-specific
factors, psychosocial stressors, inflammation

Fig. 1. Primordial, Primary, and Secondary Prevention of Cardiovascualr Disease.
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and blood pressure correlated with the degree of atherosclerosis.

Given these findings, the prevention of CVD should begin early in life
with the establishment of a healthy lifestyle. Additionally, with the in-
fluence of genetics and the environment on risk, identification and
estimation of lifetime risk may have the greatest potential impact on
prevention of heart diseases. Once risk factors such as overweight and
obesity, type 2 diabetes mellitus (T2DM), sedentary behavior, and un-
healthy diets emerge, which are becoming more prevalent at younger
ages, it is less likely that individuals will be able to reverse ingrained
poor health behaviors and subsequent deleterious downstream cardio-
vascular effects. Uncontrolled risk factors can lead to the development of
subclinical atherosclerotic CVD over time, which may then manifest as a
myocardial infarction or stroke. Many of these risk factors also
contribute to other cardiovascular and cardiometabolic diseases, such as
heart failure, atrial fibrillation, obstructive sleep apnea (OSA), and non-
alcoholic fatty liver disease. If these risk factors are identified and
treated early, CVD is largely preventable [9]. The relationship between
risk factors and CVD is graded and continuous across the life-course;
lower cumulative exposure to risk factors remains the most effective
path towards a long and heathy life.

Primordial prevention is the prevention of risk factors for CVD,
which was conceived in 1978 by Toma Strasser [10] in a paper that
acknowledged the need for earlier preventive efforts at younger ages,
with the goal of “protecting whole societies from the penetration of risk
factor epidemics.” Approaches to primordial prevention focus not only
on determinants of CVD risk, but also environmental and social de-
terminants of health. Unfortunately, unhealthy lifestyles continue to
plague our society with significant long-term consequences to health
and wellbeing. This recognition was highlighted in the Healthy People
2010 goals [11] which included updated objectives for optimizing the
health of our country. In order to improve the trajectory of CVH on a
national scale, widespread policy changes must be made at the federal,
state, and local levels. In order to aid in these efforts, the AHA’s 2010
Impact Goals were developed which defined CVH based on Life’s Simple
7 [12]. Recently, the addition of sleep has been added to the definition
encompassing CVH, which is now based on Life’s Essential 8 [13].

3.2. Primary prevention

Preventive cardiologists and preventive cardiology specialists
require a deep, comprehensive understanding of risk factors, which
should be aggressively managed to prevent incident CVD events, termed
primary prevention, and Life’s Essential 8 represents an example of a
useful construct evaluating modifiable risk factors for individual pa-
tients. The metrics include physical activity (PA), diet, smoking, blood
pressure, cholesterol, T2DM, BMI, and sleep [13]. Each of the 8 metrics
are scored from 0-100 points (a score of 100 is considered optimal). Each
component score is averaged to give an overall CVH score, with high
CVH defined as a score of 80-100 (Table 1).

Substantial research demonstrates the impact of CVH and its con-
stituent metrics, which are now tracked continuously for the US popu-
lation through the National Health and Nutrition Examination Survey
(NHANES). For example, attainment of ideal CVH at 50 years of age is
associated with substantially lower lifetime risk (5.2% versus 68.9% in
men, 8.2% versus 50.2% in women) and strikingly longer survival (>11
years in men, >8 years in women), when compared with individuals
without ideal CVH [14]. Increasing numbers of ideal CVH metrics are
associated with a lower prevalence and incidence of atherosclerotic
CVD, atrial fibrillation, heart failure, and other non-cardiac conditions
including cognitive impairment, depression, and cancer [15]. Impor-
tantly, risk factor control earlier in the life-course is associated with
substantially larger morbidity free survival [16]. Unfortunately, <10%
of the US population has ideal CVH, and estimates suggest that 70% of
CVD events may be attributable to low and moderate CVH [17]. How-
ever, if all US adults were able to attain high levels of CVH, 2 million
annual CVD events could be prevented [17].
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Table 1
Metrics and Definition of Optimal Cardiovascular Health*
Metric Definition
Nicotine Never smoker
Exposure
Body Mass Index <25 kg/m?
Physical Activity 150 min of moderate or greater intensity activity per week
Diet >95th percentile of DASH-style eating pattern, HEI-2015, or
MEPA

Blood Lipids
Blood Pressure
Blood Glucose
Sleep Health

Non-HDL cholesterol <130 mg/dL

<120/<80 mm Hg

<100 mg/dL (or HbA1C <5.7) and no history of diabetes
7 to <9 hours of sleep per night

Abbreviations: DASH: dietary approaches to stop hypertension, dL: deciliter,
HbA1C: hemoglobin A1C, HDL: high-density lipoprotein, HEIL: healthy eating
index, Hg: mercury, kg: kilograms, m: meters, MEPA: Mediterranean eating
pattern for Americans, mg: milligrams, min: minutes, mm: millimeters

" Definitions presented here represent the optimal score for each metric (100
points). Each component score can be averaged to obtain a composite cardio-
vascular health score.

3.3. Secondary prevention

Secondary prevention aims to reduce disease related events among
individuals with established CVD, which is extremely prevalent in the
US, affecting 127 million adults, increasing with age in both females and
males [18]. Importantly, prevalent CVD remains one of the strongest risk
factors for subsequent events and mortality, with a 5-year rate of
recurrent myocardial infarction, stroke, heart failure or cardiovascular
death between 20-30%. These event rates translate to a roughly 4 to
5-fold increased risk when compared to individuals without prevalent
CVD [19]. The 2018 cholesterol guidelines classify risk among patients
with atherosclerotic CVD as very high or not at very high risk, which
have important treatment implications [20]. Understanding risk cate-
gories help further optimize care with pharmacotherapy and lifestyle
modification to prevent future CVD events.

CR is an essential component of secondary prevention that provides
organized, multifaceted interventions designed to improve social, psy-
chological, and physical functioning, while stabilizing, slowing, or
possibly reversing the progression of atherosclerosis [21]. While indi-
vidualized exercise training and PA counseling remain the focus of CR,
programs should also include personalized counseling on nutrition,
smoking cessation, psychosocial wellbeing, and management of car-
diovascular risk factors. Programs consist of 36 sessions, typically over
12 weeks. Centers for Medicare and Medicaid Services (CMS) covers CR
for the following indications: myocardial infarction in the past 12
months, coronary artery bypass graft surgery, stable angina, heart valve
repair or replacement, coronary angioplasty or stent, heart or heart-lung
transplant, and stable chronic systolic heart failure. CMS also covers 36
sessions of supervised exercise therapy for patients with peripheral ar-
tery disease (PAD) [22].

Randomized clinical trials have shown meaningful improvements in
clinical outcomes among patients enrolled in CR. In a meta-analysis of
patients with coronary heart disease, those who were randomized to CR
had a 28% reduction in the risk of fatal or nonfatal myocardial infarction
and 23% reduction in CVD mortality [23]. Among patients with heart
failure, participation in CR was associated with a significant reduction in
heart failure related hospitalization, all-cause hospitalization, and a
clinically important improvement in heart failure specific quality of life
was observed [24]. CR is also cost effective, although estimates of the
incremental cost effectiveness ratios are broad, ranging from $1,
065-$71,755 per quality adjusted life year [25].

Despite the robust benefits seen with CR, referral and utilization are
consistently low. Participation rates are ~20% among those who are
eligible [26], and significant disparities by race/ethnicity, sex, and so-
cioeconomic factors persist [27]. Automated referrals can be helpful in
getting eligible participants into CR programs, and adherence could be
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improved by providing more flexible scheduling, group sessions for
relaxation exercises and psychological counseling, and offering alter-
natives such as home based and virtual CR [26,28].

4. Risk factors and areas of expertise: Beyond LDL-C

The Framingham Heart Study (FHS) was one of the first longitudinal
cardiovascular observational studies that contributed to our under-
standing of the natural history of heart disease, establishing the major
causal risk factors associated with CVD including cigarette smoking
[29], high blood pressure, high cholesterol [30], obesity [31], physical
inactivity [32], and T2DM [33]. Importantly, this study established that
multiple risk factors are responsible for the development of CVD, rather
than just a single factor such as low-density lipoprotein cholesterol
(LDL-C), which illustrates the need for a more comprehensive approach
towards prevention and mitigation of risk. The following provides a
brief overview of the major risk factors for CVD, which require expertise
among the preventive cardiology community (Fig. 2).

4.1. Lipid related risk

The discovery of the LDL receptor and its role in lipid metabolism by
Michael Brown and Joseph Goldstein in 1973 [34,35] helped spark a
concerted interest in the effects of lipid altering medications on car-
diovascular outcomes. As statin therapy became the standard lipid
lowering, risk reducing medication, statin-controlled trials were con-
ducted which established the benefits of high vs. low intensity statins.
The Improved Reduction of Outcomes: Vytorin Efficacy International
Trial (IMPROVE-IT) demonstrated that the addition of ezetimibe to
simvastatin is safe and effective, and that this combination not only
resulted in further LDL-C lowering, but also lower rates of cardiovas-
cular events when compared with simvastatin alone [36]. This landmark
study was one of the first to suggest that, when it comes to LDL-C, “lower
is better” [37].

The consistent, reproducible results from the statin mega-trials and
other lipid lowering studies laid the groundwork for Lipid Clinics to
emerge around the country. The observation that cardiovascular event
reduction improves, though events continued to accrue despite signifi-
cant LDL-C lowering led to the realization that a more comprehensive
view on prevention is necessary [38]. Novel and emerging markers of
lipid related risk include apolipoprotein B, lipoprotein (a), remnant li-
poprotein cholesterol, triglyceride rich lipoproteins, and apolipoprotein

Chronic Kidney
Disease/
Hypertension

Inflammation

CARDIO-
VASCULAR

DISEASE
RISK

Cardiometabolic
Disease/
Diabetes Mellitus

Fig. 2. Cardiovascular Disease Risk Factors.
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CIII, and future studies will help practitioners understand how these
markers enhance risk estimation and inform optimal pharmacotherapy
when treating patients with dyslipidemias. Special attention should be
given to familial hypercholesterolemia given its high prevalence,
affecting roughly 1 in 220 individuals [39]. Once an individual is
identified, cascade screening, testing for lipoprotein (a), and genetic
testing should be offered, while initiating intensive lipid lowering
therapy. The fact that this exceedingly common, devastating disease
remains underdiagnosed and undertreated highlights the need for pre-
ventive cardiologists and preventive cardiology specialists to ensure
optimal care in this extremely high-risk population.

4.2. Chronic kidney disease and blood pressure related risk

The relationship between blood pressure and kidney function is
complex and interrelated, such that chronic kidney disease, defined as
persistent estimated glomerular filtration rate <60 mL/min/1.7 m? or
urine albumin to creatinine ratio >30 mg/g, is both a common cause of
hypertension and sequelae of long-standing, uncontrolled hypertension.
Importantly, each risk factor contributes independently to the devel-
opment of not only atherosclerotic CVD, but also heart failure, ar-
rhythmias, and sudden cardiac death [40,41]. Blood pressure
management continues to be a challenge within our healthcare system,
as rates of hypertension control have declined over time to a staggering
19% [42]. Furthermore, albuminuria and proteinuria, common sequelae
of hypertension and T2DM that independently increase CVD risk [43],
are often unrecognized and undertreated. The US Surgeon General’s Call
to Action to Control Hypertension has brought this issue into the spot-
light, and practitioners of preventive cardiology are primed with the
knowledge and tools necessary to respond [44].

4.3. Thrombotic risk

While aspirin for the primary prevention of CVD was previously
common, several practice altering randomized controlled trials have
demonstrated that the bleeding risk likely outweighs the potential car-
diovascular benefit in the vast majority of patients, even among in-
dividuals with T2DM [45-48]. However, coronary artery calcium (CAC)
testing facilitates more precise reclassification of risk, with several
observational studies suggesting a net benefit for primary prevention
aspirin among individuals with a CAC score >100 [49-51]. Addition-
ally, data has emerged suggesting certain subgroups with elevated li-
poprotein (a) may also benefit from primary prevention aspirin [52].

The Anti-Xa Therapy to Lower Cardiovascular Events in Addition to
Standard Therapy in Subjects with Acute Coronary Syndrome -
Thrombolysis in Myocardial Infarction 51 (ATLAS ACS 2-TIMI 51) trial
demonstrated that the addition of low dose rivaroxaban to antiplatelet
therapy among patients with a recent cardiovascular event reduced the
composite endpoint of death from cardiovascular causes, myocardial
infarction, or stroke by 16%, though the benefit was offset by signifi-
cantly increased bleeding [53]. In a comparable study, the Cardiovas-
cular Outcomes for People Using Anticoagulation Strategies (COMPASS)
trial demonstrated that the combination of low dose rivaroxaban plus
aspirin, compared with aspirin alone, significantly reduced cardiovas-
cular events by 24% among patients with chronic coronary artery dis-
ease or PAD [54-56].

4.4. Inflammatory risk

The immune system and inflammation play a crucial role in the
development and pathogenesis of atherosclerosis and most forms of
heart disease [57]. The Justification for the Use of Statin in Prevention:
an Interventional Trial Evaluating Rosuvastatin (JUPITER) and Pravas-
tatin or Atorvastatin Evaluation and Infection Therapy: Thrombolysis in
Myocardial Infarction 22 (PROVE-IT TIMI 22) trial helped establish the
link between statins, inflammation (namely high sensitivity C-reactive
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protein), and CVD [58]. Two additional large cardiovascular outcomes
trials, the Colchicine Cardiovascular Outcomes Trial (COLCOT) and the
Low-Dose Colchicine 2 (LoDoCo2), demonstrated that colchicine re-
duces major adverse cardiovascular events in patients with recent
myocardial infarction and chronic coronary disease, respectively [59,
60]. The 2019 ACC/AHA Primary Prevention Guideline now recognizes
chronic inflammatory conditions, in addition to high sensitivity
C-reactive protein >2 mg/L, as atherosclerotic CVD risk enhancers,
which may be used to favor initiation or intensification of statin therapy
in certain populations [15].

4.5. Cardiometabolic and diabetes related risk

Metabolic syndrome (MetS) is defined by a group of risk factors
underlying metabolic and cardiovascular diseases. Clinically, this con-
dition is diagnosed when >3 criteria are present: 1) waist circumstance
>40 inches in men or 35 in women; 2) triglycerides >150 mg/dL; 3)
high-density lipoprotein cholesterol <40 mg/dL in men or <50 mg/dL
in women,; 4) blood pressure >130/85 mmHg; 5) fasting glucose >100
mg/dL [61]. In addition, the Internal Diabetes Federation provides a
slightly different definition, with ethnic specific waist circumference cut
points [62]. While there is overlap among the components that define
MetS, these risk factors are causally inter-related, with each indepen-
dently contributing to increased CVD [63]. However, MetS is more than
the sum of its individual parts, with data suggesting that it is a distinct
clinical entity associated with an increased risk of cardiovascular events
and death, even after controlling for its component risk factors [64].

It is also important to recognize that MetS not only increases
atherosclerotic risk but can also lead to multi-organ system dysfunction.
Examples include cardiac (ex. atrial fibrillation) endocrine (ex. T2DM),
gestational diabetes, polycystic ovarian syndrome), renal (ex. chronic
kidney disease, hyperuricemia, cardiorenal syndrome), liver (ex. non-
alcoholic fatty liver disease), skeletal (ex. orthopedic and joint dis-
ease), psychiatric (ex. depression), sleep (ex. OSA and other sleep dis-
orders), and even malignancy, with estimates suggesting roughly 20% of
cancers are related to overweight and obesity [63,65].

Special attention should be given towards assessing sleep given its
relationship with cardiometabolic health. Shorter sleep duration is
associated with a higher risk of cardiometabolic disease, with racial/
ethnic minorities experiencing a greater risk of hypertension, pre-
diabetes, T2DM, and obesity [66]. Furthermore, OSA can lead to a
host of cardiovascular and cardiometabolic complications, including
hypertension, atrial fibrillation, heart failure, coronary artery disease,
stroke, MetS, and mortality [67].

When mild insulin resistance progresses in severity to overt T2DM,
risk increases substantially, with T2DM accounting for over 87,000 US
deaths in 2019 [18]. Poorly controlled T2DM can lead to microvascular
complications, including retinopathy, nephropathy, and neuropathy, as
well as macrovascular complications which include cerebrovascular
disease, peripheral vascular disease, and atherosclerotic CVD. Notably,
several practice changing randomized controlled trials have demon-
strated significant reductions in cardiovascular and renal outcomes in
patients with T2DM treated with sodium glucose cotransporter 2 in-
hibitors (SGLT2i) and glucagon-like peptide 1 receptor agonists
(GLP1-RA), ushering in a new era in T2DM, CVD (atherosclerotic and
heart failure), and chronic kidney disease management spearheaded by
cardiometabolic and preventive cardiology specialists [63].

5. Risk assessment and atherosclerosis imaging

Heterogeneity exists among individuals with and without established
heart disease, and the foundation of preventive cardiology begins with
the assessment of CVD risk using global risk scores and atherosclerosis
imaging, which enable targeted treatment to reduce cardiovascular
outcomes [68].
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5.1. Pooled cohort equations

The FHS developed one of the first multivariable risk calculators to
assess 10-year risk of coronary heart disease [69]. This risk calculator
was then expanded to include stroke, PAD, and heart failure, giving risk
to an absolute global CVD risk estimate [70]. However, this risk calcu-
lation was hindered by limited generalizability, because participants in
the FHS were generally composed of individuals of Caucasians of Eu-
ropean ancestry, and not representative of the broader US population
[71]. Therefore, a working group from the 2013 ACC/AHA Guideline on
the Assessment of Cardiovascular Risk developed the Pooled Cohort
Equations (PCE) [72], which remains the gold standard for quantitative
risk assessment in the US.

Although the PCE are able to provide race/ethnic and sex specific
estimates of 10-year risk, as well as lifetime risk of atherosclerotic CVD
for individuals 20-59 years of age, several limitations should be
acknowledged. For example, the PCE underestimates risk in South
Asians and overestimates risk in East Asians [20]. Additionally, given
the underrepresentation of Hispanic and Latino individuals in many of
the cohort studies which were used to create the PCE, risk estimates in
these groups are less accurate. Furthermore, socioeconomic status (SES)
also seems to modify risk, with data suggesting the PCE overestimates
risk in individuals with high SES, and underestimates risk in low SES
individuals [73,74].

The PCE provides reasonable discrimination of risk at the population
level, though precision is lost at the individual level. Many traditional
CVD risk factors including age, race/ethnicity, sex, total and high-
density lipoprotein cholesterol, systolic blood pressure, treatment for
hypertension, T2DM and smoking status are included in the model,
though many other non-traditional risk factors were not incorporated.
Thus, the 2018 ACC/AHA Multi-society Guideline on the Management
of Blood Cholesterol introduced the concept of risk enhancing factors
[75]. When present, these factors may facilitate and enhance shared
decision making, a key concept that should not be overlooked when
discussing risk reducing strategies and pharmacotherapy.

5.2. Coronary artery calcium

Inherent to the concept of prevention, identification of subclinical
atherosclerosis can help overcome the innate limitations of the PCE.
CAC, a marker of subclinical coronary artery disease, is now well
established in the prevention community, backed by decades of research
as well as national [20,76] and international guidelines [77]. It can help
reclassify risk when there is uncertainty in the primary prevention
setting, informing pharmacotherapy initiation and intensification.

The presence of CAC is strongly associated with CVD risk and has
demonstrated predictive value beyond the PCE among a wide range of
populations, both young and old [78,79]. Given its superior ability to
predict risk, the 2018 ACC/AHA Multi-society Guideline on the Man-
agement of Blood Cholesterol states it is reasonable to use a CAC score
when considering primary prevention statin therapy among individuals
with borderline (5% to <7.5% 10-year) or intermediate (>7.5% to
<20%) risk [75]. If the CAC score is 0, it is reasonable to delay or
withhold statin therapy. Recent research has shed light on the appro-
priate age to consider CAC testing [80], and on the appropriate time
interval for repeat CAC testing when initial CAC=0, known as the
“warranty period” [81], thereby enhancing the utility in CAC in clinical
practice. Notably, statins increase CAC density [82], thereby increasing
the CAC score. Thus, the guidelines do not recommend obtaining CAC
among individuals already on statin therapy [20].

5.3. Coronary computed tomography angiography
Despite emerging evidence that a CAC score of 0 may serve as a

“gatekeeper” for further testing in low to intermediate risk individuals
with chest pain [83], current guidelines do not recommend CAC testing
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in those with symptoms [20]. Instead, coronary CT angiography (CCTA)
has emerged as an effective imaging modality that may be useful as an
alternative to CAC in certain clinical settings, especially among those
with chest pain [84].

CCTA has the ability to quantify plaque characteristics (calcified,
non-calcified, or mixed), degree of stenosis, location and distribution
throughout the coronary arteries, and can distinguish plaque response to
pharmacotherapy and lifestyle interventions. Importantly, these char-
acteristics have prognostic implications. High risk features include a thin
fibrous cap, spotty calcifications, positive remodeling, napkin-ring sign,
and low attenuation, all of which portend a greater risk of plaque
rupture and poor outcomes [85].

The SCOT-HEART (Scottish Computed Tomography of Heart Trial)
and PROMISE (Prospective Multicenter Imaging Study for Evaluation of
Chest Pain) studies both demonstrated that CCTA provides prognostic
information and superior event prediction when compared with stan-
dard of care and functional testing (exercise treadmill test, stress
myocardial perfusion imaging, stress echocardiography), respectively
[86,87]. CCTA allows the clinician the ability to identify plaque before it
becomes obstructive, providing the opportunity for aggressive risk fac-
tor modification and lifestyle interventions before symptoms and events
occur. Future exploration will enable investigators the ability to study
the effect of preventive therapies on plaque progression, stabilization,
and regression.

5.4. Carotid and lower extremity atherosclerosis assessment

While atherosclerosis imaging of the coronary arteries is important
when gauging risk, assessment and imaging of other vascular beds
outside of the heart can also aid in CVD risk refinement and enhance
medical decision making. The presence of carotid plaque is associated
with a higher risk of stroke and cardiovascular events [88], and can be
assessed non-invasively with ultrasound. Interestingly, carotid plaque
also predicts coronary heart disease even in the absence of CAC [89].
Though carotid intima medial thickness imaging studies were common
decades ago, challenges in reproducibility, accuracy, misinterpretation
and mischaracterization of results have limited the tests’ clinical utility
[90]. Knowledge of carotid intima medial thickness adds little to CVD
risk prediction beyond traditional risk factors and CAC, and is no longer
recommended in guidelines [72].

Lower extremity PAD, defined by atherosclerosis of the arteries that
supply the legs, affects 8.5 million US adults [91], and is associated with
high rates of cardiovascular morbidity and mortality [92]. The
ankle-brachial index, a ratio of the systolic blood pressure in the ankle
(dorsalis pedis artery or posterior tibial artery) over the arm (brachial
artery), is a simple, inexpensive, and accurate non-invasive test used for
PAD diagnosis. Values <0.9 define significant PAD, warranting
high-intensity statin therapy and aspirin [20,93].

6. Lifestyle modification: the foundation of cardiovascular
disease prevention

6.1. Healthy dietary patterns

More than half of the top 10 take home messages from the ACC/AHA
Primary Prevention Guideline focus on diet, nutrition, and PA [15]. In
general, a heart healthy diet includes an emphasis on whole grains,
fruits, vegetables, legumes, nuts, fish and seafood. Refined carbohy-
drates, processed meat, and sugar sweetened beverages should be
minimized. Trans and saturated fats should be replaced with dietary
mono and polyunsaturated fats, while reductions in sodium and
cholesterol are also encouraged to reduce CVD risk [94].

Although individual foods and nutrients may provide specific bene-
fits for CVH, experts suggest an emphasis on dietary patterns, which
encompass the variety, balance, and combination of foods and beverages
habitually consumed [94]. Evidence based dietary patterns include the
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Dietary Approaches to Stop Hypertension (DASH), Mediterranean, and
plant-based styles, and each has received endorsement from the
2020-2025 Dietary Guidelines for Americans as well as the ASPC [95,
96]. Adherence to these dietary patterns are associated with robust
improvements in cardiometabolic profiles as well as CVD reduction in
both primary and secondary prevention settings [97-99].
Incorporating a registered dietitian-nutritionists into a preventive
cardiology practice is crucial in order to optimize and personalize care
based on food preferences, cultural/religious ideals, psychosocial, and
economic needs. Data from a systemic review and meta-analysis of 5704
individuals reported that multiple registered dietitian-nutritionist visits
for medical nutrition therapy resulted in improved lipids, BMI, hemo-
globin Al1C, and blood pressure compared with controls [100].
Furthermore, these improvements in cardiometabolic risk factors
translated to reductions in medication use and cost savings [100].

6.2. Physical activity

Regular PA has been shown to improve an array of cardiovascular
and metabolic risk factors, and reduces the risk of many forms of cancer
(Fig. 3) [101]. These cardioprotective benefits are mediated through a
variety of mechanisms that ultimately result in reductions in the risk of
cardiovascular and all-cause mortality (Fig. 4) [101-103]. The 2018
Physical Activity Guidelines for Americans recommend >150 to 300
minutes of moderate intensity PA, or >75 to 150 minutes of vigorous PA
a week, in addition to >2 days of muscle strengthening exercises for
adults. When translating guideline recommendations for patients, the
talk test can be useful. During moderate intensity PA, a person can talk
but not sing. During vigorous PA, only a few words may be spoken
before pausing to take a breath.

The 2018 Physical Activity Guideline represents the 2" edition, and
several key points were notable when compared with the initial edition.
First, less PA is needed than previously thought to obtain health benefits.
In fact, the greatest risk reduction lies in moving from inactivity to light
intensity PA [102]. A systematic review of 37 studies from NHANES
found that light intensity PA is associated with favorable BMI, blood
pressure, hemoglobin A1C, lipid profile, and mortality [104]. Addi-
tionally, evidence now suggests that engaging in at least 10 minute
sessions (or bouts) of activity is no longer necessary, and healthcare
professionals should focus more on cumulative movement of any dura-
tion [105]. Furthermore, while the guidelines suggest there is no upper
limit of benefit, there is controversy regarding potential negative effects
of PA, with studies suggesting very high exercise volumes may be
associated with risk of atrial fibrillation, CAC, and myocardial fibrosis
[103,106,107]. However, these findings have not been substantiated,
and should not discourage clinicians from promoting PA.

Number of steps per day represent a simple, feasible measure of PA
that has gained widespread attention with the advent of fitness trackers
and smart phones. Although the common goal of 10,000 steps per day is
widely promoted for general health, it is not evidence based, and actu-
ally originates from a Japanese marketing campaign that was created to
promote a pedometer called Manpo-kei, which translates to “10,000
steps meter” in Japanese [108]. Recent data suggests that the optimal
number of steps per day varies by age, race/ethnicity, and sex, while
stepping rate (or cadence) may not have a strong association with
mortality beyond the total number of steps [109,110]. Although step
goals were not included in the most recent iteration of PA guidelines,
this metric has wide ranging implications and can help inform public
health promotion of PA.

Despite the well-known cardiovascular benefits of exercise, very few
healthcare professionals either assess or encourage PA in their practice
[111]. Counseling has a positive effect on increasing levels of PA, and
greater benefits are achieved when behavior-change resources are
additionally provided. The number needed to treat (NNT) for 1 seden-
tary individual to meet the PA guidelines at one year is 12, which is
similar to other behavioral counseling interventions including smoking
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cessation (NNT of 14) and alcohol (NNT of 9) [112,113]. Clinicians
should also consider a written exercise prescription. The Exercise is
Medicine initiative offers numerous resources, including an exercise
prescription template, to aid healthcare professionals in helping their
patients adopt and maintain a physically active lifestyle. The evidence
now supports the feasibility and effectiveness of PA promotion in
routine practice, and practitioners of preventive cardiology must
leverage all members of the healthcare community to empower their
patients to move more and sit less.

7. Evidence based pharmacotherapy

Statins remain central when considering pharmacotherapy given the
causal relationship between LDL-C and atherosclerotic CVD [114],
though a variety of adjunctive lipid lowering therapies are also avail-
able. If LDL-C goals are not met with statin therapy alone, guidelines

recommend the addition of ezetimibe or monoclonal antibodies to
proprotein convertase subtilisin kexin 9 (PCSK9) [20]. Additionally,
several novel lipid-lowering medications that target various pathways
have recently gained FDA approval for LDL-C lowering in specific pop-
ulations, adding to the preventive cardiology armamentarium. For
example, the Reduction of Cardiovascular Events with Icosapent
Ethyl-Intervention Trial (REDUCE-IT) established that icosapent ethyl, a
highly purified form of eicosapentaenoic acid (EPA), reduced cardio-
vascular events among patients with fasting triglycerides 135-499
mg/dL. Importantly, patients in this trial were already on background
statin therapy, with a median LDL-C of 75 mg/dL [115]. These results
were not replicated in studies that used combinations of highly purified
EPA and docosahexaenoic acid (DHA) [116], suggesting that the CV
benefits of omega 3 fatty acids are driven by EPA and not DHA.
Furthermore, scientific advances over the last decade have ushered in
exciting novel lipid lowering therapies currently being studied in clinical
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trials, enabling the ability to target PCSK9, lipoprotein (a), cholesterol
ester transfer protein, apolipoprotein CIII, and angiopoetin like 3 protein
using monoclonal antibodies, antisense oligonucleotides, small inter-
fering RNA technology, and gene therapy [117-120]. Inclisiran, a small
interfering RNA molecule that catalyzes the breakdown of messenger
RNA for PCSK9, was recently approved by the FDA for individuals with
heterozygous familial hypercholesterolemia and atherosclerotic CVD.
This unique therapy has wide ranging implications for lipid lowering,
and cardiovascular outcomes studies are currently underway.

Regarding antihypertensive medications, blockers of the renin-
angiotensin system, long-acting calcium channel blockers, and thia-
zide type diuretics remain first line. Blood pressure that remains above
goal despite the concurrent use of these 3 agents at maximally tolerated
doses, defines resistant hypertension [121]. Mineralocorticoid receptor
antagonists such as spironolactone and eplerenone constitute
evidence-based, fourth line therapy [122]. Additional antihypertensive
agents may be necessary among those with refractory hypertension,
defined as uncontrolled hypertension despite the use of >5 different
classes of antihypertensive agents, including a long acting thiazide type
diuretic and mineralocorticoid receptor antagonist [123]. Ambulatory
and home blood pressure monitoring should also be utilized to monitor
response to treatment, and may aid in the diagnosis of white coat and
masked hypertension.

Anti-diabetes medications including SGLT2i and GLP1-RA have
demonstrated reductions in CVD, heart failure, and renal events among
patients with T2DM, while SGLT2i specifically are now indicated in
patients across the heart failure spectrum of ejection fraction, regardless
of diabetes status [124,125]. Although US guidelines still recommend
metformin as first line therapy [126]. European guidelines have taken a
more progressive approach, recommending SGLT2i and GLP1-RA as first
line agents among individuals with T2DM and CVD or at high risk of
CVD [127]. Additionally, preventive cardiologists and preventive car-
diology specialists should be familiar with Food and Drug Administra-
tion approved anti-obesity medications, which are indicated in patients
with a BMI >30 kg/m2 or >27 kg/m2 with at least one obesity related
comorbidity [128]. Weight loss surgery in select individuals translates to
improvements in cardiometabolic risk factors, and reduces CVD events
and mortality [129-131].

Mentioned above, the COMPASS trial established the efficacy of low
dose rivaroxaban plus aspirin among individuals with chronic coronary
artery disease or PAD [54-56]. Smoking cessation medications should
also be prescribed to help reduce risk among those that smoke, in
addition to other nicotine replacement therapies and behavioral
counseling.

Importantly, prescribing appropriate pharmacotherapy alone is not
enough; adherence to therapy should also been assessed during each
patient encounter to ensure appropriate goals are met. Non-adherence
rates to life saving medications are exceedingly high, occurring in
>60% of patients with CVD [132]. Full adherence, on the other hand, is
associated with a significant reduction in major adverse cardiovascular
events and cost savings [133], which should be the standard. Practi-
tioners of preventive cardiology can help improve adherence rates by
assessing barriers and providing individualized, culturally appropriate
education. Furthermore, mobile health and wearable technology should
be leveraged, which helps improve medication compliance [134] and
enhance population wide screening and monitoring [135,136].

8. Women'’s cardiovascular health

CVD continues to be leading cause of death among women, ac-
counting for 420,812 deaths in 2019 in the US [18]. Over 60.8 million
US women are living with some form of CVD, and there has been
increased recognition of sex-specific responses to traditional CVD risk
factors which contribute to the development of atherosclerosis, which
must be acknowledged when assessing a woman’s risk. There are also
differences in the treatment and management of women in both primary
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and secondary prevention, which should be addressed to achieve the
maximal benefit of contemporary therapies and remove sex and gender
bias in our cardiovascular care [137,138].

8.1. Sex differences in traditional cardiovascular disease risk factors

Age is part of many CVD risk scores because it is a powerful predictor
of cardiovascular events, particularly coronary heart disease [139],
which lags by approximately 10 years in women compared with men
[140]. Hypertension is equally prevalent in men and women [141], but
the presence of hypertension has a more adverse impact on CVD in
women compared with men [140]. Women with diabetes have a 3 to 7-
fold greater risk of coronary heart disease, compared with a 2 to 3-fold
greater risk in men [142,143]. Current cholesterol guidelines focus on
LDL-C levels without any sex-specific differences when assessing CVD
risk [144], and treatment disparities exist, with women being less likely
to be adequately treated compared with men in both primary and sec-
ondary prevention [145-148]. Smoking is also associated with greater
atherosclerotic risk in women compared with men [149,150].

8.2. Sex specific and predominant cardiovascular disease risk enhancers

Sex specific risk enhancers need to be investigated when assessing
CVD risk. Such risk enhancers should be considered across the lifespan
of a biological woman, as risk enhancers may arise at different points in
time [151]. Female specific risk enhancers include polycystic ovarian
syndrome [152], failure of fertility therapy [153], infertility [154],
miscarriage [155], hypertension during pregnancy (which includes
gestational hypertension, eclampsia, and pre-eclampsia) [156], gesta-
tional diabetes [157], preterm delivery [158], small for gestational age
[159], premature menopause [160], premature ovarian insufficiency,
[161,162] and functional hypothalamic amenorrhea [161,162]. Early
and late onset of menarche is also associated with an increased risk of
CVD [163], while breast-feeding has demonstrated a cardioprotective
effect [164]. Identifying the presence of risk enhancers at routine pre-
vention visits will better equip the healthcare team and patient to
address all risk factors and facilitate shared decision making approaches
to CVD preventive strategies.

9. Reducing disparities to achieve health equity

The ASPC supports research and implementation of evidence-based
CVD prevention, with therapeutic lifestyle interventions, pharmaco-
therapy and potential surgical approaches if indicated, to all individuals
at increased risk, regardless of race/ethnicity, sex, SES or geography.
The ideal practitioner of preventive cardiology must address the impact
of the social determinants of health and specific barriers to optimal
health in all racial/ethnic populations. This includes implementing
regular PA and heart healthy dietary patterns in disadvantaged neigh-
borhoods [165], among individuals with poor access to care. Adoption
of healthy levels of PA and nutrition must account for cultural prefer-
ences and cost considerations using shared decision making in order to
provide tailored treatment.

Hypertension is one of the most prevalent and potent CVD risk fac-
tors, especially among African Americans. Preventive cardiologists and
preventive cardiology specialists must demonstrate knowledge of the
unique aspects of hypertension and suboptimal control, especially in
racial/ethnic US populations [166]. Elevated blood pressure must be
treated and controlled, with special attention to disparities, including
individuals with no or suboptimal healthcare insurance [42]. Moreover,
disparities in lowering LDL-C must be addressed. Importantly, cost and
prior authorization should be taken into consideration to ensure
affordability and medication adherence. There is a similar need for
equitable care in the application of novel therapies for individuals with
and without T2DM, using SGLT2i and GLP1-RA to reduce obesity, CVD
and chronic kidney disease outcomes. Furthermore, addressing
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inequities among individuals referred for bariatric surgery must be
overcome. The ideal preventive cardiologist and preventive cardiology
specialist must be knowledgeable on the long-standing, significant and
unacceptable disparate outcomes among populations in the US based on
race/ethnicity, sex, SES and geography, and must commit to the
nuanced aspects of culturally competent, equitable care for all.

10. Conclusion

Since 1980, US life expectancy has steadily fallen behind that of
similar countries, resulting in life expectancy declines since 2014 [167].
While some of this trend may stem from communicable diseases, a large
proportion is attributed to increases in overweight and obesity, T2DM,
hypertension, and metabolic syndrome, all of which are driven by lack
of PA, poor dietary patterns, and other poor lifestyle factors. The
COVID-19 pandemic has only exacerbated the situation, with pro-
jections estimating a ~3-year decline in life expectancy, with dispro-
portionate declines seen in Black and Hispanic individuals [18].

While the vast majority of CVD related events in the US are related to
poor risk factor control, millions of these events could be prevented each
year if ideal CVH can be achieved [18]. Our focus must shift from sec-
ondary to primary and primordial prevention in order to have the largest
impact in improving cardiovascular health. Improvements in screening
and detection of risk factors should be undertaken at the community and
national level, and collaboration with our allied health colleagues must
be undertaken so that we can provide complete care. Additionally,
healthcare professionals must partner with policy makers to adopt new
strategies and enact regulatory changes [168].

Advances in risk assessment and disease prevention are essential to
curtail the approaching tsunami of cardiometabolic disease [169], and
our current framework and approach must change. Practitioners of
preventive cardiology, a field focused on the practice of primordial,
primary, and secondary prevention of all cardiovascular diseases, must
take a leadership role to optimize care, while promoting healthy lifestyle
and ensuring proper dosing and titration of lifesaving, state-of-the-art
pharmacotherapy. Furthermore, a dedicated fellowship and
sub-specialty board examination would also help in bringing consensus
to the definition of the field. A dramatic reformation is needed to
improve the significant gaps in our healthcare system, and practitioners
of preventive cardiology are well equipped to fill the void while standing
at the forefront of CVD care. It is our hope that this document from the
ASPC helps conceptually define the essential set of competencies and
knowledge base needed to specialize in this exciting, rapidly expanding,
and essential discipline.
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