JACC: ADVANCES

VOL. 3, NO. 11, 2024

© 2024 THE AUTHORS. PUBLISHED BY ELSEVIER ON BEHALF OF THE AMERICAN

COLLEGE OF CARDIOLOGY FOUNDATION. THIS IS AN OPEN ACCESS ARTICLE UNDER

THE CC BY-NC-ND LICENSE (http://creativecommons.org/licenses/by-nc-nd/4.0/).

VIEWPOINT

Coronary Artery Calcium Staging to

®

Guide Preventive Interventions

A Proposal and Call to Action
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oronary artery calcium (CAC) as measured by

the Agatston score is a strong predictor of

atherosclerotic ~ cardiovascular  disease
(ASCVD) events." In the 2019 American College of Car-
diology (ACC) and American Heart Association (AHA)
clinical practice guideline for the primary prevention
of cardiovascular disease, it is a Class Ila recommen-
dation to use the CAC score to inform shared
decision-making for individuals at intermediate risk
if the decision to start statins is uncertain after global
risk assessment and the consideration of risk
enhancing factors.” The 2022 ACC Expert Consensus
Decision Pathway on the role of nonstatin therapies
(LDL-C)

for low-density lipoprotein cholesterol
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lowering in the management of ASCVD risk recom-
mended that CAC measurement be considered to
inform treatment decisions for adults without clinical
ASCVD when there is either clinician uncertainty or
patient hesitancy about starting statin therapy.®
That document recommended LDL-C threshold levels
for the consideration of different intensities of statin
and nonstatin therapy depending on the CAC score
among borderline and intermediate risk individuals.
Budoff and colleagues reported subsequently that
the risk for major adverse cardiovascular events of in-
dividuals without clinical ASCVD with a CAC score
>300 is equivalent to the risk of individuals with a
documented history of myocardial infarction, stroke,
or peripheral arterial disease (ie, ASCVD),* suggesting
that such patients could be treated similarly to those
with clinical ASCVD.

Despite overwhelming evidence that CAC is a
powerful predictor of ASCVD events and the afore-
mentioned recommendations of medical societies,
clinicians remain uncertain how to manage patients
once they document the presence and quantity of
CAC. A widely practiced, personalized approach to
managing disease throughout medicine is to stage the
disease. The rationale for staging is to determine the
extent, severity, location, and prognosis of disease,
and use this to tailor the type and intensity of ther-
apy. Staging also provides a common language with
which clinicians can communicate with each other
and with patients. This approach has been adopted by
the American Cancer Society. The AHA and ACC have
developed a staging system to inform the manage-
ment of heart failure.> More recently, the AHA
developed a staging system for cardiovascular-
kidney-metabolic syndrome. One of the criteria
defining Stage 3 in that construct is presence of
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TABLE Proposed Coronary Artery Calcium Staging Guide to Therapy

Representative Scan Image

Stage CAC Score and Disease Level (White = CAC)

Therapeutic Recommendations Based on
ACC/AHA Expert C and Guidelines®?

0 e CAC Score: O
e No calcified plaque
e Visual score: CAC absent

[T

1 e CAC Score: 1-99 and <75th percentile for age
and sex
o Mild atherosclerotic burden

2 e CAC Score: 100-299 or =75th percentile for age
and sex
e Moderate atherosclerotic burden

3 e CAC Score: 300-999
e Severe atherosclerotic burden
e Very high risk; risk associated with CAC =300 is
similar to having had a myocardial infarction

4 e CAC Score: =1,000
e Extensive atherosclerotic burden
e Extreme risk; risk associated with CAC =1,000
similar to having had multiple ASCVD events

Promote American Heart Association Life's Essential 8 Optimal Risk
Factor Goals’
Consider no statin unless diabetes, LDL-C =190 mg/dL, smoker, family
history of premature ASCVD, 10-y ASCVD risk =20%, or high Lp(a)
Consider repeat CT for CAC or analysis of nongated chest CT at:

o 3y for diabetes or high 10-y risk for ASCVD

o 3-5y for intermediate 10-y risk for ASCVD

o 5-7 y for low 10-y risk for ASCVD

Promote American Heart Association Life's Essential 8 Optimal Risk
Factor Goals’

Statin (+nonstatin) therapy as needed to achieve LDL-C goal <100 mg/dL
Serial monitoring of all risk factors (eg, LDL-C, systolic blood pressure) to
achieve critical biometric targets

ALl of the above plus:
Statin (-+nonstatin) therapy as needed to achieve LDL-C goal <70 mg/dL
Consider low-dose aspirin therapy

All of the above plus:

High-intensity statin (+nonstatin) therapy as needed to achieve LDL
goal <55 mg/dL®

Low-dose aspirin

All of the above plus:
Statin (+nonstatin) therapy as needed to achieve LDL-C goal <55 mg/dL>
Consider emerging therapies®

°For example, low-dose anticoagulant in combination with low-dose aspirin, anti-inflammatory therapy (eg, low-dose colchicine).
ASCVD = atherosclerotic cardiovascular disease; CAC = coronary artery calcium; LDL-C = low-density lipoprotein cholesterol; Lp(a) = lipoprotein(a).

subclinical atherosclerosis as defined by coronary

calcium.®

While the absence of CAC invokes a lower risk
state, and the 2019 ACC/AHA primary prevention

Since 2008, The Right Care Initiative has been
convening medical experts, health systems adminis-
trators, and government and public health leaders
with the goal of implementing the best practices to
prevent myocardial infarctions and strokes (https://
rightcare.berkeley.edu). The Right Care Initiative
convened a CAC working group of clinical cardiolo-
gists, health services researchers, epidemiologists,
clinical trialists, and cardiovascular imagers to pro-
mote implementation of best available evidence to
prevent morbidity and mortality from ASCVD. The
working group developed a staging system based on
coronary calcium, existing primary prevention
guidelines,” and the 2022 ACC Expert Consensus De-
cision Pathway? to guide clinicians and patients in the
management of individuals who have CAC without
clinical ASCVD (Table).

guidelines allow for no statin treatment (with the
exception of high-risk states, such as diabetes, family
history of premature heart disease, or active smok-
ing),” it is important to still promote healthy lifestyles
in this population, and control of other cardiovascular
risk factors (such as hypertension and obesity) that
have consequences beyond atherosclerotic heart
disease.

When mild calcified atherosclerosis is present (CAC
1-99), it is important to identify whether the patient
has a low score when adjusted for age, race/ethnicity
and sex, or a high (=75th percentile) relative score.
While absolute scores predict events better than age-
sex-race percentiles for short-term events, lifetime
risk is high in those who have more CAC than ex-
pected. This construct is widely used, and 10-year risk
for coronary heart disease can be calculated for most
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patients with the MESA risk calculator, http://www.
mesa-nhlbi.org/CACReference.aspx, or using tables
with age-sex-race categories from population based
assessments. For patients with mild atherosclerosis
(CAC 1-99) and <75th percentile for age-sex-race, it is
prudent to treat with statin (+nonstatin) therapy as
needed to achieve the LDL-C goal <100 mg/dL.

When the CAC score indicates moderate athero-
sclerosis (CAC 100-299) or the score is >75th percen-
tile, lifetime risk and short-term risk are elevated, and
more aggressive risk factor modification and statin
(+nonstatin) therapy as needed to achieve an LDL-C
goal <70 mg/dL should be considered. Aspirin is
recommended by numerous guidelines and expert
consensus documents when CAC is >100, as the risk-
benefit ratio becomes favorable at that cutpoint.
Further, serial monitoring of all risk factors to ensure
targets are met is advised, as these patients have a 10-
fold increased risk of ASCVD events as compared with
those without CAC present (score of zero).

Once the CAC score is 300 or greater, the risk of a
myocardial infarction is similar to that of a myocar-
dial infarction survivor,* thus high-intensity statin
and aspirin therapy should be considered, and other
therapies that have been mostly reserved for sec-
ondary prevention (eg, GLP1 RA, icosapent ethyl,
colchicine) should also be considered as appropriate
for the individual. Such patients are considered very
high risk and should be targeted with statin and
nonstatin therapy as needed to achieve an
LDL-C <55 mg/dL. Scores >1,000 carry even higher
risk,® and warrant even greater risk reduction (ie,
LDL-C <55 mg/dL).

The Working Group recognizes that, while evi-
dence for the association of risk of events with CAC is
overwhelming, the benefit of preventive therapy
based upon CAC severity is not yet fully established.
Our goal is to improve implementation of existing
guidelines and expert consensus with the proposed
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staging system and serve as a call to action. Yet CAC
staging will only be useful if CAC testing is per-
formed. Most health insurance plans do not cover
CAC testing. Importantly, the lack of access to this
test exacerbates health disparities in ASCVD risk
assessment. Compared with municipalities where
CAC testing is available, those without CAC testing
have lower socioeconomic status, more non-White
residents, and lower life expectancies.” A study in
Cleveland found that when all costs for CAC scans
were eliminated, testing increased among women,
Black individuals, and lower income patients with a
concomitant improvement in reclassification of statin
eligibility, preventive interventions, and risk factor
control.’® We call upon payers and health systems to
recognize the utility of CAC testing and reduce bar-
riers to its use so that subclinical coronary disease can
be detected and preventive interventions imple-
mented in patients at risk before they suffer irre-
versible consequences.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The views expressed in this paper are the authors and do not reflect
an endorsement or the official policy of the U.S. Government, the
Defense Health Agency, the Department of Defense, or the U.S. Air
Force. Dr Maron has received research support from Cleerly, Inc; and
consultant income from Regeneron. Dr Budoff has received grant
support from General Electric. Dr Taylor has received speaking hon-
orarium from Amgen. Dr Wong has received research support through
UC Irvine from Novartis, Regeneron, and Novo Nordisk; and consul-
tant/advisory board for Amgen, Novartis, Ionis, and Heart-Lung. All
other authors have reported that they have no relationships relevant
to the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr David J.
Maron, Division of Cardiovascular Medicine, Stanford
Prevention Research Center, Stanford University
School of Medicine, 3180 Porter Drive, 103A, Palo
Alto, California 94304, USA. E-mail: david.maron@
stanford.edu.

REFERENCES

1. Greenland P, Lloyd-Jones DM. Role of coronary
artery calcium testing for risk assessment in pri-
mary prevention of atherosclerotic cardiovascular
disease: a review. JAMA Cardiol. 2022;7:219-224.

2. Arnett DK, Blumenthal RS, Albert MA, et al.
2019 ACC/AHA guideline on the primary pre-
vention of cardiovascular disease: a report of the
American College of Cardiology/American Heart
Association Task Force on Clinical Practice
Guidelines. J Am Coll Cardiol. 2019;74:e177-
e232.

3. Writing C, Lloyd-Jones DM, Morris PB, et al.
2022 ACC expert consensus decision pathway on
the role of nonstatin therapies for LDL-cholesterol
lowering in the management of atherosclerotic
cardiovascular disease risk: a report of the Amer-
ican College of Cardiology Solution Set Oversight
Committee. J Am Coll Cardiol. 2022;80:1366-
1418.

4. Budoff MJ, Kinninger A, Gransar H, et al. When
does a calcium score equate to secondary pre-
vention?: insights from the Multinational

CONFIRM Registry. JACC Cardiovasc Imaging.
2023;16:1181-1189.

5. Heidenreich PA, Bozkurt B, Aguilar D, et al.
2022 AHA/ACC/HFSA guideline for the manage-
ment of heart failure: a report of the American
College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines.
Circulation. 2022;145:e895-e1032.

6. Khan SS, Coresh J, Pencina MJ, et al. Novel
prediction equations for absolute risk assessment
of total cardiovascular disease incorporating


http://www.mesa-nhlbi.org/CACReference.aspx
http://www.mesa-nhlbi.org/CACReference.aspx
mailto:david.maron@stanford.edu
mailto:david.maron@stanford.edu
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref1
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref1
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref1
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref1
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref2
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref2
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref2
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref2
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref2
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref2
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref2
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref3
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref3
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref3
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref3
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref3
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref3
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref3
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref3
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref4
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref4
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref4
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref4
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref4
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref5
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref5
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref5
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref5
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref5
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref5
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref6
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref6
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref6

Maron et al

CAC Stage to Guide Treatment

cardiovascular-kidney-metabolic health: a scientific
statement from the American Heart Association.
Circulation. 2023;148:1982-2004.

7. Lloyd-Jones DM, Allen NB, Anderson CAM,
et al. Life's Essential 8: updating and enhancing
the American Heart Association's construct of
cardiovascular health: a presidential advisory from
the American Heart Association. Circulation.
2022;146:€18-e43.

8. Peng AW, Dardari ZA, Blumenthal RS, et al. Very
high coronary artery calcium (>/=1000) and as-
sociation with cardiovascular disease events, non-
cardiovascular disease outcomes, and mortality:
results from MESA. Circulation. 2021;143:1571-
1583.

9. lkram M, Williams KA Sr. Socioeconomics of
coronary artery calcium: is it scored or ignored?
J Cardiovasc Comput Tomogr. 2022;16:182-185.

JACC: ADVANCES, VOL. 3, NO. 11, 2024

NOVEMBER 2024:101287

10. Al-Kindi SG, Costa M, Tashtish N, et al. No-
charge coronary artery calcium screening for car-
diovascular risk assessment. J Am Coll Cardiol.
2020;76:1259-1262.

KEY WORDS coronary artery calcium, primary
prevention, staging


http://refhub.elsevier.com/S2772-963X(24)00555-6/sref6
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref6
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref6
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref7
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref7
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref7
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref7
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref7
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref7
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref8
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref8
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref8
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref8
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref8
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref8
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref8
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref8
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref9
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref9
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref9
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref10
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref10
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref10
http://refhub.elsevier.com/S2772-963X(24)00555-6/sref10

	Coronary Artery Calcium Staging to Guide Preventive Interventions
	Funding support and author disclosures
	References


