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Race/Ethnicity and the Prognostic Implications of Coronary
Artery Calcium for All-Cause and Cardiovascular Disease Mortality:

The Coronary Artery Calcium Consortium

Olusola A. Orimoloye, MBBS, MPH; Matthew J. Budoff, MD; Zeina A. Dardari, MS; Mohammadhassan Mirbolouk, MD; S.M. Iftekhar Uddin,
MBBS, MSPH; Daniel S. Berman, MD; Alan Rozanski, MD; Leslee J. Shaw, PhD; John A. Rumberger, PhD, MD; Khurram Nasir, MD, MPH;
Michael D. Miedema, MD, MPH; Roger S. Blumenthal, MD; Michael J. Blaha, MD, MPH

Background—Coronary artery calcium (CAC) predicts cardiovascular disease (CVD) events; however, less is known about how its
prognostic implications vary by race/ethnicity.

Methods and Results—A total of 38 277 whites, 1621 Asians, 977 blacks, and 1349 Hispanics from the CAC Consortium (mean
age 55 years, 35% women) were followed over a median of 11.7 years. Modeling CAC in continuous and categorical (CAC=0; CAC
1-99; CAC 100-399; CAC >400) forms, we assessed its predictive value for all-cause and CVD mortality by race/ethnicity using
Cox proportional hazards and Fine and Gray competing-risk regression, respectively. We also assessed the impact of race/
ethnicity on risk within individual CAC strata, using whites as the reference. Models were adjusted for traditional cardiovascular
risk factors. Increased CAC was associated with higher total and CVD mortality risk in all race/ethnicity groups, including Asians.
However, the risk gradient with increasing CAC was more pronounced in blacks and Hispanics. In Fine and Gray subdistribution
hazards models adjusted for traditional cardiovascular risk factors and CAC (continuous), blacks (subdistribution hazard ratio 3.4,
95% confidence interval, 2.5—4.8) and Hispanics (subdistribution hazard ratio 2.3, 95% confidence interval, 1.6-3.2) showed
greater risk of CVD mortality when compared with whites, while Asians had risk similar to whites. These race/ethnic differences
persisted when CAC=0.

Conclusions—CAC predicts all-cause and CVD mortality in all studied race/ethnicity groups, including Asians and Hispanics, who
may be poorly represented by the Pooled Cohort Equations. Blacks and Hispanics may have greater mortality risk compared with
whites and Asians after adjusting for atherosclerosis burden, with potential implications for US race/ethnic healthcare disparities
research. (/ Am Heart Assoc. 2018;7:e010471. DOI: 10.1161/JAHA.118.010471)

Key Words: coronary artery calcium ¢ health disparities * race and ethnicity * risk prediction

T ailoring preventive therapy based on an individual’s risk
requires useful tools that accurately estimate atheroscle-
rotic cardiovascular disease (ASCVD) risk, allowing reclassifi-
cation of individuals with borderline risk. A criticism of nearly
all risk tools, however, is their questionable applicability to
ethnic minorities.”> To date, the possible interactions
between race/ethnicity and risk prediction tools have been
incompletely elucidated.* The Pooled Cohort Equations, for

example, only has equations for non-Hispanic whites and
blacks, and in the absence of good evidence, provides a general
recommendation for using the non-Hispanic white equations
for all other ethnic groups.” These assumptions fail to
accurately predict risk in these populations.®”

Coronary artery calcium (CAC), as a direct measure of
atherosclerotic disease burden, has been proposed as a tool
that might overcome limitations in estimating risk in minority
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Race and Prognostic Implications of CAC Orimoloye et al

Clinical Perspective

What Is New?

» This is the first study to investigate race/ethnicity differ-
ences in the prognostic implications of coronary artery
calcium for all-cause and cardiovascular disease mortality,
in a referred clinical cohort.

» While coronary artery calcium is strongly predictive of all-
cause and cardiovascular disease mortality in all tested race/
ethnicity groups, its prognostic implications vary by race/
ethnicity, with blacks and Hispanics having greater risk of all-
cause and cardiovascular disease mortality compared with
whites and Asians with similar coronary artery calcium scores.

What Are the Clinical Implications?

» Coronary artery calcium is a robust test for all-cause and
cardiovascular disease mortality risk stratification across
tested race/ethnicity groups (including race/ethnicity
groups underrepresented in the Pooled Cohort Equations).
More attention should be paid to comprehensive risk factor
modification in high-risk racial/ethnic minorities.

groups. Furthermore, CAC scoring has been shown to outper-
form “traditional” risk scores including the Framingham Risk
Score and the Pooled Cohort Equations in the estimation of
cardiovascular risks'g; therefore, it is widely accepted to have
clinical value in risk stratification and risk reclassification among
people who are estimated to have intermediate risk of ASCVD
outcomes.'® "3

While in the MESA (Multi-Ethnic Study of Atherosclerosis)
study, CAC predicted coronary heart disease (CHD) risk
similarly in 4 ethnic groups, other studies have pointed to
differences in CAC distribution and interpretation across
groups.”‘”’ The predominant limitation among these studies
is small sample sizes and insufficient power to demonstrate
differences in the cardiovascular predictive value of CAC
between race/ethnicity groups.'*'”

We therefore aimed to address these limitations using data
from the CAC Consortium, the largest racially heterogeneous
cohort of CAC scoring assembled.'® Specifically, we sought to
assess the utility of CAC within each race/ethnicity group,
whether CAC scores portend similar levels of all-cause and
CVD mortality across select race/ethnicity groups, and
whether the addition of CAC to traditional risk assessment
improves risk prediction to a similar degree across these
race/ethnicity groups.

Methods

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Study Design and Study Population

In brief, the CAC Consortium is a multicenter prospective
cohort study of 66 636 patients, aimed at studying the
association of clinical CAC scoring with long-term cause-
specific mortality.'®'? Four participating medical institutions
with longstanding experience in CAC scoring from 3 states in
the United States (California, Minnesota, and Ohio) con-
tributed patient data to the consortium. Patients were at least
18 years of age and were free of clinically important CVD
symptoms (ie, typical angina or angina equivalent) and overt
clinical CVD at the time of a clinically indicated CAC scan.
Baseline data for the CAC consortium represent the years
1991 through 2010, with follow-up of the cohort through June
2014.

We included 42 224 participants who had self-reported
data on race/ethnicity and identified as whites, blacks,
Asians, or Hispanics. Our study population included 38 277
whites, 1621 Asians, 977 blacks, and 1349 Hispanics.

Consent was obtained from all study participants at
individual centers at the time of CAC scanning, while
Institutional Review Board approval for coordinating center
activities was obtained at the Johns Hopkins Hospital.

Measurement and Definition of Risk Factors

All participants had risk factor and laboratory data collected
as part of their routine clinic visit and/or at the time of the
CAC scans.

Hypertension was defined based on a prior diagnosis of
hypertension or treatment with antihypertensive therapy.
Blood pressure taken at the time of CAC scans was not
used to override a clinical diagnosis of hypertension.
Diabetes mellitus was defined as a prior diagnosis of
diabetes mellitus, or treatment with antidiabetic medica-
tions. Dyslipidemia was defined as a prior diagnosis of
dyslipidemia (elevated triglycerides and/or low high-density
lipoprotein cholesterol), treatment with any lipid-lowering
drugs, or low-density lipoprotein cholesterol >160 mg/dL,
high-density lipoprotein cholesterol <40 mg/dL in men and
<50 mg/dL in women, or the presence of fasting triglyc-
erides >150 mg/dL. Smoking status was defined based on
current cigarette smoking status (Yes/No). A family history
of CHD was mostly determined by the presence of a first-
degree relative with a history of CHD. A more stringent
definition of premature family history (<55 years in a male
or <65 years in a female relative) was applied in the
Columbus, OH site. In the case of individuals with partially
missing risk factor data, multiple imputation was conducted.
A validation of the imputation approach has been previously
reported. '8

The 10-year risk of ASCVD was calculated according to the
Pooled Cohort Equations.’
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Computed Tomography Data

Noncontrast cardiac-gated computed tomography scans were
performed at individual sites according to a common standard
assessment protocol for each scanner technology. Most
patients were scanned using electron beam tomography,
accounting for ~93% of scans, while the more recent CAC
data at 2 sites were obtained using multidetector computed
tomography (accounting for ~7% of scans). There was no
centralized core lab reading center; CAC scans were read
locally using the Agatston method.?’ Per CAC consortium
study site inclusion criteria, each site had had at least
10 years of CAC scanning experience at baseline. CAC score
categories were defined as CAC 0, CAC 1 to 99, CAC 100 to
399, and CAC >400.%"

Outcome Ascertainment

Participants were followed for all-cause and cause-specific
mortality, with mortality ascertainment accomplished through
linkage to the social security death index Death Master file
using a previously validated algorithm?? similar to the
algorithm used by the National Death Index service. Death
was considered present if there was a match on social
security number and 1 additional patient identifier. Whenever
social security number was not available, a complete match
on all other patient identifiers was required to confirm death,
thus prioritizing specificity over sensitivity.

Death certificates were obtained from the National Death
Index, and the underlying cause of death was categorized into
common causes of death using International Classification of
Diseases, Ninth Revision (ICD-9) and International Classifica-
tion of Diseases, Tenth Revision (ICD-10) codes as previously
described.'® CVD death was defined as death from CVD
causes including CHD (54% of CVD deaths), stroke (17% of
CVD deaths), heart failure (5% of CVD deaths), and other
circulatory diseases (24% of CVD deaths). Mean duration of
follow-up was 12+4 years with maximum follow-up across
sites ranging from 13.6 to 22.5 years.

Statistical Methods

First, we summarized baseline characteristics of the study
population by race/ethnicity, reporting proportions and
means+SDs as appropriate. Total and sex-stratified preva-
lence of non-zero CAC, and prevalence distributions across
CAC score categories were calculated by race/ethnicity.

We then calculated overall all-cause and CVD mortality
rates by CAC category for each race/ethnicity group,
expressed per 1000 person-years, and repeated these after
stratification by sex. Race/ethnicity-specific Kaplan-Meier
survival curves were constructed for CVD death, stratified

according to CAC score category and compared using log-
rank statistics.

After visually confirming the proportional hazards assump-
tion, we used Cox proportional hazards regression models to
estimate multivariable-adjusted hazard ratios for the associ-
ation between CAC and all-cause mortality in each race/
ethnicity group. Additionally, using the Fine and Gray propor-
tional subhazards models,23 we estimated multivariable-
adjusted subdistribution hazard ratios for the association
between CAC and CVD mortality, accounting for competing
risks of non-CVD mortality.

Sequential models were used as follows: unadjusted
model, model 1 adjusting for age, sex, and study site, and
model 2 further adjusting for hypertension, hyperlipidemia,
cigarette smoking, family history of CVD, and presence of
diabetes mellitus. For these analyses, CAC was modeled in
categorical, dichotomous (CAC absent/present), and contin-
uous forms [log (CAC+1)]. The addition of 1 to the absolute
calcium score before logarithmic transformation allowed
accounting for patients with a calcium score of 0.'*

Furthermore, to assess risk inherent to individual race/
ethnicity groups after accounting for atherosclerosis burden,
we first estimated the relative hazards and subhazards of all-
cause and CVD mortality for each race/ethnicity group,
adjusting for [log (CAC+1)], as compared with whites, using
Cox proportional hazards models and competing risk models
as appropriate. Additionally, we assessed the association of
race/ethnicity with all-cause and CVD mortality within
individual CAC strata. Given observed differences inherent
to race/ethnicity, we then conducted a separate interactive
analysis where we compared all-cause and CVD mortality
risks in all other CAC-race/ethnicity subgroups to a reference
of “whites with CAC=0.”

Finally, we compared, using receiver-operating character-
istic curves, the discriminatory performance of the following
risk tools versus “risk tools+CAC”: (1) risk factors; (2) Framing-
ham risk scores.

Sensitivity analyses were conducted as follows: (1) further
adjustment for baseline medication (statin and/or antihyper-
tensive) use; (2) excluding all participants with imputed data.
All analyses were performed with Stata software version 14.2
(College Station, TX).

Results

Baseline Characteristics

Overall, 65% of participants were men and the mean age of
the study population was 54.7410.6 years. Blacks had the
highest prevalence of hypertension (55%) and cigarette
smoking (15%), while Hispanics had the highest prevalence
of diabetes mellitus (18%). Asians had the lowest prevalence
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Table 1. Baseline Demographic, Risk Factor and Risk Measure Characteristics According to Race/Ethnicity Group*

Whites Asians Blacks Hispanics
Characteristics All (N=42 224) (N=38 277) (N=1621) (N=977) (N=1349)
Demographic characteristics
Age, y 54.7+10.6 54.8+10.5 53.8+11.2 55.0+11.4 52.9+10.8
Men, % 65.0 65.3 63.7 60.0 61.5
Risk factors
Hypertension, % 29.9 28.6 371 54.9 38.0
Hyperlipidemia, % 58.4 58.6 52.1 57.5 57.8
Current smoker, % 9.6 9.6 75 14.9 10.0
Family history of CHD, % 49.7 50.2 45.5 42.4 45.0
Diabetes mellitus, % 6.3 54 11.7 17.3 18.2
Total cholesterol, mg/dL 200.2+42.4 200.7+42.2 197.4+451 191.2+42.6 197.3+£451
HDL-C, mg/dL 54.0+18.3 54.1+18.4 53.4+18.5 53.1+17.4 50+15.5
Systolic blood pressure, mm Hg 127.3+19.0 127.2 +19.0 123.8+19.0 131.8+17.6 129.0+20.4
Risk measures
Framingham risk score 11.3+9.1 11.2+9.0 12.1+£10.7 12.1£10.5 11.7 £10.0
ASCVD risk score 7.5+8.9 7.4+8.8 8.0+10.3 10.3+941 7.6+9.1
ASCVD risk categories, %
<5% 54.7 55.2 56.4 321 54.0
5%-7.5% 13.4 13.4 11.9 17.4 13.1
>7.5% 32.0 315 31.7 50.5 32.9
CAC score categories, %
CACO 445 44.2 49.0 43.9 46.0
CAC 1-99 30.7 30.7 28.6 329 31.9
CAC 100-399 13.8 14.0 12.3 12.8 11.4
CAC >400 11.0 11.0 10.1 10.4 10.8

ASCVD indicates atherosclerotic cardiovascular disease; CAC, coronary artery calcium; CHD, coronary heart disease; HDL-C, high-density lipoprotein cholesterol.

*Values are means=+SD and percentages; percentages may not total 100 because of rounding.

TASCVD risk score is as estimated by the Pooled Cohort Equations.

of hyperlipidemia (52%). Overall, blacks had a higher mean
ASCVD risk score (10.3+9.1) than other race/ethnicity
groups (Table 1).

Prevalence of CAC by Race/Ethnicity and Sex

Small but significant differences were noted in the overall
distribution of CAC by race/ethnicity (Table 1). The preva-
lence of CAC was highest in blacks (56.1%), followed by
whites (55.8%), Hispanics (54.0%), and Asians (51.0%).
Following stratification by sex (Table S1), 40.4% of women
had CAC, compared with 63.7% of men. Black women (50.6%)
specifically had a higher prevalence of calcification compared
with women of other race/ethnicity groups, while white (64%)
and Hispanic (63.7%) men had a greater prevalence of
calcification than men of other race/ethnicity groups.

All-Cause and CVD Mortality Rates by Race/
Ethnicity and CAC Group

Overall, there were 1953 deaths (608 caused by CVD, and
321 caused by CHD) over a median follow-up duration of
11.7 years. Table 2 shows the cumulative incidence and
incidence rates of all-cause and CVD mortality by CAC group
for each race/ethnicity group. For all categories of CAC
including CAC 0, blacks had a disproportionately higher
incidence of all-cause and CVD mortality compared with other
race/ethnicity groups, followed closely by Hispanics. Asians
had the lowest all-cause death rates across all categories of
CAC. There was at least a doubling of all-cause mortality rates
with increasing CAC group in all race/ethnicity groups
(Table 2). Sex-stratified results are shown in Tables S2
and S3.
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Table 2. Cumulative Incidence and Incidence Rates (per 1000 Person-Years) of All-Cause and CVD-Specific Mortality by CAC
Group for Each Race/Ethnicity Group

CAC 0 | CAC 1-99 | CAC 100-399 CAC >400

White

Death (n, %) 325, 1.9% 442, 3.8% 365, 6.8% 586, 13.9%

Per 1000 1.7 (1.6, 1.9) 3.3 (3.0, 3.6) 6.1 (5.5, 6.8) 13.1 (12.1, 14.2)

CVD death (n, %) 58, 0.34% 114, 0.97% 118, 2.2% 222, 5.3%
Per 1000 0.31 (0.24, 0.40) 0.85 (0.71, 1.03) 2.0 (17, 2.4) 5.0 (4.4, 5.7)
Asian

Death (n, %) 9, 1.1% 15, 3.2% 10, 5.0% 22, 13.4%

Per 1000 0.93 (0.48, 1.8) 2.7 (1.6, 4.5) 44 (2.4.82) 12.6 (8.3, 19.2)

CVD death (n, %) 0, 0% 1, 0.22% 4, 2.0% 11, 6.7%

Per 1000 0 0.18 (0.03, 1.3) 1.8 (0.66, 4.7) 6.3 (3.5, 11.4)
Black

Death (n, %) 16, 3.7% 26, 8.1% 23, 18.4% 32, 31.4%

Per 1000 3.7 (2.2, 6.0) 7.9 (5.4, 11.6) 19.9 (13.2, 29.9) 41.4 (29.3, 58.6)

CVD death (n, %) 10, 2.33% 7, 2.2% 11, 8.8% 18, 17.7%

Per 1000 23(1.2,4.2) 2.1 (1.0, 4.4) 9.5 (5.3, 17.2) 23.3 (14.7, 37.0)
Hispanic

Death (n, %) 13, 2.1% 23, 5.4% 17, 11.0% 29, 20.0%

Per 1000 1.8 (1.1, 3.2) 4.7 (31, 7.0) 10.6 (6.6, 17.1) 21.3 (14.8, 30.6)

CVD death (n, %) 6, 0.97% 8,1.9% 5, 3.3% 15, 10.3%

Per 1000 0.85 (0.38, 1.9) 1.6 (0.81, 3.3) 3.1(1.3,7.5) 11.0 (6.6, 18.2)

CAC indicates coronary artery calcium; CVD, cardiovascular disease.

Predictive Value of CAC for All-Cause and CVD
Mortality by Race/Ethnicity

Significant graded CVD death-free survival rate was observed
across all race/ethnicity groups under consideration (P<0.05)
(Figure).

Following multivariable adjustment, we noted within each
race/ethnicity group a clear trend of greater hazards of death
with increasing levels of CAC when compared with a reference
of CAC 0. The gradient of all-cause and CVD mortality risk
with increasing CAC was steeper in blacks and Hispanics
compared with whites (Table 3). Unadjusted and minimally
adjusted results for all-cause and CVD mortality are presented
in Tables S4 and S5.

Differences in Prognostic Implications of CAC by
Race/Ethnicity

Multivariable-adjusted effect of race/ethnicity on all-cause
and CVD mortality risk in models additionally adjusting for
CAC showed blacks and Hispanics to have greater all-cause
and CVD mortality risk compared with whites, while Asians

had similar mortality risk as compared with whites. Results
persisted across CAC strata (Tables 4 and 5). Sensitivity
analyses including (1) adjustment for statin and antihyper-
tensive therapy, and (2) adjustment using nonimputed risk
factor data yielded similar results.

Compared with whites with CAC 0, blacks and Hispanics
had a consistent and significantly greater risk of CVD and all-
cause mortality regardless of their CAC score group. Specif-
ically, while whites with CAC >400 showed about 4 times
higher risk of CVD mortality compared with whites with CAC
0, Hispanics (subdistribution hazard ratio 10.7, [5.7—19.9])
and blacks (subdistribution hazard ratio 17.2, [9.3-31.8]) with
CAC >400, when compared against the same reference
showed an extremely high risk of mortality (Table 6)

Discriminatory Value of CAC for All-Cause and
CVD Mortality

The addition of CAC yielded significant improvements in risk
discriminatory value above risk factors alone. Importantly, the
improvement in discriminatory value was most notable in
nonwhite race/ethnicity groups (Table 7). Sex-stratified

DOI: 10.1161/JAHA.118.010471

Journal of the American Heart Association 5

HOYVISHY TYNIDIYO



Race and Prognostic Implications of CAC Orimoloye et al

Whites
=N
©
2
s 3
n o
o
=
S o
S O A
g o
S
(6]
[T}
w_-
o T T T T
0 4 8 12
Years
CACO CAC 1-99
—— CAC 100 - 399 CAC =400
Blacks
=N
N —
T 8
= =
3 S -
o ©
2 o
© X
S o
€ o
S5
O o
0
l\__
o T T T T
0 4 8 12
Years
CACO CAC 1-99
—— CAC 100 - 399 CAC =400

Cumulative survival

Cumulative survival

Asians
o
S
< | b——
L
0
07! -
=}
o
07' -
o
0
Q -
o T T T T
0 4 8 12
Years
CACO CAC 1-99
CAC 100 - 399 CAC 2400
Hispanics
o
O_ -
0 | I
03_ -
o
o
03_ -
o
0
Q -
o
T T T T
0 4 8 12
Years
CACO CAC 1-99
CAC 100 - 399 CAC 2400

Figure. Race/ethnicity—specific Kaplan-Meier curves for CVD mortality, by CAC group. CAC indicates coronary artery calcium; CVD,

cardiovascular.

assessments of improvement in risk discrimination of risk
factors and Framingham risk scores on addition of CAC are
shown in Tables S6 and S7.

Discussion

In the largest CAC cohort yet assembled, we found that CAC
has predictive value independent of other cardiovascular risk
factors for both all-cause and CVD-specific mortality in whites,
Asians, Hispanics, and blacks. These results provide a strong
argument for the clinical utility of CAC as a predictive tool in
all studied race/ethnicity groups.

Importantly, although CAC is predictive of all-cause and
CVD mortality within each of these race/ethnicity groups, it
portends varying levels of all-cause and CVD mortality risk
across these groups. Blacks and Hispanics were at a much
greater risk of all-cause and CVD mortality than their Asian
and white counterparts across all CAC strata. Interestingly,
these race/ethnicity differences in risk implications were

noted even in the CAC 0O category, with Hispanics and blacks
with CAC 0 having significantly greater risk than whites with
CAC 0.

While we recommend caution in inferring from these
results that the inherent ability of CAC to predict risk differs
by race/ethnicity, we think these results are important when
viewed through the lens of healthcare disparities in the United
States. Similar to studies that have shown that the Pooled
Cohort Equation estimates higher 10-year ASCVD risk in
blacks compared with whites, given the same burden of
traditional cardiovascular risk factors, our findings suggest
that that blacks and Hispanics have excess CVD mortality
over whites and Asians even when they have similar calcified
atherosclerotic burden. Additionally, these race/ethnicity
differences in prognosis of CAC may also suggest racial/
ethnic differences in plaque types and pathobiological
processes of vessel-specific atherogenesis and evolution.*

Although a number of studies have investigated ethnic
differences in CAC and its significance, only a few have

DOI: 10.1161/JAHA.118.010471

Journal of the American Heart Association 6

HDOYVIASHY TVYNIDIYO



Race and Prognostic Implications of CAC

Orimoloye et al

Table 3. Multivariable-Adjusted Risk of All-Cause and CVD

Death Associated With CAC for Each Race/Ethnicity Group*

Table 4. Multivariable-Adjusted Effect of Race/Ethnicity on
All-Cause and CVD Mortality Risk, Adjusted for CAC

All-Cause Mortality CVD Mortality
HR (95% Cl) SHR (95% Cl)
Whites 1.0 1.0
Asians 0.8 (0.6-1.1) 0.7 (0.4-1.7)
Blacks 2.5 (21-3.1) 3.4 (2.5-4.8)
Hispanics 1.9 (1.5-2.3) 2.3 (1.6-3.2)

Adjusted HR Adjusted SHR
(All-Cause Mortality) (CVD Mortality)
HR (95% Cl) SHR (95% Cl)
Whites
CACO 1.0 1.0
CAC 1-99 1.2 (1.0-1.9) 1.6 (1.1-2.2)
CAC 100-399 1.4 (1.2-1.7) 2.2 (1.6-3.1)
CAC >400 2.2 (1.9-2.6) 3.6 (2.5-5.1)
Log (CAC+1) 1.1 (1.1-1.2) 1.2 (1.2-1.3)
CAC (Yes/No) 1.4 (1.2-1.6) 2.1 (1.5-2.8)
Asians
CACO 1.0 1.0
CAC 1-99 1.8 (0.7-4.2)
CAC 100-399 1.6 (0.6-4.5)
CAC >400 3.3(1.2-8.5)
Log (CAC+1) 1.2 (1.1-1.9) 2.3 (1.8-2.9)
CAC (Yes/No) 2.0 (0.9-4.9)
Blacks
CACO 1.0 1.0
CAC 1-99 1.6 (0.8-3.0) 0.7 (0.2-1.8)
CAC 100-399 3.0 (1.5-6.0) 2.4 (0.8-7.0)
CAC >400 5.2 (2.7-10.0) 42 (1.6-11.1)
Log (CAC+1) 1.3 (1.2-1.9) 1.3 (1.1-1.5)
CAC (Yes/No) 2.4 (1.3-4.2) 1.7 (0.8-3.8)
Hispanics
CACO 1.0 1.0
CAC 1-99 1.8 (0.9-3.6) 1.4 (0.5-4.1)
CAC 100-399 2.9 (1.3-6.3) 1.9 (0.6-6.4)
CAC >400 49 (2.3-10.4) 6.1 (2.0-18.4)
Log (CAC+1) 1.3 (1.1-1.4) 1.3 (1.1-1.5)
CAC (Yes/No) 2.4 (1.3-4.6) 2.4 (1.3-4.5)

CAC indicates coronary artery calcium; Cl, confidence interval; CVD, cardiovascular

disease; HR, hazard ratio; SHR, subdistribution hazard ratio.

*Estimates are multivariable-adjusted hazard and subdistribution hazard ratios for all-
cause and CVD mortality, respectively, adjusted for study site, age, sex, hypertension,
hyperlipidemia, cigarette smoking, family history of coronary heart disease and the
presence of diabetes mellitus.

"No CVD deaths noted in Asians with CAC=0, analysis by CAC group and dichotomous
CAC not possible.

specifically considered ethnic differences in its prognostic
implications.?*?° Doherty et al (1999)* reported that despite
similar risk factor profiles and lower prevalence of coronary
calcium, blacks had significantly greater age, sex, and
coronary risk-adjusted odds of CHD death, myocardial
infarction, angina, or revascularization compared with whites
(odds ratio 2.16, 95% confidence interval, 1.34-3.48). Given

CAC indicates coronary artery calcium; Cl, confidence interval; CVD, cardiovascular
disease; HR, hazard ratio; SHR, subdistribution hazard ratio.

Estimates are multivariable adjusted hazard and SHRs adjusted for study site, age, sex,
hypertension, hyperlipidemia, cigarette smoking, family history of coronary heart diease
diabetes mellitus, and log (CAC+1).

important limitations of their study in its restriction to 2 race/
ethnicity groups and its relatively small sample of blacks, our
study contributes significantly to existing literature by exam-
ining these differences in a much larger and multiethnic
cohort.

Nasir et al (2007)"” compared the predictive value of CAC in
ethnic minorities to whites and reported the relative risk ratios
of mortality in CAC >1000 subset to be 9.0 for Hispanics, 6.6
for Asians, and 24 for blacks. They also noted similarly higher
relative risk ratios for Hispanics and blacks in the CAC >400
subset. This study, however, did not assess ethnic differences
in prognostic significance of CAC for CVD-specific mortality and
did not assess differences in the CAC 0 group.

Detrano et al (2008)'* assessed the utility of CAC for the
prediction of coronary events in a multiethnic sample of
whites, blacks, Chinese, and Hispanics. Using data from 6722
participants of the MESA study who were followed for a
median duration of 3.9 years, they found CAC to be a strong
predictor of incident coronary heart disease in all the race/
ethnicity groups tested. Our study expands upon this by
considering ethnic differences in prognostic implications of
CAC for all-cause and CVD mortality in a larger sample and
over a longer median follow-up duration of 11.7 years.

Clinical Implications

These results are clinically important for several reasons.
First, the improvement in risk prediction in minorities is
especially important in the light of recent American College
of Cardiology/American Heart Association and US Preven-
tive Services Task Force guideline recommendations to
utilize cardiovascular risk prediction tools in guiding
therapy.?®?” Since available risk calculators may not
adequately capture risk in minority groups, these results
provide data to support specific recommendations for
considering selective use of CAC in minorities to improve
ASCVD risk estimation.
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Table 5. Effect of Race/Ethnicity on All-Cause and CVD-Specific Mortality Within Individual CAC Strata*

All-Cause Mortality CVD mortality”

HR (95% ClI) SHR (95% Cl)

CAC 0 CAC 1-99 CAC 100-399 CAC 2400 CAC 0 CAC 1-99 CAC 100-399 | CAC >400
Whites 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Asians 0.78 (0.4-1.5) | 1.03 (0.6-1.7) | 0.68 (0.4-1.3) | 0.87 (0.6-1.3) 0.2 (0.03-1.7) | 0.7 (0.3-2.0) | 1.1 (0.6-2.0)
Blacks 1.87 (1.1-31) | 23(1.5-35) | 25(1.6-4.0) | 35(24-50) | 520 (26-10.4) | 1.9(0942) | 3.0(1.6-5.8) | 4.3 (2.5-7.4)
Hispanics | 1.5(0.9-27) | 1.8(1.2-2.9) | 1.9 (1.1-31) | 2.1 (1.4-3.0) | 3.15(1.3-7.5) | 2.1 (1.0-4.3) | 1.3(0.5-3.3) | 2.6 (1.5-4.5)

CAC indicates coronary artery calcium; Cl, confidence interval; CVD, cardiovascular disease; SHR, subdistribution hazard ratio.

*Estimates are multivariable-adjusted relative hazards and SHRs of all-cause and CVD mortality, respectively, within individual CAC strata when compared with whites. Results are adjusted
for study site, age, sex, hypertension, hyperlipidemia, cigarette smoking, family history of coronary heart disease and diabetes mellitus.

TEstimates of CVD-death risk to be interpreted with caution because of small numbers in corresponding cells; empty cells signify underpowered analyses.

Secondly, the excess cardiovascular mortality in blacks
and Hispanics despite similar atherosclerotic burden may be
at least partly explained by disparities in socioeconomic
status and healthcare access and utilization, which according
to more recent data may still be persistent.?® These findings
therefore highlight the need to pay more attention to
comprehensive risk factor modification in high-risk race/
ethnic minorities. Additionally, a leveling of cardiovascular
mortality risk with similar CAC scores across race/ethnicity
groups can be viewed as a simple marker of success in
leveling disparities in cardiovascular health care.

Limitations

There are a few limitations to this study. First, all patients
were referred for CAC screening and therefore may not be
representative of the general population. Referral bias may
impact different race/ethnicities in different ways (ie, race/
ethnic minorities may be sicker). However, prior studies have
shown that the CAC Consortium is largely comparable to
other studies including MESA, and findings in real-world
clinical observational studies have advantages over studies
like MESA that may involve healthy volunteer effects.

Secondly, in the CAC Consortium, the CAC test results may
have been used to guide treatment and follow-up and could
have improved outcomes differentially in the higher CAC
groups. This, however, would bias our CAC risk estimates
towards the null, although the strength of this bias may differ
by race/ethnicity. Additionally, our estimates are not adjusted
for control of risk factors over the duration of follow-up, and
there may exist some residual confounding as a result.
However, previous studies of the predictive value of CAC in
both clinical and population-based data (including MESA) did
not adjust for incident risk factors or control of these risk
factors, and baseline risk factor distributions remain the
standard for statistical adjustment.

Importantly, the risk estimates in our analysis were not
adjusted for socioeconomic, or healthcare access and utility
variables as these are not adequately captured in the CAC
Consortium. We believe, however, that since study partici-
pants do not exist outside their sociodemographic and
healthcare access environments and interact with these
environments through their clinical courses, our results
should be interpreted as more of an encompassing clinical/
public health viewpoint than a purely pathobiologic
description.

Table 6. Interplay of CAC and Race/Ethnicity on Risk of All-Cause and CVD-Specific Mortality

All-Cause Mortality CVD Mortality

HR (95% Cl) SHR (95% Cl)

CAC O CAC 1-99 CAC 100-399 CAC >400 CACO CAC 1-99 CAC 100 —399 CAC >400
Whites 1.0 1.3 (1.1-15) | 1.5(1.3-1.8) | 2.4 (2.0-2.8) 1.0 1.7 (1.2-2.4) 2.5 (1.8-3.6) 4.2 (3.0-6.0)
Asians 0.7 (0.4-1.4) | 1.2(0.7-2.1) | 1.1 (0.6-2.1) | 21 (1.3-3.2) e 0.37 (0.1-2.7) | 1.97 (0.7-5.6) | 4.4 (2.2-8.7)
Blacks 19(11-31) | 28(1.9-42) | 41(26-6.2) | 8.6 (5.9-126) | 6.0 (3.1-11.8) | 3.4 (1.5-7.H) 7.9 (3.9-16.1) | 17.2 (9.3 -31.8)
Hispanics | 1.4 (0.8-2.5) | 2.2 (1.4-3.3) | 3.1 (1.9-5.1) | 5.0 (3.4-7.4) 3.2 (1.4-7.5) 3.4 (1.6-7.3) 3.9 (1.5-9.9) 10.7 (5.7-19.9)

CAC indicates coronary artery calcium; Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; SHR, subdistribution hazard ratios.

Estimates are multivariable-adjusted relative hazards and subdistribution hazards of all-cause and CVD mortality, respectively, within individual race/ethnicity and CAC strata when
compared with whites with CAC 0. Models adjusted for study site, age, sex, hypertension, hyperlipidemia, cigarette smoking, family history of coronary heart disease, and diabetes mellitus.

*No CVD deaths noted in Asians with CAC=0; analysis not possible.
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Table 7. Comparison of AUC Curves for Risk Factors Alone
vs Risk Factors Plus CAC to Predict CVD Mortality, by Race/
Ethnicity Group

Race/Ethnicity AUC for Risk AUC for Risk

Group Factors Alone Factors Plus CAC P Value*
Whites 0.814 0.819 <0.001
Asians 0.790 0.819 0.04
Blacks 0.754 0.790 0.04
Hispanics 0.745 0.770 0.05

AUC indicates areas under receiver-operating-characteristic; CAC, coronary artery
calcium; CHD, coronary heart disease; CVD, cardiovascular disease.

*P values test the comparison between risk factor AUCs with and without accounting for
CAC score. Risk factors include age, sex, hypertension, hyperlipidemia, diabetes mellitus,
cigarette smoking, and family history of CHD.

Finally, in considering the association of CAC with
mortality, our estimates of risk are fundamentally different
from those obtained in studies that have considered only
ASCVD events. This is because the processes that lead to
mortality outcomes are exceedingly more complex, and are
influenced by several other unmeasured variables than those
simply leading to sudden ASCVD events.

Conclusion

In appropriately selected asymptomatic patients referred for
CAC scoring, CAC is highly predictive of all-cause and CVD
mortality in whites, Asians, blacks, and Hispanics, and its
addition to risk factors substantially improves risk discrimi-
nation over risk factors alone in each of these groups.
Crucially, blacks and Hispanics have a greater risk of CVD
mortality than their white and Asian counterparts despite
adjustment for atherosclerosis burden. These results make a
strong case for strengthened guideline recommendations for
CAC as a tool to improve ASCVD risk assessment and
highlight a need to expand scientific knowledge by identifying
biologic and social contributors to race/ethnicity differences
in its prognostic implications.
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