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ARTICLE INFO ABSTRACT

Keywords: Objective: TAC is associated with an increased atherosclerotic cardiovascular disease (ASCVD) risk, but it is
Thoracic aortic CalCi_ﬂcatiUﬂ unclear how to interpret thoracic aortic calcification (TAC) findings in conjunction with ASCVD risk and coronary
C°r°"ar§' artery calcium artery calcium (CAC) score according to 2018 ACC/AHA Multisociety cholesterol guidelines. We evaluate the
Prognosis incremental value of thoracic aortic calcification TAC over CAC for predicting and reclassifying ASCVD mortality

Cardiovascular mortality

Computed tomography risk.

Method: The study included 30,630 asymptomatic individuals (mean age: 55 + 8 years, male: 64%) from the CAC
Consortium. TAC was categorized as TAC 0, 1-300, and >300. Patients were categorized as low (<5%), borderline
(5-7.5%), intermediate (7.5-20%), or high (>20%) 10-year ASCVD risk according to the Pooled Cohorts Equation.
In the intermediate risk group, the utility of TAC beyond CAC for statin eligibility was assessed according to the
guideline. CAC was categorized as CAC=0 (no statin), CAC 1-100 (favors statin), or CAC>100 (initiate stain).
Results: During the median 11.2 years (IQR 9.2-12.4) follow-up, 345 (1.1%) CVD deaths occurred. TAC>300 was
associated with increased CVD mortality after adjusting for ASCVD risk and CAC (HR:4.72, 95% CI: 3.39-6.57,
p<0.001). In borderline and intermediate risk groups, TAC improved discrimination when added to a model
included ASCVD risk and CAC (C-statistic: 0.77 vs. 0.68 in borderline group; 0.67 vs. 0.63 in intermediate group,
both p < 0.05). The addition of TAC over CAC improved risk reclassification in borderline, intermediate and
high-risk groups (categorical net reclassification index: 0.40, 0.29, and 0.49, respectively, all p < 0.001). Of
intermediate risk participants for whom consideration of CAC was recommended based on the guideline, TAC
>300 was associated with an increased CVD mortality risk across each statin eligibility group (all p < 0.001,
compared to TAC 0).

Conclusion: TAC was independently associated with CVD death. Among individuals with borderline or interme-
diate ASCVD risk, a TAC threshold of 300 may provide added prognostic and reclassification value beyond the
current guideline-based approach.

1. Introduction third of all-cause deaths, attributed by CVD in the United States [1].
Coronary artery calcium (CAC), by ECG-gated non-contrast computed

Cardiovascular disease (CVD) death is one of the major causes of tomography imaging, is associated with atherosclerotic burden and ad-
death, with more than 850,000 deaths annually, approximately one- verse CVD clinical outcomes [2-4]. The CAC score effectively reclas-

sifies CVD risk of asymptomatic patients that may facilitate treatment
decision-making in clinical settings [5-7]. The 2018 ACC/AHA Multi-
society guidelines recommend CAC scanning to guide preventive treat-
ment strategies among asymptomatic individuals with intermediate 10-

* Corresponding author.
E-mail address: Daniel.Berman@cshs.org (D.S. Berman).
# Both authors contributed equally.

https://doi.org/10.1016/j.ajpc.2021.100232

Received 22 May 2021; Received in revised form 26 July 2021; Accepted 2 August 2021

2666-6677/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.ajpc.2021.100232
http://www.ScienceDirect.com
http://www.journals.elsevier.com/the-american-journal-of-preventive-cardiology
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajpc.2021.100232&domain=pdf
mailto:Daniel.Berman@cshs.org
https://doi.org/10.1016/j.ajpc.2021.100232
http://creativecommons.org/licenses/by-nc-nd/4.0/

D. Han, K. Kuronuma, A. Rozanski et al.

year atherosclerotic cardiovascular disease (ASCVD) risk if a decision
about statin therapy is uncertain [8].

Thoracic aortic calcification (TAC) is a marker of aortic atheroscle-
rosis and has been associated with CVD risk factors such as arterial stiff-
ening and systemic arterial hypertension [9-11]. TAC in segments of
the ascending and descending thoracic aorta can be assessed by routine
CAC scanning without additional radiation. Several population-based
studies have shown that the presence and extent of TAC is associated
with adverse CVD outcomes [12-14]. However, less is known about the
additional prognostic benefit of TAC beyond CAC. Further, in clinical
practice, it is unclear how to interpret TAC findings in conjunction with
patients’ ASCVD risk and CAC score. We examined the prognostic sig-
nificance of TAC beyond ASCVD risk score and CAC in asymptomatic
adults. Further, we explored the clinical implications of TAC over CAC
in reclassifying risk for statin eligibility in patients with intermediate
ASCVD risk according to 2018 ACC/AHA Multisociety cholesterol low-
ering guidelines.

2. Methods
2.1. Study population

The CAC Consortium is a large cohort of primarily asymptomatic
patients who underwent non-contrast cardiac-gated CAC testing in four
clinical sites; it was designed to study the relationship between CAC
scoring and long-term cause-specific mortality. Details of the rationale
and design of the CAC Consortium have been described [15]. A total of
66,636 patients were enrolled in the CAC Consortium with baseline CAC
testing from 1991 to 2010. All study participants provided informed
consent at the time of enrollment and CAC scanning. The study protocol
was approved by the Institutional Review Board at all participating sites.
We included 30,630 patients with age 40-75 years, from two of the four
CAC Consortium sites (Cedars-Sinai Medical Center and UCLA Harbor)
in whom TAC quantification was performed.

2.2. Computed tomography data

Non-contrast ECG-gated computed tomography scans for CAC scor-
ing were performed at each site. A common standard protocol was used
for each scanner. CAC, TAC, aortic valve calcification (AVC), and mitral
valve calcification (MVC) were computed using the sum of individual
area-density products according to the Agatston method [2]. TAC in-
cluded calcium scored from segments of the ascending and descending
portion of the thoracic aorta visible in the CAC scan. Calcification in
the aortic annulus and root was considered as TAC. Calcium deposits
in the aortic valve leaflets and mitral valve leaflet/annulus were com-
puted as AVC and MVC, respectively. AVC and MVC information are
available in 8713 patients from one of the four CAC Consortium centers
(Cedars-Sinai Medical Center).

2.3. Clinical data and adjudication of events

Hypertension, diabetes, and dyslipidemia were defined as either a
prior diagnosis or current treatment with medical therapy for these con-
ditions. Dyslipidemia was also considered if patients had concomitant
lipid panel showing LDL-C >160 mg/dL, HDL-C <40 mg/dL in men or
<50 mg/dL in women, or fasting triglycerides >150 mg/dL. Smoking
status was defined as current smoker or not. More detailed descriptions
of risk factor definitions in the CAC Consortium have been previously
described [15]. A 10-year risk for ASCVD was calculated using baseline
data according to the Pooled Cohort Equations [16].

Adjudication of mortality was performed by interrogation of the So-
cial Security Death Index (SSDI) Death Master File, using unique pa-
tient identifiers, such as name, date of birth, and social security num-
ber (SSN). Cause of death was determined based on ICD-9 and ICD-10
codes on the death certificate. CVD death was defined as mortality from
coronary heart disease, stroke, heart failure or other cardiovascular con-
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ditions. Follow-up of the cohort occurred through June 2014 for this
report.

2.4. Statistical analysis

Continuous variables are expressed as mean +standard deviation
(SD), and categorical variables are reported as counts with propor-
tions. A 10-year risk predictor score for ASCVD was calculated using
baseline data according to the Pooled Cohort Equations, then cate-
gorized as low (<5%), borderline (5 to <7.5%), intermediate (7.5 to
<20%), and high risk (>20%) group. Patients with LDL-C>190 or dia-
betes were included in the high risk group according to guidelines. CAC
score was categorized as 0, 1 to 99, 100-399 and > 400.

To develop and validate an optimal TAC cutoff for CVD mortality
prediction, the study population was divided into derivation and vali-
dation cohorts according to participating sites (derivation cohort: UCLA
Harbor, n=18,349; validation cohort: Cedars-Sinai, n=12,281). In the
derivation cohort, TAC 300 cutoff was derived by receiver-operating
characteristic curves for CVD death prediction using the maximum
Youden index. The TAC 300 cutpoint remained significantly associated
with increased CVD death risk in the validation cohort after adjustment
for ASCVD and CAC (HR: 4.03, 95% CI: 2.63-6.18, p<0.001). TAC score
was categorized using the cutoff, as TAC=0 (no TAC), TAC=1-300 (low
TAC), or TAC>300 (high TAC). Supplemental Figs. 1 and 2 displayed
example of scans showing TAC >300 and <300.

Comparisons between TAC categories were performed by one-way
analysis of variance for continuous variables (ANOVA) and by Pearson’s
z? test for categorical measures. The incidence of CVD death (events
per 1,000 person-years at risk) was calculated to determine the risk
of CVD death across TAC and CAC categories. Cox proportional haz-
ard regression was performed to estimate risks associated with TAC,
AVC, and MVC. When assessing the incremental prognostic value of
TAC over risk factors and CAC, we employed the following models: AS-
CVD alone, ASCVD + CAC category, and ASCVD + CAC category + TAC
category. In addition, we developed a model including AVC and MVC
(ASCVD + CAC category + TAC category + presence of AVC + presence
of MVC) in 8713 patients who had AVC/MVC quantification informa-
tion. Harrell’s C-index was used to assess discrimination of CVD death
events for each model and C-indexes were compared using the method
described by DeLong et al. [17]. Additionally, we assessed the incremen-
tal value of TAC over risk factors and CAC for all-cause, coronary heart
disease (CHD) and stroke mortality outcomes. We calculated categori-
cal net reclassification improvement (NRI), which was used to estimate
reclassification performance of each model wherein TAC=0 reclassi-
fies downward risk, and TAC>300 reclassifies upward risk. C-index and
NRI analyses were performed after the sample was stratified by ASCVD
categories.

The 2018 AHA/ACC Guideline on Cholesterol management states
that the CAC score can help guide statin therapy in people at intermedi-
ate ASCVD risk [8]. Specifically, the guideline suggests (1) to consider
no statin therapy with a CAC score of 0 (no statin), (2) to favor statin
therapy with a CAC score 1 to 99 (favors statin), and (3) statin therapy
is indicated if a CAC score >100 (initiate statin). We tested the implica-
tion of TAC categories in risk reclassification in intermediate risk group
according to the guidelines. Incidence of CVD death per 1000 person-
years was compared across CAC and TAC categories in intermediate risk
group. All statistical analyses were performed using STATA (version 14;
StataCorp, College Station, TX, USA), and a P-value <0.05 was consid-
ered statistically significant.

3. Results
3.1. Baseline characteristics according to TAC score category
Baseline characteristics of the study population according to TAC are

shown in Table 1. The mean age was 55+8 years and 64% (n=19,747)
were male. Age and the prevalence of hypertension, diabetes, dyslipi-
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Table 1
Baseline characteristics according to TAC.
TAC=0 (n=21,596, no TAC) TAC= 1-300 (n=6,666, low TAC) TAC>300 (n=2,368, high TAC) P-value

Age 52.1+7.3 58.9+7.5 64.9+6.7 <0.001
Male 13,979 (64.7) 4287 (64.3) 1481 (62.5) 0.103
Hypertension 5378 (24.9) 2563 (38.5) 1301 (54.9) <0.001
Hyperlipidemia 12,538 (58.1) 4710 (70.7) 1722 (72.7) <0.001
Diabetes 959 (4.4) 521 (7.8) 345 (14.6) <0.001
Family history of CHD 9760 (45.2) 3029 (45.4) 1047 (44.2) 0.585
Current smoker 1999 (9.3) 690 (10.4) 336 (14.2) <0.001
ASCVD risk score 5.3£5.2 9.8+7.4 16.0+10.3 <0.001
low risk 13,082 (60.6) 1928 (28.9) 216 (9.1) <0.001
Borderline risk 3358 (15.6) 1173 (17.6) 256 (10.8) <0.001
Intermediate risk 3754 (17.4) 2569 (38.5) 1101 (46.5) <0.001
High risk 1402 (6.5) 996 (14.9) 795 (33.6) <0.001
Any CAC 9213 (42.7) 5057 (75.9) 2172 (91.7) <0.001
Any MVC* 76 (1.3) 143 (7.0) 157 (18.8) <0.001
Any AVC* 297 (5.1) 428 (21.1) 330 (39.5) <0.001

* MVC and AVC available in 28% (8,713 patients) of the study population.
TAC, thoracic aortic calcification; CHD, coronary heart disease; ASCVD atherosclerotic cardiovascular disease; MVC, mitral valve
calcification; AVC, aortic valve calcification

Distribution of TAC according to CAC category

100%
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(n=4,217) (n=3,070)

Fig. 1. Distribution of TAC according to CAC category (p for trend <0.001)
TAC, thoracic aortic calcification; CAC, coronary artery calcium.

demia, and current smoking increased with increasing TAC scores. The
proportion of males and patients with a family history of CAD did
not differ among TAC groups. Regarding ASCVD risk, 15,226 (49.7%),
4,787 (15.6%), 7,424 (24.2%) and 3,193 (10.4%) patients were in the
low, borderline, intermediate, and higher risk groups, respectively. The
prevalence of TAC was 29.5% (9,036) and CAC was 53.7% (16,442) in
the overall population. The proportion of subjects in the borderline, in-
termediate and high ASCVD categories increased with increasing TAC
(all p<0.001). The presence and severity of TAC were associated with
CAC (Fig. 1). The presence and magnitude of TAC increased with higher
CAC scores. Among patients with CAC=0, 12.7% of patients had TAC
while in patients with CAC >400, 68.9% had TAC.

3.2. CVD death during study follow-up

During the median 11.2 years (Interquartile range: 9.2-12.4) of study
follow-up, 345 (1.1%) CVD deaths occurred. The incidence of CVD death
events per 1000 person-years was 0.5 [95% confidence interval (95%
CD: 0.4-0.6], 1.4 (95% CI: 1.2-1.7), and 6.0 (95% CI: 5.1-7.2) for
the patients with TAC=0, TAC=1-300, and TAC >300, respectively. On
Kaplan-Meier survival curves, increasing TAC was associated with a sig-
nificantly higher incidence of CVD death events in each of the ASCVD
risk categories (Fig. 2 A-D). The incidence of CVD mortality per 1000
person-year according to TAC and CAC categories is shown in Fig. 3.
Participants with TAC=0 and CAC=0 had the lowest incidence of CVD
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mortality, whereas participants with TAC>300 and CAC > 400 had the
highest CVD mortality rate. Participants with CAC=0 but with TAC>300
had a high CVD mortality rate of 3.7 deaths per 1000 person-years com-
pared with 2.3 CVD deaths per 1,000 person-years among participants
with CAC>400 and TAC=0. TAC>300 was associated with increased
CVD mortality incidence across all CAC categories (all p<0.001). In the
Cox regression analysis, the risk of CVD death increased at higher AS-
CVD risk score, CAC, and TAC (Table 2). After adjustment for ASCVD
and CAC, TAC remained significantly associated with CVD mortality
(HR: 1.72, 95% CI: 1.29-2.28, p<0.001 for TAC=1-300; HR: 4.23, 95%
CIL: 3.11-5.76, p<0.001 for TAC>300)

3.3. Incremental value of TAC over CAC and ASCVD risk group

In the overall study population, TAC displayed incremental benefits
over the ASCVD+CAC model for predicting CVD death (C-statistic for
ASCVD+CAC=0.776 vs. for ASCVD + CAC+TAC= 0.796; p = 0.001,
Table 3). When stratified by ASCVD risk categories, the addition
of TAC improved discrimination beyond ASCVD+CAC for those be-
longing to the borderline and intermediate risk (C-statistic for AS-
CVD + CAC=0.683 and 0.631 vs. for ASCVD + CAC+ TAC=0.772 and

0.668, respectively; both p<0.05). The incremental benefit of TAC was
not significant in patients with low ASCVD risk (C-statistic for AS-
CVD + CAC=0.704 vs. ASCVD + CAC + TAC = 0.713; p=0.635) and high
risk (ASCVD + CAC=0.714 vs. ASCVD + CAC + TAC = 0.737; p=0.053).

3.4. TAC and All-cause, CHD, and stroke related mortality outcomes

1,246 (4.1%) all-cause, 160 (0.5%) CHD and 75 (0.2%) stroke
death occurred over the follow-up period. In Cox regression analysis,
TAC>300 was associated with all-cause, CHD and stroke death after
adjustment for ASCVD and CAC (all-cause death: HR: 3.15, 95% CI:
2.68-3.69, p<0.001; CHD death: HR: 2.79, 95% CI: 1.81-4.31, p<0.001;
stroke death: HR: 4.88, 95% CI: 0.56-9.32, p<0.001). Addition of TAC
over ASCVD and CAC improved prediction for all-cause death and
stroke death in the overall study population (Supplemental Table 2,
both p<0.05). The incremental benefit of TAC was not significant for
CHD death prediction (p=0.067). When stratified by ASCVD risk cate-
gory, the addition of TAC improved prediction for all-cause death over
ASCVD+CAC for patients with low, borderline and intermediate risk
(all p<0.05). There was no improvement of discrimination for all-cause
death in patients with high risk (p=0.528).
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Fig. 2. Continued
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3.5. Risk reclassification

The addition of TAC improved CVD death risk reclassification in pa-
tients with borderline, intermediate, and high-risk group (NRI: 0.399,
0.290, and 0.492, respectively, all p<0.001; Table 4). There was no sig-
nificant improvement in reclassification in the low risk, with NRI of
0.085 (p = 0.386).

3.6. CVD mortdlity rate by TAC and CAC in intermediate ASCVD risk
patients regarding statin recommendations

2018 ACC/AHA Multisociety guidelines for cholesterol management
suggest if a decision about statin therapy is uncertain in patients with
intermediate ASCVD risk, CAC measurement should be considered to
guide statin therapy as follows: CAC=0 (no statin), CAC=1-100 (favors
statin), and CAC>100 (initiate statin) [8]. The CVD mortality rates per
1000 person-years across TAC and CAC categories are shown in Fig. 4.
Of the intermediate ASCVD risk patients, 15% had TAC>300. The CVD
death rate in patients with intermediate risk and CAC=0, CAC=1-100,
and CAC>100 was 0.9, 1.5, and 2.5 events per 1000 person-years, re-
spectively. Incidence of CVD death in each CAC groups was heteroge-

nous when further stratified by TAC categories (p for trend<0.001).
TAC>300 was associated with a concurrent higher incidence of CVD
death per 1000 person-years compared to TAC=0 across each CAC cat-
egories (TAC>300 vs. TAC=0: 4.8 vs. 0.6 in CAC 0; 3.7 vs. 0.7 in CAC
1-100; 4.4 vs. 1.9 in CAC>100, all p < 0.001).

3.7. AVC and MVC over TAC for CVD mortality

AVC and MVC quantification information was available in 28%
(n=8,713) of the study population. AVC and MVC were observed in 12%
and 4% of patients, respectively. The prevalence of MVC and AVC were
increased with a higher TAC (Table 1). In the multivariate Cox analysis,
AVC was an independent predictor of CVD mortality after adjusting for
ASCVD risk score and CAC (In (AVC+1), HR: 1.14, 95% CI: 1.04-1.24,
p=0.004, Table 2). However, the prognostic significance of MVC was at-
tenuated after accounting for ASCVD risk score and CAC (In (MVC+1):
1.01, 95% CI: 0.89-1.15, p=0.822). The addition of AVC and MVC dis-
played no further incremental benefit beyond TAC for the prediction
of CVD death across all ASCVD risk groups (all p>0.05, Supplementary
Table 1).
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Fig. 3. CVD death rate per 1000 person-year according to CAC and TAC categories
TAC, thoracic aortic calcification; CAC, coronary artery calcium; CVD, cardiovascular disease.

Table 2
Cox regression analysis for CVD death risk.

Crude Adjusted (by CAC and ASCVD risk score)
Variable

HR 95% CI p-value HR 95% CI p-value
CAC category
CAC=0 1 (ref) - - - -
CAC 1-100 2.38 1.70-3.33 <0.001 - -
CAC 101-399 4.26 2.99-6.05 <0.001 - -
CAC >400 11.5 8.44-15.77  <0.001 - -
ASCVD risk category
Low risk 1 (ref) - - - -
Borderline risk 2.38 1.59-3.55 <0.001 - -
Intermediate risk 5.19 3.80-7.10 <0.001 - -
High risk 11.12 8.05-15.36  <0.001 - -
Extra-coronary calcification (ECC)
TAC category
TAC=0 (No TAC) 1 (ref) - - 1 (ref) - -
TAC=1-300 (Low TAC)  2.88 2.19-3.77 <0.001 1.72 1.29-2.28  <0.001
TAC>300 (High TAC) 12.10 9.42-15.55  <0.001 4.23 3.11-5.76  <0.001
Ln (TAC+1) 1.43 1.38-1.49 <0.001 1.24 1.18-1.29 <0.001
Ln (MVC+1)? 1.22 1.08-1.38 0.001 1.01 0.89-1.15  0.822
Ln (AVC+1) @ 1.38 1.27-1.49 <0.001 1.14 1.04-1.24  0.004

a MVC and AVC available in 29% (10,007 patient) of study populationTAC, thoracic aortic cal-
cification; CAC, coronary artery calcium; CVD, cardiovascular disease; ASCVD atherosclerotic car-
diovascular disease; MVC, mitral valve calcification; AVC, aortic valve calcification

4. Discussion

In this large cohort with TAC quantification from non-contrast car-
diac CT scan, we demonstrate that TAC is independently associated with
increased risk of CVD mortality events. TAC assessment with the thresh-
old of 300 improved risk prediction and reclassification for CVD mortal-
ity when added to the ASCVD risk score and CAC, particularly in patients
with borderline and intermediate ASCVD risk group. Of the intermediate
ASCVD risk patients whom current guidelines recommend considering
CAC measuring to guide statin treatment, TAC>300 provided further
risk reclassification over guideline-based CAC categories. TAC was un-
common (12.7% for TAC 1-300, 1.4% for TAC >300) and assessment did
not provide significant improvements among low ASCVD risk patients.

There were no further benefits when adding MVC and AVC over ASCVD
risk score, CAC, and TAC.

4.1. Comparison to prior studies

The current study confirms prior findings of the association between
TAC and increased risk of adverse CVD outcomes. Wong et al. exam-
ined predictive value of TAC for CVD events in 2303 asymptomatic
adults with 4.4 years follow up and found that increasing TAC was
significantly associated with the incidence of CVD events [12]. In an-
other study, Santos et al. reported that the presence of TAC was asso-
ciated with a 60% increase in all-cause mortality [13]. In the Multi-
Ethnic Study of Atherosclerosis (MESA) study, the presence of TAC was
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Discriminatory value of TAC for predicting CVD mortality event.
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Model C-statistic 95% CI P-value vs. ASCVD P-value vs. ASCVD+CAC
Overall (n=30,630)

ASCVD 0.757 0.732-0.781 - -
ASCVD + CAC 0.776 0.752-0.800  0.034 -
ASCVD + CAC + TAC  0.796 0.773-0.820  <0.001 0.001
Low risk (<5%, n=15,226)

ASCVD 0.661 0.593-0.728 - -
ASCVD + CAC 0.704 0.638-0.769  0.241 -
ASCVD + CAC + TAC  0.713 0.647-0.779  0.172 0.635
Borderline risk (5 to <7.5%, n=4,787)

ASCVD 0.520 0.433-0.608 - -
ASCVD + CAC 0.683 0.608-0.759  <0.001 -
ASCVD + CAC + TAC 0.772 0.697-0.847 <0.001 0.004
Intermediate risk (7.5 to <20%, n=7,424)

ASCVD 0.593 0.544-0.642 - -
ASCVD + CAC 0.631 0.584-0.678 0.143 -
ASCVD + CAC + TAC  0.668 0.624-0.713  0.003 0.037
High risk (>20%, n=3,193)

ASCVD 0.678 0.630-0.726 - -
ASCVD + CAC 0.714 0.668-0.760  0.032 -
ASCVD + CAC + TAC  0.737 0.690-0.783  0.003 0.053

TAC, thoracic aortic calcification; CAC, coronary artery calcium; CVD, cardiovascular disease;
ASCVD atherosclerotic cardiovascular disease

Table 4

Addition of TAC over CAC for reclassifying CVD mortality events according to ASCVD risk categories.

NRI 95% CI p-value % Event reclassified ~ % Non-events reclassified
Low risk (n=15,226) 0.085  -0.102-0.272  0.386 -16.4% 24.9%
Borderline risk (n=4,787) 0.399 0.165-0.632 <0.001 7.1% 32.7%
Intermediate risk (n=7,424)  0.290  0.162-0.418 <0.001  8.8% 20.3%
High risk (n=3,193) 0.492  0.361-0.624 <0.001  45.9% 3.3%

TAC, thoracic aortic calcification; CAC, coronary artery calcium; CVD, cardiovascular disease; ASCVD atheroscle-
rotic cardiovascular disease; NRI, net reclassification index

Intermediate ASCVD risk (n=7,424)

1.8/1000

|

CAC=0 (no statin)
(n=1,658, 22.3%)

CAC 1-100 (favors statin)
(n=2,582, 34.8%)

|

CAC>100 (Initiate statin)

(n=3,184, 42.9%)

0.9/1000 1.5/1000 2.5/1000
TAC 0 TAC 1-300 TAC 0 TAC 1-300 TAC 0 TAC 1-300
(n=1,188, 71.7%) | | (n=385, 23.2%) (n=1,434, 55.4%) | | (n=908, 35.3%) (n=1,135, 35.7%) | | (n=1,276, 40.1%)
0.6/1000 1.3/1000 0.7/1000 2.1/1000 1.9/1000 1.9/1000

Fig. 4. Implication of TAC over CAC in reclassifying risk in intermediate risk group regarding statin use

In intermediate risk patients whom the current guidelines recommend considering CAC measuring to guide statin use, TAC provided better risk reclassification over
guideline-based approach with CAC. Incidence of CVD death was stratified according to events rate (<1 (green color), 1 to <3 (yellow) and >3 (red) per 1000

person-years).

TAC, thoracic aortic calcification; CAC, coronary artery calcium; CVD, cardiovascular disease; ASCVD atherosclerotic cardiovascular disease (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.).

a significant predictor of future coronary events independent of tradi-
tional risk factors [14]. However, the incremental value of TAC when
added to a model containing risk factors and CAC was not significant
[12] or only significant in women [14]. In the current study, the addi-
tion of TAC over the ASCVD risk score and CAC displayed significant
improvement for CVD death prediction in the overall population. The
potential explanation of the discrepancies between prior findings vs. our

results is previous studies included a relatively small sample size with
few CVD-related hard outcomes. For example, the study by Wong et al.
[12] observed only 47 total CVD events, of which more than half were
soft CHD events (i.e. coronary revascularization). The TAC study in the
MESA population considered only CHD events as a primary endpoint
[14]. Our results were similar to the previous findings that the addi-
tion of TAC over the ASCVD risk score and CAC displayed no significant
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improvement for CHD death prediction. However, the addition of TAC
over the ASCVD+CAC model significantly improved all-cause, CVD, and
stroke-related death prediction in the over study population. The large
sample size with median 11.2 years long term follow-up of the CAC con-
sortium allowed to have enough power for the cause-specific mortality
analysis.

4.2. Clinical significance

Although prior studies indicated that the TAC is an independent pre-
dictive marker for adverse CVD outcomes, it has been unclear how to in-
terpret and utilize TAC findings from non-contrast CAC scans in clinical
practice. Previous studies used a binary assessment (presence/absence)
(11) or arbitrary thresholds (0, 100, and 400) from CAC score (9) in in-
terpretation. We suggested a TAC threshold of 300, based on the thresh-
old estimation analysis for CVD mortality outcomes. Our findings indi-
cated that CVD mortality risk increased with increasing TAC and was
particularly high with TAC >300. This suggests a defining of a high
TAC group might be superior to a simple binary approach of presence
or absence for identifying patients at high CVD risk.

We assessed the benefit of TAC over CAC after stratifying the study
population according to guideline based ASCVD risk groups. The maxi-
mal benefit of the TAC assessment over CAC was overserved in border-
line to intermediate ASCVD risk patients. Further, our findings suggest
TAC assessment with a threshold of 300 may have clinical utility for
risk reclassification over CAC for shared decision making in cholesterol
lowering treatment: TAC >300 may improve patient selection for those
who would benefit more strongly from statin use, from intermediate AS-
CVD risk patients who should consider a statin (CAC=1-100), and those
where a statin is not recommended (CAC=0).

4.3. MVC and AVC over ASCVD risk, CAC and TAC

Other sites of extra coronary calcification (ECC) such as AVC and
MVC can also be assessed by routine CAC scan. In a sub-study of the
MESA population, multi-site ECC, defined as TAC, AVC, MVC, and aor-
tic root calcification, showed that an increasing number of ECC sites
incrementally improves prediction for CHD event, CHD mortality, and
all-cause mortality [18]. However, the addition of ECC had only minimal
improvement for the prediction of adverse events over CAC and tradi-
tional risk factors [18,19]. Consistent with previous findings, while AVC
was associated with CVD deaths independent of traditional risk factors,
there is no added benefit when adding AVC and MVC in a model with
the ASCVD risk score, CAC and TAC. However, AVC and MVC have been
closely associated with valvular heart disease [20,21] or cerebrovascu-
lar events [22-24]. Evaluation of AVC or MVC may be useful for the
early detection and assessment of its specific disease entities.

4.4. Limitations

This study has several limitations. The retrospective and observa-
tional nature of the current study may be prone to potential unmea-
sured confounding factors. The CAC consortium participants are pre-
dominantly Caucasian and comprised of patients referred for a clinically
indicated CAC scanning. Thus, the study sample did not represent a ran-
dom sample of the population thus was prone to potential selection bias.
In addition, due to self-reporting and binary nature of risk factor infor-
mation, the possibility remains that residual confounding could have
influenced the association of TAC with mortality outcomes. The Agat-
ston scoring method was used for quantification of TAC, AVC and MVC
in this study. However, this score was not designed for non-coronary
calcification quantification. Despite this, our findings demonstrated ro-
bust prognostic significance of TAC score based on the Agatston scor-
ing method. Routine CAC scanning typically excludes the aortic arch.
Hence, the TAC from CAC scan cannot reflect the atherosclerosis burden
in the aortic arch, which has been shown to be significantly associated
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with cerebrovascular disease [25,26]. The outcome only included CVD
mortality events; non-fatal CVD or CHD events were not evaluable in
this study.

5. Conclusion

TAC demonstrated improved risk prediction and reclassification over
the ASCVD risk score and CAC score. The benefits of TAC were sig-
nificant in patients with borderline to intermediate ASCVD risk. TAC
quantification using the threshold of 300 on routine CAC scans pro-
vides additional prognostic and reclassification values beyond the cur-
rent guideline-based approach.
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