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Abstract
Even among asymptomatic people at low risk (<10%) by Framingham Risk Score (FRS), high
coronary artery calcium (CAC) scores signify higher predicted risk of coronary heart disease
(CHD) events. We sought to determine non-invasive factors (without radiation exposure)
significantly associated with CAC in low-risk, asymptomatic persons. In a cross-sectional
analysis, we studied 3046 participants from MESA at low 10-year predicted risk (FRS <10%) for
CHD events. Multivariable logistic regression was used to assess the association of novel markers
with presence of any CAC (CAC >0) and advanced CAC (CAC ≥ 300). CAC >0 and CAC ≥ 300
were present in 30% and 3.5% of participants, respectively. Factor VIIIc, fibrinogen and sICAM
were each associated with CAC presence (P ≤ 0.02); and C-reactive protein, D-dimer and carotid
intima-media thickness (CIMT) with advanced CAC (P ≤ 0.03). The base model combining
traditional risk factors had excellent discrimination for advanced CAC (C-statistic, 0.808).
Addition of the 2 best-fit models combining biomarkers plus/minus CIMT improved the c-
statistics to 0.822 and 0.820, respectively. All 3 models calibrated well, but were similar in
estimating individual risk probabilities for advanced CAC (prevalence = 9.97%, 10.63% and
10.10% in the highest quartiles of predicted probabilities versus 0.26%, 0.26% and 0.26% in the
lowest quartiles, respectively). In conclusion, in low risk individuals, traditional risk factors alone
predicted advanced CAC with high discrimination and calibration. Biomarker combinations +/−
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CIMT were also significantly associated with advanced CAC, but improvement in prediction and
estimation of clinical risk were modest compared to traditional risk factors alone.
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Introduction
The Framingham Risk Score (FRS) has been validated as a useful tool in the estimation of
coronary heart disease (CHD) risk.(1) Events, however, may still occur in those at low
predicted 10-year CHD risk since the FRS provides only an average probability of event
occurrence.(2,3) One proposed method for improving identification of persons at risk for
coronary events has been to implement widespread screening for coronary artery calcium
(CAC) in intermediate risk adults.(4) CAC is highly correlated with plaque burden, plaque
rupture(5,6) and coronary events;(7–10) and CAC ≥ 300 predicts coronary events beyond
traditional Framingham risk factors in intermediate and low risk persons.(11–13) Factors
associated with CAC presence (CAC >0) and/or advanced CAC (CAC ≥ 300) in low-risk
persons (which make up 75% of the general population(14)) have not been identified. The
present study therefore aimed to assess novel markers significantly associated with the
presence of CAC, or advanced CAC among low-risk, asymptomatic adults thereby avoiding
radiation exposure, discovery of incidental findings requiring follow-up CT (computed
tomography) scans, and potentially increased costs associated with CAC measurement in
low-risk persons.

Methods
The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective cohort study examining
measures of subclinical atherosclerosis, progression of subclinical atherosclerosis, and
conversion to clinical events. Details of the study design, as well as inclusion and exclusion
criteria and baseline characteristics have been described previously.(15) Briefly, at baseline
the cohort included 6814 participants (3213 men and 3601 women) aged 45 to 84 years from
four different racial/ethnic groups (38% white, 28% African American, 22% Hispanic and
12% Chinese) in six US communities including Baltimore, Maryland; Chicago, Illinois;
Forsyth, North Carolina; Los Angeles, California; New York, New York; and St. Paul,
Minnesota. The participants were free of clinical CVD at first examination (July 2000 to
August 2002).

For the current study, we included men and women aged ≤ 79 years at baseline, categorized
as being at low 10-year risk for hard CHD events (10-year predicted risk <10%) based on
the FRS(1). Individuals older than 79 years could not have a calculated FRS and were
therefore excluded. Consistent with the ATP-III definitions of patients with coronary risk
equivalents, the present analyses also excluded participants with a diagnosis of diabetes,
peripheral arterial disease (ankle brachial index <0.9), carotid artery disease (≥50% carotid
artery stenosis), history of abdominal aortic aneurysm, severe chronic renal insufficiency
and end-stage renal disease (GFR <30 mL/min/1.73 m2 – based on the Modification of Diet
in Renal Disease [MDRD](16) equation). We further excluded participants who were
already receiving lipid-lowering therapy, since this may have affected their FRS estimate.

Baseline examination, laboratory data, cardiac CT and carotid ultrasonography have been
described elsewhere.(12,15) Body mass index (BMI) was defined as weight in kilograms
(kg) divided by height in meters squared (m2). Medication use was derived from medication
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lists and clinical staff entry of prescribed medications. Aspirin use was defined as ≥3 days
per week at baseline. Agatston CAC score >0 is defined as CAC presence, and CAC score ≥
300 is termed advanced CAC. Carotid ultrasonography was performed by obtaining images
of the right and left common carotid and internal carotid arteries (including near and far wall
images), using high-resolution B-mode ultrasound.

All analyses were performed using SAS software, version 9.2 (SAS Institute, Cary, NC). P-
value of <0.05 was considered significant. Baseline characteristics were compared according
to CAC classification using general linear models for continuous variables and cross-
tabulations for categorical variables. For multivariate analyses, the associations of individual
biomarker levels with the presence of CAC or advanced CAC burden were examined
(separately) using logistic regression models, and the standardized estimates - multivariable-
adjusted odds ratios (OR) and their 95% confidence intervals (CI) - were assessed. The
Framingham 10-year risk scores for all subjects were calculated according to NCEP
guidelines.(17)

Several different approaches were employed in developing the models for assessing
association of novel marker combinations with CAC presence/advanced CAC including
data-driven methodologies (combination of novel markers independently associated with
CAC in MESA), clinical/mechanistic approaches (combination of novel markers either from
each major group – lipoprotein, inflammatory and hemostatic factors; as well as measures of
subclinical atherosclerosis, endothelial dysfunction and chronic kidney disease – or based on
clinical perception), and backward stepwise selection techniques.

Novel markers were added individually to the base model to assess their independent
associations with CAC presence. Using this approach, various models were fitted to estimate
the associations of combinations of novel markers with the presence of CAC. The base
model which included traditional risk factor covariates only (see table II footnotes), and the
backward stepwise selection model used p <0.10 as the criterion for retention (beginning
with all available covariates), were utilized for our analysis. Similarly, for associations with
advanced CAC, several models with combination novel markers were fitted. The models
employed for our analysis include the base model with covariates only, in addition to: CRP
(high-sensitivity C-reactive protein), D-dimer and carotid intima-media thickness (CIMT) -
model 1; CRP, D-dimer, LDLpn (LDL particle number), cystatin C and soluble intercellular
adhesion molecule (s-ICAM) - model 2; and the unbiased approach using a backward
stepwise selection model with p <0.10 as the criterion for retention.

To avoid potential bias and power limitations due to missing cases in complete-case
analyses, missing data for s-ICAM were replaced by multiple imputations,(18) with all
covariates and novel markers taken as predictors. Likelihood ratio tests were used to obtain
p-values to determine the level of significance of each model relative to the base model.
Akaike information criteria (AIC) were used to assess the level of informativeness of each
model with lower AIC depicting greater informativeness; and the C-statistic was used to
measure the discrimination of each model with higher c-statistic reflecting greater
discrimination. Receiver operator characteristic (ROC) curves were then plotted for the base
model, as well as the combination models exhibiting the greatest levels of discrimination for
advanced CAC (best-fit models) with and without CIMT.

Results
From a total of 6814 MESA participants, the study sample included 3046 persons (44.7%)
aged ≤ 79 years predicted to be at low risk by FRS, who also underwent CT for CAC
measurement. The mean age of the sample was 57±9 years, and 74% were women (mean
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ages were 59+/−9 for women and 52+/−6 for men). A total of 932 of 3046 participants had
CAC (29% of women and 35% of men). Baseline characteristics stratified by presence of
CAC or advanced CAC are shown in Table I. CAC presence was associated with adverse
levels of most of the established CV risk factors. Of note, smoking and lipid-lowering
medications were not associated with CAC presence in this lower risk sub-sample of the
MESA cohort.

Only 108 out of 3046 participants predicted to be at low risk by FRS had advanced CAC
(3.0% of women and 4.5% of men). Many traditional risk factors were found to be
significantly associated with advanced CAC. Race/ethnicity, antihypertensive medications
use and aspirin use were related to both CAC presence and advanced CAC.

In univariate analysis (data not shown), most of the novel markers, with the exception of
CRP and D-dimer, were significantly associated with CAC presence (all p <0.01) while
cystatin-C, CRP, D-dimer, Factor VIIIc, homocysteine (tHcy) and CIMT were significantly
associated with advanced CAC (all p <0.01). No significant interactions between sex and
any of the novel markers were found. The multivariable analysis showed that factor VIIIc,
fibrinogen and sICAM (imputed and unimputed) were significantly associated with CAC
presence; while CRP, D-dimer, and CIMT were significantly related to advanced CAC.

Several biomarker/measure combination models were examined based on data-driven
methodologies (from multivariable analysis), clinical/mechanistic approaches, and backward
stepwise selection techniques. In the examination of the association of biomarker
combinations with CAC presence, the backward stepwise selection process (Table II)
provided the greatest informativeness (i.e. AIC) and discrimination for CAC presence with
C-statistic = 0.731 (base model C-statistic = 0.725). sICAM-1, factor VIIIc, fibrinogen and
CIMT, in addition to many of the traditional risk factors, were selected into the model.

Table III shows the biomarker combination model selection table for association of
biomarker combinations with advanced CAC. All of the models provided excellent
discrimination for advanced CAC with C-statistic in excess of 0.80. When compared with
the base model (C-statistic = 0.808), model 1 (base model plus CRP, D-dimer and CIMT)
showed modest improvement in discrimination for advanced CAC (C-statistic = 0.822; p
<0.01). With the exclusion of CIMT, model 2 – which combined base model covariates with
CRP, D-dimer, LDLpn, cystatin C and sICAM – exhibited the highest level of
discrimination for advanced CAC, again with a slight improvement over the base model (c-
statistic = 0.820, p = 0.04). Accordingly, the ROC curves for these 3 models substantially
overlapped (Figure 1). Of note, many established risk factors (in addition to the same
biomarker/measure combinations from model 1) were selected by the backward selection
model which again exhibited the greatest informativeness with the lowest AIC. There were
no age, gender or race interactions in the association between biomarker combinations and
advanced CAC.

These 2 best-fit models (with and without CIMT) were then compared to the base model for
their applicability in the assessment of an individual’s risk for advanced CAC in the
population. This was done by comparing observed advanced CAC in the study population to
estimated probabilities of advanced CAC (as determined from the models) divided into
quartiles (Figure 2). This showed that for the base model and the 2 best-fit models with and
without CIMT, participants with the highest estimated probabilities (the 4th quartile groups)
had very high prevalence of advanced CAC when compared with the lowest quartile groups
(9.97%, 10.63% and 10.10% versus 0.26%, 0.26% and 0.26%, respectively). Thus, there
were minimal differences between all 3 model-estimated probabilities for an individual’s
risk assessment for advanced CAC (calibration). Of note, most of the advanced CAC
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participants were from the highest probability quartile groups (70.4%, 75% and 71.3%,
respectively).

Discussion
Even among a group of asymptomatic adults selected for low-risk status by 10-year FRS
<10% in this study, traditional risk factors were the foremost factors still significantly
associated with presence of any CAC and advanced CAC. We found significant and
independent associations of presence of CAC with factor VIIIc and fibrinogen; and of
advanced CAC with CRP, D-dimer and CIMT. However, our combination models
demonstrated better discrimination for advanced CAC than CAC presence. Interestingly, in
these already low risk persons, the base model with traditional risk factors exhibited
excellent discrimination for advanced CAC. As such, some of the models employing novel
marker combinations [CRP, D-dimer (with CIMT); and CRP, D-dimer, LDLpn, cystatin C
and sICAM (without CIMT)], although significantly different from the base model, showed
modest improvement - beyond traditional risk factors - in their discrimination for advanced
CAC. Furthermore, although they calibrated well, these models were very similar to the base
model in the estimation of individual risk probabilities.

In asymptomatic persons, CAC score helps to predict coronary events beyond traditional
Framingham risk factors;(7,9,11–13) with more severe CAC burden (CAC ≥ 300 or 400)
being associated with the greatest risk.(11,12) This intensified risk with increased CAC
score has been established especially in intermediate risk participants,(7,11) and has been
suggested as an adjunct to risk assessment in some current guidelines for refinement of
clinical risk prediction in asymptomatic, intermediate risk patients.(4,19) Advanced CAC
burden (CAC ≥ 300) is also associated with increased coronary events even in those
predicted to be at low risk for clinical coronary events.(9,11,13)

Although our study includes only participants estimated to be at low predicted 10-year risk
by FRS, a small but important subset of the cohort (3.5%) was found to have advanced
CAC. These individuals represent an enriched sample of those likely to have events in the
near term (either due to advanced age, sex, other risk factor abnormalities, or even genetic
factors) despite being at “low risk” for CHD events by the FRS. Clinically, this is a
subgroup of major interest since they represent patients who might benefit from, but might
not receive, intensive therapy and risk factor modification in the reduction of future
coronary events. This is especially relevant to women less than age 70 who are frequently
classified as low risk by FRS.(14) Thus, the identification of factors associated with
advanced CAC in these low predicted risk individuals could have far reaching clinical
implications, and is therefore more crucial than the prediction of only CAC presence in the
assessment of future CVD risk.

In our study, model selection for combination markers yielded better discrimination in the
identification of advanced CAC than presence of CAC. Interestingly however, the models
with the combinations of novel markers showed moderate improvement over traditional risk
factors in their discrimination for advanced CAC. Furthermore, although they all calibrated
well, the best-fit models were similar to the base model with traditional risk factors in risk
estimation; suggesting that even in low risk persons, traditional risk factors remain useful in
the clinical estimation of an individual’s risk. To our knowledge, no other study has
examined associations of combinations of these novel markers with presence of CAC or
advanced CAC. The findings of our study suggest that traditional risk factors still play a
significant role in the atherosclerotic (and therefore coronary calcium formation) process,
and reemphasizes the significance of the traditional risk factors even in individuals predicted
to be at low FRS risk.
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It is known that cardiovascular risk factors particularly those related to the metabolic
syndrome - obesity, dyslipidemia, hypertension and insulin resistance - as well as diabetes
and smoking, lead to vascular injury with endothelial damage, oxidized lipid accumulation
and inflammation,(17,20–23) which promote formation of atherosclerotic plaque.(20,23,24)
This process is considerably amplified by interactions between co-existing risk factors.(23)
Calcification, which represents an advanced stage of atherosclerosis/plaque formation, is
formed and regulated by this inflammatory milieu and is an active process, similar to bone
formation, in which pericyte-like cells secrete a matrix scaffold which later becomes
calcified.(23) Thus, the ability of CAC burden to predict events probably lies in its capacity
to predict patients likely to possess (in addition to stable calcified plaques) soft, non-
calcified plaques prone to rupture and acute thrombosis.(5) CAC also correlates with total
atherosclerotic burden.(5,25) It is therefore not surprising that these risk factors which
predict atherosclerosis and CV events, also predict advanced CAC.

Like CAC, CIMT is a subclinical measure of atherosclerosis, and exhibited the best single
association with advanced CAC (more than the biomarkers). There was however, a fairly
small difference in its discrimination when the best fit model with CIMT was compared to
the best-fit model without CIMT, or importantly, the base model with traditional risk
factors. This is particularly noteworthy since although a non-invasive test, CIMT
measurement is dependent on technician and reader skills, and is more costly than traditional
risk factors plus/minus biomarkers.

Our study suggests that in persons predicted to be at low 10-year risk for CHD events based
on FRS, traditional risk factors should be employed in the identification of low risk persons
who likely have advanced CAC, and are therefore at risk for future events. Further study is
required to define the subset of low risk individuals who may benefit from undergoing CT
evaluation. In addition, our study data suggests that the subset of individuals with low
predicted risk (FRS <10%) but elevated levels of traditional risk factors might be
particularly worthy of study

Several limitations of our study should be acknowledged. First, we could not stratify our
analysis by gender or race due to the restricted number of participants in our study. Also, the
age-range and selection criteria for FRS <10% limited the number of men in the study.
Second, at the time the analysis for the present study was carried out, very few CVD events
had occurred in this low risk population. We were therefore unable to assess prediction of
clinical events relative to CAC. Third, other more novel biomarkers which could have been
included in CAC assessment - including lipoprotein-associated phospholipase A2, brain
natriuretic peptide, Von Willebrand Factor, lipoprotein (a), and others - were not available
within the cohort at the time of the study. Fourth, because of the low-risk nature of the study
participants, the prevalence of CAC (particularly that of advanced CAC burden), was
relatively low. Finally, temporality could not be determined due to the cross-sectional nature
of the study.
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Figure 1.
Area under the receiver operator characteristic curve for base model and best-fit models
(with and without CIMT) in the association of biomarker combinations with advanced
coronary artery calcium.
AUC = Area under the curve
CIMT = carotid intima media thickness
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Figure 2.
Best-fit (with and without CIMT) and base model-estimated probability quartiles for
advanced coronary artery calcium compared to observed prevalence of advanced coronary
artery calcium in the study sample.
CIMT = carotid intima media thickness
FRS = Framingham Risk Score
* Base model: traditional risk factors (see table 4 footnote)
† Best-fit model with CIMT: C-reactive protein, d-dimer plus CIMT
‡ Best-fit model without CIMT: C-reactive protein, d-dimer, low density lipoprotein particle
number, cystatin C and soluble intercellular adhesion molecule-1
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Table II

Backward Selection Model for Biomarker Prediction of Coronary Artery Calcium Presence (932 of 3046)

Model OR (95% CI) per 1 SD

Fibrinogen 1.11 (1.01, 1.22)

Soluble intercellular adhesion molecule-1 1.16 (1.04, 1.298)

Factor VIIIc 1.12 (1.03, 1.23)

Carotid intima media thickness 1.08 (0.99, 1.18)

Age 1.09 (1.07, 1.10)

Gender 3.09 (2.47, 3.86)

Race 0.80 (0.74, 0.86)

Systolic blood pressure 1.01 (1.00, 1.01)

Total cholesterol 1.01 (1.00, 1.01)

High density lipoprotein cholesterol 0.99 (0.98, 1.00)

Current smoking 1.40 (1.04, 1.89)

Hypertension treatment 1.36 (1.10, 1.68)

For tables II and III:

*
Base model, models 1 – 5 for advanced coronary artery calcium adjusted by age, gender, race, systolic blood pressure, total cholesterol, high

density lipoprotein cholesterol, current smoking, hypertension treatment.

†
The backward stepwise selection models are selected from all biomarkers and all base model covariates.

‡
All soluble intercellular adhesion molecule-1 values are imputed. Akaike information criteria and C-statistics are the average value of its five

soluble intercellular adhesion molecule-1 imputations.

||
OR = odds ratio, CI = confidence interval, SD = standard deviation, AIC = Akaike information criterion
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