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Abstract

Background—Absence of coronary artery calcium (CAC) identifies asymptomatic individuals at 

low cardiovascular disease (CVD) risk. Carotid artery plaque is a marker of increased risk, but its 

association with cardiovascular risk and incident CAC in people without CAC is unclear.

Methods—Multi-Ethnic Study of Atherosclerosis participants with CAC score of 0 at enrollment 

who also underwent carotid plaque measurement using B-mode ultrasonography were 

prospectively followed for incident coronary heart disease (CHD), stroke, and CVD events, and 

CAC (score >0 on up to 3 serial CT scans). The association of carotid plaque presence and plaque 
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score (Ln[score+1]) at baseline with cardiovascular events and incident CAC was evaluated with 

Cox proportional hazards regression models adjusted for demographics, risk factors, and statin 

use.

Results—Among these 2,673 participants (58 years, 64% women, 34% White, 30% Black, 24% 

Hispanic, and 12% Chinese), carotid plaque at baseline was observed in 973 (36%) and the 

median plaque score (range 1–12) among those with plaque was 1. A total of 79 CHD, 80 stroke, 

and 151 CVD events were observed during 16.1 years of follow-up. Carotid plaque presence and 

plaque score were independently associated with CHD risk (HRs 1.66, 95%CI 1.04, 2.66; and 

1.48, 95%CI 1.01, 2.17, respectively) but not with stroke and CVD risk. A total of 973 (36.4%) 

participants developed CAC over the evaluation period (median 9.3 years). Carotid plaque 

presence and plaque score were independently associated with incident CAC (HRs 1.34, 95%CI 

1.18, 1.54; and 1.37, 95% CI 1.21, 1.54), respectively.

Conclusions—The presence and extent of carotid plaque are associated with long-term CHD 

risk and incident CAC among middle-aged asymptomatic individuals with an initial CAC score of 

0.

Graphical Abstract
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death and disability in the United 

States and worldwide.(1, 2) Preventing CVD is a public health priority and its foundation 

lies in the accurate assessment of CVD risk.(3) Coronary artery calcium (CAC), a marker of 

subclinical coronary atherosclerosis, can be quantified with non-contrast cardiac computed 

tomography (CT) and the CAC score has emerged as an important tool to refine 

cardiovascular risk assessment.(4) The presence and extent of CAC are associated with 

incident cardiovascular events. On the other hand, its absence, a CAC score of zero, portends 

a favorable cardiovascular prognosis. Recent studies have advanced the notion that a CAC 

score of zero may be used to ‘de-risk’ select individuals who otherwise may be candidates 

for statin therapy according to risk assessment tools based on traditional cardiovascular risk 

factors.(5) The 2018 American Heart Association / American College of Cardiology 
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Multisociety Cholesterol Management Guideline recommends consideration of CAC testing 

in primary prevention settings when the decision to initiate statin therapy is uncertain.(6) 

However, it is worth noting that while a CAC score of zero is associated with favorable near- 

and intermediate-term prognosis, there is heterogeneity in long-term CVD risk..(7) 

Furthermore, a significant proportion of individuals without CAC develop calcific coronary 

atherosclerosis and the time-course for developing incident CAC varies considerably based 

on underlying risk factors.(8) This observation is important since the development of CAC is 

associated with future CVD risk.(9, 10)

Previous reports from the Multi-Ethnic Study of Atherosclerosis (MESA) demonstrated that 

the presence and extent of subclinical carotid plaque (quantified as a carotid plaque score), 

were associated with cardiovascular risk in the entire cohort.(11, 12) In this context, 

measuring subclinical carotid atherosclerosis with ultrasonography may have a potential role 

in cardiovascular risk stratification and, in particular, identification of individuals at higher 

risk of developing coronary atherosclerosis and CVD events among those with an initial 

CAC score of zero. Therefore, we sought to evaluate the association of carotid plaque and its 

burden with incident cardiovascular events (coronary heart disease [CHD], stroke, and CVD) 

and incident CAC among MESA participants with a CAC score of zero at the time of 

enrollment. We hypothesized that carotid plaque is associated with the risk of cardiovascular 

events and incident CAC development in these individuals.

METHODS

Study Population

The details of MESA study design have been published previously.(13) Briefly, MESA is an 

ongoing population-based epidemiologic cohort study of 6,814 White, Black, Hispanic, and 

Chinese individuals aged 45–84 years.(13) Participants were recruited from six field centers 

(Baltimore, Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los Angeles, 

California; New York, New York; and St. Paul, Minnesota).(13) MESA Exam 1 was 

conducted between 2000 and 2002 with subsequent follow-up exams held during 2002–2004 

(Exam 2), 2004–2005 (Exam 3), 2005–2007 (Exam 4), 2010–2012 (Exam 5), and 2016–

2018 (Exam 6). Our study population included MESA participants that were free of clinical 

CVD at baseline, had CAC=0 at Exam 1, and complete carotid ultrasound data. The study 

was approved by the institutional review boards at all MESA field centers. All participants 

provided informed consent. MESA data is publicly available via two mechanisms: the 

National Heart, Lung, and Blood Institute’s Biologic Specimen and Data Repository 

Information Coordinating Center repository https://biolincc.nhlbi.nih.gov/studies/mesa/ or 

from the MESA coordinating center https://www.mesa-nhlbi.org/ with an approved 

proposal. MESA participants underwent detailed assessment for traditional cardiovascular 

risk factors (Supplement).

Coronary artery calcium score

CAC scores at Exams 1, 2, 3, and 4 were measured using an electron-beam CT scanner 

(Chicago, Los Angeles, and New York) or multidetector CT scanner (Baltimore, Forsyth 

County, and St. Paul) as previously described.(14) Radiographic phantoms containing 
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identical and known calcium concentrations were placed beneath each participant’s thorax 

and certified technologists scanned each participant two times. A radiologist or cardiologist 

interpreted all CT scans at a single center (Los Angeles Biomedical Research Institute at 

Harbor–University of California Los Angeles Medical Center, Torrance, California). The 

CAC score was calculated for each scan using the Agatston method and the mean of the two 

scans was used in analyses. Intra-observer and inter-observer agreement was excellent 

(kappa statistics, 0.93 and 0.90, respectively).(14) The current analysis focuses on a subset 

of participants with CAC score of 0 at Exam 1 (N=3,416) with complete carotid ultrasound 

data. Participants were followed up for adjudicated cardiovascular events (N=2,673). A 

subset of these participants underwent a second CT scan at either Exam 2 or 3 and the time 

point of this scan was randomly assigned. An additional random subset of participants was 

selected for a third CT scan at Exam 4. Finally, a subset of participants enrolled in the 

MESA AIR ancillary study underwent multidetector CT scanning at Exam 5. Thus, 

participants had the potential to undergo up to four CT scans (Exam 2 and 3 scans were 

mutually exclusive). All participants included in this study received at least one follow-up 

CT scan.(15)

Carotid Ultrasonography

The carotid ultrasound protocol used at Exam 1 has been previously described.(16) Briefly, 

B-mode ultrasound images of the right and left common, bifurcation, and internal carotid 

artery segments were recorded on Super-VHS videotape with a Logiq 700 ultrasound system 

using a M12L transducer (GE Medical Systems; 13 MHz common carotid artery frequency). 

These images were digitized using a medical digital recording device (PACSGEAR, 

Pleasanton, CA) and converted into DICOM-compatible digital records. Ultrasound images 

were interpreted at the MESA Carotid Ultrasound Reading Center (the University of 

Wisconsin Atherosclerosis Imaging Research Program, Madison, WI). Images were 

imported into Syngo ultrasound workplace reading stations loaded with Arterial Health 

Package software (Siemens Medical, Malvern, PA) for carotid intima-media thickness (IMT) 

measurement. Carotid IMT was measured as the mean of the left and right far wall distal 

common carotid artery wall thicknesses.(16) Our analysis focused on carotid plaque and 

carotid plaque score. Carotid plaque was defined as a discrete, focal carotid wall thickening 

≥1.5 mm or focal thickening at least 50% greater than the surrounding IMT.(17) The carotid 

plaque score was defined as the number of carotid plaques in the internal, bifurcation, and 

common segments of both carotid arteries.(12) The score’s absolute value ranged from 0 to 

12, and among the 12 segments analyzed in each participant, 1 point per plaque was 

allocated for the far and near walls of each carotid artery segment (internal, bifurcation, and 

common) that was evaluated.(12) The intra-reader reproducibility for carotid plaque 

presence and score was κ=0.83 (95% confidence interval, 0.70–0.96), and inter-reader 

reproducibility was κ=0.89 (95% confidence interval, 0.72–1.00).(16) Carotid IMT was not 

studied in this analysis because a previous MESA report demonstrated that carotid plaque is 

superior to IMT for predicting CVD risk.(11)

Cardiovascular Disease Events

The cardiovascular events analyzed in this study include CHD, stroke, and CVD events. 

CHD events are a composite of MI, resuscitated cardiac arrest, and CHD death. Stroke 
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events include nonfatal and fatal strokes but not transient ischemic attacks. CVD events are a 

composite of MI, resuscitated cardiac arrest, CHD death, definite angina, probable angina (if 

followed by coronary revascularization), nonfatal stroke, fatal strokes, other atherosclerotic 

death, and other CVD death. As a sensitivity analysis, we also analyzed atherosclerotic 

cardiovascular disease (ASCVD) events, a composite of nonfatal MI, CHD death, and fatal 

or nonfatal stroke, as the guideline-recommended endpoint of interest. Details of 

cardiovascular event ascertainment among MESA participants is described in detail in the 

Supplement.

Statistical Analyses

The baseline characteristics of study participants were described as count (proportion) for 

categorical variables and continuous variables were presented as mean (standard deviation) 

or median [interquartile range] depending on variable distribution. These characteristics 

were compared among those with and without carotid plaque at Exam 1 using Fisher’s exact 

test, or the Mann-Whitney U test, as appropriate. The association of carotid plaque 

(presence/absence) and plaque score (Ln[score+1]) with cardiovascular events was evaluated 

with Kaplan-Meier survival curves and Cox proportional hazards regression models. The 

outcome variables for cardiovascular events included time to first CHD event, time to first 

stroke event, time to first CVD event, and time to first ASCVD event. Time of censoring was 

defined as the last follow-up completed prior to December 31, 2017. The absolute 

annualized rate of cardiovascular events among participants with and without carotid plaque 

was studied. The difference in event rate between the two groups was calculated and used to 

compute the number needed to screen. The proportion of participants with incident CAC 

among those with and without carotid plaque at baseline was studied at each MESA exam. 

The association of carotid plaque (presence/absence) and plaque score (Ln[score+1]) with 

incident CAC was studied using Cox models where the outcome variable was time to first 

non-zero CAC measurement and the time of censoring was defined as the last follow-up CT 

scan. For each outcome of interest (CHD, stroke, CVD, ASCVD, and non-zero CAC score), 

three Cox models were used to study the relationship between carotid plaque or plaque score 

and time from Exam 1 to the minimum of observed outcome time or time of censoring. The 

three Cox models included a) an unadjusted model, b) model 1 adjusted for age, sex, and 

race/ethnicity, and b) model 2 additionally adjusted for diabetes, ever smoking, systolic 

blood pressure [SBP], antihypertensive use, TC, HDL-C, and statin use. Notably, follow-up 

CAC scores for each participant could be measured at Exams 2 or 3, 4, and/or 5, and thus 

incident CAC can be viewed as an interval censored outcome. Thus, a sensitivity analysis 

was performed in which incident CAC was treated as an interval-censored outcome in Cox 

regression models.(18) In an exploratory analysis, the multiplicative interaction of carotid 

plaque presence and plaque score with median participant age for incident cardiovascular 

events and CAC was studied. The assumption of proportional hazards in Cox models was 

verified using Schoenfeld residuals for right censored outcomes,(19, 20) and plots of the 

transformed survival function for interval censored outcomes.(21) Last, the impact of carotid 

plaque on ASCVD risk discrimination and reclassification beyond risk predicted by 

traditional risk factors was studied using change in model C-statistic,(22) and continuous net 

reclassification index (NRI), respectively. All statistical analyses were performed in R 
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version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria). A two-sided p-

value <0.05 was considered statistically significant.

RESULTS

Baseline Characteristics

Among 6,814 MESA participants, 3,416 had baseline CAC=0 and among these 2,673 had 

carotid ultrasound and follow-up data available. The median participant age was 57 years. 

The baseline characteristics of these participants are described in Table 1. Carotid plaque 

(plaque score ≥1) was observed in 36% (n=973) of the cohort and the distribution of carotid 

plaque score is depicted in Online Figure 1. The median plaque score for participants with 

carotid plaque was 1 [IQR: 1–2], and they were older, more frequently White, and had a 

higher prevalence of diabetes mellitus, smoking status, antihypertensive use, statin use, 

family history of MI or stroke, and lower educational attainment (Table 1). Additionally, 

participants with carotid plaque, on average, had higher SBP, total cholesterol, LDL-C, and 

lower eGFR as compared with those without carotid plaque (Table 1).

Association of Carotid Plaque with Cardiovascular Disease Events

The 2,673 participants included in this analysis were followed for cardiovascular events for a 

median duration of 16.1 [15.4–16.6] years. Baseline carotid ultrasound revealed 973 

participants with and 1700 participants without carotid plaque. A total of 79 CHD, 80 stroke, 

151 CVD, and 149 ASCVD events were observed, among which 44 CHD, 29 stroke, 69 

CVD, and 69 ASCVD events occurred in individuals with carotid plaque. Participants with 

carotid plaque identified at exam 1 were at a higher risk of CHD, CVD, and ASCVD events, 

but not stroke events in Kaplan-Meier survival analyses (Figures 1A–C and Online Figure 

2). The absolute annualized rate of cardiovascular events was low (<0.6%) among study 

participants (Table 2). Participants with carotid plaque had a slightly higher annualized rate 

of events as compared with those without plaque and the annual number needed to screen 

with carotid ultrasonography in this low-risk population was high (>550 for all events, Table 

2).

The presence of carotid plaque at baseline was associated with a 2.3-fold increased risk of 

CHD events in an unadjusted Cox regression model (Table 3A). This association remained 

significant after adjusting for age, sex, and race/ethnicity (Table 3A, Model 1); as well as 

after further adjusting for diabetes mellitus, smoking status, SBP, antihypertensive use, TC, 

HDL-C, and statin use (Table 3A, Model 2). Thus, the presence of carotid plaque was 

independently associated with a 66% increase in CHD risk (HR 1.66, 95%CI 1.04, 2.66). 

Increasing age and smoking were also independently associated with CHD events (Table 3A, 

Model 2). Furthermore, increasing carotid plaque score was independently associated with 

CHD risk as well (Online Table 1A). A multiplicative interaction between median age (57 

years) and carotid plaque (p=0.30) or plaque score (p=0.61) for CHD risk was not observed.

Carotid plaque (Table 3B) and plaque score (Online Table 1B) were not associated with 

stroke events in the study population. Increasing age, SBP, diabetes mellitus, and smoking 

status were independently associated with stroke risk (Table 3B). A nominal interaction 
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between median age and carotid plaque (p=0.06), and a significant interaction between 

median age and plaque score (p=0.01) were observed. In younger participants (age <57 

years), carotid plaque was nominally associated (HR 1.78, 95%CI 0.73, 4.35), and plaque 

score was significantly associated (HR 2.34, 95%CI 1.08, 5.06) with stroke risk. Plaque 

presence (HR 0.66, 95%CI 0.39, 1.11) and plaque score (HR 0.71, 95%CI 0.44, 1.15) were 

not associated with stroke risk in older participants (age ≥57 years).

Presence of carotid plaque (Table 3C) and plaque score (Online Table 1C) were associated 

with CVD events, a composite of CHD and stroke events, in unadjusted models. However, 

this relationship was attenuated after adjusting for confounders. Increasing age, SBP, 

diabetes mellitus, and smoking status were independently associated with CVD risk (Table 

3C). A multiplicative interaction between median age and carotid plaque (p=0.34) or plaque 

score (p=0.11) for CVD risk was not observed.

In a sensitivity analysis, presence of carotid plaque (Online Table 2A) and plaque score 

(Online Table 2B) were associated with ASCVD events, but this association was attenuated 

after adjusting for risk factors. A model comprising of traditional risk factors had good 

ASCVD risk discrimination capability with model C-statistic 0.736. Addition of carotid 

plaque to this model did not result in improvement in ASCVD risk discrimination (new C-

statistic 0.737, p=0.471) or risk reclassification (continuous NRI 0.098, 95% CI −0.130, 

0.325, p=0.399).

Association of Carotid Plaque with Incident Coronary Artery Calcium

Study participants were followed for development of CAC for a median duration of 9.3 

years. The number of participants with 1, 2, and 3 follow-up cardiac CT scans was 595, 

1382, and 438, respectively, and the median number of follow-up CT scans was 2. A total of 

973 participants, 36.4% of the cohort without CAC at baseline, had at least one follow-up 

CT scan with CAC score >0. The proportion of participants with incident CAC at MESA 

exams 2, 3, 4, and 5 was higher among those with carotid plaque as compared to those 

without carotid plaque at baseline (Figure 2). Among participants without carotid plaque 

(N=1700), 528 (31%) developed incident CAC. The corresponding proportion for those with 

carotid plaque (N=973) was 445 (45.7%). This relationship was evident in Cox regression 

models as well and remained significant after adjusting for relevant confounders (Table 4). 

Thus, carotid plaque presence was associated with a 34% higher risk of developing CAC 

during follow-up (Table 4, Model 2). Increasing age, male sex, white race, higher SBP, 

antihypertensive use, higher TC, lower HDL-C, and statin use were also independently 

associated with incident CAC (Table 4, Model 2). Increasing carotid plaque score was 

independently associated with incident CAC as well (Online Table 3). Significant 

interactions between median age and carotid plaque (p<0.01), as well as median age and 

plaque score (p<0.01) were observed. In younger participants (age <57 years), carotid 

plaque and plaque score were significantly associated with incident CAC (HRs 1.96, 95%CI 

1.60, 2.38; and 2.06, 95%CI 1.71, 2.48, respectively). The association of plaque presence 

(HR 1.37, 95%CI 1.16,1.62) and plaque score (HR 1.44, 95%CI 1.25, 1.66) with incident 

CAC was relatively weaker in older participants (age ≥57 years). In a sensitivity analysis, the 

independent association of carotid plaque and plaque score with incident CAC was 
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unchanged when follow-up CAC score was treated as an interval-censored outcome (Online 

Tables 4A and 4B).

DISCUSSION

It is well established that absence of calcified coronary atherosclerosis as determined by a 

CAC score of zero predicts a low incidence of cardiovascular events in the short- and 

intermediate-terms. In this analysis, we aimed to determine whether the presence of 

subclinical carotid atherosclerosis may impact CVD event rates and CAC development in 

individuals with an initial CAC of 0. We have evaluated the association of carotid plaque and 

its burden with incident cardiovascular events (CHD, stroke, CVD, and ASCVD) and 

incident CAC among MESA participants with a CAC score of zero at the time of enrollment. 

We report two important findings. First, we demonstrate that the presence and extent of 

carotid plaque is independently associated with an increased long-term risk of CHD events 

in asymptomatic individuals without CAC at baseline. Second, we show that the presence 

and extent of carotid plaque associate with incident CAC in these individuals, providing 

biological plausibility to the association with clinical events.

Carotid Plaque and Cardiovascular Disease Events in Absence of CAC

The absence of CAC on cardiac CT, e.g., CAC score of 0, indicates the absence of calcified 

coronary atherosclerosis and is a marker of low coronary atherosclerosis burden in the 

general population.(23) Several studies over the past decade have reported that a CAC score 

of 0 portends a favorable cardiovascular prognosis in diverse settings.(24–28) More recently, 

there has been increasing interest in the heterogeneity in risk observed among asymptomatic 

individuals that are deemed to be low-risk based on the absence of CAC.(7)

We studied the association of carotid plaque and plaque score with CVD events in MESA 

participants with a CAC score of 0 at Exam 1. Previous research demonstrated that detection 

of carotid plaque using ultrasound is a safe and inexpensive tool that can help predict 

cardiovascular risk in the general population.(29) Furthermore, assessment of carotid plaque 

is a more powerful predictor of ASCVD risk predictor as compared with carotid IMT.(30) 

Gepner et al. demonstrated that presence of carotid plaque was independently associated 

with incident CVD, CHD, and stroke/transient ischemic attack over 9 years in MESA 

participants.(11) In the same report, the authors also demonstrated that presence and extent 

of CAC predicted incident cardiovascular events, whereas mean common carotid IMT did 

not.(11) More recently, Gepner and colleagues demonstrated that the carotid plaque score 

was independently associated with CVD, CHD, and stroke/transient ischemic attack risk in 

the entire MESA cohort followed for 11 years.(12)

However, the association of carotid plaque and plaque score with long-term cardiovascular 

risk in individuals with baseline CAC score of 0, a group that is at low risk, has not been 

studied to date. Here, we show that presence and extent of carotid plaque are independently 

associated with long-term CHD risk even in the absence of CAC, which reaffirms that CAC 

of 0 defines a “low risk” group, not a “no risk” group. The only other traditional risk factors 

associated with CHD risk were age and smoking.
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Notably, an independent association of carotid plaque with stroke, CVD, and ASCVD risk 

was not seen in this cohort. Furthermore, the absolute annualized rate of events among 

individuals with and without carotid plaque, and difference in risk between the two groups 

was low. This resulted in a high number needed to screen for all endpoints in this low-risk 

cohort. Last, addition of carotid plaque to a traditional risk factor model did not improve 

cardiovascular risk discrimination and reclassification. The constellation of these 

observations highlights the limited incremental value of screening those with CAC score of 

0 with carotid ultrasonography.

Carotid Plaque and Incident CAC

Incident CAC, i.e. conversion of a CAC score of 0 to >0 score over time, remains an area of 

interest. Prior work established that CAC incidence and progression in asymptomatic 

individuals associates with future cardiovascular risk.(9, 10) Previous studies demonstrated 

that CAC incidence is low during the first 4–5 years after an initial cardiac CT demonstrates 

the absence of calcified coronary atherosclerosis.(31, 32) More recently, Dyaze and 

colleagues reported a 3 to 7-year window for CAC incidence in MESA participants with 

CAC=0, and this time period was dependent on age, sex, and baseline cardiovascular risk.(8) 

Nevertheless, the association of carotid plaque with CAC incidence has not been evaluated 

to date. Herein, we show that the presence and extent of carotid plaque are associated with a 

significantly increased risk of incident CAC. Importantly, this relationship was stronger in 

younger participants (age <57 years) and was independent of traditional cardiovascular risk 

factors associated with CAC incidence.

Atherosclerosis is a complex systemic arterial disease process that proceeds at a varying 

pace in different vascular beds during the lifetime.(33, 34) Our results illustrate that even in 

the absence of demonstrable calcified coronary atherosclerosis, subclinical carotid 

atherosclerosis predicts the risk of future CHD and development of calcific coronary 

atherosclerosis. These findings provide important insights into the heterogeneity in 

cardiovascular risk and the natural history of calcific coronary atherosclerosis in middle-

aged asymptomatic individuals without CAC. These observations also lend credence to the 

notion that selective ultrasound assessment for subclinical carotid plaque in those without 

CAC may be useful in enhancing risk assessment and facilitating shared decision making, 

particularly among younger adults.(35) Importantly, the findings highlight an area that is 

commonly confused. Specifically, the absence of CAC is associated with low risk for 

ASCVD events, but this does not equate to no risk. Therefore, even in the absence of CAC, 

clinicians and patients must still strive to optimize cardiovascular risk control.

Strengths and Limitations

Our study has several notable strengths. We report findings from a multi-ethnic 

epidemiologic cohort of asymptomatic individuals with initial CAC of 0 that were followed 

for more than 15 years for adjudicated cardiovascular events. Our study population 

underwent detailed phenotyping for carotid plaque measurement using state-of-the-art 

ultrasonographic techniques and every participant received at least two cardiac CT scans to 

determine CAC incidence.
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Limitations include a relatively younger cohort with a low cardiovascular event rate. MESA 

participants were not scanned for CAC at each exam which precluded calculation of the 

annual CAC incidence. Stroke events included in this study were not classified as ischemic, 

hemorrhagic, embolic, or cryptogenic. Longitudinal changes in risk factors and initiation of 

preventive cardiovascular therapies including statins and antihypertensive medications was 

not analyzed. Lastly, the potential for residual confounding cannot be excluded given the 

observational nature of this study.

Conclusion

Carotid plaque in the absence of baseline CAC is independently associated with incident 

CHD events and incident CAC development among asymptomatic, middle-aged participants 

in a multi-ethnic, population-based epidemiologic cohort. Though absence of CAC portends 

a low cardiovascular event rate, heterogeneity in risk tracks with the presence or absence of 

carotid atherosclerosis. Individuals with carotid plaque, despite absence of CAC, may 

benefit from more intense primary CHD prevention efforts.
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CLINICAL PERSPECTIVE

The absence of coronary artery calcium (CAC) on cardiac computed tomography (CT), a 

CAC score of zero, is associated with a favorable cardiovascular prognosis and can be 

used to guide shared decision making in primary prevention settings. However, 

heterogeneity in long-term cardiovascular risk is observed individuals with zero CAC 

score and the predictors of long-term risk in this low-risk population are incompletely 

understood. In particular, the role of subclinical carotid artery atherosclerosis measured 

as carotid plaque on ultrasonography in this group has not been previously evaluated. 

Thus, this study sought to determine the independent association of carotid plaque and its 

burden, measured as carotid plaque score, with incident cardiovascular events and 

development of coronary artery calcification among Multi-Ethnic Study of 

Atherosclerosis (MESA) participants with a CAC score of zero at enrollment. We studied 

2,673 asymptomatic, middle-aged MESA participants who underwent carotid 

ultrasonography at enrollment and were prospectively followed for cardiovascular events 

and underwent serial cardiac CT scans to determine the development of CAC score 

greater than zero. Our results demonstrate that the presence and burden of carotid plaque 

are independently associated with incident coronary heart disease events and 

development of CAC during long-term follow-up. Our findings indicate that the 

heterogeneity in cardiovascular risk observed among individuals with absent CAC tracks 

with subclinical carotid atherosclerosis and its extent. Individuals with carotid plaque, 

despite the absence of CAC, might benefit from more intense primary cardiovascular 

prevention efforts to help decrease cardiovascular risk.
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Figure 1: Kaplan Meier survival curves for the association of carotid plaque presence with risk 
of coronary heart disease events (1A), stroke events (1B), and cardiovascular disease events (1C)
The presence of carotid plaque is associated with an increased risk of coronary heart disease 

and cardiovascular disease events, but not stroke events (N=2,673).
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Figure 2: Carotid plaque presence and incident coronary artery calcium during MESA follow-up 
exams
The proportion of MESA participants with incident CAC (score >0) is higher among 

individuals with presence of carotid plaque at baseline.
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Table 1:

Baseline characteristics of study participants

Overall Cohort Plaque absent Plaque present P-value

n=2673 n=1700 n=973

Age (years) 57.8 (±9.0) 56.4 (±8.6) 60.3 (±9.0) <0.001

Race/ethnicity

 White 902 (33.7%) 544 (32.0%) 358 (36.8%) <0.001

 Chinese 318 (11.9%) 246 (14.5%) 72 (7.4%)

 Black 808 (30.2%) 481 (28.3%) 327 (33.6%)

 Hispanic 645 (24.1%) 429 (25.2%) 216 (22.2%)

Gender

 Female 1,699 (63.6%) 1,062 (62.5%) 637 (65.5%) 0.120

 Male 974 (36.4%) 638 (37.5%) 336 (34.5%)

Diabetes 232 (8.7%) 108 (6.4%) 124 (12.7%) <0.001

SBP (mmHg) 122.2 (±20.3) 119.6 (±18.9) 126.8 (±21.8) <0.001

DBP (mmHg) 71.2 (±10.1) 71.0 (±10.0) 71.5 (±10.4) 0.260

Antihypertensive use 772 (28.9%) 415 (24.4%) 357 (36.7%) <0.001

Smoking 347 (13.0%) 196 (11.5%) 151 (15.5%) 0.003

TC (mg/dL) 193.8 (±34.8) 191.8 (±34.0) 197.3 (±36.0) <0.001

HDL-C (mg/dL) 52.4 (±15.2) 51.9 (±14.6) 53.2 (±16.2) 0.140

Triglycerides (mg/dL) 106.0
[74.2 – 156.0]

105.0
[73.0 – 154.0]

108.0
[77.0 – 159.0]

0.074

LDL-C (mg/dL) 116.0 (±30.4) 114.9 (±30.0) 117.9 (±31.1) 0.025

Statin use 266 (10.0%) 123 (7.2%) 143 (14.7%) <0.001

eGFR (ml/min/1.73 m2) 76.1 (±14.7) 76.9 (±14.3) 74.8 (±15.4) <0.001

BMI (kg/m2) 28.3 (±5.6) 28.1 (±5.6) 28.5 (±5.5) 0.027

Family history of MI 951 (35.6%) 572 (33.6%) 379 (39.0%) 0.005

Family history of stroke 824 (30.8%) 472 (27.8%) 352 (36.2%) <0.001

Education

 High school or lower 1,691 (63.3%) 1,042 (61.3%) 649 (66.7%) 0.005

 College or higher 972 (36.4%) 652 (38.4%) 320 (32.9%)

Categorical variables presented as count (proportion) and continuous variables presented as mean (standard deviation) or median [25th – 75th 

percentile] depending on variable distribution. Abbreviations: SBP=systolic blood pressure, DBP=diastolic blood pressure, TC=total cholesterol, 
HDL-C=high-density lipoprotein cholesterol, LDL-C=low-density lipoprotein cholesterol, eGFR=estimated glomerular filtration rate, BMI=body 
mass index, MI=myocardial infarction
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Table 2:

Absolute annualized rate of cardiovascular events, risk difference, and number needed to screen

Event Plaque present Plaque absent Difference Number Needed to Screen

CHD 0.321% 0.141% 0.180% 556

Stroke 0.212% 0.206% 0.006% 16667

CVD 0.510% 0.333% 0.167% 599

ASCVD 0.483% 0.311% 0.172% 581

Abbreviations: CHD=coronary heart disease, CVD=cardiovascular disease, ASCVD=atherosclerotic cardiovascular disease.
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Table 3A:

Association of carotid plaque with coronary heart disease events (N=2673)

Unadjusted Model 1 Model 2

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

Carotid Plaque 2.31
(1.48, 3.61)

<0.001 1.95
(1.23, 3.08)

0.004 1.66
(1.04, 2.66)

0.033

Age
(per 5-years)

1.20
(1.06, 1.36)

0.004 1.20
(1.05, 1.38)

0.009

Male 1.13
(0.71, 1.79)

0.612 1.00
(0.60, 1.65)

0.985

Race (ref=White) 0.490 0.698

 Chinese 0.56
(0.22, 1.47)

0.56
(0.21, 1.47)

 Black 1.18
(0.70, 2.01)

0.94
(0.54, 1.65)

 Hispanic 1.10
(0.61, 1.98)

0.96
(0.53, 1.75)

Diabetes 1.54
(0.79, 2.99)

0.201

Smoking 2.57
(1.50, 4.43)

<0.001

SBP
(per 10-mmHg)

1.08
(0.96, 1.2)

0.207

Antihypertensive use 1.24
(0.75, 2.06)

0.409

TC
(per 40-mg/dL)

1.00
(0.77, 1.3)

0.984

HDL-C
(per 5-mg/dL)

0.96
(0.89, 1.05)

0.410

Statin use 1.27
(0.68, 2.38)

0.452

Cox proportional hazards regression models with carotid plaque as independent variable and time-to-coronary heart disease event as dependent 
variable. Abbreviations: HR=hazard ratio, CI=confidence interval, rest of the abbreviations same as Tables 1 and 2.
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Table 3B:

Association of carotid plaque with stroke events (N=2673)

Unadjusted Model 1 Model 2

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

Carotid Plaque 1.03
(0.65, 1.62)

0.912 0.78
(0.49, 1.25)

0.310 0.64
(0.39, 1.04)

0.073

Age
(per 5-years)

1.37
(1.22, 1.55)

<0.001 1.29
(1.13, 1.47)

<0.001

Male 1.22
(0.78, 1.92)

0.387 1.03
(0.63, 1.69)

0.910

Race (ref=White) 0.376 0.748

 Chinese 0.74
(0.32, 1.73)

0.62
(0.26, 1.48)

 Black 1.41
(0.82, 2.42)

0.96
(0.54, 1.71)

 Hispanic 1.14
(0.63, 2.09)

0.89
(0.48, 1.67)

Diabetes 1.89
(1.01, 3.53)

0.045

Smoking 2.34
(1.29, 4.25)

0.005

SBP
(per 10-mmHg)

1.31
(1.19, 1.45)

<0.001

Antihypertensive use 0.96
(0.58, 1.59)

0.864

TC
(per 40-mg/dL)

0.86
(0.66, 1.12)

0.268

HDL-C
(per 5-mg/dL)

0.94
(0.86, 1.03)

0.196

Statin use 0.92
(0.46, 1.83)

0.811

Cox proportional hazards regression models with carotid plaque as independent variable and time-to-stroke event as dependent variable. 
Abbreviations same as Tables 1 and 2.
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Table 3C:

Association of carotid plaque with cardiovascular disease events (N=2673)

Unadjusted Model 1 Model 2

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

Carotid Plaque 1.54
(1.12, 2.13)

0.008 1.25
(0.90, 1.73)

0.189 1.07
(0.76, 1.50)

0.700

Age
(per 5-years)

1.28
(1.17, 1.4)

<0.001 1.26
(1.14, 1.38)

<0.001

Male 1.24
(0.89, 1.73)

0.195 1.05
(0.73, 1.50)

0.805

Race (ref=White) 0.227 0.592

 Chinese 0.69
(0.36, 1.3)

0.64
(0.34, 1.23)

 Black 1.28
(0.86, 1.88)

0.96
(0.63, 1.45)

 Hispanic 1.16
(0.76, 1.78)

0.97
(0.62, 1.51)

Diabetes 1.70
(1.06, 2.73)

0.027

Smoking 2.64
(1.76, 3.95)

<0.001

SBP
(per 10-mmHg)

1.18
(1.09, 1.28)

<0.001

Antihypertensive use 1.05
(0.72, 1.52)

0.796

TC
(per 40-mg/dL)

0.93
(0.77, 1.13)

0.482

HDL-C
(per 5-mg/dL)

0.95
(0.89, 1.01)

0.110

Statin use 0.94
(0.57, 1.55)

0.801

Cox proportional hazards regression models with carotid plaque as independent variable and time-to-cardiovascular disease event as dependent 
variable. Abbreviations same as Tables 1 and 2.
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Table 4:

Association of carotid plaque with incident coronary artery calcium (N=2673)

Unadjusted Model 1 Model 2

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

Carotid Plaque 1.77
(1.56, 2.01)

<0.001 1.48
(1.30, 1.68)

<0.001 1.34
(1.18, 1.54)

<0.001

Age
(per 5-years)

1.25
(1.21, 1.30)

<0.001 1.22
(1.17, 1.27)

<0.001

Male 1.53
(1.34, 1.74)

<0.001 1.39
(1.20, 1.60)

<0.001

Race (ref=White) <0.001 <0.001

 Chinese 0.61
(0.48, 0.76)

0.58
(0.46, 0.73)

 Black 1.01
(0.86, 1.18)

0.88
(0.75, 1.04)

 Hispanic 0.93
(0.79, 1.10)

0.83
(0.70, 0.98)

Diabetes 1.21
(0.97, 1.50)

0.090

Smoking 1.12
(0.93, 1.36)

0.240

SBP
(per 10-mmHg)

1.07
(1.04, 1.11)

<0.001

Antihypertensive use 1.22
(1.05, 1.41)

0.009

TC
(per 40-mg/dL)

1.13
(1.05, 1.21)

0.002

HDL-C
(per 5-mg/dL)

0.94
(0.92, 0.97)

<0.001

Statin use 1.30
(1.07, 1.58)

0.007

Cox proportional hazards regression models with carotid plaque as independent variable and time-to-coronary artery calcium score>0 as dependent 
variable. Abbreviations same as Tables 1 and 2.
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