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A B S T R A C T   

Risk for atherosclerotic cardiovascular disease (ASCVD) shows considerable heterogeneity both in generally 
healthy persons and in those with known ASCVD. The foundation of preventive cardiology begins with assessing 
baseline ASCVD risk using global risk scores based on standard office-based measures. Persons at low risk are 
generally recommended for lifestyle management only and those at highest risk are recommended for both 
lifestyle and pharmacologic therapy. Additional “risk enhancing” factors, including both traditional risk factors 
and novel biomarkers and inflammatory factors can be used to further assess ASCVD risk, especially in those at 
borderline or intermediate risk. There are also female-specific risk enhancers, social determinants of health, and 
considerations for high-risk ethnic groups. Screening for subclinical atherosclerosis, especially with the use of 
coronary calcium screening, can further inform the treatment decision if uncertain based on the above strategies. 
Persons with pre-existing ASCVD also have variable risk, affected by the number of major ASCVD events, 
whether recurrent events have occurred recently, and the presence of other major risk factors or high-risk 
conditions. Current guidelines define high to very high risk ASCVD accordingly. Accurate ASCVD risk assess-
ment is crucial for the appropriate targeting of preventive therapies to reduce ASCVD risk. Finally, the clinician- 
patient risk discussion focusing on lifestyle management and the risks and benefits of evidence-based pharma-
cologic therapies to best lower ASCVD risk is central to this process. This clinical practice statement provides the 
preventive cardiology specialist with guidance and tools for assessment of ASCVD risk with the goal of appro-
priately targeting treatment approaches for prevention of ASCVD events.   

1. Introduction 

The initial framework for atherosclerotic cardiovascular disease 
(ASCVD) risk assessment began with the Framingham Heart Study, the 
longest running study of cardiovascular disease in the world, and one 

with many “first” discoveries about the etiology of ASCVD. Former 
Framingham director Dr. William B. Kannel in 1961 coined the term 
“risk factors”, widely regarded as beginning the field of preventive 
cardiology. In his article “Factors of Risk in the Development of Coro-
nary Heart Disease: Six Year Follow-up Experience: The Framingham 

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; ACC, American College of Cardiology; AHA, American Heart Association; ASPC, American Society 
for Preventive Cardiology; BMI, body mass index; CAC, coronary artery calcium, CCTA, coronary computed tomography angiography, CHD, coronary heart disease; 
CKD, chronic kidney disease; CRP, C-reactive protein; CVD, cardiovascular disease; DM, diabetes mellitus; EAS, European Atherosclerosis Society; ESC, European 
Society of Cardiology; FH, familial hypercholesterolemia; GDM, gestational diabetes mellitus; IMT, intima media thickness; LDL, low density lipoprotein; MMP, 
matrix metalloproteinase; NHB, non-Hispanic Black; NHW, non-Hispanic White; PAD, peripheral arterial disease; PCOS, polycystic ovary syndrome; POI, premature 
ovarian insufficiency; PCE, pooled cohort equation; SDOH, social determinants of health; VTE, venous thrombotic event. 

* Corresponding author. 
E-mail address: ndwong@uci.edu (N.D. Wong).  

Contents lists available at ScienceDirect 

American Journal of Preventive Cardiology 

journal homepage: www.journals.elsevier.com/american-journal-of-preventive-cardiology 

https://doi.org/10.1016/j.ajpc.2022.100335 
Received 11 January 2022; Received in revised form 17 February 2022; Accepted 5 March 2022   

mailto:ndwong@uci.edu
www.sciencedirect.com/science/journal/26666677
https://www.journals.elsevier.com/american-journal-of-preventive-cardiology
https://doi.org/10.1016/j.ajpc.2022.100335
https://doi.org/10.1016/j.ajpc.2022.100335
https://doi.org/10.1016/j.ajpc.2022.100335
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajpc.2022.100335&domain=pdf
http://creativecommons.org/licenses/by/4.0/


American Journal of Preventive Cardiology 10 (2022) 100335

2

Study” (1), it was described how elevated cholesterol, elevated blood 
pressure, and left ventricular hypertrophy predicted the subsequent 
development of coronary heart disease (CHD) events. Importantly, the 
burden of risk factors was directly related to the risk of CHD, probably 
the first demonstration of the concept we now call “global risk”. Fra-
mingham developed the first multivariable risk assessment equations 
utilizing logistic regression (2), with Dr. Kannel as early as 1976 noting 
that risk functions provide an “economic and efficient method of iden-
tifying persons at high cardiovascular risk who need preventive treat-
ment” (3), laying the foundation for individualized risk assessment. The 
American College of Cardiology (ACC) Bethesda Conference 20 years 
later noted the intensity of treatment should match a person’s risk (4). 
Since a clinician’s estimate (without doing formal risk assessment) is 
most often inaccurate and underestimates risk (5), using global risk 
scores can improve the use of guideline-based therapy (6). 

The objective of this American Society for Preventive Cardiology 
(ASPC) Clinical Practice Statement is to provide the preventive cardi-
ology specialist with guidance and the tools for assessment of ASCVD 
risk. This includes global risk estimation from use of risk scoring (and 
where it may overestimate risk), use of traditional risk factors and novel 
biomarkers and inflammatory factors as risk enhancing factors, con-
siderations for female-specific factors, race/ethnicity, and social de-
terminants of health, the role of screening for subclinical atherosclerosis, 
as well as risk assessment for those with pre-existing ASCVD. Guidance is 
provided in relation to and to supplement existing guidelines on risk 
assessment. Nutritional factors, physical activity and cardiorespiratory 
fitness levels also have important roles in assessment of ASCVD risk and 
are discussed in other ASPC Clinical Practice Statements. 

2. Cardiovascular risk scores and incorporation into 
cardiovascular prevention guidelines 

2.1. Origin of global risk assessment 

The first cardiovascular disease (CVD) risk scores were championed 
by the Framingham Heart Study for the prediction of CHD risk over 10 
years (7) which assigned points in separate scales for men and women 
corresponding to different levels of age, total and high-density lipo-
protein (HDL)-cholesterol, blood pressure, smoking and diabetes status 
from which the points were summed to a total that corresponded to a 
10-year risk estimate for CHD. The Third Adult Treatment Panel of the 
National Cholesterol Education Program in 2001 (8) was the first clin-
ical application of these risk equations for stratification of persons into 
low (<10%), intermediate (10-<20%), or high (>=20% or with known 
CHD or other CHD risk equivalents) 10-year risk of CHD for which 
specific treatment initiation and target levels of low-density lipoprotein 
(LDL)-cholesterol were recommended. Framingham also developed 
scores for individual cardiovascular events such as stroke or heart fail-
ure, as well as for total CVD, reflecting the composite of both fatal and 
non-fatal cardiovascular events, including scores with and without the 
use of laboratory measures (9). It is crucial for the user to understand 
risk scores can differ by endpoint predicted – such as whether revascu-
larization or other soft endpoints are included, if only fatal CVD is 
predicted, 10-year vs. 30-year or lifetime risk predicted, or whether they 
are designed for prediction of primary (most scores) or secondary 
events. For instance, if the user is most interested in evaluating risk of 
total fatal and non-fatal CVD events the 2008 Framingham risk score 
equations for primary care published by D’Agostino and colleagues may 
be most appropriate; these scores predict total CVD and include versions 
with both total and HDL-cholesterol and without, in which case body 
mass index is used instead (10). 

2.2. Other risk score approaches 

Given that Framingham risk scores were developed based on a pri-
marily White middle-aged cohort from a small town outside of Boston, 

Massachusetts, generalizability to other populations has always been a 
significant concern, and thus other risk scores have been developed 
globally over the past few decades. Most notably, the European CVD risk 
scores were originally created for both high and low risk countries in 
Europe, and in fact have been calibrated for use in most individual 
countries in Europe (11). This risk score has served as the foundation for 
risk estimation in the European Society of Cardiology (ESC) Cardio-
vascular Disease Prevention guidelines (12). They provide cut-points for 
defining low to very high-risk categories based on age, smoking and 
levels of blood pressure or LDL-C, from which risk factor goals and 
treatment approaches are recommended. While the original European 
Systematic COronary Risk Evaluation (SCORE) algorithm focused on 
prediction of CVD mortality only, the most recent SCORE2 (13) algo-
rithm now also includes non-fatal CVD events and identifies countries as 
low, intermediate, high, and very high risk for more precise risk esti-
mation than the prior version of SCORE. As in the original version, 
diabetes is not included as one of the factors in the algorithm, instead 
treating diabetes as a high-risk equivalent. More recently, in an attempt 
to produce a single scoring system that can be used globally, World 
Health Organization (WHO) risk charts were published to permit risk 
estimation in 21 global regions (14). These charts may have some lim-
itations as considerable data estimation and modelling were required for 
many less well-developed regions. 

2.3. Current US risk score recommendations 

Both the 2018 Multi-society Cholesterol Management Guidelines 
(15) as well as the 2019 ACC/American Heart Association (AHA) Pri-
mary Prevention of Cardiovascular Disease Guideline (16) recommend 
the Pooled Cohort Risk Estimator Plus (tools.acc.org/ascv-
d-risk-estimator-plus) (also known as the Pooled Cohort Equations 
[PCE]) (Fig. 1) for initial CVD risk assessment for those free of known 
CVD or familial hypercholesterolemia (e.g., those with LDL-C ≥190 
mg/dl are assumed to be at high or very high risk). These guidelines note 
the importance of risk scoring as the initial step in ASCVD risk. More-
over, such risk scoring helps identify higher risk persons where the net 
clinical benefit is greatest and number needed to treat lowest for pre-
ventive treatments such as statin and antihypertensive therapy (17). 
This scoring algorithm was developed from four major US cohorts 
consisting of more than 30,000 individuals with at least 10-years of 
follow-up for CVD events and predicts both 10-year (for those aged 
40-79 years) and lifetime (for those 20-59 years of age) risk of ASCVD 
consisting of fatal and nonfatal CHD and stroke only. Those identified 
with a 10-year ASCVD risk of ≥20% are given a definite recommenda-
tion for statin therapy, whereas those in the 5-<20% range are given 
consideration for statin therapy depending on the consideration of risk 
enhancing factors and coronary calcium if needed (discussed further in 
this document). Moreover, the 2017 ACC/AHA hypertension guideline 
(18) recommends use of the PCE to guide the use of pharmacologic 
therapy, which is recommended if the 10-year ASCVD risk is >=10% for 
those with stage 1 hypertension (130-139 mmHg systolic or 80-89 
mmHg diastolic blood pressure) in the absence of diabetes or cardio-
vascular disease. Estimation of lifetime risk can be very useful, partic-
ularly as a motivator to patients to adhere better to lifestyle or 
pharmacologic therapy, given the fact that many persons at low or in-
termediate shorter-term risk are at high lifetime risk of ASCVD. Impor-
tant to note in the PCE and other risk scores focusing on the prediction of 
hard ASCVD events is the fact that other outcomes such as peripheral 
arterial disease or heart failure are not included in the estimated risk, 
thus estimates of total ASCVD events would likely be higher. Moreover, 
like many other risk scores, it relies on a limited set of risk factors, 
namely, age, sex, systolic blood pressure, antihypertensive treatment, 
total and HDL-cholesterol, diabetes, and cigarette smoking, but does 
provide input to specify Black ethnicity. The 10-year risk of future 
ASCVD is categorized into those at low (<5%), borderline (5-<7.5%), 
intermediate (7.5-<20%), and high (≥20%) risk. Importantly, the tool 
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also allows one to set the absence of, or lower levels of a given risk factor 
to estimate the hypothetical “effect” of reducing or eliminating the risk 
factor, such as lowering cholesterol levels or stopping smoking. While 
diabetes mellitus (DM) is included in the PCE, it is treated as a binary 
factor (as is the case in other risk scores where it is included) and factors 
such as duration of diabetes and glycated hemoglobin levels are not 

included. DM is not necessarily a CHD risk equivalent (19,20) war-
ranting the consideration of DM-specific risk scores. 

2.4. Risk scoring in diabetes 

While diabetes risk scores such as those from the United Kingdom 

Fig. 1. ASCVD Risk Estimator Plus (Pooled Cohort Equation Risk Score) tools.acc.org/ascvd-risk-estimator-plus. Provides 10-year ASCVD risk estimates for those 
aged 40-79 and lifetime ASCVD risk estimates for those aged 20-59. 

N.D. Wong et al.                                                                                                                                                                                                                                



American Journal of Preventive Cardiology 10 (2022) 100335

4

Prospective Diabetes Study (UKPDS) (21) have been developed, there is 
yet no pooled cohort risk score of DM yet developed based on US co-
horts. Other risk scores for CVD risk assessment in DM have also been 
published (22). The ACC/AHA/Multi-society guideline recommends the 
use of a moderate intensity statin in patients ≥40 years with DM, 
regardless of 10-year risk estimation. However, the guideline further 
recommends the use of global risk assessment in those with DM to 
further risk stratify, with those at higher risk given consideration for 
high intensity statin therapy (with ezetimibe if needed) to lower LDL-C 
at least 50%. Various risk enhancing factors, discussed later in this 
document, such as duration of diabetes or the presence of microvascular 
complications are considered for informing the treatment decision, 
particularly in younger persons with DM. While CAC scoring was not 
recommended by the 2018 guideline for risk stratification in those with 
DM, its potential role is discussed later in this document in the section on 
subclinical atherosclerosis. 

2.5. Other considerations for risk scoring 

Current risk scoring approaches focus only on traditional risk factors, 
which only provide modest discrimination for ASCVD events. Risk 
scores can underestimate risk in patients from certain racial/ethnic 
groups, as well as those of lower socioeconomic status or with chronic 
inflammatory diseases, and overestimate risk in those of greater socio-
economic status or who often utilize preventive healthcare services (17). 

There has been consideration for risk scores that incorporate in-
flammatory measures, social determinants of health, as well as genetic 
factors. The Reynolds Risk Score was an effort to examine how the 
additional of the inflammatory measure high sensitivity C-reactive 
protein (hs-CRP) would add to traditional risk assessment, and found 
inclusion of hs-CRP was a useful addition to the risk score for women, 
but not for men (23). Of great interest recently has been the advent of 
polygenic risk scoring developed from DNA sequencing polymorphisms, 
which has been shown to strongly predict incident CHD and identify 
persons with high vs. low genetic risk, also demonstrating a healthy 
lifestyle to be associated with attenuation of such risk (24). Such scores 
strongly relate to pre-existing CHD and may also help identify additional 
persons in primary prevention who could benefit from preventive 
therapy, such as statins (25). Finally, the consideration of adding social 
determinants of health (SDOH) was recently demonstrated, where in-
clusion of 7 SDOH provided excellent discrimination and calibration for 
identifying prevalent ASCVD (26) However, at present, there are no 
official recommendations by any major society to incorporate either 
inflammatory, SDOH, or polygenic risk scoring in clinical practice, but 
instead these may be considered further for risk assessment (e.g., as risk 
enhancing factors). 

Global risk assessment / scoring therefore forms the foundation for 
cardiovascular risk assessment, after which the presence of other risk 
enhancing factors, sex/ethnic-specific considerations and social de-
terminants of health, and screening for subclinical atherosclerosis can 
further refine risk estimation. This information is integrated to the 
clinical-patient risk discussion which focuses on a dialogue between the 
clinician and patient about potential for atherosclerotic cardiovascular 
disease risk reduction benefits, adverse effects, drug-drug interactions, 
and patient preferences (27) before the considering initiating or inten-
sifying preventive therapies (Central Illustration). 

3. General risk enhancing factors 

In the setting of primary prevention, global cardiovascular risk 
assessment informs therapeutic decisions regarding initiation or inten-
sification of medical therapies to reduce the risk of ASCVD. Although 
quantitative risk scoring tools such as the PCE work well at the popu-
lation level, their performance at the individual level is modest and is 
often associated with over- or underestimation of ASCVD risk. With that 
in mind, several risk-enhancing factors were highlighted in the 2018 

Guideline on the Management of Blood Cholesterol (15) to refine risk 
assessment and facilitate shared decision-making. The risk enhancing 
factors discussed in this section encompass clinical factors and 
biomarkers. 

After quantitative risk assessment is performed using the PCE, the 
2018 AHA/ACC cholesterol guideline categorizes individuals into four 
groups: low risk (<5%), borderline risk (5-<7.5%), intermediate risk 
(7.5− <20%), and high-risk (≥20%). For all risk groups, a heart healthy 
lifestyle is recommended. In those considered at low risk, the emphasis 
is on therapeutic lifestyle changes. On the other hand, in individuals 
who fall into the high-risk category, initiation of high-intensity statin 
therapy is recommended in addition to a heart healthy lifestyle (Class I 
recommendation). Among those at borderline or intermediate risk, 
evaluation of risk enhancing factors should be pursued to guide de-
cisions regarding statin therapy (Class IIb and I recommendation), 
respectively. If further guidance on the treatment decision is needed, 
coronary calcium scoring can be used (discussed further in section below 
on subclinical atherosclerosis) (Fig. 2). Risk enhancing factors high-
lighted in the 2018 AHA/ACC cholesterol guideline (15) are detailed in 
Table 1. 

3.1. Clinical factors 

Clinical factors associated with increased ASCVD risk include family 
history of premature ASCVD, primary hypercholesterolemia, metabolic 
syndrome, sex-specific risk enhancing factors, chronic inflammatory 
conditions, chronic kidney disease, and high-risk ethnicities. Sex- 
specific risk enhancing factors and high-risk ethnicities will be dis-
cussed in detail in their own sections. 

3.1.1. Family history of premature ASCVD 
Cardiovascular disease risk assessment has traditionally involved an 

assessment of family history, particularly of premature ASCVD. Family 
history provides insight into genetic and environmental exposures. In 
the 2018 AHA/ACC Cholesterol guideline, a family history of premature 
ASCVD is defined as a male first degree relative with ASCVD diagnosed 
before the age of 55 years or a female first degree relative with ASCVD 
diagnosed before the age of 65 years. A significant proportion of the 
general population, estimated to be approximately 10-40%, carries a 
family history of premature ASCVD (28,29). Family history of premature 
ASCVD is associated with a 1.5-2- fold increased risk of cardiovascular 
events, but this estimate can vary widely based on the age of the indi-
vidual at the time of risk assessment, the age of the family member who 
sustained the ASCVD event, and the number and relatedness of family 
members (28). It is important to keep in mind that the risk associated 
with family history is multifactorial, including genetic (increased risk 
factor burden) and non-genetic influences (adverse lifestyle habits). The 
importance of a detailed medical history of the number of and which 
specific first-degree family members are affected with premature CVD 
(including age and specific CVD sequelae experienced) cannot be 
overemphasized. 

3.1.2. Primary hypercholesterolemia 
In the context of the 2018 AHA/ACC Cholesterol guideline, primary 

hypercholesterolemia is defined as an LDL-cholesterol (LDL-C) of 
160–189 mg/dL or a non–HDL-cholesterol (non-HDL-C) of 190–219 mg/ 
dL. The causal relationship between LDL-C and ASCVD is well estab-
lished based on epidemiologic, experimental, genetic, and randomized 
placebo-controlled clinical trials (30). Nonetheless, definitions of hy-
percholesterolemia and treatment thresholds have evolved given results 
of clinical trials that tested more potent LDL-C lowering therapies. The 
results of cardiovascular outcome trials with the proprotein convertase 
subtilisin-kexin type 9 (PCSK9) inhibitors did not identify an LDL-C level 
below which further LDL-C lowering did not further reduce ASCVD risk 
(31) While the focus of the 2018 AHA/ACC Cholesterol guideline 
recommendation has shifted away from absolute LDL-C level at baseline 
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to include more emphasis on statin intensity with a focus on LDL-C 
reduction within the context of an individual’s overall CVD risk, an 
absolute LDL-C ≥160 mg/dL (and non-HDL-C ≥190 mg/dL) is recog-
nized as a risk enhancing factor given its consistent relationship with 
ASCVD risk. It should be noted that in those with LDL-C ≥190 mg/dL, 
global risk scoring is not recommended, and a high intensity statin is 
indicated in addition to further evaluation for familial 

hypercholesterolemia (FH). 

3.1.3. Metabolic syndrome 
The metabolic syndrome is a multifactorial disorder characterized by 

central obesity, insulin resistance, hypertension, and atherogenic dys-
lipidemia (particularly high triglycerides and low HDL-C) (32). Given 
the burgeoning epidemic of obesity, the incidence of metabolic syn-
drome is on the rise. Current estimates suggest that the prevalence of the 
metabolic syndrome is 34% among adults under 60 years old and 54% 
for older adults in the United States (U.S.) (33). The metabolic syndrome 
includes risk factors that, either individually or collectively, and even in 
the absence of diabetes, are predictive of poor outcomes and is associ-
ated with significant cardiovascular morbidity and mortality (34). Thus, 
given its relationship to ASCVD, the identification of metabolic syn-
drome is an important step in risk assessment and ASCVD risk mitiga-
tion. Since metabolic syndrome factors such as triglycerides, waist 
circumference, and glucose levels are not part of most global risk 
assessment scores such as the PCE, identification of persons with 
metabolic syndrome is considered a risk enhancer beyond the global risk 
estimate for further informing the treatment decision. Moreover, the 
presence of one of its components should prompt a search for the others. 

3.1.4. Chronic inflammatory conditions 
While the relationship of atherogenic lipoproteins with ASCVD is 

widely accepted, the contribution of inflammation to atherosclerosis is 
less commonly appreciated. The 2018 AHA/ACC Cholesterol guideline 
recognized the increased ASCVD risk among individuals with inflam-
matory conditions, including rheumatoid arthritis (RA), systemic lupus 
erythematosus (SLE), psoriasis, and human immunodeficiency virus 
(HIV) infection. RA is a common inflammatory disease and is associated 
with a 1.5-2 fold increased risk of ASCVD (35). A meta-analysis 

Fig. 2. Refining Risk Estimates for Individual Patients: ASCVD Risk Categories, Risk Enhancing Factors, and Coronary Calcium Scoring. From Grundy 
et al. (15). 

Table 1 
Risk Enhancing Factors for the Clinician-Patient Discussion.  

Adapted from Arnett et a., 2019 (16). 

Family history of premature ASCVD; (males, age <55 y; females, age <65 y) 
Primary hypercholesterolemia (LDL-C, 160-189 mg/dL [4.1- 4.8 mmol/L]; non- 

HDL-C 190-219 mg/dL [4.9-5.6 mmol/L])* 
Metabolic syndrome (increased waist circumference, elevated triglycerides [>175 

mg/dL], elevated blood pressure, elevated glucose, and low HDL-C [<40 mg/dL in 
men; <50 in women mg/dL] are factors; tally of 3 makes the diagnosis) 

Chronic kidney disease (eGFR 15-59 mL/min/1.73 m2 with or without albuminuria, 
not treated with dialysis or kidney transplantation) 

Chronic inflammatory conditions such as psoriasis, RA, or HIV/AIDS 
History of premature menopause (before age 40 y) and history of pregnancy- 

associated conditions that increase later ASCVD risk such as pre-eclampsia 
High-risk race/ethnicities (e.g. South Asian ancestry) 
Lipid/biomarkers: Associated with increased ASCVD risk  
- Persistently elevated, primary hypertriglyceridemia (≥175mg/dL);  
- If measured: 

Elevated high-sensitivity C-reactive protein (≥2.0 mg/L 
Elevated Lp(a) A relative indication for its measurement is family history of 
premature ASCVD.  An Lp(a) ≥ 50 mg/dL or ≥125 nmol/L constitutes a risk 
enhancing factor especially at higher levels of Lp(a) 
Elevated apoB ≥130 mg/dL - A relative indication for its measurement would be 
triglyceride ≥ 200 mg/dL. A level ≥ 130 mg/dL corresponds to an LDL-C >160 
mg/dL and constitutes a risk enhancing factor 
ABI (ABI) <0.9  
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including 24 studies and over 111,000 patients found a significant 50% 
increased risk of cardiovascular mortality among patients with RA (36). 
SLE is an autoimmune disorder associated with multisystem inflamma-
tion. It is associated with a a 2-3 fold higher risk of myocardial infarction 
(MI) compared to the general population and more profound pre-
matuirty of ASCVD (37). Moreover, the leading cause of mortality 
amongst those with SLE is CVD (38). Psoriasis is another inflammatory 
condition, most prominently of the skin. A large meta-analysis including 
data from over 218,000 patients with psoriasis demonstrated that severe 
psoriasis was associated with a 70% increased risk of MI, 56% increased 
risk of stroke, and 39% increased risk of cardiovascular mortality. Mild 
psoriasis was also associated with significant morbidity – a 29% 
increased risk of MI and 12% increased risk of stroke (39). Finally, HIV 
disease, another chronic inflammatory disease, is associated with sig-
nifcantly increased risk of CVD. HIV infected individuals have a 2-fold 
increase risk of CVD when compared to non-infected individuals, even 
when adjusting for cardiovascular risk factors (40). 

3.1.5. Chronic kidney disease 
CVD accounts for most of the morbidity and mortality in patients 

with chronic kidney disease (CKD) (41). CKD increases the risk of 
CVD-related mortality even after controlling for traditional cardiovas-
cular risk factors such as hypertension and diabetes mellitus. 
Non-traditional risk factors related to CKD such as anemia and hyper-
phosphatemia appear to also contribute to CVD risk (42,43). CKD causes 
CVD through a complex interplay of metabolic alterations, inflamma-
tion, oxidative stress, and uremia. Management of the increased risk of 
CVD in CKD currently focuses on the control of comorbid conditions 
such as dyslipidemia, hypertension, and diabetes. 

3.2. Biomarkers 

The 2018 AHA/ACC Cholesterol guideline specifically emphasizes a 
variety of lipid measurements/biomarkers that may be used to refine 
ASCVD risk estimation. These risk enhancing factors include persistently 
elevated triglycerides, elevated lipoprotein(a) [Lp(a)], elevated apoli-
poprotein B (ApoB), elevated high-sensitivity C-reactive protein (hsCRP) 
(discussed in the next section), and low ankle-brachial index (while 
classified by this guideline as a risk enhancing factor, it is considered a 
measure of subclinical disease in other guidelines and discussed in that 
section of this manuscript). It is important to point out that the guideline 
does not specifically recommend measuring these biomarkers. However, 
if these measurements are available and exceed guideline thresholds 
(see below), they are considered risk enhancing factors. 

3.2.1. Triglycerides 
The ACC/AHA/Multi-society guideline defines as a risk enhancing 

factor primary hypertriglyceridemia as persistently (optimally three 
determinations) elevated triglycerides (≥175 mg/dL). Over the last 
decade, there has been a renewed interest in the association between 
elevated triglycerides and ASCVD as randomized controlled trials with 
HDL-C–raising therapies have failed and genetic studies suggest that 
triglycerides, not HDL, are causal in the atherosclerotic pathway (44). 
Moreover, the recent large randomized controlled trial REDUCE-IT 
demonstrated a significant improvement in cardiovascular outcomes 
with the use of high dose icosapent ethyl, a potent triglyceride lowering 
agent, vs. placebo on a background of optimal medical therapy, 
including statins, in those with known ASCVD or diabetes and multiple 
risk factors with triglycerides of 135-499 mg/dL (45). This effect was 
largely independent of the triglyceride-lowering effect, and may be due 
to other factors such as antioxidant, anti-inflammatory, and cell mem-
brane stabilizing benefits of icosapent ethyl. Several practice guidelines 
have since recommended the use of this therapy in such patients. 

3.2.2. Lipoprotein(a) [Lp(a)] 
Lp(a) is an atherogenic particle consisting of a molecule of 

apolipoprotein(a) (apo(a)) covalently bound to ApoB on the LDL particle 
(46). The epidemiologic and genetic data consistently demonstrate a 
significant association between Lp(a) and ASCVD (47,48). The theoret-
ical basis for its atherogenicity relates to both its LDL and apo(a) moi-
eties and to its enriched concentration of oxidized phospholipids. 
Moreover, given its homology to plasminogen, Lp(a) may interfere with 
fibrinolysis and thus promote atherothrombosis (49). With regard to 
ASCVD risk assessment, the measurement of Lp(a) in intermediate risk 
patients leads to reclassification of 39.6% of individuals into either 
lower or higher risk categories (50). Thus, the guideline stipulates that a 
Lp(a) ≥50 mg/dL (or ≥125 nmol/L) constitutes a risk-enhancing factor, 
especially at higher levels of Lp(a). Clinical trials of investigational 
therapies for lowering Lp(a) are planned or ongoing to determine their 
role in ASCVD risk reduction. 

3.2.3. Apolipoprotein B [ApoB] 
ApoB is a large protein found on the surface of atherogenic lipo-

proteins and serves as a structural scaffold for lipidation as well as a 
ligand for the LDL receptor, which facilitates its clearance from the 
plasma. Since one ApoB is found on each of the hepatically derived 
atherogenic lipoproteins – very low-density lipoprotein (VLDL), 
intermediate-density lipoprotein (IDL), LDL and Lp(a), it is an excellent 
proxy of total atherogenic lipoprotein particle concentration. ApoB 
performs better than LDL-C when assessing risk of ASCVD (51). The 
2018 ACC/AHA cholesterol guideline mentions that ApoB levels may be 
useful in identifying whether hypertriglyceridemia is associated with 
increased atherosclerotic risk. There is considerable evidence that 
ASCVD risk is higher in those with hypertriglyceridemia and high apoB 
versus those with hypertriglyceridemia and normal apoB levels (52). 
Thus, when triglycerides are elevated, ApoB can be used as a 
risk-enhancing factor to determine if a statin should be recommended. 

3.2.4. NT-pro-BNP and hs-Cardiac Troponin 
These factors were not included as risk enhancing factors in the 2018 

AHA/ACC Guideline, however, studies from more than a decade ago 
showed B-type natriuetic peptide (BNP) levels to strongly predict CVD 
outcomes. Wang et al. (53) showed in the Framingham Heart Study 
plasma BNP levels to be associated with first major CVD events, incident 
heart failure, atrial fibrillation, stroke or transient ischemic attack and 
death. Moreover, a meta-analysis of 40 long-term prospective studies 
involving more than 87,000 patients showed the highest versus lowest 
tertile of BNP levels to be associated with a 2.8-fold greater risk of CVD 
events, with results similar in the general population compared to those 
with stable CVD; however, there were only modest improvements in risk 
discrimination (54). The 2010 ACCF/AHA guideline for assessment of 
cardiovascular risk in asymptomatic adults, however, did not recom-
mend measurement of natriuretic peptides for CHD risk assessment in 
asymptomatic adults (55). However, given the strong evidence for 
naturietic peptides in prognosis in heart failure (56) BNP/NT-proBNP is 
in the 2017 ACC/AHA Heart Failure guideline for risk stratification in a 
pre-clinical population to identify those at risk for HF “Stage A/B” for 
prevention (COR IIa) (before the onset of clinical HF), besides being a 
measure to guide prognosis and further risk stratification in those with 
HF (57). It is also in the 2020 ACC/AHA Valvular guidelines for aortic 
stenosis to guide risk stratification for the timing for intervention (58) 

Cardiac troponin levels are well-established in risk assessment for 
acute coronary syndrome; in particular, the 0-hour/1-hour (0-/1-h) al-
gorithm with high-sensitivity cardiac troponin (hs-cTn) has been rec-
ommended for early risk stratification of acute myocardial infarction 
(class A and evidence level B) (59), besides being recommended to guide 
prognosis and further risk stratification in those with heart failure, given 
the many studies showing cardiac troponin to predict prognosis in heart 
failure (57). Only recently have high-sensitivity methods allowed the 
accurate detection of cardiac troponin levels in healthy adults and 
several studies over recent years have shown cardiovascular risk to 
progressively increase in the general population with hs-troponin levels 
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well below the 99th percentile used in the detection of myocardial injury 
and/or diagnosis of MI (60). The role of cardiac troponins in cardio-
vascular risk assessment among asymptomatic populations continues to 
be an important issue of discussion among many experts (61) 

3.3. Inflammation 

Inflammation is the primary driver of a broad spectrum of disease, 
including atherosclerosis, diabetes, neurodegenerative disorders, can-
cer, and autoimmune disorders, to name but a few (62). Virchow iden-
tified atherosclerotic disease as a primary manifestation of inflammation 
over 150 years ago (63). In the modern era of medicine, atherosclerotic 
disease has become firmly established as an inflammatory disorder on 
both observational and experimental grounds (64-65). Inflammation is a 
highly evolved and conserved set of histologic and biochemical re-
sponses designed to protect eukaryotes from infection, promote wound 
healing and eliminate apoptotic/necrotic debris, and provide immuno-
surveillance to protect against the proliferation of malignant cell lines 
(66). Chronic inflammation provides the foundation for atherosclerosis 
by establishing foci along arterial walls characterized by: 1) endothelial 
dysfunction, 2) increased transmigration of inflammatory white cells 
into the subendothelial space, 3) a pro-oxidative environment within 
which apoB-containing lipoproteins can be oxidized and scavenged by 
activated macrophages, 4) an increase in local prothrombotic tendency, 
and 5) increased local production of a wide variety of interleukins and 
cytokines that potentiate cell migration and clonal expansion of 
different histologic components of the media and adventitia (67-69). 

3.3.1. C-reactive protein 
During atherogenesis, the levels of specific inflammatory mediators 

rise. This offers investigators the opportunity to test whether or not they 
can provide incremental information that can help accurately reclassify 
risk over and above traditional risk factors such as hypertension, 
hyperlipidemia, and cigarette smoking. Over the last three decades, 
hsCRP (a pentraxin and component of the acute phase response) has 
been the most intensely investigated and validated inflammatory 
biomarker (70-71) and has been shown to meaningfully reclassify car-
diovascular risk estimation (72-73). Elevations in hsCRP are associated 
with a level of risk on par with elevations in LDL-C. In the Women’s 
Health Study, women with both a high hsCRP and high LDL-C experi-
enced the greatest risk for acute cardiovascular events over 8 years of 
follow-up, while those with the lowest hsCRP and LDL-C had the lowest 
risk for cardiovascular events (74). Women with either high LDL-C and 
low hsCRP or low LDL-C and high hsCRP had risk that was between these 
two extremes. A number of post hoc analyses of secondary prevention 
statin trials demonstrated that this concept of “dual targets” (which 
considers residual risk due to inadequate LDL-C reduction and residual 
inflammatory risk with specific cut points for LDL-C and hsCRP) was 
reproducible and significant. In the Pravastatin or Atorvastatin Evalu-
ation and Infection Therapy trial (PROVE-IT)(75), Aggrastat to Zocor 
trial (A–Z) (76), and IMProved Reduction of Outcomes: Vytorin Efficacy 
International Trial (IMPROVE-IT)(77) the patients with the lowest 
on-trial rates of CVD events were those with the lowest LDL-C and 
hsCRP; those with the highest rates had the highest levels of these two 
biomarkers. Similarly, in the Air Force/Texas Coronary Atherosclerosis 
Prevention Study (AFCAPS/TexCAPS) and Justification for the Use of 
Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin 
(JUPITER)(78) both primary prevention trials, the validity of dual tar-
gets was confirmed. The therapeutic reduction of a biomarker reflecting 
systemic inflammatory status with a statin provides incremental car-
diovascular risk reduction over and above LDL-C lowering. Hence, re-
sidual risk is partly comprised of risk directly attributable to 
inflammation. 

3.3.2. Other inflammatory biomarkers 
Several biomarkers have been of interest to many investigators; 

however, do not have any current recommendations for their routine 
measurement or clinical use. While not included as risk enhancing fac-
tors in the 2018 ACC/AHA/Multisociety guidelines, they may be helpful 
to the clinician in identifying those at increased ASCVD risk warranting 
greater efforts for risk reduction using existing therapies. 

Lipoprotein-associated phospholipase A2 (Lp-PLA2) is an enzyme that 
associates with serum lipoproteins. Lp-PLA2 hydrolyzes phospholipids 
and produces bioactive, pro-inflammatory lipids (79-81) and is an in-
flammatory marker specific to atherosclerotic disease. Its validity as an 
independent risk factor for ASCVD has been demonstrated from multiple 
longitudinal studies (82-83). However, a major clinical trial of dar-
aplabib failed to show lowering Lp-PLA2 to reduce risk of CVD events 
(84). 

Myeloperoxidase (MPO) is a heme peroxidase secreted by neutrophils, 
monocytes, and macrophages (85). MPO chemically modifies HDL 
particles, thereby rendering them dysfunctional and no longer capable 
of engaging in reverse cholesterol transport (86). Serum myeloperox-
idase levels correlate with risk for ASCVD related events (87-88) 

Myeloid-Related protein 8/14 is a heterodimeric protein complex and 
is a member of the alarmin family that activates a variety of inflam-
masomes (89), vascular inflammation, leukocyte activation and migra-
tion, thrombosis, stimulates tissue factor (a procoagulant) production, 
and is increased in acute MI (90-91)and within atherosclerotic plaques 
(92). The risk of a recurrent cardiovascular events is increased with 
increasing quartiles of MRP-8/14 (93-94). 

Matrix Metalloproteinases (MMPs, also known as matrixins) comprise a 
large family of serine endopeptidases and can be injurious and pro- 
inflammatory, thining and weakening the fibrous cap making it more 
prone to rupture (95-98). 

Lectin-Like Oxidized Low-Density Lipoprotein Receptor-1 (LOX-1) is 
highly expressed by endothelial cells, smooth muscle cells, and platelets 
(99). LOX-1 is an oxidized LDL receptor and induces endothelial 
dysfunction, oxidized LDL scavenging, apoptosis, smooth muscle 
migration, as well as platelet activation/aggregation (100). Serum levels 
of LOX-1 increase as a function of plaque severity, the number of cor-
onary arteries affected, levels of tumor necrosis factor-α (101) and also 
correlate with the number of complex coronary lesions (102). 

Growth Differentiation Factor-15 (GDF-15; aka macrophage inhibitory 
factor-1) is highly expressed in the settings of heightened inflammation 
and myocardial ischemia (103), is a regulatory switch for inflammation, 
cellular apoptosis, and angiogenesis (104), and predicts all-cause mor-
tality and CVD (105). 

3.3.3. Recent clinical trials testing the inflammation hypothesis 
More recent clinical trials confirm the importance of reducing the 

intensity of inflammation in patients with ASCVD. The Canakinumab 
Anti-inflammatory Thrombosis Outcome Study (CANTOS) randomized 
10,060 patients with a prior history of MI and an hsCRP ≥2.0 mg/L to 
either canakinumab (a monoclonal antibody directed against inter-
leukin-1β (IL-1β)) or placebo (106). IL-1β is produced via activation of 
the NLRP3 inflammasome and is a potent trigger of inflammation 
(107-108). The 150 mg dose of canakinumab reduced the primary 
(nonfatal MI, any nonfatal stroke, or cardiovascular death in a time 
to-event analysis) and secondary (included the components of the pri-
mary end point as well as hospitalization for unstable angina that led to 
urgent revascularization) end points in a statistically significant manner 
by 15% and 17%, respectively. Benefit was independent of changes in 
lipids (lipid levels did not change). Serum levels of hsCRP decreased 
with canakinumab therapy. A subgroup analysis of the CANTOS trial 
showed that for patients with hsCRP <2.0 mg/L treated with canaki-
numab, cardiovascular mortality and all-cause mortality were both 
reduced by 31% compared to the group whose hsCRP ≥2.0 mg/L. 
Colchicine exerts anti-inflammatory effects and is used to treat gout and 
pericarditis. The Colchicine Cardiovascular Outcomes Trial (COLCOT) 
randomized 4745 patients who had sustained an MI within 30 days to 
treatment with either low-dose colchicine or placebo (109). Median 
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follow-up was 22.6 months. The primary (CV mortality, resuscitated 
cardiac arrest, MI, stroke, or urgent hospitalization for angina leading to 
coronary revascularization) and secondary (CV mortality, all-cause 
mortality, MI, stroke, and resuscitated cardiac arrest) end points were 
significantly reduced by 23% and 15%. The CANTOS and COLCOT trials 
provide proof of concept that attenuating inflammation reduces risk for 
acute cardiovascular events. There are, however, no current national or 
international recommendations for the use of either canakinumab or 
colchicine for the targeting of inflammation for reduction of ASCVD risk. 

4. Female-specific risk enhancing factors and risk stratification 
considerations in women 

4.1. Epidemiology of CVD risk in women 

CVD is the leading cause of death of women in the U.S. and world-
wide (110). Approximately 44% of U.S. women age ≥20 years (n=60, 
800,000) are living with prevalent CVD. Despite initial declines in CVD 
mortality in women after the year 1999 following the launch of the first 
women-specific prevention guidelines (111), more recent data have 
shown a stagnation in this progress, with even a slight uptick in CVD 
mortality since 2015 (110). In fact, heart disease mortality rates have 
been accelerating the fastest among middle aged women (112-113). 
Therefore, it is of upmost importance that we improve upon CVD risk 
assessment and implementation of lifestyle and pharmacologic preven-
tive strategies. Unfortunately, a recent AHA survey has indicated that 
awareness of heart disease being the leading cause of death in women 
has declined over time (114). This reduced awareness was particularly 
noted among younger women, who might benefit the most from pri-
mordial and primary prevention, and also among racially/ethnically 
underrepresented women who shoulder an increased burden of social 
and health inequities (115). 

4.2. Pooled cohort equations and other risk estimation tools in women 

Global risk tools such as the PCE are race- and sex-specific and pre-
dict hard ASCVD including CHD and stroke. However, studies have 
found that the PCE (or other similar risk estimation equations) both 
overestimate risk, such as in populations at higher socioeconomic status 
(116), or underestimate risk, such as in populations with more social 
deprivation (117) or among individuals with risk factors not captured in 
the PCE such HIV, auto-immune disease, CKD, or family history of 
premature CHD (118-120). Moreover, in a meta-analysis examining the 
performance of the PCE and other risk equations for predicting 10-year 
risk of ASCVD in women compared to men found that the “observed to 
expected” ratio for the PCE was 0.76 [95% CI: 0.65, 0.88). In other 
words, the number of observed events were fewer than that predicted by 
the equations (i.e., the PCE tends to over-estimate risk in women) (121). 

Sex differences in traditional risk factors. There can be disparity in risk 
conferred by even traditional CVD risk factors. Certain traditional risk 
factors, such as smoking and diabetes, confer relatively greater risks of 
CVD in women compared to men (122-123). One systematic review, 
including 64 cohort studies, found that diabetes in women conferred a 
40% greater risk of incident CHD compared to diabetes in men (123). 

4.3. Risk enhancing factors in women 

4.3.1. Auto-immune disease 
Auto-immune diseases affect approximately 8% of the population 

and are more prevalent in women (~80%) (124). As discussed above, 
autoimmune diseases, such as RA and SLE, are associated with increased 
CVD risk beyond the burden of traditional CV risk factors (125-129) and 
increased prevalence of premature atherosclerosis (130-131). As such, 
they are considered “risk-enhancing” factors in the 2019 ACC/AHA 
Primary Prevention Guideline (16). In addition to the disparity 
conferred by traditional risk factors and the excess female burden of 

autoimmune disease, women also experience unique risk factors 
throughout their lifetime related to pregnancy, hormones, and meno-
pause that men do not experience (132-133). 

4.3.2. Menarche 
Early menarche (i.e., the onset of menses) before age 10-11 years has 

been associated with a ~10-25% increased risk of CVD across popula-
tion studies (134-136). Late menarche after the age of 17 has been also 
associated with increased CVD risk. Although a history of early 
menarche is associated with a worse cardiometabolic profile, including a 
higher body mass index (BMI) at middle-age, the association of early 
menarche and future CVD risk remained significant even after adjusting 
for adiposity (136). 

4.3.3. Polycystic ovary syndrome (PCOS) 
PCOS, particularly the hyperandrogenism subtype, is associated with 

an adverse cardiometabolic profile in women, hallmarked by elevated 
BMI, dyslipidemia, and elevated blood pressure, compared to similarly 
aged women without PCOS (137). Insulin resistance is a central feature 
of PCOS. PCOS has been associated with a 2-fold increased risk of future 
CVD (138), and while the greater prevalence of CVD risk factors may 
explain this risk in part, the excess risk does not appear to be entirely 
explained by the elevated BMI (139). 

4.3.4. Oral contraceptives 
Oral contraceptive use with estrogens, alone or combined, has been 

associated with increased risk of stroke; in contrast, this is not the case 
with progestin-only contraceptives (135). Oral contraceptive use com-
bined with smoking synergistically increases a woman’s risk for CVD 
and venous thromboembolism (VTE) (140-141). 

4.3.5. Infertility 
There have been conflicting reports whether infertility is an inde-

pendent CVD risk factor in women or not. The Study of Women’s Health 
Across the Nations (SWAN) did not find infertility to be an independent 
risk factor for CVD events (142), although other studies have. The 
discrepancy may be due to the underlying causes of infertility, whether 
there was use of assisted reproductive technology, or whether studies 
followed women for a sufficiently long enough time for CVD events to 
accrue. CVD risks associated with infertility may be associated with the 
underlying risk conditions of PCOS and premature ovarian insufficiency 
(POI). Fertility treatments may be associated with increased risks of 
gestational hypertension (143) and stroke (144), and the CVD risks 
appear to be greatest among women with unsuccessful (failed) fertility 
treatment, suggesting these women should be monitored long-term for 
CVD risk (145). 

4.3.6. Parity and breast feeding 
Several studies have linked grand multiparity (≥4 or 5 live births) 

with increased risk of CVD (146-148), whereas breastfeeding is associ-
ated with lower risk (146). The mechanisms are not entirely clear in 
women with multiple live births but may be mediated through weight 
gain, dysregulation of adipokines, and increased inflammation 
(149-150). 

4.3.7. Adverse pregnancy outcomes (APOs) 
Maternal mortality is on the rise in the U.S. and the leading cause of 

maternal morbidity and mortality is from CVD, which disproportion-
ately affects Black women (151). Black women are about 50% more 
likely to develop pre-eclampsia compared to White women (152). 

4.3.8. Preeclampsia 
Preeclampsia is associated with increased risk of acute CV compli-

cations around the time of delivery, including peripartum cardiomy-
opathy (152). But even beyond the acute period post-delivery, there has 
been increasing recognition that APOs such as hypertensive disorders of 
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pregnancy including pre-eclampsia, gestational diabetes, preterm de-
livery, and having a small for gestational age infant are independently 
associated with long-term maternal CVD risk, with events sometimes 
occurring more than a decade after the index pregnancy (153-154). 
Systematic reviews have found that preeclampsia was associated with a 
2-fold increased risk of future CHD, stroke, or CV death and a 4-fold 
increased risk of heart failure, even after adjustment for potential con-
founding factors (135,155). Gestational hypertension also appears to be 
associated with elevated CVD risk (135). Preterm delivery, which often 
accompanies preeclampsia, was also associated with be associated with 
a 2-fold increased risk of CVD (155,156). 

4.3.9. Gestational diabetes mellitus (GDM) 
GDM is strongly associated with the development of type 2 diabetes 

(T2D) within 10 years of index pregnancy (157), and thus women should 
be followed closely for their glucose status. Further, GDM is associated 
with an approximately 2-fold increased risk of CVD risk (135,138,158, 
159); some of that risk is due to the development of T2D, but women 
with a history of GDM who do not develop T2D still seem to have a 50% 
increased risk of CVD compared to women without GDM (159). 

4.3.10. Early menopause 
The average age of natural menopause of U.S. women is around age 

52 years. Early menopause (both natural and surgical) before the age of 
45 has been shown to be associated with increased risk of incident CVD 
by about 30-50%, even after accounting for other traditional risk factors 
(134,135,160,161). 

4.3.11. Premature ovarian insufficiency (POI) 
POI, a more extreme form of early menopause, is a loss of normal 

function of the ovaries before the age of 40 and occurs in 1% of women 
(162). POI has also been similarly shown to be associated with an 
60-70% increased risk of future CHD and CVD (135,162), as well as an 
increased risk for mortality (163). 

4.3.12. Menopause 
At time of menopause, women experience unique changes in CV risk 

profile related to the cessation of endogenous estradiol production 
including a rise in total cholesterol and LDL-C and increased deposition 
of visceral adipose tissue (134). The post-menopausal ovary continues to 
secrete testosterone. Women with a more androgenic (“male-like”) sex 
hormone pattern after menopause are shown to have increased risks for 
coronary artery calcification (CAC), CVD, and heart failure (164,165). 

4.3.13. Vasomotor symptoms (VMS) 
VMS (i.e., “hot flashes”) are known for their adverse effects on 

quality of life for women in the peri-menopausal and immediate post- 
menopausal period; yet emerging evidence suggests menopausal 
symptoms may also be a risk factor for CVD (135). Women with more 
frequent VMS or who experience VMS for longer period of times after the 
final menstrual period also have increased risk for incident CVD 
compared to women who do not (166), suggesting that frequent and 
persistent VMS may be a novel risk factor for CVD. 

4.4. Considerations for lifetime risk assessment in women 

An important issue for risk assessment in women is that women are 
often to be estimated to be at low or borderline risk in the short-term 
over the next 10-years but have high risk over their lifetime. Statistics, 
including from the US and Europe often show age-specific CVD risks to 
be lower in women compared to men; however, risks in women lag men 
by approximately 10 years. Data from the National Health and Nutrition 
Examination Survey (NHANES) from 2003 to 2006, estimated that 61% 
(n=47,400,000) of U.S. women have low short-term but high lifetime 
predicted risk (167). However, prevention efforts are more effective 
when implemented at a young age. The presence of a single major risk 

factor by middle age is associated with increased CVD risk and reduced 
longevity. For example, at index age of 45 years, women with all risk 
factors optimal lived up to 14 years longer free of total CVD than women 
with at least 2 risk factors (168). Therefore, a focus on only short-term 
10-year risk may lead to failure to implement preventive strategies in 
women. 

The incidence of stroke in young women aged 25 to 44 years is higher 
than in similar aged men (169), which may be due to sex-specific factors 
related to pregnancy, preeclampsia, oral contraceptive use, and condi-
tions such as migraines (170) and auto-immune disease. Again, this age 
range is predominantly outside of the range that the PCE is applied to, 
and these factors are not included in the PCE. 

4.5. Incorporating sex-specific factors into risk assessment 

Although preeclampsia has been shown to be independently associ-
ated with CVD risk, studies that have attempted to include APOs into 
risk scoring equations that include traditional CVD risk factors only 
found that approach led to small improvements in discrimination and 
net reclassification (171). This may be because these studies used 
population-based cohorts that primarily included women beyond their 
reproductive years, and future studies should include study samples that 
are closer to the target population of women intended for CVD screening 
and preventive interventions following an adverse pregnancy outcome 
(133). 

4.6. Subclinical atherosclerosis in women 

CAC, indicative of calcified coronary plaque and a surrogate marker 
of total coronary atherosclerotic burden, has emerged as a superior 
predictor of risk in women, above age and other traditional risk factors 
(172,173). The presence of CAC (score >0) provides incremental risk 
prediction even among women considered to be a low risk by traditional 
risk scores such as the PCE (174,175). Although at a given age, women 
are less likely to have prevalent CAC compared to their men counter-
parts, when CAC is present, it confers a greater relative risk of CVD and 
mortality in women compared to men (176,177). 

5. Racial/ethnic specific risk enhancing factors and social 
determinants of health 

Although ASCVD risk assessment is used to guide pharmacotherapy 
and shared decision making, especially in middle aged and older adults, 
there may be inaccuracies when applied across diverse racial/ethnic 
populations. Based on self-identified status, contemporary race/ethnic 
categories should use these terms as adjectives (e.g., Black people, White 
people, etc.) instead of nouns (e.g., Blacks, Whites, etc.) (178,179). 
However, race/ethnicity are probably social constructs rather than 
reflecting true biologic or genetic differences and a higher ASCVD risk 
burden is usually driven by multiple social determinants of health 
(SDOH), impacting the probability of future MI, ischemic stroke, and 
cardiovascular death. 

5.1. Race/ethnicity considerations in ASCVD risk score algorithms 

The ASCVD Risk Estimator or PCE is the most widely used U.S. It 
includes age, race, sex, systolic blood pressure, treatment for hyper-
tension, total cholesterol level, HDL-C level, DM status, and smoking 
status (15-16). Non-Hispanic Black (NHB) or African American in-
dividuals have increased ASCVD risk compared to non-Hispanic White 
(NHW) individuals, and higher morbidity and mortality, including CHD 
and stroke. Overall, NHB adults are two to three times more likely to die 
from CVD than NHW adults, leading to reduced life expectancy and 
unacceptable health inequities (180,181). Optimally, risk assessment 
should include Hispanic/Latinx adults and various categories of Asian 
American and Pacific Islander adults, including Native Hawaiian, and 
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American Indian/Alaska Native (AI/AN) individuals. 
The earliest ASCVD risk models were developed based on Framing-

ham Heart Study data, including the Original, Offspring and Third 
Generation cohorts, who were predominantly of European descent (182, 
183). The FHS cohort has been supplemented to include racial/ethnic 
minority groups reflecting evolving demographic characteristics in the 
greater Framingham area. Omni-1 and Omni-2 cohorts include in-
dividuals of African American, Hispanic/Latinx, Asian, Indian, Native 
American and Pacific Islander descent (184,185). The degree to which 
ASCVD risk prediction varies versus actual ASCVD events remains 
difficult to verify, but the link in recent years between measured lipids 
and CVD events presently may be less accurate, impacted to some extent 
by the widespread use of statins (186). 

Subsequently, the Jackson Heart Study noted that the 2013 PCE was 
acceptable as a clinical tool to predict ASCVD in Black patients (187). 
But the PCE may not accurately estimate risk in Hispanic/Latinx adults, 
Asian American, including South Asian adults and AI/AN adults, indi-
cating the need for improved models (188). Hispanic/Latinx individuals 
do not have increased risk in the current PCE, but this subpopulation is 
very heterogeneous and future consideration of ASCVD risk should 
disaggregate Hispanic/Latinx groups (188). Furthermore, one study 
showed risk overestimation of 30-40% in Hispanic/Latinx populations 
when the non-Hispanic White PCE was tested in Hispanic/Latinx par-
ticipants (189). 

A significant limitation of the present 2018 ACC/AHA Cholesterol 
guideline (including both the PCE as well as treatment-related consid-
erations) is the lack of recognition of disadvantaged socioeconomic 
status (SES), which has been consistently associated with higher ASCVD 
risk and also utilized in British ASCVD risk estimates (190-193). The 
current PCE also does not include the potent ASCVD risk factor, Lp(a), 
which appears to provide additional risk assessment, especially in NHB 
and South Asian adults (4, 194), although it is used in the 2018 guideline 
as a risk enhancing factor. This addition of Lp(a) to risk assessment for 
South Asians is in addition to the other factors that determine SA 
ancestry as a “ASCVD risk enhancer”, including visceral adiposity and 
insulin resistance, despite comparatively low BMI (195). Among 12,149 
ARIC (Atherosclerosis Risk In Communities) participants, 23% of whom 
were NHB adults, family history (FHx) and elevated Lp(a) were inde-
pendently associated with ASCVD and may be useful concurrently for 
guiding primary prevention therapy decisions (194). 

5.2. Other ASCVD risk scores for use in diverse populations 

Beyond the original Framingham Risk score and the present AHA/ 
ACC risk calculator, although not based on American cohorts, United 
Kingdom (UK) risk calculators may be informative of racial/ethnic 
populations, including African descent and South Asian individuals (16, 
196,197). These include the UK QRISK2 (197) which estimates the 
10-year risk of MI or stroke and includes South Asian ethnicity as an 
additional risk factor as well as the ETHRISK score (198) which is a 
recalibration of Framingham risk score in seven British Black and mi-
nority racial/ethnic groups. Additionally, the Multi-Ethnic Study of 
Atherosclerosis (MESA) (N=6814) includes racial/ethnic diversity: 38% 
White, 28% Black, 23% Hispanic, and 11% Chinese, including 50% 
women. The MESA CHD Risk Score was first to consider CAC in risk 
estimation. Moreover, MESA demonstrated how risk factors led to sub-
clinical disease and associated events (199). 

5.3. Race/ethnicity considerations in ASCVD risk assessment 

In non-Hispanic Black (NHB) adults, hypertension has a more sub-
stantial impact in NHB adults, but DM demonstrates a less significant 
effect on ASCVD risk among NHB adults compared to NHW and His-
panic/Latinx men. Although not a component of the present ASCVD risk 
calculator, left ventricular hypertrophy (LVH), especially in NHB adults, 
may reflect markedly higher ASCVD risk and is tied to hypertension, 

older age, and obesity. Nevertheless, ECG LVH may not add significantly 
to risk based on traditional cardiovascular risk factors (200). Future 
research is needed to determine whether modern tools including echo-
cardiography and magnetic resonance imaging will add to the LVH risk 
assessment value in NHB and others (201). In addition, CAC in multiple 
racial/ethnic groups appears useful in reclassifying risk, especially with 
intermediate risk (202-203). 

Asian American subgroups are quite heterogenous and effort should 
be taken to recognize differences within this population, specifically, 
various persons of Asian descent, including Asian Indian, Filipino, 
Japanese, and Vietnamese populations (204,205). Although, in general, 
Asian American adults are listed to have lower ASCVD risk than NHW 
adults there is a higher prevalence of LDL-C among Asian Indian, Fili-
pino, Japanese, and Vietnamese populations than among NHW adults 
(196). Moreover, ASCVD risk in South Asians may be underestimated 
with the present tool (196). 

There are limited ASCVD risk data for indigenous U.S populations, 
including American Indian (AI)/Alaska Native (AN) individuals. How-
ever, AI/AN have high rates of ASCVD risk factors compared to NHW 
people, including obesity and diabetes with an average life expectancy 
reduced by 5.2 years compared to the general U.S. population (206, 
207). Risk in AI/AN also are affected by higher prevalence of non-lipid 
risk factors (hypertension, diabetes, physical inactivity and low SES) 
(31). 

5.4. Social Determinants of Health (SDOH) 

Not well-integrated into most prevention guidelines, SDOH can have 
important further implications in modifying a person’s ASCVD risk. 
They include but are not limited to factors such as unemployment, lack 
of health insurance or inability to pay medical bills, low income and 
other measures of economic stability, psychological distress, delayed 
care due to lack of transport, food insecurity, downward social mobility 
and educational attainment. A polysocial risk score, such as developed 
by Javed et al. can help to further inform a person’s “social risk” (26). 
Information on SDOH should always be considered in a clinician’s 
further assessment of one’s risk of ASCVD and other health conditions 
and in assessing a patient’s possible access and adherence to lifestyle and 
medical therapies. 

6. Role of subclinical atherosclerosis in cardiovascular risk 
assessment 

6.1. Rationale and criteria for measuring subclinical atherosclerosis 

While global risk scoring is recommended by most guidelines as the 
first step in CVD risk assessment, it is well-established that persons 
experiencing CVD events may have few traditional risk factors (208), 
and thus risk scoring has significant limitations in identifying those who 
will actually sustain an ASCVD event. Moreover, while the consideration 
of risk enhancing factors can further individualize risk assessment, many 
experts support assessing atherosclerotic burden to best predict future 
ASCVD events. Such tests for measuring atherosclerosis should fit key 
criteria including: 1) detecting the disease of interest with adequate 
sensitivity and specificity, 2) being sufficiently reproducible, 3) detect-
ing those where early intervention can be beneficial, 4) providing pre-
dictive value over office-based risk assessment (209), 5) having 
equitable access, and 6) demonstrating cost-effectiveness. It should be 
understood that imaging strategies to detect subclinical ASCVD are 
diagnostic tests, not risk factors as such, but techniques by which 
detecting the presence of atherosclerosis in an asymptomatic person 
indicates increased risk– in the continuum of risk, it may be thought of as 
bridge between the conventional concepts of primary and secondary 
prevention. 
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6.2. Major tests for measuring subclinical atherosclerosis 

Multiple tests have been proposed and used in clinical practice and 
long-term observational studies to determine the ability to measure 
subclinical atherosclerosis and prediction of ASCVD risk. The parame-
ters most often evaluated to determine the robustness of these tests are 
net reclassification improvement (NRI), c-statistic from the receiver 
operator curve, calibration and discrimination. 

6.2.1. Ankle-Brachial Index (ABI) 
Ankle-Brachial Index (ABI) is a test that is easy, non-invasive, can be 

done in any office setting without additional equipment by ascertaining 
the blood pressure of both arms and both legs. The ABI is the ratio of the 
systolic blood pressure at the ankle (measuring the pressure just prox-
imal to the dorsalis pedis or posterior tibial artery) and compared to the 
systolic blood pressure at the brachial artery (standard arm assessment) 
in both arms and legs. A value less than 0.9 is indicative of peripheral 
artery disease (PAD) (210). A ratio is obtained, normally >1.0, as there 
is normal potentiation of the blood pressure as it transmits down the 
aorta. Used primarily for diagnosis of PAD, it has also been studied as a 
marker of ASCVD risk and atherosclerosis in the peripheral arteries. 
Several large epidemiologic studies failed to demonstrate robust pre-
diction of abnormal ABI for ASCVD. Multiple cohort studies revealed 
that traditional risk factors were equally applicable as predictors of 
incidence of PAD, and ABI was not an independent predictor of CHD 
(211-212). The Ankle-Brachial Index Collaboration reported a 
meta-analysis of 16 studies in 2008. While the FRS shows modest 
discrimination, with a C-statistic for CVD events of 0.646 (95% CI, 
0.643–0.657) in men and 0.605 (0.590–0.619) in women (213), several 
studies show slight improvement of the C-statistic for ABI and very 
modest reclassification (214). In MESA, ABI had very modest effects and 
only CAC had robust reclassification and improvement in the c-statistic 
(215). However, it has been recommended in the 2018 AHA/ACC 
Guideline on Management of Blood Cholesterol for additional risk 
assessment in patients with borderline or intermediate risk. However, 
upon further review by the US Preventive Services Task Force (USPSTF), 
they concluded that the current evidence is insufficient to assess the 
balance of benefits and harms of adding the ABI in asymptomatic per-
sons for purposes of screening. The USPSTF found adequate evidence 
that adding the ABI, hsCRP, and CAC score to existing CVD risk assess-
ment models (i.e., FRS or PCE) may improve calibration, discrimination, 
and reclassification, however The USPSTF found inadequate evidence to 
assess whether treatment decisions guided by ABI, hsCRP, or CAC score 
test results, in addition to existing CVD risk assessment models, lead to 
reduced ASCVD events or mortality. It remains most often used in 
clinical practice as a predictor of obstructive PAD in patients with 
possible claudication and may thus be most useful in older persons with 
multiple risk factors who have a greater likelihood of PAD. For asymp-
tomatic persons, an ABI <0.9 is considered to indicate increased risk of 
CVD events (as a risk enhancing factor in the ACC/AHA 2018 guideline), 
thereby warranting initiation or intensification of risk factor 
management. 

6.2.2. Carotid IMT/Plaque assessment 
Because atherosclerosis is generally widespread in those afflected, it 

is logical to examine whether detecting asymptomatic vascular disease 
detected by ultrasound scanning of the carotid arteries may refine risk 
estimation. Carotid ultrasound can provide information on both intimal- 
media thickness (IMT) and carotid plaque imaging. In general, damage 
is defined as the presence of IMT >0.9 mm or established plaque. IMT 
can be non-invasively determined from ultrasound of the carotid arteries 
and has been used for decades in clinical trials and risk assessment. IMT 
is a combination of intimal (atherosclerosis) and medial (vascular hy-
pertrophy) changes of the various vascular territories. Multiple trials 
have used serial IMT for assessment of changes of carotid wall thickness, 
with reduction deemed to be a positive change (toward normal blood 

vessel), and increases representing worsening hypertrophy and/or 
atherosclerosis. 

However, lack of standardization and poor reproducibility of ultra-
sound imaging techniques outside of research laboratories became a 
major challenge and led to less clinical use and reduced enthusiasm for 
this tool to help risk stratify asymptomatic persons. Lack of consensus 
over specific methods to evaluate IMT (far wall vs near wall of carotid, 
internal vs common carotid, full segment versus predetermined length) 
has resulted in poor standardization of assessment methods between 
laboratories or studies. Given these and other conditions, the ACCF/ 
AHA guidelines (216) deemed this measure Class III (no benefit), largely 
due to suboptimal performance measures on reclassification and risk 
prediction, along with strong concerns related to reproducibility of the 
measurement outside the clinical research laboratory. The recommen-
dation stated “CIMT is not recommended for routine measurement in 
clinical practice for risk assessment for a first ASCVD event”. 

Carotid plaque imaging, also available on the same ultrasound probe 
gave rise to more enthusiasm, as a visible plaque in the carotid artery 
was seen as direct evidence of atherosclerosis, with stronger data on risk 
outcomes and reclassification. In MESA, CAC proved improved predic-
tion of CVD and CHD more than carotid plaque (217). Mean IMT≥75th 
percentile (for age, sex, and race) did not predict events in this cohort. 
CAC and carotid ultrasound plaque imaging performed similarly for 
stroke/transient ischemic attack event prediction in the MESA cohort. 
However, the combination of CIMT with plaque does appear to signifi-
cantly improve the c-statistic or NRI (218) and guidelines from the ESC 
in 2021 do provide a Class II LOE B recommendation for carotid plaque 
assessment as an alternative when CAC scoring is not available (219). 
There has also been greater interest in combined imaging of plaque both 
the femoral and carotid arteries, which may offer further improvement 
in assessment of ASCVD risk (220). 

6.2.3. Endothelial function 
Assessment of endothelial function is another approach that has not 

been widely adopted in clinical practice or guidelines for assessment of 
ASCVD risk. There are many methods used, including brachial artery 
reactivity, large vessel (aorta) or small vessel assessment of vascular 
health that have been validated as measures of arterial compliance and 
have been used clinically. Reproducibility generally is considered good. 
Many studies demonstrate that these non-invasive methods, such as 
digital thermal monitoring, strongly correlates with the presence and 
extent of coronary artery disease (221). However, these modalities have 
less influence on net reclassification, and less predictive power in large 
epidemiologic studies than other tests (217). Given the non-invasive 
nature, the small footprint and amenability to office-based testing, 
these tests deserve further study to define their independent role, if any, 
in risk estimation. 

6.2.4. Coronary artery calcium testing 
CAC is widely available, extensively studied, and a highly specific 

measure of subclinical atherosclerosis (222). It is an excellent predictor 
of ASCVD and predicts both stroke and CHD (223). CAC testing facili-
tates the enhancing or de-risking of asymptomatic patients and provides 
a model for initiating or intensifying preventative therapies, including 
blood pressure and cholesterol treatment as well as aspirin initiation. 
Currently the most robust method to detect subclinical atherosclerosis, 
with the strongest outcome data (NRI and improvement in c-statistic) is 
CAC testing (Fig. 3) (215). This test has shown powerful risk assessment, 
independent and incremental to traditional risk factors in dozens of 
large studies. It has been embraced by numerous guidelines and scien-
tific statements, and recently incorporated into the ACCF/AHA Choles-
terol Guidelines and Preventive Guidelines to improve risk prediction 
and guide treatment for high blood pressure, statin use, counseling on 
healthful diet and physical activity (15). In the guideline it is noted that 
unless the patient has diabetes, strong premature family history of 
ASCVD, or is a heavy cigarette smoker that a 0 calcium score can 
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warrant withholding or delaying statin therapy, whereas a positive 
calcium score under 100 or below the 75th percentile for age, sex, and 
race can be an indication to consider a statin, and a calcium score of 
≥100 or >75th percentile is a definite indication for statin use (Fig. 2). 
Further support for not withholding statin use in those with diabetes or 
cigarette smoking derives from more recent follow-up data from MESA 
indicating many (but not all) such persons with 0 CAC to have 10-year 
ASCVD risk above the 7.5% net clinical benefit threshold (224). In 
addition, while the USPSTF has recently downgraded their recommen-
dations for the use of low-dose aspirin use in primary prevention due to 
minimal net clinical benefit (225), the 2019 ACC/AHA primary pre-
vention guideline notes that CAC screening may identify those at higher 
risk where aspirin use may be favorable for adults at low risk of bleeding 
(16). Observational data support the use of low dose aspirin in persons 
with CAC > 100 (226). Uniting CAC risk stratification with lipid 
lowering and aspirin treatment individualizes primary ASCVD preven-
tion and shared clinician-patient decision making (227). CAC testing 
also further improves risk prediction in persons with diabetes beyond 
traditional risk factors (228); such information may be useful in de-
cisions to consider further intensification of preventive therapy (e.g., 
statins). 

6.2.5. Cardiac Computed Tomography angiography (CCTA) 
CCTA, as a standard of care for diagnosis of obstructive CAD in 

symptomatic persons, is emerging as an alternative in selected cases for 
screening/assessment of asymptomatic persons (229). The ability to 

visualize non-calcified plaque, stenosis and cardiac abnormalities 
(shunts, clots, tumors, anomalous vessels and congenital heart disease), 
in addition to underlying atherosclerosis, makes this an attractive test to 
fully visualize the heart health of an asymptomatic person at risk of 
ASCVD. The radiation doses continue to drop and now are approaching 
that of a calcium scan (<1 mSev) in many cases. However, the increased 
cost, requirement for contrast and processing/reading times still pre-
clude it from becoming a standard test for risk assessment in asymp-
tomatic persons. Thus, while a CCTA might be useful for patients with 
relevant cardiovascular risk factors, no prognostic data are available in 
this population and thus no clear recommendation can be made. 
Ongoing studies will help answer this question and may provide needed 
information to selectively use CCTA for risk assessment. The recently 
published ASPC clinical practice statement on CCTA provides further 
information on the role of CCTA in preventive cardiology (230) 

7. Risk assessment methods in secondary prevention 

The term ’secondary prevention’ has traditionally been used to 
describe preventive measures in those with known coronary heart or 
other ASCVD. The distinction between secondary and primary preven-
tion in those without known disease has become blurred because im-
aging techniques may reveal atherosclerosis in asymptomatic persons. 
For the purposes of this paper, the term ’secondary prevention’ will be 
applied to any person with unequivocal evidence of ASCVD whether 
symptomatic or not. This section focuses on cardiovascular risk 

Fig. 3. Comparison of Novel Risk Markers for Improvement in Cardiovascular Risk Assessment in Intermediate Risk Individuals. From Yeboah et al. (210). 
Intermediate Risk MESA Subjects (n=1330) C-statistics: FRS alone 0.623; FRS+CAC 0.784 (p<0.001); FRS+CIMT 0.652 (p=0.01); FRS+FMD 0.639 (p=0.06); 
FRS+CRP 0.640 (p=0.03); FRS+FamHx 0.675 (p=0.001); FRS+ABI 0.650 (p=0.01) 
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assessment in secondary prevention. 
Since the middle of the last century when cardiovascular mortality 

peaked in many developed countries, multiple environmental, lifestyle 
and treatment factors have contributed to reduced age-standardized 
coronary heart disease mortality and improved survival after an acute 
coronary syndrome event (231). However, many persons still suffer 
from recurrent cardiovascular events due to suboptimal risk factor 
management, a concept called ’residual risk’. Intensive risk factor and 
other treatment approaches, some novel and emerging, are focused on 
addressing this residual risk. 

7.1. Definitions of risk in secondary prevention 

Most guidelines describe those with ASCVD as at very high risk, but 
current U.S. and European guidelines differ slightly in their definitions. 
The 2018 U.S. cholesterol guidelines (15) define ’very high risk’ as a 
history of multiple major ASCVD events or 1 major ASCVD event and 
multiple high-risk conditions. Thus, they are confined to subjects with 
clinically manifest ASCVD (Table 2). 

Those with ASCVD who otherwise do not fit one of these criteria are 
deemed to be “not at very high risk”. Recently published data provide a 
rationale for this distinction where those defined to be at very high risk 
have a 3-fold or greater risk of subsequent events as compared those not 
at very high risk; and the subset of those with a history of two or more 
major ASCVD events have a 5-fold greater risk (232). Those defined to 
be at very high risk also have been shown to be among those who 
benefitted more (greater absolute risk reduction) from PCSK9 therapy 
(233). 

The 2016 ESC Joint Guidelines on the prevention of CVD in clinical 
practice are quite explicit in defining those with established CVD as 
being at very high risk and deserving immediate attention to all risk 
factors (234). For convenience, these risk categories may be simplified:  

a) Very high risk: Documented CVD, diabetes with end organ damage 
or a major risk factor, severe CKD or a SCORE risk of 10% or more.  

b) High risk: A very high single risk factor, most others with diabetes, 
moderate CKD or a SCORE risk of 5-9%.  

c) Moderate risk: A SCORE risk of 1-4%; many middle-aged subjects 
will fall into this category.  

d) Low risk: A SCORE risk of <1%. 

The 2019 ESC/European Atherosclerosis Society (EAS) Guidelines 
for the management of dyslipidemias (235) use the same categories of 
risk. The LDL-C goal for very high-risk individuals is a reduction of 50% 
or more and an LDL-C level of < 1.4 mg/dL. In addition, they recom-
mend that a more aggressive LDL-C goal of < 40 mg/dL "may be 

considered" for those subjects with ASCVD who experience a second 
vascular event within two years since such patients have declared 
themselves to be at very high residual risk. 

Both the European 2016 prevention (234) and the 2019 lipid 
guidelines (235) recommend immediate and intensive risk factor man-
agement and do not require further risk stratification. As pointed out by 
Virani and colleagues (236) the European definition of very high risk is 
wider than the American one, including asymptomatic subjects with 
objective evidence of ASCVD and other very high-risk individuals. This 
may expand the number of patients who are candidates for non-statin 
add-on therapy. 

7.2. Should further risk assessment be undertaken in those with ASCVD? 

While past guidelines have often treated all persons with ASCVD in 
the same “bucket” with the same therapeutic recommendations, we 
know risk can vary widely depending on the number and severity of 
ASCVD events and other high risk conditions (232), justifying the 
importance of further risk stratification. Moreover, audits such as 
EUROASPIRE (237) and SURF (238) have reported that risk factor 
control is inadequate even in subjects with established CHD, and 
response to therapy may vary widely (239). De Bacquer and colleagues 
(240) argue that, since risk may vary between patients, there is a need to 
identify those in whom an even more intensive prevention strategy 
should be considered. Based on data from a prospective study of 12,484 
patients from 27 countries, they derived and externally validated factors 
associated with adverse outcomes as increasing age, previous hospital-
ization with stroke, heart failure or percutaneous coronary intervention 
(PCI), PAD, self-reported diabetes and its glycemic control, higher 
non-HDL-C, reduced kidney function, symptoms of depression and 
anxiety and living in a higher risk country and derived a risk calculator 
based on these findings (240). Whether its use will be associated with 
improved outcomes remains to be defined. The SMART secondary pre-
vention risk score (241) can also be used to estimate residual risk. It is 
derived from a low-risk Dutch cohort and may underestimate risk in 
higher risk countries, an issue that may be addressed by re-calibration. 

In 2012, the REACH (REduction of Atherothrombosis for Continued 
Health) investigators derived a risk model to predict secondary cardio-
vascular events based on almost 33,419 high-risk subjects from the 
Americas, Europe, the Middle-East, Asia and Australia (242). An internal 
validation was performed on 16,270 subjects. Traditional risk factors, 
burden of disease, lack of treatment, and geographic location were 
related to an increased risk of subsequent cardiovascular morbidity and 
cardiovascular mortality. As in EUROASPIRE and SURF, risk factor 
control was generally poor in all regions. The extent to which this 
important international study has influenced clinical practice is 
uncertain. 

8. Clinical recommendations 

1 Assessing a patient’s risk for ASCVD is the foundation of pre-
ventive cardiology and the initial step for determining the 
appropriateness and intensity of preventive treatment.  

2 In primary prevention, global risk scoring is the initial stage for 
ASCVD risk assessment, providing a calculation of ASCVD risk 
from a set of standard office-based risk factors for a specified 
duration (e.g., 10 years) of time, from which a clinician-patient 
risk discussion is used to discuss the best ways to reduce CVD risk.  

3 The presence, quantity, and/or extent of one or more risk 
enhancing factors, including premature family history, persis-
tently elevated LDL-C, or CKD, as well as severity of certain in-
flammatory factors such as hsCRP and laboratory measures such 
as lp(a), can further inform the treatment decision.  

4 In women, it is important to take a comprehensive reproductive 
history from menarche to menopause, including preeclampsia, 

Table 2 
Criteria for Very High Risk Status. Adapted from Grundy et al. (15) Very 
high-risk status is defined as two or more major ASCVD events or one major 
ASCVD event and multiple high risk conditions.  

Major ASCVD Events 
- Recent ACS (within the past 12 mo) 
- History of MI (other than recent ACS event listed above) 
- History of ischemic stroke 
- Symptomatic peripheral arterial disease 
High-Risk Conditions 
-Age ≥65 y 
- Heterozygous familial hypercholesterolemia 
- History of prior coronary artery bypass surgery or percutaneous coronary 

intervention outside of the major ASCVD event(s) 
- Diabetes mellitus 
- Hypertension 
- CKD (eGFR 15-59 mL/min/1.73 m2) 
- Current smoking 
- Persistently elevated LDL-C (LDL-C ≥100 mg/dL [≥2.6 mmol/L]) despite maximally 

tolerated statin therapy and ezetimibe 
- History of congestive HF  
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premature menopause, and autoimmune disease as “risk- 
enhancing” factors.  

5 Race/ethnicity may have a significant impact on the validity of 
current risk assessment tools and certain higher risk race/ethnic 
groups may further inform the use of preventive therapy.  

6 Social determinants of health may exert independent effects 
beyond race/ethnicity and need also to be part of the clinician- 
patient discussion when discussing the most appropriate ways 
to optimize ASCVD risk.  

7 Among subclinical atherosclerotic disease screening tests, CAC is 
probably the most useful, providing substantial improvement of 
risk reclassification over global risk scoring in most primary 
prevention groups, including diabetes. In addition to the 
consideration of risk enhancing factors (discussed earlier), CAC 
testing can be used to further inform treatment decisions for 
preventive therapy, including statin and aspirin use in particular.  

8 The use of ABI for assessment of PAD is also valuable and can 
improve risk reclassification beyond global risk scoring.  

9 Carotid ultrasound imaging, if accompanied by carotid plaque 
assessment may also be useful for risk assessment, especially as an 
option when CAC scoring is not available.  

10 In patients with pre-existing ASCVD, stratification into those at 
highest risk (e.g., very high risk ASCVD status) for more aggres-
sive treatment is based on the history of multiple major ASCVD 
events or one major event and multiple high-risk conditions. 
Moreover, those with recurrent ASCVD events in the short-term 
define an extreme risk condition warranting even more aggres-
sive risk factor management. 

9. Conclusions 

Cardiovascular risk assessment is the foundation of preventive car-
diology for determining the appropriateness or intensification of pre-
ventive therapy. Global risk assessment / scoring is the first step in 
cardiovascular risk assessment, after which the presence of other risk 
enhancing factors, inflammatory and other biomarkers, sex, ethnic, and 
social determinants of health, and screening for subclinical atheroscle-
rosis can further refine risk estimation. Moreover, nutritional factors and 
physical activity and fitness levels (addressed in other ASPC clinical 
practice statements) should be considered. In secondary prevention 
those at very high risk can be identified on the basis of the presence of 
multiple major ASCVD events and/or high-risk conditions where more 
intensive treatment may be warranted. Ultimately, ASCVD risk assess-
ment remains an inexact science and while it can be useful for assessing 
risk in populations of subjects, application to the individual patient is 
still limited; however, novel emerging methods to incorporate socio-
demographic, genetic, clinical, and lifestyle measures will hopefully 
improve precision for risk prediction for the individual patient. 
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