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Association of Abdominal Aorta Calcium
and Coronary Artery Calcium with Incident
Cardiovascular and Coronary Heart Disease
Events in Black and White Middle-Aged
People: The Coronary Artery Risk
Development in Young Adults Study

Paul T. Jurgens, MD; John J. Carr “, MD; James G. Terry, MS; Jamal S. Rana, MD; David R. Jacobs Jr ', PhD;
Daniel A. Duprez =/, MD, PhD

BACKGROUND: Assessing coronary artery calcium (CAC) is among AHA/ACC prevention guidelines for people at least 40 years
old at intermediate risk for coronary heart disease (CHD). To study enhanced risk stratification, we investigated the predictive
value of abdominal aorta calcium (AAC) relative to CAC for cardiovascular disease (CVD) and CHD events in Black and White
early middle-aged participants, initially free of overt CVD.

METHODS AND RESULTS: In the CARDIA (Coronary Artery Risk Development in Young Adults) study, a multi-center, community-
based, longitudinal cohort study of CVD risk, the CAC and AAC scores were assessed in 3011 participants in 2010-2011 with
follow-up until 2019 for incident CVD and CHD events. Distributions and predictions, overall and by race, were computed.
During the 8-year follow-up, 106 incident CVD events (55 were CHD) occurred. AAC scores tended to be much higher than
CAC scores. AAC scores were higher in Black women than in White women. CAC predicted CVD with HR 1.77 (1.52-2.06)
and similarly for AAC, while only CAC predicted CHD. After adjustment for risk factors and calcium in the other arterial bed,
the association of CAC with CVD was independent of risk factors and AAC, while the association of AAC with CVD was greatly
attenuated. However, AAC predicted incident CVD when CAC was 0. Prediction did not vary by race.

CONCLUSIONS: AAC predicted CVD nearly as strongly as CAC and could be especially useful as a diagnostic tool when it is an
incidental finding or when no CAC is found.

Key Words: abdominal aorta calcium ® calcium score coronary artery calcium m cardiovascular disease ® coronary heart disease ®
ethnicity m gender differences

been incorporated in the recent AHA/ACC diction. Not utilizing information about extra-calcium
prevention guidelines' for the prediction of  could be a missed opportunity, because information
future cardiovascular disease (CVD) events, it is less about extra-coronary calcifications might efficiently im-
clear whether an extra-coronary calcification, such prove upon existing risk stratification models utilizing

While coronary artery calcium (CAC) has now  as abdominal aorta calcification (AAC), adds to pre-
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CLINICAL PERSPECTIVE
What Is New?

In young to middle-aged White and Black men
and women free of overt cardiovascular disease
(CVD), abdominal aorta calcium (AAC) is nearly
as strongly related to incident CVD as coronary
artery calcium (CAC).

e Higher CVD rates occur at AAC Agatston score
values of over 1000, comparable to the CVD
rates at CAC Agatston score values of over 300.

e AAC score tends to be as high in Black women
as in both Black and White men; the substan-
tially higher AAC in Black women than in White
women may help to explain their different CVD
event rates.

What Are the Clinical Implications?

e AAC can be used without any additional costs
or harm to the patient and may aid in predicting
coronary heart disease and CVD events.

e Because AAC is correlated with CAC, the pres-
ence of a high AAC score raises suspicion that
CAC may be present.

e Because the incidental AAC finding alerts the
clinician to potential CVD risk that should be
further investigated, automated AAC scoring in
planned abdominal computed tomography scan
for a non-CVD medical diagnostic work-up may
be used as a quick and low-cost tool to identify
patients who are at increased risk of CVD.

Nonstandard Abbreviations and Acronyms

AAC abdominal aorta calcium
AU Agatston units

CARDIA coronary artery risk development in
young adults

traditional risk factors and CAC.>* From a diagnos-
tic perspective, extra-coronary computed tomogra-
phy is commonly performed for assessment of both
cardiovascular and non-cardiovascular conditions.
Abdominal aorta calcium (AAC) may develop early in
life in asymptomatic subjects.® AAC has been studied
as a predictor of CVD in older asymptomatic persons
and in chronic kidney disease.®’

Atherosclerosis starts early.®"" Carr et al. inves-
tigated the association of CAC with incident CVD in
previously asymptomatic subjects aged 32 to 46 years
in the CARDIA (Coronary Artery Risk Development in
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Young Adults) study.”” The presence of CAC among
individuals aged between 32 and 46 years was asso-
ciated with increased risk of fatal and nonfatal CHD
during 12.5 years of follow-up and a CAC score of 100
or more was associated with early death. The PESA
(Progression of Early Subclinical Atherosclerosis) study
found that 64% of participants aged 40 to 54 years
had subclinical atherosclerosis, with 25% of those sites
being infrarenal aortic atherosclerosis.’® In a meta-
analysis by Bastos Goncalves et al., the presence of
AAC in an older population increased the risk for sub-
sequent CVD even after adjustment for traditional risk
factors.* Given the presence of early atherosclerosis
and the predictiveness of CAC in early middle-age for
future CHD, we hypothesized that AAC may also prove
useful in risk stratification for CVD starting in early
middle-age. If this hypothesis is true, information about
AAC may improve risk determination classification of
asymptomatic subjects and influence primary preven-
tion strategies, particularly if coupled with information
about CAC.

Unanswered questions regarding the utility of AAC
in enhancing classification of risk for CVD in middle-
age led to using the CARDIA data for people aged 42
to 56 years at the time of measurement of AAC and
CAC to evaluate the potential added predictive value
for CVD in a younger sample. Furthermore, CAC and
AAC do not occur equally in Black people as they do in
White people.”'® An assessment of how CAC and AAC
distributions and prediction differ by race and sex may
be helpful in enhancing racial equity.

The objective of this study is to investigate in late
middle age the predictive value of the AAC and CAC
scores for fatal and non-fatal CVD events and CHD
events, both overall and between Black and White
people. We hypothesize that AAC adds predictive
value to CAC for CVD events and that the differing
distributions of these subclinical disease markers
influence prediction of future CVD. Moreover, we
hypothesize that CAC, but not AAC, predicts future
CHD events.

METHODS

The data that support the findings of this study are
available from the CARDIA Coordinating Center (www.
cardia.dopm.uab.edu) upon reasonable request.

Study Description

CARDIA is a multi-center, community-based, longitu-
dinal cohort study of the development and precursors
of CVD. The CARDIA study enrolled 5115 adults initially
aged 18 to 30 years in 1985 to 1986. Participants have
been re-examined approximately every 2 to 5 years. All
participants have provided written informed consent,
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and institutional review boards approved the study at
the 4 sites (Birmingham, AL, Chicago, IL, Minneapolis,
MN, and Oakland, CA).

Of the 3499 participants examined at exam year 25
(2010-2011), 3117 completed a computed tomography
(CT) scan of the chest and abdomen and had both
CAC and AAC score. Of these, 3011 Black and White
CARDIA participants had no CVD event before year 25.
Missing covariate values were estimated in 25 partici-
pants by carrying forward the most recent exam value
(mostly from year 20) for smoking and medication use
or by averaging the year 20 and year 30 value for con-
tinuous variables (body mass index, blood lipids, esti-
mated glomerular filtration rate [eGFR]).

Demographics and Clinical
Measurements

Predictors and covariates were all assessed at exam
year 25. Demographic data including age, race,
and sex were self-reported as were smoking habits.
Hypertension was defined as a sitting rest blood pres-
sure of 140/90 mm Hg or more or current use of an
antihypertensive medication. Diabetes was defined as
a fasting plasma glucose level of 126 mg/mL or more,
a 2-hour glucose tolerance test of 200 mg/dL or more,
hemoglobin Alc of 6.5% or more, or use of an anti-
diabetic medication. Additional data collected follow-
ing standardized protocols included body mass index
(BMI), plasma total cholesterol, plasma high-density li-
poprotein cholesterol, plasma triglycerides, and medi-
cal treatment for hyperlipidemia.

Measurement of CAC and AAC by CT
Scan

Agatston score was used to quantify calcification
in both coronary and abdominal aortic locations.
Measurements of CAC and AAC by ECG-gated non-
contrast CT scans were performed using a standard
protocol.'® Image analysis was performed at a sin-
gle center (Wake Forest University Health Sciences,
Winston-Salem, NC). The Agatston score was calcu-
lated on a workstation with FDA-approved calcium
scoring software (Aquarius Workstation, TeraRecon,
Foster City, CA). Agatston scores were corrected for
slice thickness and scores were calculated with a mini-
mum calcification area of 1.87 mm? (4 adjacent pixels)
and attenuation threshold of 130 or more Hounsfield
units. CAC score in Agatston units was calculated for
each calcified lesion and the scores were summed
across all lesions within a given coronary artery (left
anterior descending, left main, circumflex, and right
coronary) and across all arteries to obtain the total CAC
score. In those with observed intracoronary stents,
the stented area was excluded from the vessel score,
100 Agatston units (AU) were added to account for
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calcifications that may be obscured, and the remaining
vessels were scored.'® For participants with coronary
artery bypass grafts, only native coronary arteries were
scored. The accuracy, comparability, and reproducibil-
ity of the calcium score using electron beam, helical,
and multidetector CT systems have been previously
been published."~"® Measurement of AAC was per-
formed in the distal aorta in a 60 mm segment cen-
tered at the aortic bifurcation.'®

Clinical Events

The incidences of all fatal- and non-fatal CVD and CHD
events were obtained from 2010-11 to 2019. Event
finding was accomplished by annual contact with each
participant; over 90% of participants were success-
fully contacted in the past 5 years. Two members of
the CARDIA Endpoints Surveillance and Adjudication
Subcommittee independently adjudicated medical
records for each potential event or underlying cause
of death. CVD events included CHD, heart failure,
stroke, transient ischemic attack, or peripheral arte-
rial disease. CHD events included hospitalization for
myocardial infarction, acute coronary syndrome, cor-
onary revascularization, or CHD death. Incident fatal
and non-fatal CVD and CHD events after exam year
25 (2010-2011) were analyzed through event date or
censoring (last successful contact date or August 31,
2019).

Statistical Analysis

Participant characteristics and traditional CVD risk factors
were obtained at exam year 25. We presented the sepa-
rate distributions of CAC and AAC both in clinically useful
categories and in percentiles, as well as their joint distri-
bution in clinical categories, overall and stratified by race
and sex. We presented unadjusted cumulative incidence
of all fatal and non-fatal CVD events for participants in
clinical categories overall and stratified by race and by
sex. We performed proportional hazards regression with
dependent variable CVD events and CAC and AAC as
continuous variables on the natural log scale. Adjustment
was for demographics (age, race, and sex) as well as for
smoking habits, systolic and diastolic blood pressures,
antinypertensive medication, body mass index, total
cholesterol, HDL-cholesteral, triglycerides, lipid lowering
medication, diabetes, and estimated glomerular filtration
rate. We also report a model that included both CAC and
AAC as predictor variables, to evaluate whether they pre-
dict disease independently of each other. This analysis
was repeated for fatal and non-fatal CHD event incidence
as the dependent variable. Because many people had
no CAC, we also examined risk according to continuous
AAC when CAC=0. To further examine race and sex,
we added interaction terms to the proportional hazards
models. We also examined the extent to which the race
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and sex differences in CVD event rates were explained by
adjustment for CAC, AAC, and risk factors.

RESULTS

The 3011 participants at CARDIA Y25 were average
age 50.1£3.6 years, range 42 to 56 years (Table 1).
Nearly half were male and nearly half were Black. The
sample had mean BMI over 30 kg/m?, 17% were ciga-
rette smokers, 26% were using antihypertensive medi-
cation, 14% were using lipid lowering medication, and
13% had type 2 diabetes. Black participants had at-
tained fewer years of education, were more likely to be
cigarette smokers, had higher blood pressure, higher
BMI, and higher prevalence of diabetes. White men
had the highest plasma triglycerides. White women
had the most favorable risk factor profile. CVD events
between Y25 and the end of follow-up in Y33 occurred
in 5.7% of Black men, 4% of White men, 3.6% of Black
women, and 1.6% of White women. Although about
half of the events were CHD, CHD incidence difference
by race and sex. CHD constituted 23 of 29 events in
White men, but was much less common in other race-
sex groups. Stroke was most common in women.
All but 2 of the 19 heart failure events were in Black
participants.

The distribution of the Agatston score for AAC was
substantially more spread out than for CAC (Table 2).
Whereas 73% had no detectable CAC, 48% had no
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detectable AAC. At the high end of the distributions,
0.5% of participants had CAC 1000+, compared with
5.3% with AAC 1000+. CAC score was highest in
White men, followed by Black men, and all women.
AAC score was high and similar among Black men,
followed by White men, then Black women, and least
in White women (Tables 1, 2, and 3). The 90th percen-
tile of CAC ranged from 187 in White men and 125 in
Black men to 22 and 26 in Black and White women,
while the 90th percentile of AAC was 192 in White
women, but ranged from 600 to 649 in the 2 groups
of men and was nearly the same, namely 579 in Black
Women. CAC and AAC had a moderate correlation co-
efficient, 0.39, whether computed on the natural scale
or after In transformation. This correlation manifested
as 56% having AAC 0 of those with CAC 0 and 60%
having AAC 1000+ of the 15 people with CAC 1000+
(Table 3). The correlation between CAC and AAC was
similar across race and sex groups (not shown).

CAC was strongly predictive of incident CHD (HR:
2.09), with little effect on estimates of adjustment for de-
mographics, risk factors or AAC (Table 4). The associa-
tion of CAC with incident CVD was somewhat weaker
(HR: 1.77) and more attenuated with full adjustment (HR:
1.42). AAC was also a strong predictor of incident CVD
(HR: 1.77), but was largely attenuated with full adjust-
ment (HR: 1.25). Further adjustment for years of educa-
tion attained did not substantially affect the estimated
hazard ratios. It correlated with CHD but was attenuated

Table 1. Participant Characteristics Overall and By Race and Sex Year 25, 2010 to 2011, n=3011
All Black men Black women White men White women

Sample size 3011 562 852 735 862
Age, y 50.1+3.6 49.3+3.8 49.5+3.8 50.6+3.4 50.7+3.4
Education attained, y 15.4+2.5 14.2£2.2 14.7+2.2 16.2+2.6 15.4+2.5
Current cigarette smoking 517 (17.2) 155 (27.6) 166 (19.5) 91 (12.4) 105 (12.2)
Systolic blood pressure, mm Hg 119.6+15.9 125.8+14.6 123+17.3 119.5+13.4 112.3+14.5
Diastolic blood pressure, mm Hg 74.9+11.1 78.6+10.9 78111 74.3+10 70+£10.4
Antihypertensive medication 773 (25.7) 176 (31.3) 334 (39.2) 141 (19.2) 122 (14.2)
Body mass index, (kg/m?) 30.2+7.1 30.1+6.3 33.3+7.9 28.9+5 28.3+7.2
Total cholesterol, mg/dL 193.3+36.6 187.6+37 191.9+38.5 193+35.9 198.8+34.2
HDL cholesterol, mg/dL 58.3+18.1 53.1+16.3 61.4+17.3 49.6+14.3 65.9+18.8
Triglycerides, mg/dL 114.1+85.8 113.3+72.7 Q7.7+72 144.4+118.7 104.9+63.5
Cholesterol-lowering medication 431 (14.3) 82 (14.6) 138 (16.2) 129 (17.6) 82 (9.5)
Diabetes 392 (13) 101 (18) 151 (17.7) 75 (10.2) 65 (7.5)
eGFR, mL/min/1.73 m? 96.3+16.1 98.1+18.4 102.8+17.8 92.1+12.5 92.3+12.6
Incident CVD 106 (3.5) 32 (5.7) 31 (3.6) 29 (4.0) 14 (1.6)
Incident CHD 55(1.8) 16 (2.9) 1 (1.3 23 (3.1) 5(0.6)
Incident stroke 39 (1.3) 11 (2.0) 15 (1.8) 4(0.5) 9(1.0)
Incident heart failure 19 (0.6) 10(1.8) 7(0.8) 2 (0.3 0(0.0)

Cells show Mean+SD or n (%).

Abbreviations: eGFR indicates estimated glomerular filtration rate; CVD, cardiovascular disease; and CHD, coronary heart disease.
Note that each individual may qualify for more than one CVD subtype (CHD, stroke, and heart failure). Incident disease in the bottom 4 rows occurred Year

25in 2010-11 and end of follow-up, August 31, 2019.
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Table 2. Univariate Distributions of Coronary Artery Calcification and Abdominal Aortic Artery Calcification in Clinically

Relevant Categories

Agatston Score, n (row %) Percentile, Agatston Score
0 1-99 ‘ 100-299 ‘ 300-999 ‘ 1000+ P25 ‘ P50 P75 ‘ P90 ‘ P95
CAC
Al 2199 (73.0) 569 (18.9) 147 (4.9) 81 (2.7) 15 (0.5) 0 0 3 67 200
Black men 374 (66.6) 123 (21.9) 36 (6.4) 22 (3.9) 7(1.3) 0 0 10 125 307
Black women | 708 (83.1) 106 (12.4) 24 (2.8) 12 (1.4) 2(0.2) 0 0 0 22 87
White men 396 (53.9) 233 (31.7) 62 (8.4) 38 (5.2 6(0.8) 0 0 31 187 332
White women | 721 (83.6) 107 (12.4) 25 (2.9) 9(1.0) 0(0.0) 0 0 0 26 69
AAC
All 1438 (47.8) 876 (29.1) 296 (9.8) 243 (8.1) 158 (5.3) 0 1 82 451 1107
Black men 224 (39.9) 172 (30.6) 78 (13.9) 49 (8.7) 39 (6.9) 0 10 156 649 1395
Black women | 420 (49.3) 242 (28.4) 64 (7.5) 74 (8.7) 52 (6.1) 0 1 73 579 1466
White men 308 (41.9) 223(30.3) | 84 (11.4) 76 (10.3) 44 (6.0) 0 4 130 600 1211
White women | 486 (56.4) 239 (27.7) 70 (8.1) 44 (5.1) 0(0) 0 0 30 192 518

AAC indicates aortic artery calcification; and CAC coronary artery calcification.

to nonsignificance with adjustment for CAC. In the com-
mon situation in which CAC was 0, AAC was predictive
of the 49 CVD events in the fully adjusted model among
2199 people (HR: 1.52 [1.12-2.06]). Only 17 of these
events were CHD, which were not predicted by AAC.
The overall gradient for incident CVD was only slightly
shallower for AAC than for CAC. No gradient in risk was
seen between AAC categories 0 and 1-99 (Figure).
Consistent with the findings for all participants in
Table 4, the risk across clinical Agatston score catego-
ries showed a strong gradation (Table 5, Figure). This
gradation was similarly seen within Black and within
White people. The age and sex adjusted hazard ratio
predicting CVD per SD of In(CAC) was 1.83 (1.45-2.31)
in White people, and nonsignificantly lower in Black
people (1.73 [1.43-2.09], P for interaction 0.69). Similarly
the age and sex adjusted hazard ratio predicting CVD
per SD of In(AAC) was 1.92 (1.44-2.56), again non-
significantly lower in Black people (1.67 [1.32-2.11], P
for interaction 0.45). Further adjustment for education
had little effect on these estimates. The age and sex
adjusted hazard ratio was 1.80 (1.21-2.67) for Black
versus White people. This hazard ratio for race be-
came non-significant in the risk factor adjusted model
(designated ARS+RF in Table 4): adjusting for CAC, the

hazard ratio for race was 1.41 (0.95-2.22); adjusting for
AAC, the hazard ratio for race 1.25 (0.85-1.96).

In the corresponding analysis by sex, the age and
sex adjusted hazard ratio predicting CVD per SD of In(-
CAC) was 1.57 (1.30-1.90) in men, and larger in women
(213 [1.7-2.68], P for interaction 0.04, influenced by a
high CVD event rate in the 23 women with CAC 300+
Agatston units). Similarly the age and sex adjusted haz-
ard ratio predicting CVD per SD of In(AAC) was 1.59
(1.25-2.02), again substantially larger in women, al-
though the interaction was not significant (2.02 [1.54—
2.66], p for interaction 0.18). Further adjustment for
education had little effect on these estimates of the sex
specific associations of CAC or AAC with incident CVD.
The age and race adjusted hazard ratio was 0.53 (0.36—
0.78) for women versus men. The difference between
women and men was reduced in the model adjusting for
risk factors: adjusting for CAC, the hazard ratio for sex
was 0.75 (0.50-1.14); adjusting for AAC, the hazard ratio
for sex was only slightly attenuated 0.60 (0.40-0.89).

DISCUSSION

Coronary atherosclerosis is known to be present
in young adulthood® and the presence of CAC in

Table 3. Distribution of Abdominal Aortic Artery Calcification Within Coronary Artery Calcification Clinically Relevant

Categories, n (row %)

AAC 0 AAC 1-99 AAC 100-299 AAC 300-999 AAC 1000+
CACO 1237 (66.3) 631 (28.7) 164 (7.5) 121 (5.5) 46 (2.1)
CAC 1-99 170 (29.9) 177 (31.1) 90 (15.8) 77 (13.5) 55 (9.7)
CAC 100-299 24 (16.9) 45 (30.6) 30 (20.4) 24 (16.3) 24 (16.3)
CAC 300-999 7(8.6) 20 (24.7) 11 (13.6) 19 (23.5) 24 (29.6)
CAC 1000+ 0(0.0) 3(20.0) 1(6.7) 2(13.9) 9 (60.0)

AAC indicates aortic artery calcification; and CAC coronary artery calcification.
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Table 4. Hazard Ratios (95% CI) Predicting Cardiovascular Disease and Coronary Heart Disease from Continuous CAC or

AAC

Cardiovascular disease (n=106 Coronary heart disease

events) HR (CI) P value (n=55 events) HR (CI) P value

Independent variable CAC, per 1 SD of In(CAC)=1.84
ARS 1.77 (1.52-2.06) <0.0001 ARS 2.09 (1.69-2.57) <0.0001
ARS and AAC 1.54 (1.30-1.82) <0.0001 ARS and AAC 1.91 (1.51-2.40) <0.0001
ARS and RF 1.52 (1.29-1.79) <0.0001 ARS and RF 1.96 (1.57-2.46) <0.0001
ARS, RF and AAC 1.42 (1.19-1.69) <0.0001 ARS, RF and AAC 1.89 (1.48-2.42) <0.0001

Independent variable AAC, per 1 SD of In(AAC)=2.56
ARS 1.77 (1.47-2.12) <0.0001 ARS 1.74 (1.35-2.25) <0.0001
ARS and CAC 1.45 (1.18-1.77) 0.0003 ARS and CAC 1.27 (0.97-1.68) 0.09
ARS and RF 1.45 (118-1.77) 0.0003 ARS and RF 1.49 (1.13-1.98) 0.005
ARS, RF and CAC 1.25 (1.01-1.54) 0.04 ARS, RF and CAC 1.12 (0.83-1.50) 0.46

For each of CVD and CHD, the table presents results from 6 regression models. Other than 4 models that included only CAC or only AAC, the fifth model
provided HR for CAC adjusted for ARS and AAC and for AAC adjusted for ARS and CAC. The sixth model provided HR for CAC adjusted for ARS, RF and AAC
and for AAC adjusted for ARS, RF and CAC. Both CAC and AAC are expressed as In(Agatston score); this table includes 3011 participants followed from Y25

(2010-2011) through August 31, 2019.

ARS: Model adjusted for age, race, and sex. RF: Model adjusted for cigarette smoking, systolic blood pressure, diastolic blood pressure, antihypertensive
medication use, body mass index, total cholesterol, high-density lipoprotein cholesterol, triglycerides, cholesterol-lowering medication, diabetes mellitus, and

eGFR.
AAC indicates abdominal aorta calcification; CAC,coronary artery calcification;

individuals in the CARDIA cohort aged 32 to 46 years
was associated with increased risk of fatal and non-
fatal CHD events and death.'? Using the same cohort
10 years later, we demonstrated in this paper that
knowledge of AAC scores in middle-aged individuals

and HR, hazard ratio.

also has predictive value for incident CVD events.
Calcification amounts in the abdominal aorta may
have less immediate disease implications compared
with the same Agatston score value in the coronary
arteries. AAC was nearly as strongly related to incident
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Figure. Incident CVD by CAC Score Category (left) and by AAC Score Category (right), for Black vs White race (upper) and

for men vs women (lower), unadjusted % events.

Abbreviations: CAC indicates coronary artery calcification; AAC, abdominal aorta calcification; and CVD, cardiovascular disease.
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Table 5. Unadjusted Cardiovascular Disease and Coronary Heart Disease Event Rates by Race

AAC, CAC, and CVD, CHD Events

Agatston score categories
Cardiovascular disease 0 1-99 100-299 300+ 1000+
CAC: All 2.2 (49/2199) 8 (33/569) 1(9/147) 15.6 (15/96)
AAC: All 2 (29/1438) 5 (22/876) 4 (19/296) 7.8 (19/243) 10.8 (17/158)
CAC: Black race 3.1 (34/1082) 0 (16/229) 3 (5/60) 18.6 (8/43)
CAC: White race 1.3 (15/1117) 0 (17/340) 4.6 (4/87) 13.2 (7/53)
AAC: Black race 2.8 (18/644) 9 (12/414) 7 (10/142) 11.4 (14/123) 9.9 (9/91)
AAC: White race 1.4 (11/794) 2 (10/462) 5.8 (9/154) 4.2 (5/120) 11.9 (8/67)
CAC: Men 3.0 (23/770) 5 (23/356) 6.1 (6/98) 12.3 (9/73)
CAC: Women 1.8 (26/1429) 7 (10/213) 6.1 (3/49) 26.1 (6/23)
AAC: Men 3.2 (17/532) 0 (12/395) 8.6 (14/162) 7.2 (9/125) 10.8 (9/83)
AAC: Women 1.3 (12/906) 2.1 (10/481) 3.7 (5/134) 8.5 (10/118) 10.7 (8/75)

Cells contain % events (n/N); because of small sample size for CAC 1000+, the CAC categories 300-999 and 1000+ were combined for event analyses.
AAC indicates abdominal aorta calcification; and CAC, coronary artery calcification.

CVD as CAC is, but higher CVD rates occurred at AAC
Agatston score values of over 1000, comparable to the
CVD rates at CAC Agatston score values of over 300.
For example, the unadjusted incident CVD event rate
was 2.2% both for CAC 0 and for AAC O combined
with 1 to 99, while it was 15.6% for CAC 300 or more,
compared with about 10.8% for AAC 1000 or more.
However, CAC is specific to CHD. The unadjusted inci-
dent CHD event rates were about 0.8% for CAC 0 and
1.1% for AAC O combined with 1-99, compared with
10.4% for CAC 300 or more, but only 4.4% for AAC
1000 or more. Of note, AAC did predict CVD among
the 73% of the sample with CAC score 0.

Our other major finding is that in this early middle
age sample AAC score tended to be higher in Black
people than in White people, especially among Black
women. The incident CVD risk associated with a given
Agatston score, whether for CAC or AAC, was similar
for Black as for White people. The substantially higher
AAC in Black women than in White women may help
to explain their different CVD event rates, 3.6% in Black
women versus 1.6% in White women. The finding that
Black men and women have similar AAC scores is in
agreement with the Jackson Heart Study'®; however,
Black people were reported to have less AAC than
White people in MESA.2 It is interesting to note that a
substantial part of the Black race excess CVD rate was
explained by adjustment for risk factors and the sub-
clinical disease represented by CAC and AAC. Much
less of the male excess CVD risk was explained by
these factors.

Extra-coronary calcium has been identified for de-
cades in vascular beds including carotid, aortic, and
femoral arteries.>62921 The differential calcification
may be related to hemodynamic effects in various
vascular beds. Differences in shear stress between
vascular beds may account for the variable expres-
sion of calcium and atherosclerotic disease given that
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arterial vascular bifurcations are associated with accel-
erated atherosclerosis as a result of increased shear
stress.?>23 Of most relevance to differential prediction
of incident disease between AAC and CAC is that the
diameter of the aorta is about 10 times as great as that
of the coronary arteries.

Even when AAC is the only available vascular in-
formation, as recently meta-analyzed,® AAC has been
shown in many studies to predict CVD, both in the
general population and even more strongly in people
with chronic kidney disease. AAC could be used with-
out any additional costs or harm to the patient and may
aid in prediction for CHD and CVD events. Because
AAC is correlated with CAC, the presence of AAC, es-
pecially a high score, raises suspicion that CAC may
be present. Also, in our unadjusted or minimally ad-
justed models, AAC was nearly as a good a predictor
of CVD as CAC. The incidental AAC finding alerts the
clinician to potential CVD risk that should be further
investigated. Automated AAC scoring in planned ab-
dominal CT scan for a non-CVD medical diagnostic
work-up may be used as a quick and low-cost tool to
identify patients who are at increased risk of CVD. This
provides an opportunity to consider higher intensity
CVD prevention strategies.

If risk factor levels are known to the clinician and
CAC is present, our data suggest that AAC adds only a
little to prediction of CVD or CHD. However, AAC score
is an earlier indicator of subclinical disease: it predicts
CVD risk when CAC is not found. Another advantage
of AAC as a risk marker is that it can be detected with
other radiographic techniques that might be used, as
noted by Loew et al.® For example, AAC was identi-
fied in lumbar radiographs done starting 1967 in the
Framingham Study.?* There were 1049 men and 1466
women with a mean age of 61 years old, followed for
22 years for CHD, CVD, and CVD death. AAC mea-
sured this way was predictive.
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The utility of informing clinicians and patients of
the CAC score was demonstrated in the EISNER
(Early Identification of Subclinical Atherosclerosis by
Noninvasive Imaging Research) study in middle-aged
subjects without a history of CVD events.?® In EISNER,
the risk profile improved over 4 years in participants
who were randomly assigned to have CAC assessed
at baseline compared with those randomized to have
no scan. No comparable study for clinical use of AAC
has been performed.

Limitations of this study include a relatively small
number of CVD and CHD events, balanced by the value
of providing information in middle age. The small num-
ber of events limits the power for fine-tuned judgments
about predictiveness of AAC and CAC; the power of this
study for the general predictive associations is in the
continuous regression models in Table 4. The raw counts
shown in Figure and Table 5 are less precise than the
continuous regression models, but provide information
to the reader that is both confirmatory of Table 4 findings
and also expands those findings concerning shape of
relationship and lack of race and sex differences in the
associations. Findings in this study using CARDIA data
may not be applicable to individuals of races other than
White and Black. All observational studies are unable to
completely rule out residual confounding.

CONCLUSIONS

Knowledge of the presence of AAC in middle-age may
be useful in strengthening risk stratification for risk of
CVD events and CHD events and may inform clini-
cal decision making surrounding primary prevention.
Presence of AAC in Black people may help to explain
the pathology by which they have increased CVD com-
pared with White people, particularly among women.
Additional prospective investigations to further evaluate
this approach within clinical practice would be desirable.
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