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Abstract

Purpose of Review To review the prognostic significance and clinical utility of coronary artery calcium (CAC) for risk
assessment for atherosclerotic cardiovascular disease (ASCVD) in younger adults.

Recent Findings Data from over 3000 young adults (mean age of 40.3 + 3.6 followed for 12.5 years) in the CARDIA registry
found that in an asymptomatic, community representative sample, there was a low prevalence of CAC (~ 10%) but those
with CAC had an exponential increase in CAC over time and significantly higher rates of ASCVD events. Alternatively,
data from the CAC consortium analyzed 22,346 asymptomatic individuals undergoing CAC for clinical indications (mean
age 43.5+4.5 years, followed for 13 +4 years) and found a much higher prevalence of CAC at 34% with rates of coronary
heart disease mortality that varied significantly according to CAC.

Summary In younger adults, CAC provides clear prognostic value and can be considered in select individuals with uncer-

tainties about their ASCVD risk or the benefit of preventive therapies.

Keywords Coronary artery calcium - Cardiovascular prevention - Young adults

Introduction

In 1990, Agatson et al. employed computed tomography (CT)
to detect coronary artery calcium (CAC) as a non-invasive
method to approximate the quantity of coronary atheroscle-
rosis [1]. A score was computed for each calcific lesion with a
density > 130 Houndsfield units and an area>> 1 mm?. The sum
of these scores generated the total CAC score. In the three dec-
ades since, accumulating evidence showing significant varia-
tion in atherosclerotic cardiovascular disease (ASCVD) events
according to baseline CAC, low radiation exposure (< 1 mSv),
and rapid, noninvasive nature of CAC scoring has allowed
it to become a useful tool in ASCVD risk stratification [2].
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While non-calcified low-attenuation plaque not captured by the
CAC score may be the strongest predictor of the risk of future
ASCVD events, the CAC score correlates closely with the bur-
den of low-attenuation plaque as well as the total burden of
atherosclerosis [3]. There are many large observational studies
over the past 30 years supporting added benefit of CAC to tra-
ditional risk factors for risk stratification of ASCVD. However,
most of these studies have focused on individuals over the age
of 50 [4-9]. Atherosclerosis is a lifelong process that usually
remains asymptomatic during the early decades of life [10].
Unlike traditional risk factors, the CAC score can categorically
identify and quantify subclinical atherosclerosis, offering the
potential to identify younger individuals with premature ath-
erosclerosis who could subsequently be targeted for aggressive
preventive interventions. In this review, we discuss the current
evidence of the prognostic ability and the potential clinical util-
ity of CAC scoring in individuals under the age of 50.

The early data — the prognostic significance of CAC
in younger adults

Two studies, published in 2005, first examined the role of

CAC in younger, asymptomatic individuals. The Prospec-
tive Army Coronary Calcium (PACC) Project conducted
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by Taylor et al. at the Walter Reed Medical Center stud-
ied 2000 active-duty Army personnel with a mean age of
43 years who underwent coronary calcium CT as a part
of an army-mandated physical examination and were fol-
lowed for 3 years (+ 1.4 years). The majority (82%) of
the cohort were men. CAC was found in 22.4% of men,
with a mean score of 19.5+110.7 and 7.9% of women
with a mean score of 3.3 +20.0. Nine events occurred
in the follow-up period, all of them in men. The pres-
ence of any CAC was associated with an increased risk of
coronary heart disease (CHD) events (hazard ratio 11.82
(95% CI 2.45-56.93, p=0.002)) after controlling for tra-
ditional risk factors. Since the study was underpowered to
detect CHD events in women, the analysis was repeated
with men only. The association between CAC and CHD
events decreased (hazard ratio 4.32 (95% CI=1.1-16.97,
p=0.036)) [11]. While this study had a relatively short
follow-up period, low CHD event rates, and was poorly
representative of the general population, it did suggest that
the presence of CAC in younger, healthy individuals cor-
related with the risk of subsequent CHD events.

The second early study was conducted by La Monte
et al. at the Cooper Clinic in Dallas, Texas, and studied
16,097 individuals without clinical CHD undergoing
CAC scoring for CHD risk-stratification [12]. The sample
included 64% men, and approximately 20% of individuals
were less than 40. They were followed for 3.5 years (+1.4)
for CHD events (non-fatal myocardial infarction, death
from coronary disease). After adjusting for sex, individu-
als aged <40 with a CAC score of 0 had 0.6 CHD events
per 1000 person-years, while those with a CAC score >0
had 4.8 CHD events per 1000 person-years. Individu-
als aged 40-65 had 0.03, 0.2, 6.7, and 10.6 CHD events
per 1000 person-yearsfor a CAC score of 0,>0,> 100,
and > 1000, respectively. This study reinforced the find-
ings of the PACC Project. Notably, even individuals less
than age 40 with elevated CAC were found to be at ele-
vated CHD risk, suggesting that CAC may also have clini-
cal implications in younger individuals with premature
atherosclerosis.

Additional data supporting the prognostic significant of
CAC in younger adults was seen in a study by Tota-Maha-
raj et al. in 2012 that followed 8143 healthy individuals
younger than 45 referred for CAC, followed for 5.6 years
(+2.6), and examined all-cause mortality [13]. The young-
est quintile had individuals with a mean age of 40, 53.6%
of which were men. In this quintile, a CAC score of 0,
100-400, and > 400 were associated with markedly dif-
ferent rates of all-cause mortality at 0.7, 6.8, and 27.6 per
1000 person years, respectively. Individuals younger than
45 were more likely to have a family history of CHD than
individuals older 75. The strength of this study compared
to prior ones was that it was multi-center study and had a
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larger percentage of women. However, it did not examine
cardiovascular specific outcomes and had a relatively short
follow-up period.

A study by Paxaio et al. in 2015 included longer follow-
up and specific ASCVD outcomes[14]. They followed 2084
individuals from the Dallas Heart Study, a multi-ethic cohort
with a deliberate oversampling of African Americans, for
9 years examining CHD events (non-fatal myocardial infarc-
tion, CHD related death, coronary revascularization). The
mean age of the cohort was 44.4 years (£9), 56.2% were
women, and 45.4% were African American. After adjusting
for traditional risk factors, the presence of any CAC was
independently associated with CHD events for the overall
cohort (HR 1.9, 95% CI=1.51-2.38, p=0.001) as well as
for individuals <50 years (HR 1.56, 95% CI=1.20-2.03,
p=0.001). The cohort was then classified by the 10-year
Framingham Risk Score (FRS) into three categories: < 6%
risk, 6-10% risk, and > 10% risk. The addition of CAC score
to their baseline FRS correctly reclassified 21.1% of indi-
viduals who had CHD events into a higher risk category
and 0.5% of individuals who did not have CHD events into
a lower risk category. The C-statistic for the FRS for CHD
events was 0.86 (95% CI 0.83-0.91 and improved to 0.89
(95% CI 0.86-0.93, p=0.003) with the addition of the CAC
score.

The more recent data — a case for clinical utility

While prior studies were limited by short duration of follow-
up, limited outcomes, or biased samples, two recent studies
with more generalizable samples, longer duration of follow-
up, and clinically relevant outcomes have further solidified
the relationship between CAC and ASCVD in younger popu-
lations. The first, published in 2017 by Carr et al., utilized
the Coronary Artery Risk Development in Young Adults
(CARDIA) registry, a community representative sample
aimed at defining the determinants of ASCVD in younger
adults [15ee]. The study followed over 3000 individuals
with a mean age of 40.3 (+3.6) for 12.5 years. Outcomes
included CHD events (myocardial infarction, acute coronary
syndrome, CHD death, or coronary revascularization), CVD
events (CHD events, heart failure, stroke, transient ischemic
attack, or peripheral arterial disease), and all-cause mortal-
ity. Unlike prior studies, this cohort was not referred for
coronary calcium CT for risk-stratification; instead, par-
ticipants underwent scanning as a routine part of the study
protocol. Furthermore, this cohort underwent sequential
coronary calcium CT for CAC scores at baseline, 5-year
follow-up, and 10-year follow-up. The prevalence of CAC
at baseline was 10.2% and increased to 20.1% and 28.4%
at 5 years and 10 years, respectively. The geometric mean
(IQR) of the CAC scores for individuals with any CAC
increased from 21.6 (17.3-26.8) to 59.1 (47.7-73.2) and
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144.4 (116.9—-178.3) for the same time periods, indicating
not a linear increase in CAC over time but rather exponen-
tial growth. A higher CAC score correlated with a greater
risk of future CHD events after adjustment for traditional
risk factors. A CAC score of 1-19, 20-99, and > 100 had an
adjusted hazard ratio of 2.6 (95% CI=1.0-5.7, p=0.03), 5.8
(95% CI1=2.6-12.1, p<0.001), and 9.8 (95% CI1=4.5-20.5,
p <0.001), respectively, compared to a CAC score of zero.
The adjusted hazard ratio for CHD events for any CAC com-
pared to no CAC was 5.0 (95% CI=2.8-8.7, p<0.001).
While a CAC score > 100 was associated with an increase
in all-cause mortality 3.7 (95% CI=1.5-10.0, p<0.001), an
association between CAC and non-CHD CVD events was
not found.

The second study was published by Miedema et al. in
2019, utilizing data from the CAC Consortium to analyze
22,346 asymptomatic individuals undergoing CAC for clini-
cal indications with a mean age (SD) of 43.5 years (+4.5)
and followed for 12.7 (+4) years [16e¢]. Outcomes included
CHD mortality, CVD mortality, and all-cause mortality. The
prevalence of CAC was higher than the study conducted by
Carr et al. at 34.4%, which would be expected as this was
a sample with clinical indications for CAC scoring. Hazard
ratios were adjusted for age, sex, hyperlipidemia, hyperten-
sion, smoking, diabetes, and a family history of CHD. Com-
pared to a CAC score of 0, a CAC score of 1-100 was not
associated with a statistically significant increased risk of
CHD mortality (HR=1.7 (95% CI1=0.8-3.9)), CVD mor-
tality (HR=1.5 (95% CI=0.9-2.5)), or all-cause mortality
(HR=1.2 (95% CI=0.9-1.6)). However, a CAC score > 100
was associated with an increased risk for all three outcomes,
with an adjusted hazard ratio of 5.6 (95% CI1=2.5-12.7),
3.3 (95% CI1=1.8-6.2), and 2.6 (95% CI=1.9-3.6) for
CHD mortality, CVD mortality, and all-cause mortality,
respectively.

Compared to prior studies, these two studies elucidate
some important concepts. First, Carr et al. suggested that
even evidence of mild atherosclerosis (CAC score 20-99)
in relatively young individuals was associated with a sig-
nificant increase in the risk of CHD events. This is likely in
part due to the exponential growth of atherosclerotic plaque
over time. While Miedema et al. did not show this associa-
tion, their cohort had a higher proportion of Caucasian who
have a lower risk of CHD events for a given CAC score than
Hispanics and African Americans [17]. Second, it suggested
that CAC was more specific to CHD events and was less
generalizable to non-CHD CVD events or all-cause mortal-
ity. Lastly, Carr et al. demonstrated a low prevalence of CAC
in a non-referral based cohort in this age group, suggesting
that routine screening may not be the ideal use of coronary
calcium CT in this population. Conversely, the data from
Miedema et al. showed in a population of individuals with
clinical indications for CAC scoring there was a relatively

high prevalence of CAC with over one-third of individuals
having CAC > 0. This suggests that for younger individuals
with risk factors for ASCVD, selective use of CAC scoring
may be clinically appropriate.

Is there a clinical role for CAC testing in younger
adults?

In middle-aged adults, CAC is a well-established tool to aid
clinical decision making when there is uncertainty about
an individual’s ASCVD risk or treatment decisions[18].
Intriguingly, there are data to suggest that CAC can be
used to determine an individual’s “arterial age,” supplant-
ing chronological age for CHD risk stratification. In 2004,
Schisterman and Whitcomb utilized prior published data
to delineate arterial age categories in 5-year increments
that corresponded with the expected CAC score for a
chronological age [19]. For example, a 50-year-old man
with a CAC score of 100 would have an arterial age of
60-64 years. McClelland et al. built on this concept to
assess an arterial age as a function of the CHD risk of a
given CAC score [20]. CAC scores of 0, 10, and 100 were
equivalent to an arterial age of 39, 56, and 73, respectively.
When arterial age was substituted for chronological age
into the Framingham risk score, it was more predictive of
CHD events (receiver operating characteristic 0.79 versus
0.75). Furthermore, when controlling for the calculated
arterial age, the chronological age was no longer found
to be a predictive of CHD events. This suggests that an
individual’s CAC is a better predictor of their CHD risk
than their age.

Given the lower prevalence of CAC in younger individ-
uals, more selective use of coronary calcium CT should be
considered. Younger individuals with evidence of familial
hypercholesterolemia or multiple traditional CHD risk fac-
tors have a significantly elevated lifetime risk and likely
warrant aggressive treatment regardless of their CAC
score. However, even in those with familial hypercholes-
terolemia, recent data demonstrate low CHD event rates in
those with a CAC score of zero. In a systematic analysis of
nine cohorts consisting of 1176 of asymptomatic individu-
als with a mean age of 47 years and heterozygous familial
hypercholesterolemia found that 45% of individuals did
not have any CAC, despite an elevated low-density lipo-
protein [21]. A pooled analysis of two of these cohorts,
the French Registry of Familial Hypercholesterolemia and
the Spanish Familial Hypercholesterolemia Cohort Study,
examined the incidence of CHD, stroke, transient ischemic
attack, peripheral arterial disease, cardiovascular death,
and sudden death in 1624 individuals with a mean age
of 48.5 years. Of the 630 individuals with a CAC of 0,
only 3 had an event over the 2.7 (0.4-5.0)-year follow-up
period [22].
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Additionally, younger individuals without any traditional
risk factors are unlikely to have CAC and routine screening
with CAC will likely not be cost-effective in this age group.
A study by Okwuosa et al. attempted to define which indi-
viduals would benefit from coronary calcium CT [23]. They
utilized the CARDIA registry to assess CAC in 2832 indi-
viduals, aged 33-45 and found 9.9% of this cohort had a CAC
score>0 and 1.8% had a CAC score> 100. Thus, the number
needed to screen (NNS) was 10 for any CAC and over 50 for
a CAC>100. The authors then stratified the cohort according
to baseline FRS. A FRS > 10% reduced the NNS to 2.2 for
any CAC and 5.8 for a CAC> 100. The study concluded that
younger adults with an FRS between 10 and 20% were most
likely to benefit from CAC scoring for future CHD risk-stratifi-
cation. Concordantly, the 2019 ACC/AHA Guidelines recom-
mend that adults at intermediate 10-year ASCVD risk (>7.5%
to <20%) or selected adults at borderline 10-year ASCVD risk
(5% t0 <7.5%) can consider undergoing CAC scoring to help
guide the initiation of preventative interventions [18].

A retrospective study conducted by Mitchell et al. at the
Walter Reed Medical Center highlights the importance of
identifying and intervening on younger adults with prema-
ture atherosclerosis [24]. The study analyzed 13,644 indi-
viduals without prior ASCVD who underwent coronary cal-
cium CT were followed for 9.4 years for incident myocardial
infarction, stroke, and cardiovascular death. The mean age
was 50 years,and 71% were men. Individuals without CAC
at baseline were not found to benefit from statin treatment.
However, individuals with any amount of CAC at baseline
who were started on a statin within 5 years had a lower inci-
dence of the primary outcome (HR =0.76 (95% CI 0.60-0.95,
p=0.015) than individuals with CAC who were not started on
a statin. The most significant benefit was found in individuals
with a CAC score of 100400 (HR=0.32 (95% C1 0.21-0.48,
p <0.0001). While prospective studies are needed to confirm
these results, the findings demonstrate the potential impact of
CAC in clinical decision making and long-term risk reduction.

Given the overall data, it is reasonable to consider CAC
testing in men and women in their 40’s if there is uncertainty
about their ASCVD risk or uncertainty about treatment deci-
sions. In more select situations, it also seems reasonable to
proceed with CAC testing in men in their 30’s. For women
in their 30’s and men and women in their 20’s, CAC test-
ing should consider only in rare situations. As with middle-
aged adults, the decision to proceed with CAC testing should
occur in the context of shared decision making as part of the
clinician patient risk discussion.

Cost Effectiveness of CAC in Younger Adults

While a non-contrast CT itself is relatively inexpensive
(CAC scores typically cost~$100-$400) [25], it is worth
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examining its cost-effectiveness as clinical tool. A recent
analysis by Ventakaraman et al. examined the cost-effec-
tiveness of CAC in individuals with a family history of
CHD, utilizing the CAC Score: Use to Guide management
of Hereditary Coronary Artery Disease registry. This analy-
sis compared initiating statin therapy in individuals with a
CAC score >0 and Pooled Cohort Equations (PCE) 10-year
ASCVD risk > 2% versus all individuals with a PCE 10-year
ASCVD risk >7.5%, as recommended by the 2019 AHA/
ACC primary prevention guidelines [18]. Utilizing CAC,
45% of the cohort would be eligible for statin therapy while
27% would be eligible for statin therapy based on the AHA/
ACC primary prevention guideline strategy. Relevant vari-
ables in the model included the cost of the CT, investigation
of incidental findings on CT, the increase in life-time cancer
risk from the radiation exposure, the cost of statin therapy,
the costs of treating acute and chronic CVD events, and the
disutility of statin therapy. Over a period of 15 years, the
CAC-based strategy added 0.0097 quality adjusted life years
(QALY) per patient, but also increased annual costs by $145
per patient. The NNS to prevent one CVD event was high,
at 152. For individuals aged 50-60, the cost of the CAC
strategy was $23,663/QALY. For individuals less than 50,
the cost of a routine screening approach grew dramatically
to $358,656/QALY due the lower prevalence of CAC in this
age group [26]. These findings highlight the importance of
selective use of CAC testing in younger adults as opposed
to a broader screening approach.

Conclusion

In younger adults, CAC provides clear prognostic value,
with significant variation in CHD and ASCVD outcomes
according to the presence and quantity of calcified coro-
nary atherosclerosis. Given the low prevalence of CAC in
younger adults, CAC testing should be selective and offered
in the context of shared decision making as part of the clini-
cian-patient risk discussion. In individuals with uncertainty
about clinical decisions, such as starting statin therapy, the
absence of CAC may provide enough reassurance for a
short-term delay in treatment, while the presence of calci-
fied atherosclerosis can provide justification the initiation of
preventive therapies.
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