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Abstract

Purpose of Review The risk of incident atherosclerotic cardiovascular disease (ASCVD) in primary prevention is typically
lower than in secondary prevention. However, there is a spectrum of risk among individuals undergoing primary prevention
with the risk in some individuals approaching those of secondary prevention. We review the clinical conditions wherein the
risk in primary prevention is similar to that observed in secondary prevention.

Recent Findings Among individuals without established ASCVD, coronary artery calcium (CAC) scores > 300 AU are
associated with ASCVD event rates similar to secondary prevention populations. CAC score > 1,000 AU are associated with
an ASCVD risk seen in very high-risk secondary prevention populations. Interpretation of these observations must however
consider differences in the risk reduction strategies.

Summary Current guidelines dichotomize ASCVD prevention into primary and secondary prevention, but certain primary
prevention patients have an ASCVD risk equivalent to that of secondary prevention populations. Identifying higher risk

primary prevention populations will allow for better risk mitigation strategies.

Keywords Atherosclerotic Cardiovascular Disease (ASCVD) - Primary prevention - Secondary prevention - Coronary

Artery Calcium (CAC) Scoring

Introduction

Primary prevention in cardiovascular health refers to efforts
taken to prevent the first occurrence of atherosclerotic car-
diovascular disease (ASCVD) while in secondary preven-
tion the goal is to prevent recurrence of ASCVD events in
patients with established ASCVD [1]. According to the
2018 American Heart Association (AHA)/American Col-
lege of Cardiology (ACC)/multi-society cholesterol guide-
lines, clinical ASCVD includes a history of myocardial
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infarction (MI), stable or unstable angina, coronary or other
arterial revascularization, stroke, transient ischemic attack,
or peripheral artery disease (PAD) including aortic aneu-
rysm, all of atherosclerotic origin [2]. Current ACC/AHA
and European Society of Cardiology (ESC) guidelines rec-
ommend prevention strategies based on the assignment of
individuals to primary or secondary prevention, a distinction
whose goal is to help better identify higher risk individuals
and thereby guide intensity of therapy [2, 3].
Cardiovascular risk assessment in primary prevention is
generally performed with risk calculators, such as the ACC/
AHA pooled cohort equation (PCE), the Framingham Risk
Score, or the European Systematic COronary Risk Evalua-
tion-2 (SCORE-2) model [1, 4, 5]. The PCE uses risk factors
including age, sex, blood pressure, total cholesterol, high
density lipoprotein (HDL) cholesterol, smoking history,
presence of diabetes, and presence of hypertension to cal-
culate the 10-year ASCVD risk in adults ages 40-79 years of
age. In addition to these traditional cardiovascular risk fac-
tors, the AHA/ACC cholesterol guidelines introduced risk-
enhancing factors as a supplement to the PCE to acknowl-
edge that other factors not considered in PCE may affect
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one’s risk and hence further help improve an individual's
risk assessment Example of risk enhancing factors include
chronic inflammatory conditions, chronic kidney disease
(CKD), an ankle brachial index (ABI) < 0.9 and elevated
lipoprotein(a). More recently the AHA published the Pre-
dicting Risk of CVD EVENTS (PREVENT) equation as
a contemporary sex-specific, race-free model for predict-
ing risk of total cardiovascular disease (CVD), including
ASCVD and heart failure, in adults 30-79 years of age [6].
These models are vital tools for individual cardiovascular
risk assessment as individuals at highest risk for ASCVD
will derive the greatest absolute benefit of preventive strat-
egies such as lipid-lowering therapy and anti-hypertensive
medications.

On a population level, primary prevention patients are
supposed to be a lower risk population compared to second-
ary prevention. However, both primary and secondary pre-
vention categories encompass a wide spectrum of individ-
ual risk [7]. For instance, certain individuals with elevated
coronary artery calcium (CAC) scores, typically considered
for primary prevention, exhibit risk levels comparable to
those with previous MIs (MI) (i.e. secondary prevention)
[8]. Likewise, among patients in the secondary prevention
group who effectively manage their risk factors, the likeli-
hood of recurrent cardiovascular events can be equivalent
or even lower than some primary prevention individuals [9].
This review highlights important distinctions between pri-
mary and secondary prevention populations and describes
scenarios in which primary prevention encroaches on sec-
ondary prevention.

ASCVD Risk in the Secondary Prevention
Population

Randomized control trials such as ODYSSEY OUTCOMES
(Evaluation of Cardiovascular Outcomes After an Acute
Coronary Syndrome During Treatment with Alirocumab)
and FOURIER (Further Cardiovascular Outcomes Research
with PCSK9 Inhibition in Subjects with Elevated Risk)
provide a contemporary framework for cardiovascular risk
among secondary prevention patients [10, 11]. Both stud-
ies included secondary prevention patients with low density
lipoprotein cholesterol (LDL-c)>70 mg/dL or non-HDL-
¢ > 100 mg/dL despite maximum tolerated statin therapy.
However, the FOURIER trial included adults 40—85 years
of age with a history of MI, nonhemorrhagic stroke, or
symptomatic peripheral artery disease (PAD); whereas the
ODYSSEY OUTCOMES trial enrolled adults >40 years old
with an acute coronary syndrome (MI or unstable angina)
1-12 months before randomization. Primary endpoints for
both studies were a composite of major adverse cardio-
vascular events (MACE) including cardiovascular death,
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MI, stroke, unstable angina, or coronary revascularization.
Among the placebo treated patients, the primary endpoint
occurred 11.3% after median follow up of 2.2 years in
the FOURIER trial and 11.1% after a median duration of
2.8 years in the ODYSSEY OUTCOMES trial.

These trials demonstrated further ASCVD risk reduc-
tion with the addition of Proprotein convertase subtilisin/
kexin type 9 (PCSKD9) inhibitors to maximum tolerated statin
therapy. Following these and other trials, an update to the
ACC/AHA cholesterol guidelines was released in 2018 with
specific recommendations for considering the use of non-
statin medications in patients with LDL-c > 70 mg/dL or
non-HDL-c > 100 mg/dL despite maximum tolerated statin
therapy (2). This guideline classified patients with estab-
lished ASCVD as high-risk and very high-risk, with very
high-risk defined by the presence of multiple major ASCVD
events or 1 major ASCVD event in addition to multiple high-
risk conditions (age > 65, heterozygous familial hypercho-
lesterolemia (FH), prior revascularization, hypertension,
diabetes mellitus, chronic kidney disease, current smoking,
persistently elevated LDL-c despite maximally tolerated
statin therapy and ezetimibe, and, congestive heart failure).

Studies have stratified ASCVD event rates among sec-
ondary prevention patients based on these high-risk fea-
tures. In the ODYSSEY outcomes trial, the MACE rate per
1,000 person-years was 20.4 for high-risk patients and 54.8
for very high-risk patients [12]. In very high-risk patients,
those with multiple ASCVD events had a MACE rate of 80.1
compared to 40.2 for those with one event plus high-risk
features. A Market Scan database study found MACE rates
of 17.0 and 53.1 per 1,000 person-years for high-risk and
very high-risk adults, respectively, with rates of 89.8 and
43.1 for those with >2 events vs. one event plus high-risk
conditions [13]. The FOURIER trial showed significantly
higher risk among patients with recent MI, residual multi-
vessel coronary disease, or multiple prior MI, with greater
absolute risk reduction and lower numbers needed to treat
with Evolocumab [14].

These studies demonstrate the variability in risk among
secondary prevention patients. To this end, 10-year risk
models have been developed, such as the SMART (Second-
ary Manifestations of ARTerial disease) score to quantify
the risk of recurrent vascular events in this population [15].
In the SMART study, patients with various forms of vas-
cular disease (CAD, cerebrovascular disease, PAD) had a
median 10-year risk of recurrent MACE of 17%, but there
was substantial variability in estimated 10-year risk, ranging
from < 10% in 18% of patients and >30% in 22% of patients
(9). Compared to adults with a lower 10-year risk (< 10%),
those with a higher 10-year risk (>30%) were older, had
a higher prevalence of polyvascular disease, and exhibited
more modifiable risk factors that did not meet guideline-
recommended targets, including systolic blood pressure,
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LDL cholesterol levels, smoking status, and physical activ-
ity. The authors noted that if all modifiable risk factors
were maintained at guideline-recommended levels, half of
the patients would have a 10-year risk of less than 10%. In
2022, the SMART score was updated to the SMART? algo-
rithm, which was recalibrated and externally validated for
estimation of 10-year risk residual risk among adults aged
40-80 years with established ASCVD [16].

More recently, a study by Mok et al. developed a univer-
sal risk prediction tool in the assessment of both primary
and secondary prevention patients [17]. Using data from
the Atherosclerosis Risk In Communities (ARIC) study,
the model incorporated traditional risk factors (age, diabe-
tes, smoking, hypertension) with cardiac biomarkers (high
sensitivity C-reactive protein, high sensitivity troponin T,
and N-terminal pro-B type brain natriuretic peptide) result-
ing in excellent discrimination and calibration irrespective
of ASCVD status. Importantly, the same set of predictors
were associated with ASCVD events in both primary and
secondary prevention populations. Also of note, the 5-year
observed risk in the highest quintile of predicted risk in pri-
mary prevention patients was higher than the lowest two
quintiles of secondary prevention patients. This highlights
the overlap in risk among primary prevention patients with
poorly controlled risk factors and secondary prevention
patients with well controlled risk factors.

ASCVD Risk in the Primary Prevention
Population, High Risk Conditions,
and ASCVD “Risk Equivalents”

ASCVD Risk Based on Estimated 10-Year Risk
Prediction

The ACC/AHA PCE remains the recommended risk cal-
culator for individuals without ASCVD and has also been
incorporated into the 2017 ACC/ AHA Hypertension guide-
lines. The PCE has several limitations: it is only applicable
to white and black US adults aged 40-79 years and could
over-or underestimate risk in some populations [18-20].
For example, it has been reported to underestimate risk in
patients living with human immunodeficiency virus infec-
tion, rheumatologic/ inflammatory disorders, and low
socioeconomic status [21-23]. As part of the updated 2018
cholesterol guidelines and the 2019 primary prevention
guidelines, a systematic review of studies validating the PCE
concluded that it is well calibrated near decision thresholds
in large U.S. general populations [24]. Therefore, despite its
limitations, the PCE remains an effective tool for ASCVD
risk estimation and is an excellent starting point for discus-
sion of ASCVD prevention with patients (1).

Adults with high ASCVD risk based on the PCE (10-
year risk >20%) have been shown to have event rates sim-
ilar to some lower risk secondary prevention patients. In
the Multiethnic Study of Atherosclerosis (MESA) cohort,
adults with a 10-year ASCVD risk >20% (mean risk 32.4%)
had an ASCVD event rate of 22.8 per 1,000 person years,
which is similar to event rates observed in secondary pre-
vention patients (typically >20 events per 1,000 person
years) [25, 26]. Compared to those with a 10-year ASCVD
risk < 20%, adults with estimated risk >20% were older
and had a higher prevalence of hypertension, diabetes,
and were more likely to be taking lipid lowering therapy.
Similarly, in the REasons for Geographic And Racial Dif-
ferences in Stroke (REGARDS) cohort study, adults ages
45-79 years without diabetes mellitus who were not taking
a statin (LDL-c between 70-189 mg/dL) had an ASCVD
incidence rate of 22.2 per 1,000 person-years when PCE
10-year predicted risk was >20% in the setting of “estab-
lished risk factors,” which included smoking, hypertension,
total cholesterol >200 mg/dL, or HDL-c <50 mg/dL for
women (< 40 mg/dL for men) [27].

While direct comparisons cannot be drawn between
these findings and incidence rates reported in secondary
prevention populations, these results suggest that a 10-year
risk >20% measured by the PCE could be associated with a
risk of incident ASCVD that is seen in lower risk secondary
prevention patients (as opposed to very-high risk patients).

Coronary Artery Calcium

Coronary artery calcium (CAC) is a highly specific marker
of coronary atherosclerosis. First described in the early
1990s by Agatston et al., a CAC scoring system was devel-
oped using the number, areas, and peak Hounsfield numbers
during non-contrast, electrocardiographically gated com-
puted tomography (PMID 2407762). Several cohort studies
have demonstrated that CAC scoring is an excellent diag-
nostic modality for detection of subclinical coronary ath-
erosclerosis and risk stratification in asymptomatic primary
prevention patients [28, 29]. Current guidelines advocate
for CAC scoring in primary prevention patients with inter-
mediate ASCVD risk to guide decision making regarding
initiation of statin therapy, which should be considered if
the CAC score exceeds 100 Agatston units (AU) or greater
than the 75th percentile of CAC score distribution for age
and gender (1).

Over the last 10 years, several studies have attempted
to identify CAC score thresholds at which the risk of
ASCVD events in asymptomatic primary prevention
patients equates to the ASCVD risk of secondary preven-
tion patients. In a study assessing the allocation of sta-
tin therapy based on CAC scoring in the MESA cohort,
a CAC score > 100 AU was associated with an event rate
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similar to that seen in secondary prevention patients (26.5
per 1,000 person years) in adults not taking statins (26).
A subsequent analysis from the MESA study found that a
CAC score of 1,000 or higher corresponds to an annual-
ized 3-point MACE rate (nonfatal MI, nonfatal stroke, and
fatal CVD) of 3.4 per 100 person-years which is similar
to that observed in a high-risk, stable, treated secondary
prevention population (3.3), and surpassing rates seen in
lower-risk subgroups from the FOURIER trial [30]. In this
study, adults with a CAC score > 1,000 AU were older
(mean age 71 years); however, only 30% were on statin
therapy and hence how the event rates would compare with
secondary prevention populations who will have better
preventive treatment is not known. In another analysis,
authors evaluated 4,949 adults enrolled in the CONFIRM
registry [31] and compared MACE among those with
CAC scores exceeding 300 AU to those with established
ASCVD. Individuals with CAC scores surpassing 300 AU
exhibited MACE rates of MACE (~20%), which was com-
parable to those with established ASCVD (23%), translat-
ing to event rates of 73.9 and 77.8 per 1,000 person-years,
respectively.

Several studies from the CAC consortium have also
examined CAC thresholds that equate to secondary pre-
vention level risk in asymptomatic primary prevention
patients. In a cohort of adults with intermediate 10-year
ASCVD risk, a CAC score of 781 AU corresponded to an
annualized ASCVD mortality rate observed in the placebo
arm of the FOURIER trial (0.766 per 100 person-years)
(8). Among those with diabetes, CAC scores between
300-375 AU were associated with ASCVD mortality risk
equivalent to secondary prevention. A recent study by
Razavi et al. identified severe left main coronary artery
calcium (>25% burden or a vessel-specific score of > 300)
and diabetes as factors that were associated with very-
high risk ASCVD mortality rates (fivefold higher crude
ASCVD mortality rate) in primary prevention patients
with CAC score > 1,000 AU [32].

Findings from studies examining CAC thresholds that
equate to secondary prevention level risk are summarized
in Table 1. Taken together, these data suggest that a CAC
scores > 300 AU in primary prevention patients, especially
in the setting of diabetes, are associated with an equiva-
lent risk of MACE as those treated for established ASCVD.
Additionally, a CAC score > 1,000 AU may represent a
uniquely high-risk primary prevention population with an
ASCVD event rate similar to very high-risk secondary pre-
vention patients. However, one important caveat that should
be remembered is that the above analyses are all based on
observational, epidemiological data. It is likely that indi-
viduals with established ASCVD had more intensive risk
factor management when compared to those with elevated
CAC, and hence if similar treatment strategies were pursued
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the incidence of MACE may be different. Hence randomized
controlled trial data as always will be helpful and welcome.

With increasing evidence demonstrating that primary
prevention patients with very high CAC scores have a simi-
lar risk profile for ASCVD events to that of patients with
established disease, many experts are advocating for con-
sideration of nonstatin therapies such as PCSK9 inhibitors
in this population (7). The VESALIUS-CV (Effect of EVo-
locumab on Major Cardiovascular Events in PatientS at High
CArdiovascuLar Risk WithoUt Prior Myocardial Infarction
or Stroke; NCT03872401) is an ongoing randomized trial
that will assess the effectiveness of PCSK9 inhibitors in this
population.

Diabetes

Among the risk factors in the PCE, diabetes mellitus (DM)
is often cited as the most impactful cardiovascular (CV)
risk factor after age. Diabetes was previously considered an
ASCVD “risk equivalent,” based on earlier studies from the
Framingham cohort and other studies demonstrating higher
ASCVD risk in individuals with DM compared to their non-
diabetic counterparts [33, 34]. However, more recent studies
challenge the idea of diabetes as a cardiovascular risk equiv-
alent. A meta-analysis of 13 studies with 45,108 participants
found that those with DM but no history of MI had a 43%
lower likelihood of experiencing an MI compared to those
without DM who had a previous MI (summary odds ratio
0.56, 95% CI 0.53-0.60) [35]. Similarly, a large cohort study
of 1,586,061 adults aged 30-90 years showed a much lower
CHD risk among patients with DM without CHD compared
to those with CHD but no DM [36]. Another study on coro-
nary artery calcium (CAC) found that individuals with DM
and no detectable CAC had a survival rate similar to those
without DM and no CAC (98.8% and 99.4%, respectively,
p=0.5) [37].

These observations demonstrate that DM, by itself, is
not necessarily a cardiovascular risk equivalent. However,
as described elsewhere in this review, the co-existence of
DM with other cardiovascular risk factors and risk markers
(i.e. CAC, elevated Lp(a)) can have multiplicative effects
on ASCVD risk in both primary and secondary prevention
settings [38].

Chronic Kidney Disease (CKD)

Individuals with CKD have a higher risk of ASCVD events
and higher mortality rates compared to the general popula-
tion [39]. Multiple studies have shown that reduced esti-
mated glomerular filtration rate (¢eGFR) and proteinuria
above 300 mg/day are independently linked to an increased
risk of cardiovascular events, even in low-risk populations
[40-44].
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CAC scoring in FH patients can also help identify higher-
risk FH individuals. In a prospective study of 206 adults
with heterozygous FH, elevated CAC scores were associ-
ated with a similar MACE event rate described in secondary
prevention populations [51]. Those with CAC score 1-100
or> 100 had 26.4 and 44.1 events per 1,000 person-years,
respectively, after a median follow up of 3.7 years. Of note,
this cohort was relatively young (mean age 45 + 14 years)
and the majority were on statin therapy.

Lipoprotein (a)

Lp(a) (Lipoprotein [a]) is a plasma lipoprotein comprised
of an LDL particle covalently bound to apolipoprotein (a)
[apoA]. Elevated Lp(a) is considered a risk-enhancing fea-
ture in the 2018 ACC/AHA Cholesterol guidelines (2).

Currently, there is no Lp(a) threshold that equates to
secondary prevention level ASCVD risk. However, in the
presence of other risk factors such as DM or elevated CAC
score, adults with elevated Lp(a) can have an ASCVD risk
near that of secondary prevention populations. In a pooled
analysis of 5 US cohorts, patients with DM and Lp(a) lev-
els in the < 50th, 50th- < 75th, 75th—< 90th, and > 90th
percentiles had 20.2, 26, 26.7, and 32.1 ASCVD events
per 1,000 person years, respectively [52]. Furthermore, an
analysis from the MESA and Dallas Heart Study showed
that adults with an Lp(a) > 50 mg/dL and a CAC score > 100
had a>20% cumulative ASCVD incidence over 10 years,
which approaches the rate of events in secondary prevention
populations [53].

Conclusion

Over the past decade, there has been a proliferation of phar-
macological choices aimed at reducing the risk of ASCVD,
encompassing innovative lipid-lowering drugs, medications
for hypertension, antithrombotic agents, and treatments for
diabetes. However, alongside this expanded array of pre-
ventive measures for cardiovascular health come increased
expenses, polypharmacy with the potential for drug interac-
tions, and potential adverse effects. Consequently, the crucial
task in contemporary clinical practice is to identify those
individuals who will derive the greatest risk reduction from
more aggressive preventive treatments.

Current guidelines endorse different risk reduction strate-
gies for primary and secondary prevention, which is based
on previous observations indicating that a history of ASCVD
events is associated with greater risk of future ASCVD
events than any combination of traditional CVD risk factors
in individuals without a documented history of ASCVD.
However, substantial evidence over the last few years now
suggests that risk assessment is much more nuanced with

substantial overlap in risk among certain primary and sec-
ondary prevention populations. The diversity of risk within
each category suggests that this binary system may be anti-
quated and oversimplified, which calls for a more sophisti-
cated and individualized approach to risk assessment. Future
guidelines should strongly consider shifting the concept
of primary and secondary prevention to a continuous risk
spectrum so that treatment strategies are guided instead of
defined by the presence of documented ASCVD.
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