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Abstract

Background—~Presence of coronary artery calcium (CAC), carotid plaque, and increased carotid
intima media thickness (IMT) may indicate elevated cardiovascular disease (CVD) risk; however,
no large studies have compared them directly. This study compares predictive utilities of CAC
presence, carotid artery plaque presence, and high IMT for incident CVD events.

Methods and Results—Participants were from the Multi-Ethnic Study of Atherosclerosis.
Predictive values of carotid plaque, IMT and CAC presence were compared using Cox
proportional hazards models, c-statistics, and net reclassification indices. The 6,779 participants
were mean (standard deviation) 62.2 (10.2) years old; 49.9% had CAC, 46.7% had carotid plaque.
The mean left and right IMT were 0.754 (0.210) mm and 0.751 (0.187) mm, respectively. After
9.5 years (mean), 538 CVD events, 388 coronary heart disease (CHD) events, and 196 stroke/
transient ischemic attacks (T1A) were observed. CAC presence was a stronger predictor of
incident CVD and CHD than carotid ultrasound measures. Mean IMT >75! percentile (for age,
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sex and race) alone did not predict events. Compared to traditional risk factors, c-statistics for
CVD (c=0.756) and CHD (c=0.752) increased most by adding of CAC presence (CVD 0.776,
CHD, 0.784; p<0.001) followed by carotid plaque presence (CVD ¢=0.760, CHD 0.757; p<0.05).
Compared to risk factors (c=0.782), carotid plaque presence (c=0.787, p=0.045) but not CAC
(c=0.785, p=0.438) improved prediction of stroke/TIA.

Conclusions—In adults without CVD, CAC presence improves prediction of CVD and CHD
more than carotid plaque presence or high IMT. CAC and carotid ultrasound parameters
performed similarly for stroke/TIA event prediction.

Keywords

atherosclerosis; cardiovascular disease; carotid artery; imaging; risk factor

Methods

Evaluation of carotid intima-media thickness (IMT), carotid artery plaque and detection and
quantification of coronary artery calcium (CAC) are among the best studied imaging
modalities for screening of atherosclerosis (1-4).

Multi-Ethnic Study of Atherosclerosis (MESA) investigators previously described
superiority of CAC over IMT for coronary heart disease (CHD) and CVD risk prediction
and superiority of IMT over CAC for prediction of stroke, but these analyses were limited
by a short duration of follow-up with few CVD events (1,2). The predictive utilities of CAC
and IMT were compared in the Cardiovascular Health Study; however, participants were
older and follow-up was short (5). Although the predictive utilities of IMT, carotid plaque
presence, and CAC presence have been described in several cohorts and meta-analyses (1,5-
9), they have not been compared directly in a single cohort with extended follow-up and a
large number of cardiovascular disease (CVD) events.

MESA is a large, ethnically diverse cohort of individuals without clinically evident CVD at
study baseline in whom participants had carotid ultrasound and CT scans for carotid IMT
measurement, carotid plaque presence, and CAC presence. With a mean of 9.5 years of
follow-up and over 500 CVD events, this analysis directly compares IMT, carotid plaque
presence, and CAC presence for predicting CVD events.

Study Participants and Design

The MESA is a large prospective, cohort study of the prevalence, causes, and progression of
subclinical CVD. MESA is a population-based sample of 6,814 men and women aged 45 to
84 years who were free of known CVD at baseline, recruited from 6 United States
communities. Study objectives and design have been published previously (10). All
participants gave informed consent. It was approved by the institutional review boards of the
field and reading centers.

This analysis was pre-specified and included all MESA participants with Exam 1 CAC
evaluation and follow-up data (N=6,799) who also had Exam 1 CCA IMT measurements
(N=3,098) and carotid plaque assessment (N=3,310) re-read by the University of Wisconsin
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Ultrasound Reading Center. These 3,310 participants were a subset of the original MESA
cohort and had Exam 1 IMT measurements re-read because they subsequently had Exam 5
ultrasound studies (mean 9.5 years later), though Exam 5 data were not used in this report.
Of the 3,310 participants with carotid ultrasounds, 266 were missing left CCA IMT and 212
were missing right CCA IMT. In this analysis, 418 (12.6%) participants with ultrasound
evaluations were missing 1 or more IMT segments. Poor image quality only accounted for
~3% of missing IMT data. Exam 5 ultrasounds were conducted for MESA participants who
participated in Exam 5, including those who had CVD events prior to Exam 5. Follow-up
data are described in detail below and in the supplementary material (Supplementary Tables
I-VI1I).

This analysis was performed using the University of Wisconsin CCA IMT readings because
(i) the associations between CCA IMT measures and most traditional risk factors (age,
systolic blood pressure, body-mass index, sex, African-American race, and use of
antihypertensive medications) were stronger than in the original IMT set, (ii) reproducibility
of IMT measurements was stronger than for the original readings (correlations 0.96-0.99
versus 0.84-0.86) (11), and (iii) the University of Wisconsin readings provided standardized
plaque scoring in accordance with clinical consensus recommendations (4,12). Since re-
reads only were available for a subset of MESA participants, multiple imputation was used
to account for missing data from the entire MESA cohort (N=6,779), which included the
original IMT readings. Demographic, medical history, and laboratory data were obtained
from July, 2000 to August, 2002.

Carotid Ultrasonography

At Exam 1, B-mode ultrasound was used to image the near and far walls of the right and left
distal CCA, carotid bulb, and proximal internal carotid (ICA) using a Logiq 700 ultrasound
system (General Electric Medical Systems, 13 MHz transducer). The carotid bifurcations
and internal carotid arteries were interrogated thoroughly from both longitudinal and
transverse approaches to identify the thickest regions. Images were stored on super-VHS
videotape and digitized at a high resolution and frame rates using a Medical Digital
Recording (MDR) device (PACSGEAR, Pleasanton, CA) and converted into DICOM digital
records. Mean and maximal IMT of the far wall of distal CCA (distal 1 cm, proximal to the
carotid bifurcation point, where the distal CCA diameter remains uniform) and the proximal
1 cm of the ICA were measured in triplicate at the University of Wisconsin using a semi-
automated border detection program (Syngo Arterial Health package, Siemens Medical
Solutions, Malvern, PA) blinded to subject demographic and medical information. CCA
IMT percentiles based on age, sex and race/ethnicity were calculated (Supplementary Table
). Carotid plaque presence was defined as a focal abnormal wall thickness (IMT >1.5 mm)
or a focal thickening of >50% of the surrounding IMT (4,12). Presence or absence of plaque
acoustic shadowing was recorded. A total plaque score (range 0-12) was calculated to
describe carotid plaque burden. One point per plague was allocated for the near and far walls
of each segment (CCA, bulb, ICA) of each carotid artery that was interrogated. Ultrasound
reproducibility is described in detail in Supplemental Text (IMT Reproducibility).
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Coronary Artery Calcium Presence and Score

Methods for computed tomographic scanning and interpretation have been reported
previously (13). CAC was assessed at all six MESA sites at Exam 1 by using either a
cardiac-gated electron-beam computed tomography scanner (Chicago, Los Angeles, and
New York Field Centers) or a multi-detector computed tomography system (Baltimore,
Forsyth County and St. Paul Field Centers). All scans were over-read by a trained
radiologist or cardiologist using an interactive scoring system (7). CAC was categorized as
present or absent and the Agatston score was reported as a continuous variable with
excellent reproducibility (7,14).

Cardiovascular Disease Events

Participants were followed from the baseline examination through October 2012. They were
contacted by telephone every 9-12 months to inquire about interim hospital admissions,
CVD outpatient diagnoses, and deaths. Events were verified with death certificates and
medical records. Two physicians, blinded to study data, independently reviewed and
classified CVD events. In cases of disagreement, a mortality and morbidity committee
determined the final classification. CVD was defined as CHD (definite or probable
myocardial infarction, CHD death, resuscitated cardiac arrest, definite angina, and probable
angina — if followed by coronary revascularization), stroke (fatal or non-fatal), or other
atherosclerotic CVD death (1). Stroke and transient ischemic attack (TI1A) were adjudicated
by neurologists. Stroke was defined as a focal neurologic deficit lasting 24 hours or until
death with a clinically relevant lesion on brain imaging, and no nonvascular cause was
identified. TIA was defined as a focal neurologic deficit lasting 30 seconds to 24 hours,
without brain imaging suggesting stroke. In the present analysis, the composite of TIA and
stroke are reported since the number of strokes was small. A detailed description of the
MESA follow-up methods is available at http://www.mesa-nhlbi.org.

Statistical Analysis

CAC was categorized as present or absent, and continuously as In(CAC+25) since over 50%
of participants had zero CAC. The constant of 25 allows for a more symmetric normal
distribution and has been used in prior MESA analyses (15). Carotid plaque was categorized
as present or absent and as a carotid plaque score (0-12). Mean and maximum CCA and
ICA IMT were described as continuous variables. CCA IMT also was categorized as below
or above the highest cohort quartile for age, sex, and race. Internal carotid artery IMT data
are presented, for the sake of completeness, in the supplementary material. Carotid plaque
presence was our primary carotid plagque variable; carotid plaque score and shadowing were
described for the sake of completeness. Cox proportional hazards models were used to
assess the effect of multiple covariates on survival and to account for potential confounders.

Multiple imputation was used to account for missing values. A model was developed that
included traditional CVD risk factors, demographic information, original (non-core lab)
IMT readings in the MESA population, CAC, and the known outcomes of the entire cohort
over the follow-up period (16). All ultrasound measurements were taken at baseline for
event ascertainment and data were imputed from individuals who died (Supplementary
Figure I). The IMT data from the re-reads are missing at random and are highly correlated
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with the original IMT measurements included in the imputation model. Under these
circumstances, multiple imputation performs well even with over 90% missingness (17).
The same imputation analysis was performed to account for missing carotid plaque data with
one difference. Since the original carotid ultrasound readings did not provide plaque
assessment in accordance with clinical consensus recommendations (4,12), those readings
could not be imputed; however, all other participant data was included as in the carotid IMT
models. Estimates for the Cox models were averaged across 100 datasets. The strength of
association for carotid plagque presence, IMT, and CAC and combinations of the independent
variables based on the relative size of their hazard ratios and the corresponding chi-square
test or Z test of the hazard ratios are reported, as in previous MESA publications (1). Area
under the receiver-operating characteristic curves (AUC) using Harrell’s c-statistics were
estimated from 5 imputed datasets. Net reclassification improvement (NRI) analyses with
bootstrapped standard errors were used to assess the improvement in risk stratification
generated by carotid plaque presence, CCA IMT, and CAC presence for each outcome based
on 10-year risk of 0-6%, 6—-20%, >20% and were estimated from 10 imputed datasets (18).
Rubin’s rules for combining the standard errors were used for all models (16). Sensitivity
analyses comparing complete case analysis to the imputed data are shown in Table 1.

Participant Characteristics

Baseline characteristics are described in Table 2. Of those who underwent baseline carotid
ultrasound evaluation (N= 3,310), at least one carotid plaque was found in 1,544 (46.7%)
participants with a mean (standard deviation) total plaque score of 2.4 (1.6) (Table 3). CAC
was present in 1,479 (44.7%) with an average CAC score of 222.6 (417.0) units. The
average left mean and maximum CCA IMT were 0.754 (0.210) mm and 0.930 (0.246) mm,
respectively. The right mean and maximum CCA IMT were 0.751 (0.187) mm and 0.921
(0.219) mm, respectively. Carotid plaque or left or right mean CCA IMT >75™ percentile for
age, sex and race/ethnicity (carotid plaque/CIMT75) (4) was found in 61.7% of participants
with ultrasound data. The breakdown of CVD events is shown in Table 2.

Cox Regression Models for Predicting CVD Events

Cox regression models for CVD events with multiple imputation are shown in the Figure.
After adjustment for traditional risk factors and multiple imputation for missing values,
CAC presence was the strongest predictor of CVD events (HR 3.12, 95% CI 2.44-3.99,
p<0.001). Carotid plaque presence (HR 1.61, 95% CI 1.17-2.21, p=0.003) also was
predictive of CVD events, but carotid plaque/CIMT75 (HR 2.06, 95% CI 1.46-2.91,
p<0.001) performed better than carotid plaque alone (Figure, Table 1). CAC presence was a
stronger predictor of CHD events (HR 4.48, 95% CI 3.24-6.17, p<0.001) than CVD events.
CAC presence, carotid plaque presence, and carotid plaque/CIMT75 independently
predicted stroke/TIA, with similar hazard ratios. Carotid IMT =75th percentile without
plaque did not predict stroke/TIA (HR: 1.01 [0.70 — 1.47]; Figure, Table 1). Analyses of the
hazard ratios for stroke alone (without TIA), were similar to stroke/TIA, but were limited by
the low number of isolated stroke events. Because the hazard ratios for CVD event
prediction using CAC score (1.48, 95% CI 1.20-1.86, p<0.001) and carotid plagque score
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(1.49, 95% CI 1.39-1.58, p<0.001) were not better than CAC and carotid plaque presence,
subsequent analyses focus on CAC and carotid plaque presence. Similar results were seen
for the continuous CAC and carotid plague measures for CHD and stroke/TIA events (data
not shown).

Similar hazard ratio estimates were obtained in models restricted to those participants who
were younger (men <50 years old, women <60 years old), and in each race/ethnicity
category (Supplementary Tables I1-111). When participants with diabetes mellitus (n=850)
were excluded from the analyses, similar hazard ratios were obtained (data not shown).
Mean, maximum, and combined internal carotid artery IMT did not predict CVD, CHD, or
stroke/T1A (all p=0.05, Supplementary Table 1V). Also, the presence of carotid plaque
shadowing did not significantly predict CVD (0.92 [0.68-1.24], p=0.6), CHD (0.97 [0.74-
1.26], p=0.8), or stroke (0.99 [0.58-1.67], p=1.0) events, but predicted stroke/TIA events
(1.65 [1.02-2.65], p=0.04)

Receiver Operator Characteristic Curves and Net Reclassification Index

The area under the receiver operator characteristic curves of the Cox regression models are
shown in Table 4. For CVD events, traditional risk factors generated a c-statistic of 0.756.
Adding CAC presence to traditional risk factors increased the c-statistic to 0.776 (p<0.001).
Adding carotid plaque presence to traditional risk factors improved the c-statistic to 0.760
(p=0.033), but adding CIMT =75t percentile to traditional risk factors (c-statistic=0.757)
did not increase the AUC compared to traditional risk factors alone (p=0.110). The
improvement in c-statistic for carotid plaque/CIMT75 was similar to the AUC for plaque
alone (Table 4). The results for CHD were similar. For combined stroke/TIA, traditional risk
factors accounted for an AUC of 0.782, but only the addition of carotid plaque led to a
statistically significant improvement in the c-statistic (c-statistic=0.787, p=0.045). The NRI
analysis results were similar to those AUC results; however, the only statistically significant
improvement in NRI, in addition to traditional risk factors, was for CAC predicting CVD
and CHD events (Table 4).

Discussion

Avrterial imaging with computed tomography (for CAC detection and scoring) and carotid
ultrasound (for assessment of IMT and plaque presence) has been proposed as a strategy to
better identify individuals who may have higher CVD risk than is estimated by traditional
risk prediction tools, in order to more efficiently use preventive resources (3,4). This is the
first analysis, to our knowledge, that has directly compared carotid plaque presence, IMT,
and CAC in a single cohort with extended follow-up and a large number of CVD events. It
also is the only study to evaluate these parameters in a multi-ethnic cohort that is highly
representative of the US population. Previous studies have directly compared the abilities of
CAC and IMT to predict CVD events (1,2). A previous evaluation of 1,330 MESA
participants at “intermediate” Framingham CVD risk also demonstrated that CAC was a
better predictor of CHD and CVD events compared to IMT. However, since both “high risk”
and “low risk” participants were excluded from those analyses, the number of total events
was far fewer than in the present study and likely account for the differences between the
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calculated AUC and NRI data. That study also did not directly compare carotid plaque and
IMT (2), though other cohorts have compared their predictive efficacy (6,8,9). Previous
studies focused on IMT protocols developed for use in research settings, whereas this study
is the first to compare the components of the carotid IMT/plaque examination currently
recommended for clinical use (e.g., CCA IMT with carotid plaque screening) (4,12) to CAC
presence.

The results of our comprehensive analyses were very consistent. CAC presence was a
significantly better predictor of CVD and CHD events compared with any of the ultrasound
measurements, including the consensus recommendation (carotid plaque/CIMT75). Carotid
plaque was a stronger predictor than IMT. Neither CCA nor internal carotid artery IMT
values improved CVD or CHD event prediction more than presence or absence of carotid
plaque. Regarding stroke/TIA, the point estimates of the hazard ratios for CAC and carotid
plaque presence were similar with overlapping confidence intervals. Addition of carotid
plaque presence to traditional risks factors improved prediction with a nominal level of
statistical significance, whereas addition of CAC presence did not. Absolute differences in
c-statistics and NRIs were small and not likely clinically significant.

In a subset of participants in the Cardiovascular Health Study, CAC and IMT seemed to
predict CVD events similarly, but IMT outperformed CAC for stroke prediction (5). These
participants were elderly and were not necessarily free of CVVD at baseline. Also, their
events mostly occurred before the era of aggressive lipid and blood pressure reduction. Two
previous reports from MESA showed similar findings regarding total CVD, but did not
consider carotid plaque or consensus recommendation approaches to IMT (1,2). They also
were based on fewer events and shorter follow-up, with accordingly wider confidence
intervals. It is likely that the proximity of the carotid arteries to the brain and the coronary
arteries to the heart explains the divergence of prediction between CAC scoring and carotid
ultrasound measures. In the current study, CAC clearly was a superior predictor of CVD and
CHD events. Our data differ from earlier MESA publications (1) by having longer follow up
and more clinically applicable IMT and plaque readings, as well as a wider range of CVD
risk (2). Indeed, CAC was a better predictor of stroke/TIA than IMT alone and nearly as
good as carotid plague or the composite of carotid plaque and CIMT=75" percentile. It is
possible that with longer follow up, the effect of risk reducing medications such as statins
and antihypertensive medications on IMT, the relative proximity of the arterial disease to the
end-organ being assessed becomes less important. With long-term follow up, the ability of
CAC to predict CVD events remained strong but the differences between CAC and IMT in
ability to predict the type of event diminished. Also, the importance of carotid plaque —a
further step along the pathway to clinical CVD — became more evident, likely because
carotid plaque presence is less affected by medical therapy than IMT.

Accurate measurements of IMT and detection of carotid plaque are highly dependent on
image quality and sonographer skill (4). However, the reproducibility of these measures in
this study approached that of CAC scoring. CAC scoring is less user-dependent and a score
of zero may be less useful in individuals with high pre-test likelihood of absent CAC such as
younger adults, women, and certain ethnic minorities. However, in our subgroup analyses of
these individuals, CAC presence and the carotid ultrasound measures did not differ
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significantly from the primary analysis. Although previous studies have shown that CAC
score (3,18) and carotid plaque score (19) can improve prediction of CVD events, in the
present study, the predictive ability of either CAC score or plaque score was similar to the
presence or absence of CAC or carotid plaque for stroke/TIA and more easily directly
compared given the differing scales of the scoring systems (18). Some studies have
suggested that characterizing plaque based on echo characteristics may have predictive
value; however, the definitions are not uniform and correlations with histological findings of
plaque have not been strong (20).

This study shares the limitations of all observational research. However, this population is
large, well-described, and was followed prospectively with careful imaging, measurement,
and event adjudication. The major drawback was the number of missing re-read ultrasound
studies. The imputation models included baseline IMT data from all 6,779 (100%) MESA
participants, however the original MESA approach did not have a standardized plaque
assessment. Thus plaque assessment was imputed from the subset (n=3,310) that survived
until Exam 5 and therefore had fewer events. However, since the original reads were
included in the imputation model, it will accurately correct implausible baseline readings
using the information available from the re-reads, which was a major impetus for choosing
an imputation strategy. The imputation model included carotid IMT readings from before all
events. This approach was accepted due to the consensus recommendations for clinical use
of carotid ultrasound, including carotid plaque detection. It allowed all CVD, CHD, and
stroke/T1A events to be included in the analysis and all data from all subjects
(Supplementary Tables V=VIII). The proportion of subjects with carotid plaque and CCA
IMT >75™ percentile was lower than in some but not all previous reports (8,21-23), likely
due to differing scan protocols, definitions of plaque, reader variability, and characteristics
of the different populations.

Conclusion

In middle-aged adults without pre-existing CVD, CAC presence predicts incident CVD and
CHD better than carotid plaque presence, carotid artery IMT, or their composite, over nearly
a decade of follow-up. CAC and carotid ultrasound parameters performed similarly for
stroke/T1A event prediction. Similar observations were found in subgroup analyses of
younger participants and ethnic minorities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Model HR (95% Cl)
CVD
CAC presence 3.12 (2.44-3.99) ; ——
Carotid plaque presence 1.61(1.17-2.21) | ——
Mean CCA IMT > 75th percentile 1.20 (0.94-1.52) *0—
Carotid plaque/CIMT75 2.06 (1.46-2.91) | ——
CHD ;
CAC presence 448(324-617) i .
Carotid plaque presence 1.76 (1.23-2.52) P ——
Mean CCA IMT > 75th percentile 1.29 (0.98-1.68) '-0—
Carotid plaque/CIMT75 2.33 (1.56-3.47) ;e
Stroke/TIA :
CAC presence 1.54 (1.09-2.18) —e—
Carotid plaque presence 1.40 (1.35-1.45) o
Mean CCA IMT > 75th percentile 1.01 (0.70-1.47) ——
Carotid plaque/CIMT75 1.86 (1.10-3.13) —-—
T i I | I I I
o 1 2 3 4 5 6

Figure. Summary of Risk Factor Adjusted Cox Regression Modelsfor Predicting I ncident
Events, MESA

Multivariable models with multiple imputation adjusted for age, gender, race/ethnicity,
education, income, heart rate, body mass index, smoking, total cholesterols, high-density
lipoprotein cholesterol, lipid-lowering medication use, diabetes mellitus status, systolic
blood pressure and anti-hypertensive medication use. Sample size = 6,779. Abbreviations as
in Table 1: Cl = confidence interval; carotid plaque/CIMT75 = composite of any carotid
plague presence or CCA IMT = 75! percentile
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Table 1

Risk Factor Adjusted Cox Regression Models for Predicting Incident Events”

With Multiplel mputation** Without Multiplel mputation**

Hazard Ratio Hazard Ratio

(95% CI) P-value (95% CI) P-value

CVvD

CAC presence (2‘42'_123‘99) <0.001 (2.033'9?1.69) <0.001

Carotid plaque presence (1.171'5512.21) 0.003 (1'091'_5217) 0.015

Mean CCA IMT 275t percentile o o i'_zg_sz) 0.141 (1.133.23) 0.011

Carotid plaque/CIMT75 (1.45'9%91) <0.001 (1.1%'_7%.59) 0.014
CHD

CAC presence (3‘22"11%17) <0.001 (2.283'—7 %.17) <0.001

Carotid plaque presence (1.23%'_7%.52) 0.002 (1.léf312.36) 0.015

Mean CCA IMT 275th percentile (0_9;_22_68) 0.065 (1_13'_612_37) 0.015

Carotid plaque/CIMT75 (1.55'3’33‘47) <0.001 (1.2%'?222) 0.007
Stroke/TIA

CAC presence (1.03'5)2.18) 0.015 (0_971'5%_42) 0.061

Carotid plaque presence (1.351'112.45) <0.001 (0,7&?2,39) 0.317

Mean CCA IMT 275th percentile (0_73'911_ ) 0.944 (0_73'_312_ ) 0.399

Carotid plaque/CIMT75 (1.13'5363‘13) 0.020 (0.75"5’%_23) 0.189

*

Multivariable models adjusted for age, gender, race/ethnicity, education, income, heart rate, body-mass index, smoking, total cholesterol, high-
density lipoprotein cholesterol, lipid-lowering medication use, diabetes mellitus status, systolic blood pressure and anti-hypertensive medication
use.

*

*
Multiple imputation sample size = 6,779; Without multiple imputation sample size = 3,310 (carotid plaque and CAC); 2,892 for mean CCA IMT
2 75th percentile and carotid plaque or carotid plague or mean CCA IMT = 75th percentile

Abbreviations as in Table 1: Cl = confidence interval; carotid plaque/CIMT75 = composite of any carotid plaque presence or CCA IMT >75th
percentile
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Table 2

Baseline Characteristics” of MESA Participants, 2000-2002

All Participants  Participantswith Re-Read Car otid Ultrasounds

Analytic sample size 6,779 3,310
Age (years), mean (SD) 62.2 (10.2) 60.3 (9.4)
Male gender, % (n) 47.2 (3,197) 47.1 (1,559)
Race/ethnicity, % (n)
White 38.6 (2,614) 39.5 (1,306)
Chinese 11.8 (800) 13.2 (437)
Black 27.7 (1,880) 25.4 (840)
Hispanic 21.9 (1,485) 22.0 (727)
Education, % (n)
Less than high school 18.0 (1,215) 13.7 (453)
High school 46.7 (3,153) 46.3 (1,531)
More than high school 35.4 (2,390) 40.1 (1,326)
Body mass index (kg/m?), mean (SD) 28.3 (5.5) 28.2(5.2)
Smoking, % (n)
Never 50.3 (3,400) 52.2 (1,729)
Former 36.6 (2,475) 36.4 (1,204)
Current 13.1 (884) 11.4 (377)
Total cholesterol (mg/dL), mean (SD) 194.2 (35.7) 194.1 (35.2)
LDL cholesterol (mg/dL), mean (SD) 117.2 (31.5) 117.3 (31.0)
HDL cholesterol (mg/dL), mean (SD) 51.0 (14.8) 51.0 (14.7)
Lipid-lowering medication, % (n) 16.2 (1,096) 16.3 (539)
Systolic blood pressure (mmHg) mean (SD) 126.6 (21.5) 124.1 (20.0)
Diastolic blood pressure (mmHg), mean (SD) 71.9 (10.3) 71.9 (10.0)
Antihypertensive medication, % (n) 37.3(2,526) 34.2 (1,133)
Diabetes mellitus status, % (n)
Normal 73.6 (4,972) 77.1(2,552)
Impaired fasting glucose 13.8 (933) 13.0 (430)
Untreated diabetes mellitus 2.7 (179) 1.8 (60)
Treated diabetes mellitus 9.9 (671) 8.1 (268)

*
Raw data without multiple imputation.

HDL = high-density lipoprotein; LDL = low-density lipoprotein; SD = standard deviation
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Table 3

Numbers of Cardiovascular Disease Events and Descriptive Data on Carotid Plaque Presence, Coronary
Artery Calcium, and Carotid Intima-Media Thickness”

All Participants  All Participantswith Participants with Re- Participantswith Re-

Re-Read Carotid Read Left CCAIMT Read Right CCA IMT
Ultrasound measur ements measur ements
Analytic sample size 6,779 3,310 3,044 3,098
CVD event, % (n) 7.9 (538) 5.0 (166) 5.0 (151) 5.0 (156)
CVD death 5.5 (370) 2.8 (91) 2.7(82) 2.7 (83)
CHD event, % () 5.7 (388) 4.1 (136) 4.0 (121) 4.2 (130)
Myocardial infarction 2.5 (171) 1.6 (54) 1.5 (46) 1.6 (50)
CHD death 3.5 (235) 1.7 (55) 1.5 (47) 1.7 (51)
Cardiac arrest 0.4 (24) 0.1(2) 0.1(2) 0.03 (1)
Definite Angina 2.6 (175) 2.8(92) 2.8 (84) 2.9 (89)
Probable angina w/PCI 1.1(77) 1.2 (38) 1.2 (35) 1.1 (34)
Stroke, % (n) 2.2 (148) 1.1 (36) 1.2 (35) 1.0 (32)
Stroke + TIA, % (n) 2.9 (196) 1.7 (57) 1.8 (55) 1.6 (50)
CAC present, % (n) 49.9 (3,382) 44.7 (1,479) 44.2 (1,345) 44.1 (1,366)
CAC score (if present), mean (SD) 290.8 (545.9) 222.6 (417.0) 220.0 (415.4) 222.7 (422.7)
Plaque present, % (n) - 46.7 (1,544) - -
Plaque score (if present), mean (SD) - 2.4 (1.6) - -
Left CCA mean IMT (mm), mean (SD) 0.743 (0250)** - 0.754 (0.210) -
Left CCA max IMT(mm), mean (SD) 0.853 (0.279)"" - 0.930 (0.246) -
Right CCA mean IMT (mm), mean (SD) 734 (0232)** - - 0.751 (0.187)
Right CCA max IMT (mm), mean (SD) ¢ 846 (0.262)"* - - 0.921 (0.220)

*
Raw data without multiple imputation.

*

*
Left CCA Mean IMT sample size = 6570; Left CCA max IMT sample size = 6570; Right CCA mean IMT sample size = 6623; Right CCA max
IMT sample size = 6623

Abbreviations as in Table 1: CCA = common carotid artery; IMT = intima media thickness; CAC = coronary artery calcium; CVD = cardiovascular
disease; CHD = coronary heart disease; PCI = percutaneous coronary intervention; TIA = transient ischemic attack

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Gepner et al. Page 15

Table 4

Area Under the Curve and Net Reclassification Index for Cox Regression models of Cardiovascular Disease
Endpoints

N = 6,779 C-statistic  p-value® Net Reclassification Index

(95% ClI)
CVD
Traditional risk factors alone 0.756 - -
0.110
CAC presence 0.776 <0.001 (0.060 — 0.159)
. 0.012
Carotid plaque presence 0.760 0.033 (~0.022 - 0.045)
. -0.007
Mean CCA IMT = 75th percentile 0.757 0.111 (-0.031 - 0.018)
) 0.008
Carotid plaque/CIMT75 0.759 0.034 (~0.020 — 0.035)
CHD
Traditional risk factors alone 0.752 - -
0.103
CAC presence 0.784 <0.001 (0.052 — 0.155)
) 0.006
Carotid plaque presence 0.757 0.043 (-0.026 — 0.037)
. -0.005
Mean CCA IMT = 75th percentile 0.754 0.153 (-0.031 - 0.022)
) 0.012
Carotid plaque/CIMT75 0.756 0.055 (-0.016 - 0.039)
Stroke/TIA
Traditional risk factors alone 0.782 - -
0.028
CAC presence 0.785 0.438 (-0.012 - 0.068)
) 0.015
Carotid plaque presence 0.787 0.045 (-0.017 - 0.048)
. 0.000
Mean CCA IMT 2 75th percentile 0.783 0.160 (-0.003 - 0.034)
. 0.006
Carotid plaque/CIMT75 0.785 0.450 (-0.022 — 0.034)

*
Compared to traditional risk factors alone

Abbreviations as in Tables 1.
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