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National Heart Foundation of Australia: position 
statement on coronary artery calcium scoring for 
the primary prevention of cardiovascular disease in 
Australia
Garry LR Jennings1,2, Ralph Audehm3, Warrick Bishop4, Clara K Chow1,5, Siaw-Teng Liaw6,7 , Danny Liew8, Sara M Linton2,9

Cardiovascular disease (CVD) is a leading cause of death in 
Australia1 and contributes to a significant health care bur-
den.2 Australian guidelines for management of CVD risk in 

primary prevention recommend the assessment of absolute CVD 
risk, using the algorithm developed by the National Vascular 
Disease Prevention Alliance (NVDPA), which calculates an in-
dividual’s risk of a CVD event over a 5-year period.3 Additional 
risk modifiers, such as coronary artery calcium (CAC) scoring, 
have been investigated as a way to improve the predictive per-
formance of established risk assessment algorithms.4-23

CAC scoring measures the amount of calcium in the coronary 
arteries from a computed tomography (CT) scan of the heart. 
A positive CAC score, measured in Agatston units (AU), is a 
marker of atherosclerosis, with increasing CAC scores correlat-
ing to increasing risk of CVD events and a CAC score of 0 AU 
indicating an absence of CAC and a low risk of CVD events.24,25 
Evidence for the ability of CAC scoring to improve the predictive 
performance of traditional risk assessment models, and for the 
ability of CAC-guided management to reduce CVD morbidity 
and mortality, is evolving.

This position statement provides practical advice to health pro-
fessionals regarding the use of CAC scoring to assist in defining 
risk in the primary prevention of CVD in Australia. It is not in-
tended to be an update to Australian absolute CVD risk guide-
lines, nor is it our purpose to compare CAC scoring and absolute 
CVD risk equations as standalone predictors of risk. Rather, this 
article outlines a position specifically on the use of CAC scor-
ing in the context of, and ancillary to, standard methods of risk 
assessment. The National Heart Foundation of Australia ac-
knowledges that the limited availability of Australian published 
literature affects the certainty of the evidence for the role of CAC 
scoring in the Australian setting. However, we recognise the 
need for practical guidance for the use of CAC scoring, and thus 
these conditional recommendations with expert consensus are 
based on the Australian and international evidence available at 
the time. This position statement builds upon a previous con-
sensus statement from the Cardiac Society of Australia and New 
Zealand.26

Methods

Studies relevant to CAC scoring from a 2018 United States 
Preventive Services Task Force (USPSTF) systematic review 
of non-traditional risk factors in CVD risk assessment27 were 
used as a foundation for this position statement. A literature 
search was conducted using methods adapted from the 2018 

UPSTF systematic review to capture newly published studies. 
Reference lists from key consensus statements and guidelines 
were hand-searched and surveillance of key journals was con-
ducted through to June 2019, using the same inclusion criteria 
as the adapted search strategy (Supporting Information, appen-
dix 1). Two additional studies were subsequently included for 
review. All studies were appraised for quality of evidence using 
the Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) framework for improvement in CVD 
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Abstract
Introduction: This position statement considers the evolving 
evidence on the use of coronary artery calcium scoring (CAC) for 
defining cardiovascular risk in the context of Australian practice and 
provides advice to health professionals regarding the use of CAC 
scoring in primary prevention of cardiovascular disease in Australia.
Main recommendations:
•	 CAC scoring could be considered for selected people with mod-

erate absolute cardiovascular risk, as assessed by the National 
Vascular Disease Prevention Alliance (NVDPA) absolute cardio-
vascular risk algorithm, and for whom the findings are likely to 
influence the intensity of risk management. (GRADE evidence 
certainty: Low. GRADE recommendation strength: Conditional.)

•	 CAC scoring could be considered for selected people with low 
absolute cardiovascular risk, as assessed by the NVDPA abso-
lute cardiovascular risk algorithm, and who have additional risk-
enhancing factors that may result in the underestimation of 
risk. (GRADE evidence certainty: Low. GRADE recommendation 
strength: Conditional.)

•	 If CAC scoring is undertaken, a CAC score of 0 AU could reclassify 
a person to a low absolute cardiovascular risk status, with sub-
sequent management to be informed by patient–clinician discus-
sion and follow contemporary recommendations for low absolute 
cardiovascular risk. (GRADE evidence certainty: Very low. GRADE 
recommendation strength: Conditional.)

•	 If CAC scoring is undertaken, a CAC score > 99 AU or ≥ 75th per-
centile for age and sex could reclassify a person to a high absolute 
cardiovascular risk status, with subsequent management to be 
informed by patient–clinician discussion and follow contemporary 
recommendations for high absolute cardiovascular risk. (GRADE 
evidence certainty: Very low. GRADE recommendation strength: 
Conditional.)

Changes in management as a result of this statement: CAC 
scoring can have a role in reclassification of absolute cardiovascular 
risk for selected patients in Australia, in conjunction with traditional 
absolute risk assessment and as part of a shared decision-making 
approach that considers the preferences and values of individual 
patients.
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risk prediction and reduction in CVD events (Supporting 
Information, appendix 1).28,29

The Heart Foundation appointed an expert reference group 
comprising a mix of health professionals who provided advice 
for evidence interpretation and formulation of recommenda-
tions. The recommendations were formed with consideration of 
the certainty of the evidence, the balance of benefits and harms, 
variability in patient values and preferences, and resource con-
siderations. A draft of this article was open for a 30-day period 
of public consultation in 2020 to capture stakeholder views and 
facilitate engagement. Governance processes were implemented 
to ensure transparency, minimise bias and manage conflict of 
interest during the development of this position statement.

Recommendations

The Heart Foundation position is that CAC scoring can have a role 
in the reclassification of absolute CVD risk for selected, asympto-
matic patients in Australia, in conjunction with traditional abso-
lute CVD risk assessment and as part of a shared decision-making 
approach that considers the preferences and values of individual 
patients. The conditional recommendations presented here (Box 1) 
reflect that this is a rapidly evolving area with emerging evidence, 
improved equipment limiting radiation exposure, and reducing 
out-of-pocket costs to consumers in the absence of public reim-
bursement. We also recognise that the comparator in our evidence 
review, risk assessment using the NVDPA algorithm alone, is not 
supported by randomised controlled trial data. However, it is dif-
ficult to directly compare the certainty of evidence for the NVDPA 
algorithm, as a different appraisal framework was used at the 
time of publication. While historically there have been many chal-
lenges associated with clinical trials for the use of CAC scoring,30 
the results of novel clinical trials currently underway will likely 
have an impact on the certainty of evidence for CAC scoring.31 
Lastly, we note that the recommendations presented in this article 
may change with forthcoming updates to the 2012 NVDPA abso-
lute cardiovascular risk guidelines.

Evidence for recommendations

The full evidence review and evidence appraisal results can be 
found in the Supporting Information, appendix 1.

Several cohort studies have reported improvement in pre-
dictive performance with the addition of CAC scoring to the 
Framingham Risk Score and pooled cohort equation risk mod-
els, indicated by improvement in calibration, discrimination and 
reclassification (Box 2).4-23 The most significant improvements 
in reclassification, indicated by improvement of the net reclas-
sification index, were generally observed in subjects with inter-
mediate 10-year CVD risk (Supporting Information, appendix 
1).4-18 Comparisons between these studies, and determining the 
clinical relevance of the findings, are challenging due to lack of 
summary statistic reporting in the studies and a lack of a con-
sensus in the literature for the analysis of these measures.27,35 In 
addition, there are limitations to the direct applicability of this 
evidence to Australian practice, as the comparator risk predic-
tion models compute 10-year risks of CVD whereas the NVDPA 
algorithm computes a 5-year risk of CVD.

With respect to evidence of clinical benefit, two randomised 
clinical trials assessed the impact of CAC scoring on rates of 
CVD events in populations without known CVD. The St Francis 
Heart Study found no significant difference in a composite of 
CVD events between subjects who received atorvastatin 20 mg 
plus vitamin C plus vitamin E compared with placebo in sub-
jects with a CAC score ≥ 80th percentile for age and sex.36 The 
Early Identification of Subclinical Atherosclerosis by Non-
invasive Imaging Research (EISNER) study found that use of 
CAC scoring in addition to the Framingham Risk Score calcula-
tion and risk factor counselling was associated with better CVD 
risk factor control after 4 years compared with subjects who only 
received the Framingham Risk Score calculation and risk factor 
counselling.37 The study also measured rates of myocardial in-
farction and cardiac mortality as a secondary outcome, finding 
no significant difference between patients who did and did not 
undertake CAC scoring. The certainty of these findings in re-
lation to evidence of clinical benefit is limited, as neither study 
was powered to detect differences in morbidity and mortality.

A recent retrospective cohort analysis of a large CAC score regis-
try investigated the association of CAC scores with benefit from 
statin therapy.38 This study found that in patients with a CAC 
score greater than 0 AU, statin therapy was associated with a re-
duced risk of major adverse cardiovascular event compared with 
no statin therapy. There was no significant difference in major 
adverse cardiovascular event risk with statin therapy compared 
with no statin therapy for patients with a CAC score of 0 AU.

Determining CAC thresholds for reclassification of risk is chal-
lenging in the absence of Australian data for CAC-guided CVD 
risk management. US guidelines outline CAC score thresholds 
and subsequent reclassification of risk status for individuals 
initially assessed as borderline and intermediate atheroscle-
rotic CVD risk (10-year risk range, 5–20%).39-41 The rationale 
for these thresholds is based on the atherosclerotic CVD risk 
associated with specific CAC scores, in comparison to the CVD 
risk for which clinical benefits from more intensive risk modifi-
cation therapies have been demonstrated. There were assump-
tions involved in applying the rationale for these thresholds to 
Australian clinical practice, as the NVPDA algorithm computes 
a 5-year CVD risk. However, in the absence of Australian data, 
there was no alternative to using the CAC score thresholds from 
the US guidelines to reclassify the 5-year risk categories as com-
puted by the NVPDA algorithm if CAC is measured.

1  Recommendations for the use of coronary artery calcium 
(CAC) scoring in primary prevention of cardiovascular disease 
in Australia

•	 CAC scoring could be considered for selected people with moderate 
absolute cardiovascular risk, as assessed by the NVDPA absolute 
cardiovascular risk algorithm, and for whom the findings are likely to 
influence the intensity of risk management. (GRADE evidence certainty: 
Low. GRADE recommendation strength: Conditional.)

•	 CAC scoring could be considered for selected people with low absolute 
cardiovascular risk, as assessed by the NVDPA absolute cardiovascular 
risk algorithm, and who have additional risk-enhancing factors that may 
result in the underestimation of risk. (GRADE evidence certainty: Low. 
GRADE recommendation strength: Conditional.)

•	 If CAC scoring is undertaken, a CAC score of 0 AU could reclassify a 
person to a low absolute cardiovascular risk status; with subsequent 
management to be informed by patient–clinician discussion and follow 
contemporary recommendations for low absolute cardiovascular 
risk. (GRADE evidence certainty: Very low. GRADE recommendation 
strength: Conditional.)

•	 If CAC scoring is undertaken, a CAC score > 99 AU or ≥ 75th percentile 
for age and sex could reclassify a person to a high absolute 
cardiovascular risk status, with subsequent management to be 
informed by patient–clinician discussion and follow contemporary 
recommendations for high absolute cardiovascular risk. (GRADE 
evidence certainty: Very low. GRADE recommendation strength: 
Conditional.)

AU = Agatston units; GRADE = Grading of Recommendations Assessment, Development 
and Evaluation; NVDPA = National Vascular Disease Prevention Alliance. ◆
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Benefits and harms

The conditional status of our recommendations reflect possible 
benefits in CVD-related morbidity and mortality that are yet to 
be proven in randomised controlled clinical trials. At this stage, 
the benefits are observed for clinical decision making and the 
potential for CAC scoring to refine risk assessment. A recent 
analysis of about 1000 asymptomatic individuals with family 
history of early onset coronary artery disease demonstrated the 
potential of CAC scoring to reclassify risk in an Australian pop-
ulation.42 In this study, 19% of patients deemed at moderate risk 
using the Australian risk algorithm had CAC scores of 0 AU (14 
out of 75 subjects). Of the subjects initially deemed at low risk 
using the Australian algorithm, 77% had CAC scores above 100 
AU (116 out of 151 patients).

The benefit of refined risk assessment is that more individu-
als can receive risk management interventions of an intensity 
appropriate for their level of absolute cardiovascular risk. We 
posit that a CAC score of 0  AU could also reduce anxiety for 
individuals, and possibly also their clinicians, who are reluctant 
or unable to tolerate more intensive risk management therapies 
otherwise indicated by their initial absolute risk assessment 
from the NVDPA algorithm.

Radiation exposure during CAC measurement is another im-
portant consideration. A systematic review reported the dose 
of radiation used in CAC measurement to range from 1 mSv to 
2 mSv.27 There are anecdotal reports that newer equipment used 
in some centres in Australia use much lower radiation doses. 
The radiation doses from CT imaging for the purpose of CAC 
scoring are generally considered to align with published guide-
lines for radiation dose minimisation.43-45

The potential for incidental findings from CT imaging may also 
add to anxiety and incur additional follow-up costs.46 However, 

incidental findings that lead to early diagnosis and treatment 
of comorbidities may represent a benefit for some patients. 
Incidental findings from CAC measurement should be managed 
on their merits according to best-practice recommendations for 
follow-up of incidental findings on radiology.

The potential for unnecessary downstream medical testing as 
a result of a high risk CAC result is also an important consid-
eration. The evidence for this occurring in Australian practice 
is limited at the time of writing. The EISNER study found that 
overall downstream medical testing and costs were not signifi-
cantly different between subjects that received CAC scoring 
and those who did not, balanced by lower and higher resource 
utilisation for subjects with a CAC score of 0 AU and ≥ 400 AU 
respectively.37 Subsequent risk management, including fur-
ther medical testing, should follow contemporary guidelines 
for an individual’s risk category, regardless of whether a CAC 
score has been used in the assessment of absolute cardiovas-
cular risk.

Resource considerations

The cost of CAC scoring should be included in discussions of 
benefits and harms with patients when considering this test. 
At the time of writing, CAC scoring is not publicly funded in 
Australia and the cost lies with individual patients. The cost 
can vary considerably depending on the provider, and poten-
tially limits accessibility to some segments of the community. 
The potential impact of the CAC scoring cost on health equity 
was an important factor in our decision to make our recom-
mendations conditional, rather than routine. We note that 
there have been no Australian cost-effectiveness data pub-
lished to date. International cost-effectiveness data for CAC 
scoring cannot be directly applied to its use in the Australian 
population due to significant variation in methods and health 
care systems.

2  Terminology and measures used to assess the value of adding coronary artery calcium (CAC) scoring to existing prediction models
Terminology Description

Calibration Calibration refers to the agreement between observed and expected outcomes. The studies in our evidence review which reported on 
calibration used �2 analyses (Supporting Information, appendix 1).

Discrimination Discrimination refers to the ability of a risk prediction model to distinguish between individuals who will or will not have an event. This is 
measured by the C-statistic, also referred to as the area under the receiver-operator curve. It is the probability that for a pair of individuals, 
where one had an event and the other did not, the individual who experienced an event had a higher estimated probability according to 
the prediction model, and generally lies between 0.5 and 1.0.32 Improvements in discrimination for a new prediction model are assessed by 
the difference in C-statistic compared with an old model. Guidance about the clinical meaning of changes in C-statistic is limited, but the 
2018 USPSTF review gives the following as a practical definition: a change of > 0.1 can be considered “large”, changes of 0.05–0.1 can be 
considered “moderate”, changes of 0.025 to < 0.05 can be considered “small”, and changes of < 0.025 can be considered “very small”.27

In our evidence review, 19 studies (69 569 participants) reported improvements in discrimination when CAC scoring was added to FRS 
models compared with FRS alone. The change in C-statistic ranged from 0.038 to 0.16, in favour of the models where CAC scoring was 
added to FRS models (Supporting Information, appendix 1).

Reclassification Reclassification refers to the ability of a new risk model to appropriately reclassify subjects into the correct risk strata. The studies that 
reported on reclassification in our review have generally reported this improvement in terms of the NRI. The NRI is a measure of the 
net extent that a new model compared with an old model reclassifies the risk of individual subjects according to specified risk strata, 
considering both correct overestimating the risk and incorrect underestimating the risk of those who did have an event as well as correct 
underestimating the risk and incorrect overestimating the risk of those who did not have an event in a defined time period.27 It is not a 
simple proportion, rather it is a sum of proportions. There are some variations in how it is calculated which may limit its direct comparison 
across studies, and a common limitation noted is its tendency to overstate the incremental value of a new predictor.33,34 Positive results 
indicate improvement in reclassification with the new model, and the maximum possible value for an NRI is 2.

Assessment of prediction performance improvement is generally best done with examination of multiple measures, including the ones 
described here. Other common measures are the net benefit function, integrated discrimination statistic and the Brier score.

In our evidence review, 15 studies (57 409 participants) reported an NRI for models that included CAC scoring in addition to FRS, compared 
with FRS alone. The NRI ranged from 0.11 to 0.55 overall, in favour of the models that included CAC scoring, with results ranging from 0.21 
to 0.659 in subanalyses of intermediate risk subjects when performed (Supporting Information, appendix 1).

FRS = Framingham Risk Score; NRI = Net Reclassification Index; USPSTF = United States Preventive Services Task Force. ◆
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It is recognised that technology is improving and contempo-
rary high quality imagers have higher sensitivity and lower 
radiation doses than equipment used in some of the published 
literature. Although different standards no doubt apply in the 
acquisition and analysis of scans at centres around Australia, 
this issue is out of the scope of the present review. Published 
data are considered at face value but our recommendations for 
the use of CAC scoring in this statement assume that best prac-
tice standards are followed, including appropriate specialist 
follow-up if indicated.

Suggested approach to CAC measurement in practice

Taking the above information together, the Heart Foundation 
position is that CAC scoring can have a role in reclassification of 
absolute CVD risk for asymptomatic individuals. It is vital that 
any decision to use CAC scoring to reclassify risk status is in-
formed by patient–clinician discussion of benefits, harms, pref-
erences, cost and values.

Our suggested approach for incorporating our conditional rec-
ommendations for CAC scoring in primary prevention (Box 3) 
begins with risk assessment.

Practice advice:

•	Before consideration of CAC scoring, assess CVD risk on clin-
ical grounds. If the person is aged over 45 years (or over 30 
years if Aboriginal or Torres Strait Islander48), this should in-
clude an NVDPA absolute risk assessment.3

•	The 2012 NVDPA absolute risk algorithm may underesti-
mate risk in certain populations, such as Aboriginal and 

3  National Heart Foundation of Australia algorithm for coronary artery calcium (CAC) scoring in primary prevention of cardiovascular 
disease

AU  =  Agatston units. *  As assessed using the absolute cardiovascular disease risk calculator. †  For the purpose of reclassifying risk. The use of calcium scoring to detect subclinical 
atherosclerosis may be considered in patients with familial hypercholesterolaemia (FH) in line with recent guidance from FH Australasia Network.47 ◆

4  Selected cardiovascular disease (CVD) risk-enhancing factors 
from United States guidelines41,42 that are not fully captured 
in the 2012 National Vascular Disease Prevention Alliance 
algorithm

Selected CVD risk-enhancing factors

Family history of premature atherosclerotic CVD

Primary hypercholesterolaemia (LDL ≥ 4.1 mmol/L, non-HDL ≥ 4.9 mmol/L)

Persistently elevated triglyceride levels (> 1.98 mmol/L)

Metabolic syndrome

History of premature menopause

History of pregnancy-associated conditions that increase later 
atherosclerotic CVD risk (eg, preeclampsia)

Chronic inflammatory conditions (eg, rheumatoid arthritis)

High risk ethnicity (eg, south Asian populations, Aboriginal and Torres 
Strait Islander peoples)

Other lipids or biomarkers associated with increased atherosclerotic CVD 
risk, if measured:
•	 elevated high sensitivity C-reactive protein level;
•	 elevated lipoprotein(a) level;
•	 elevated apolipoprotein B level; and
•	 reduced ankle-brachial index (< 0.9)

LDL = low density lipoprotein; non-HDL = non high density lipoprotein. ◆
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Torres Strait Islander peoples,49 or in others with known risk-
enhancing factors not fully captured in the NVDPA algorithm 
(Box 4). CAC scoring could be considered in some instances to 
reclassify risk.

•	CAC scoring is not necessary in people already determined 
to be at high absolute cardiovascular risk, for the purpose of 
refining absolute risk assessment.43,44

•	CAC scoring could be considered in people with moderate 
risk for whom management intensity is uncertain. For exam-
ple, when the initial risk status is close to the threshold for 
high risk status.

•	A CAC score of 0 AU could reclassify a moderate risk person 
to low absolute risk status, although it does not rule out the 
presence of non-calcified plaque. Apply caution in underes-
timating the risk in the presence of certain risk-enhancing 
factors (eg, Aboriginal and Torres Strait Islander population, 
cigarette smoking, diabetes, and a family history of CVD39-41).

•	For CAC scores of 0 AU, subsequent risk management strate-
gies should follow contemporary guidelines for absolute CVD 
risk (eg, the 2012 NVDPA guidelines).3

•	Where a CAC score is 1–99 AU and < 75th percentile for age 
and sex (Box 5), reclassification of risk status is uncertain.

•	For CAC scores of 0 AU, an interval of 5 years is reasonable if 
considering a repeat CAC score, based on available evidence 
for conversion to positive CAC scores.45,46

•	CAC scores > 99 AU or ≥ 75th percentile for age and sex (Box 5) 
could reclassify a person indefinitely to high absolute risk sta-
tus. Repeat CAC testing is not warranted in this group.

•	For CAC scores > 99 AU or ≥ 75th percentile, subsequent risk 
management strategies, including the use of antihypertensive 

and lipid-lowering therapies, should follow contemporary 
guidelines for management of absolute CVD risk; for example, 
the 2012 NVDPA absolute CVD risk guidelines3 and the 2016 
Heart Foundation hypertension guidelines.51

Conclusion

The Heart Foundation’s position is that CAC scoring can have 
a role in reclassification of absolute cardiovascular risk for se-
lected patients in Australia, in conjunction with traditional ab-
solute risk assessment and as part of a shared decision-making 
approach that considers the preferences and values of individual 
patients. We call for more research to define the role of CAC-
guided risk assessment and management in the Australian 
population.
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5  Normal distribution of coronary artery calcium scores (AU) in a healthy cohort stratified by age and sex*

Percentile

Men Women

< 45 years 45–54 years 55–64 years 65–74 years < 45 years 45–54 years 55–64 years 65–74 years

25th 0 0 0 40 0 0 0 0

50th 0 0 30 173 0 0 0 4

75th 0 21 162 585 0 0 17 43

90th 8 108 315 1230 0 1 91 212

AU = Agatston units; CAC = coronary artery calcium. * Source: adapted from Hoffmann.50 ◆

	 1	 Australian Bureau of Statistics. Causes of death, 
Australia, 2018 [Cat. No. 3303.0]. Canberra: ABS, 
2019. https://www.abs.gov.au/ausst​ats/abs@.
nsf/mf/3303.0 (viewed Oct 2019).

	 2	 Australian Bureau of Statistics. National 
Health Survey: first results; 2017–18 [Cat. 
No. 4364.0.55.001]. Canberra: ABS, 2018. 
https://www.abs.gov.au/ausst​ats/abs@.nsf/
mf/4364.0.55.001 (viewed Oct 2019).

	 3	 National Vascular Disease Prevention Alliance. 
Guidelines for the management of absolute 
cardiovascular disease risk. National Stroke 
Foundation, 2012. http://www.cvdch​eck.org.au/
pdf/Absol​ute_CVD_Risk_Full_Guide​lines.pdf 
(viewed Oct 2019).

	 4	 Yeboah J, McClelland RL, Polonsky TS, 
et al. Comparison of novel risk markers for 
improvement in cardiovascular risk assessment 

in intermediate-risk individuals. JAMA 2012; 308: 
788–795.

	 5	 Yeboah J, Young R, McClelland RL, et al. Utility 
of nontraditional risk markers in atherosclerotic 
cardiovascular disease risk assessment. J Am Coll 
Cardiol 2016; 67: 139–147.

	 6	 Geisel MH, Bauer M, Hennig F, et al. Comparison 
of coronary artery calcification, carotid intima-
media thickness and ankle-brachial index for 
predicting 10-year incident cardiovascular 
events in the general population. Eur Heart J 
2017; 38: 1815–1822.

	 7	 Fudim M, Zalawadiya S, Patel DK, et al. Data on 
coronary artery calcium score performance and 
cardiovascular risk reclassification across gender 
and ethnicities. Data Brief 2016; 6: 578–581.

	 8	 Erbel R, Mohlenkamp S, Moebus S, et al. 
Coronary risk stratification, discrimination, 

and reclassification improvement based 
on quantification of subclinical coronary 
atherosclerosis: the Heinz Nixdorf Recall study. 
J Am Coll Cardiol 2010; 56: 1397–1406.

	 9	 Kavousi M, Desai CS, Ayers C, et al. Prevalence 
and prognostic implications of coronary artery 
calcification in low-risk women: a meta-analysis. 
JAMA 2016; 316: 2126–2134.

	10	 Bos D, Leening MJ, Kavousi M, et al. Comparison 
of atherosclerotic calcification in major vessel 
beds on the risk of all-cause and cause-specific 
mortality: the Rotterdam study. Circ Cardiovasc 
Imaging 2015; 8: e003843.

	11	 Polak JF, Szklo M, O’Leary DH. Carotid intima-
media thickness score, positive coronary artery 
calcium score, and incident coronary heart 
disease: the multi-ethnic study of atherosclerosis. 
J Am Heart Assoc 2017; 6: e004612.

https://www.abs.gov.au/ausstats/abs@.nsf/mf/3303.0
https://www.abs.gov.au/ausstats/abs@.nsf/mf/3303.0
https://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001
http://www.cvdcheck.org.au/pdf/Absolute_CVD_Risk_Full_Guidelines.pdf
http://www.cvdcheck.org.au/pdf/Absolute_CVD_Risk_Full_Guidelines.pdf


 
M

JA
 214 (9) ▪ 17 M

ay 2021

439

Position statement
M

JA
 214 (9) ▪ 17 M

ay 2021

439

	12	 Hoffmann U, Massaro JM, D’Agostino RB, 
et al. Cardiovascular event prediction and risk 
reclassification by coronary, aortic, and valvular 
calcification in the Framingham Heart Study. 
J Am Heart Assoc 2016; 5: e003144.

	13	 Chang SM, Nabi F, Xu J, et al. Value of CACS 
compared with ETT and myocardial perfusion 
imaging for predicting long-term cardiac 
outcome in asymptomatic and symptomatic 
patients at low risk for coronary disease: clinical 
implications in a multimodality imaging world. 
JACC Cardiovasc Imaging 2015; 8: 134–144.

	14	 Kavousi M, Elias-Smale S, Rutten JHW, et al. 
Evaluation of newer risk markers for coronary 
heart disease risk classification: a cohort study. 
Ann Intern Med 2012; 156: 438–444.

	15	 Rana JS, Gransar H, Wong ND, et al. Comparative 
value of coronary artery calcium and multiple 
blood biomarkers for prognostication of 
cardiovascular events. Am J Cardiol 2012; 109: 
1449–1453.

	16	 Möhlenkamp S, Lehmann N, Moebus S, et al. 
Quantification of coronary atherosclerosis and 
inflammation to predict coronary events and 
all-cause mortality. J Am Coll Cardiol 2011; 57: 
1455–1464.

	17	 Elias-Smale SE, Proença RV, Koller MT, et al. 
Coronary calcium score improves classification 
of coronary heart disease risk in the elderly: the 
Rotterdam study. J Am Coll Cardiol 2010; 56: 
1407–1414.

	18	 Polonsky TS, McClelland RL, Jorgensen NW, 
et al. Coronary artery calcium score and risk 
classification for coronary heart disease 
prediction. JAMA 2010; 303: 1610–1616.

	19	 Wong ND, Gransar H, Shaw L, et al. Thoracic 
aortic calcium versus coronary artery calcium 
for the prediction of coronary heart disease and 
cardiovascular disease events. JACC Cardiovasc 
Imaging 2009; 2: 319–326.

	20	 Malik S, Budoff MJ, Katz R, et al. Impact of 
subclinical atherosclerosis on cardiovascular 
disease events in individuals with metabolic 
syndrome and diabetes: the multi-ethnic study 
of atherosclerosis. Diabetes Care 2011; 34: 
2285–2290.

	21	 Khera A, Budoff MJ, O’Donnell CJ, et al. 
Astronaut Cardiovascular Health and Risk 
Modification (Astro-CHARM) coronary calcium 
atherosclerotic cardiovascular disease risk 
calculator. Circulation 2018; 138: 1819–1827.

	22	 Yeboah J, Erbel R, Delaney JC, et al. Development 
of a new diabetes risk prediction tool for 
incident coronary heart disease events: the 
Multi-Ethnic Study of Atherosclerosis and the 
Heinz Nixdorf Recall Study. Atherosclerosis 2014; 
236: 411–417.

	23	 Greenland P, LaBree L, Azen SP, et al. Coronary 
artery calcium score combined with Framingham 
score for risk prediction in asymptomatic 
individuals. JAMA 2004; 291: 210–215.

	24	 Budoff MJ, Shaw LJ, Liu ST, et al. Long-term 
prognosis associated with coronary calcification: 
observations from a registry of 25 253 patients. 
J Am Coll Cardiol 2007; 49: 1860–1870.

	25	 LaMonte MJ, FitzGerald SJ, Church TS, et al. 
Coronary artery calcium score and coronary 
heart disease events in a large cohort of 
asymptomatic men and women. Am J Epidemiol 
2005; 162: 421–429.

	26	 Liew G, Chow C, van Pelt N, et al. Cardiac 
Society of Australia and New Zealand position 
statement: coronary artery calcium scoring. 
Heart Lung Circ 2017; 26: 1239–1251.

	27	 Lin JS, Evans CV, Johnson E, et al. Nontraditional 
risk factors in cardiovascular disease risk 
assessment: updated evidence report and 
systematic review for the US Preventive 
Services Task Force. JAMA 2018; 320: 281–297.

	28	 Schünemann H, Brożek J, Guyatt G, Oxman A, 
editors. GRADE handbook for grading quality 
of evidence and strength of recommendations 
[e-book] (updated Oct 2013). GRADE Working 
Group, 2013. https://gdt.grade​pro.org/app/
handb​ook/handb​ook.html (viewed Oct 2019).

	29	 Iorio A, Spencer FA, Falavigna M, et al. Use 
of GRADE for assessment of evidence about 
prognosis: rating confidence in estimates of 
event rates in broad categories of patients. BMJ 
2015; 350: h870.

	30	 McEvoy JW, Martin SS, Blaha MJ, et al. The case 
for and against a coronary artery calcium trial. 
JACC Cardiovasc Imaging 2016; 9: 994–1002.

	31	 Marwick TH, Whitmore K, Nicholls SJ, et al. 
Rationale and design of a trial to personalise risk 
assessment in familial coronary artery disease. 
Am Heart J 2018; 199: 22–30.

	32	 Caetano SJ, Sonpavde G, Pond GR. C-statistic: 
a brief explanation of its construction, 
interpretation and limitations. Eur J Cancer 2018; 
90: 130–132.

	33	 Kerr KF, Wang Z, Janes H, et al. Net 
reclassification indices for evaluating risk 
prediction instruments: a critical review. 
Epidemiology 2014; 25: 114–121.

	34	 Pepe MS, Fan J, Feng Z, et al. The Net 
Reclassification Index (NRI): a misleading 
measure of prediction improvement even with 
independent test data sets. Stat Biosci 2015; 7: 
282–295.

	35	 Steyerberg EW, Moons KGM, Van der Windt DA, 
et al. Prognosis Research Strategy (PROGRESS) 
3: prognostic model research. PLoS Med 2013; 10: 
e1001381.

	36	 Arad Y, Spadaro LA, Roth M, et al. Treatment of 
asymptomatic adults with elevated coronary 
calcium scores with atorvastatin, vitamin C, 
and vitamin E: The St. Francis Heart Study 
randomized clinical trial. J Am Coll Cardiol 2005; 
46: 166–172.

	37	 Rozanski A, Gransar H, Shaw LJ, et al. Impact of 
coronary artery calcium scanning on coronary 
risk factors and downstream testing: the 
EISNER (Early Identification of Subclinical 
Atherosclerosis by Noninvasive Imaging 
Research) prospective randomized trial. J Am Coll 
Cardiol 2011; 57: 1622–1632.

	38	 Mitchell JD, Fergestrom N, Gage BF, et al. Impact 
of statins on cardiovascular outcomes following 
coronary artery calcium scoring. J Am Coll 
Cardiol 2018; 72: 3233–3242.

	39	 Lloyd-Jones DM, Braun LT, Ndumele CE, 
et al. Use of risk assessment tools to guide 
decision-making in the primary prevention of 
atherosclerotic cardiovascular disease. a special 
report from the American Heart Association and 
American College of Cardiology. Circulation 2019; 
73: 3153–3167.

	40	 Grundy SM, Stone NJ, Bailey AL, et al. 2018 
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/

AGS/APhA/ASPC/NLA/PCNA guideline on the 
management of blood cholesterol: a report of 
the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice 
Guidelines. Circulation 2019; 139: e1082–e1143.

	41	 Arnett DK, Blumenthal RS, Albert MA, et al. 2019 
ACC/AHA Guideline on the primary prevention 
of cardiovascular disease. A report of the 
American College of Cardiology/American Heart 
Association Task Force on Clinical Practice 
Guidelines. Circulation 2019; 140: e596–e646.

	42	 Venkataraman P, Stanton T, Liew D, 
et al. Coronary artery calcium scoring in 
cardiovascular risk assessment of people with 
family histories of early onset coronary artery 
disease. Med J Aust 2020; 213: 170–177. https://
www.mja.com.au/journ​al/2020/213/4/coron​
ary-arter​y-calci​um-scori​ng-cardi​ovasc​ular-risk-
asses​sment​-peopl​e-family

	43	 Nasir K, Bittencourt MS, Blaha MJ, et al. 
Implications of coronary artery calcium testing 
among statin candidates according to American 
College of Cardiology/American Heart 
Association cholesterol management guidelines: 
MESA (Multi-Ethnic Study of Atherosclerosis). 
J Am Coll Cardiol 2015; 66: 1657–1668.

	44	 Okwuosa TM, Greenland P, Ning H, et al. 
Distribution of coronary artery calcium scores 
by Framingham 10-year risk strata in the MESA 
(Multi-Ethnic Study of Atherosclerosis) potential 
implications for coronary risk assessment. J Am 
Coll Cardiol 2011; 57: 1838–1845.

	45	 Min JK, Lin FY, Gidseg DS, et al. Determinants 
of coronary calcium conversion among patients 
with a normal coronary calcium scan: what is the 
“warranty period” for remaining normal? J Am 
Coll Cardiol 2010; 55: 1110–1117.

	46	 Alluri K, McEvoy JW, Dardari ZA, et al. 
Distribution and burden of newly detected 
coronary artery calcium: results from the Multi-
Ethnic Study of Atherosclerosis. J Cardiovasc 
Comput Tomog 2015; 9: 337–344.

	47	 Watts GF, Sullivan DR, Hare DL, et al. Integrated 
guidance for enhancing the care of familial 
hypercholesterolaemia in Australia. Heart Lung 
Circ 2021; 30: P324–P349.

	48	 Agostino JW, Wong D, Paige E, et al. 
Cardiovascular disease risk assessment for 
Aboriginal and Torres Strait Islander adults aged 
under 35 years: a consensus statement. Med J 
Aust 2020; 212: 422–427. https://www.mja.com.
au/journ​al/2020/212/9/cardi​ovasc​ular-disea​
se-risk-asses​sment​-abori​ginal​-and-torre​s-strai​
t-islander

	49	 Hua X, McDermott R, Lung T, et al. Validation 
and recalibration of the Framingham 
cardiovascular disease risk models in an 
Australian Indigenous cohort. Eur J Prev Cardiol 
2017; 24: 1660–1669.

	50	 Hoffmann U, Massaro JM, Fox CS, et al. Defining 
normal distributions of coronary artery calcium 
in women and men (from the Framingham Heart 
Study). Am J Cardiol 2008; 102: 1136–1141.

	51	 National Heart Foundation of Australia. 
Guideline for the diagnosis and management 
of hypertension in adults. Melbourne: National 
Heart Foundation of Australia, 2016. https://
www.heart​found​ation.org.au/getme​dia/c8351​
1ab-835a-4fcf-96f5-88d77​0582d​dc/PRO-167_
Hyper​tensi​on-guide​line-2016_WEB.pdf (viewed 
Oct 2019). ■

Supporting Information

Additional Supporting Information is included with the online version of this article.

https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
https://www.mja.com.au/journal/2020/213/4/coronary-artery-calcium-scoring-cardiovascular-risk-assessment-people-family
https://www.mja.com.au/journal/2020/213/4/coronary-artery-calcium-scoring-cardiovascular-risk-assessment-people-family
https://www.mja.com.au/journal/2020/213/4/coronary-artery-calcium-scoring-cardiovascular-risk-assessment-people-family
https://www.mja.com.au/journal/2020/213/4/coronary-artery-calcium-scoring-cardiovascular-risk-assessment-people-family
https://www.mja.com.au/journal/2020/212/9/cardiovascular-disease-risk-assessment-aboriginal-and-torres-strait-islander
https://www.mja.com.au/journal/2020/212/9/cardiovascular-disease-risk-assessment-aboriginal-and-torres-strait-islander
https://www.mja.com.au/journal/2020/212/9/cardiovascular-disease-risk-assessment-aboriginal-and-torres-strait-islander
https://www.mja.com.au/journal/2020/212/9/cardiovascular-disease-risk-assessment-aboriginal-and-torres-strait-islander
https://www.heartfoundation.org.au/getmedia/c83511ab-835a-4fcf-96f5-88d770582ddc/PRO-167_Hypertension-guideline-2016_WEB.pdf
https://www.heartfoundation.org.au/getmedia/c83511ab-835a-4fcf-96f5-88d770582ddc/PRO-167_Hypertension-guideline-2016_WEB.pdf
https://www.heartfoundation.org.au/getmedia/c83511ab-835a-4fcf-96f5-88d770582ddc/PRO-167_Hypertension-guideline-2016_WEB.pdf
https://www.heartfoundation.org.au/getmedia/c83511ab-835a-4fcf-96f5-88d770582ddc/PRO-167_Hypertension-guideline-2016_WEB.pdf

