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Conclusions: Carotid plaque was strongly associated with the presence and extent of CAC in asymptomatic individuals in a population-based 
cohort. Carotid plaque predicts incident CHD events over risk scores and may be useful for refined risk prediction in females. 
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Abstract 

Background and aims 

Coronary artery calcium (CAC) and carotid plaque are markers of atherosclerosis and predict 

future coronary heart disease (CHD) events. The aim of this study was to investigate 

associations between CAC and carotid plaque in asymptomatic individuals, also in relation to 

predicted CHD-risk and incident events. A secondary aim was to compare predictive value 

between CAC, carotid plaque, and total carotid plaque area (TPA) as predictors for future 

CHD-events. 

Methods 

The REFINE-Reykjavik study is prospective and population-based with CAC-scoring and 

carotid plaque ultrasound assessment, both presence and area. A total of 948 individuals 

without clinical CHD were included in the study. CAC scores were categorized into 0,1-

100,101-300 and >300, and carotid plaque into none, minimal and significant. Three models 

were applied adjusted for age, sex, and each of the Framingham risk score (FRS), local CHD 

risk score and established CHD risk factors. 

Results  

Combined carotid plaque- and CAC-presence was highly prevalent, 69.5% for males and 

41.7% for females (54.5% overall). TPA outperformed base models in CHD prediction, 

resulting in statistically significant area under the receiver operator characteristic curve 

(AUC) increase ranging from 0.02 to 0.05. Most CHD-events in females occurred in 

individuals classified as low-risk with respect to traditional risk factors but with a gradient in 

observed risk across carotid plaque categories.  

Conclusions 

Carotid plaque was strongly associated with the presence and extent of CAC in asymptomatic 

individuals in a population-based cohort. Carotid plaque predicts incident CHD events over 

risk scores and may be useful for refined risk prediction in females.  
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1. Introduction 

Coronary artery calcium (CAC) is a sign of advanced atherosclerosis and a risk factor for 

incident coronary heart disease (CHD) [1-4].  Carotid artery plaque is also a known predictor 

of CHD. Results on the association between CAC and carotid plaque have been based on 

relatively few population based studies or studies on selected patient groups with prevalent 

CHD or other important co-morbidities [5-8]. This paper reports on the strengths of 

associations between carotid artery plaques and the presence and extent of CAC in a well-

defined population-based cohort, free of symptomatic CHD at entry and with an extended 

follow-up. Associations were also investigated in relation to incident CHD events in context 

with predicted 10-year CHD risk at entry.  

The primary aim was to investigate associations between carotid plaque and CAC in a 

population-based cohort free of clinical CHD, addressing the need for more data [5]. A 

secondary aim was to investigate associations between CAC and carotid plaque in relation to 

incident CHD events and a 10 year CHD risk score to see if carotid plaque in combination 

with a risk score identifies individuals who progress to incident CHD [4]. 

2. Patients and methods 

The REFINE (Risk Evaluation For Infarct Estimates)-Reykjavik study, conducted by the 

Icelandic Heart Association is a prospective and population-based study. A random sample of 

9478 males and females born between 1935 and 1985 and living in the Reykjavik capital area 

was drawn from the national registry of Iceland. A total of 6940 participants entered the 

study, corresponding to a participation fraction of 73%. The baseline visits done were during 

the period 2005-2011 and a total of 2403 participants also attended a follow-up visit on 

average 4.2 years later, which included repeated measurements of various CHD risk factors 

along with repeated carotid ultrasound assessment [9]. Of the participants who attended a 

follow-up visit, a total of 1055 individuals aged 55 and over also underwent computed 

tomography of the heart for CAC evaluation. Of the 1055 participants with imaging data for 

carotid plaque and CAC, a total of 88 (8.3%) had prevalent CHD at baseline and were 

excluded, and a further 19 individuals, six males and 13 females, were excluded due to a 

missing IHA CHD risk score. The remaining 948 individuals who attended a follow-up visit 

with CAC-measurements represented the analysis group for this paper. All measurements 

pertaining to this analysis were done in the follow-up visit and CHD endpoint information 

was relative to the date of the follow-up visit (i.e., first visit for this study).  
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The REFINE-Reykjavik Study was approved by the National Bioethics Committee 

(05-112-S1) and the Data Protection Authority. All participants provided written informed 

consent. 

2.1 Physical measurements and questionnaires 

Body mass index (BMI) was calculated as kg/m2 and systolic- and diastolic blood pressure 

was measured semi-automatically on the right arm while the participant was in the supine 

position. Blood samples were collected after a night of fasting and measurements were made 

on total cholesterol, LDL cholesterol, triglycerides all in mmol/L. Fasting glucose was 

measured in mmol/L and type II diabetes was defined as having a fasting glucose value ≥7 

mmol/L or by self-report. Smoking status and family history of myocardial infarction were 

also determined using questionnaires.  

2.2 CHD definitions 

Prevalent and incident CHD was ascertained using hospital records and/or cause of death 

information. A CHD event was defined as any occurrence of myocardial infarction (MI), 

ICD-10 codes: I21-I25, coronary revascularization (either CABG-surgery or PTCA 

intervention), and death from CHD according to a complete adjudicated registry of deaths 

available from the national mortality register of Iceland. [International Classification of 

Diseases, Tenth Revision (ICD-10) codes I21–I25]. 

2.3 Ultrasound assessment 

The imaging procedures for ultrasound examinations have been described in more detail 

elsewhere [10, 11]. In short, images of the left and right common carotid arteries (CCA) were 

obtained using an Acuson Sequoia C256 with a two-dimensional 8 MHz linear array 

transducer. Mean carotid intima media thickness (CIMT) was estimated at four angles for the 

right and left CCA.  Carotid plaque was defined as thickening at least two times the normal 

CIMT. Three semi-quantitative categories were defined and an individual’s most severe 

lesion over segments was selected according to the categories: none, minimal and significant 

plaque. In the ‘none’ category, there was complete absence of plaque, but some isolated 

thickening could be present. Minimal plaque was defined as small, isolated thickening about 

two times the normal IMT. Significant plaque was defined as clearly visible plaque, with or 

without calcification and with or without a clear diameter reduction.  Total plaque area (TPA) 
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corresponding to plaque in ultrasound images was measured using an images analysis 

software (AMS) as the sum of plaque areas in mm2.  

Details on ultrasound quality control procedures and on the inter- and intraobserver 

reproducibility and plaque measurements have been published previously [11]. In short, the 

intra-reliability assessment (kappa statistics) of carotid plaque presence and plaque severity 

between the observers, where results by two observers were compared to the results of one 

observer that was considered a gold standard, were 0.77 (n=68) and 0.84 (n=60), 

demonstrating good to excellent agreement. Each carotid assessment in this study took 

approximately 20 minutes for image acquisition and 30 minutes for image analysis.  

2.4 CAC assessment 

Computed tomography (CT) images were obtained using a Siemens Somatom Sensation 4 

multi-detector CT scanner (Siemens Medical Solutions, Erlangen, Germany) with prospective 

ECG triggering. CAC levels were calculated from the images using Agatston-scoring [12]. 

The CT-imaging protocol applied by the Icelandic Heart Association has been previously 

described in more detail.[13] 

2.5 Statistical methods 

All statistical analyses of the associations between CAC and carotid plaque were restricted to 

individuals free of CHD at baseline according to hospital records and self-report.  

Baseline differences between sexes were investigated using two-sided T-tests for 

continuous variables and χ2 for categorical variables. Categorical variables with more than 

two categories were investigated using an F-test. Highly skewed variables were analyzed 

using quantile regression. 

CAC was categorized into four categories for tabulations 0, 1-100,101-300,>300 and 

prevalence for each category was reported by carotid plaque categories and sex. 

In a supplementary analysis, the strength of associations between CAC and carotid 

plaque was further investigated in a generalized ordinal logistic regression with the user 

written gologit2 command in Stata [14]. Three CAC-outcome categories were applied: >0, 

>101 and >300. Adjustments were made for age, sex and a ten year CHD risk score developed 

by the Icelandic Heart Association (IHA) [4].  Odds ratios in each CAC-outcome category 

were presented graphically for minimal- and significant carotid plaque (absence of carotid 
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plaque as a reference). The proportional odds assumption was tested using a likelihood ratio 

test comparing a model with variables constrained to meet the proportionality assumption 

against an unconstrained model. The area under the curve (AUC) was also estimated in each 

outcome category, with and without adjustment for carotid plaque, to evaluate whether carotid 

plaque improves CAC-prediction over age, sex and the IHA CHD risk score. 

Associations between CAC and incident CHD events were evaluated using Cox 

proportional hazard regression and compared to published results from the MESA study [1]. 

Adjustments were made for the CHD risk factors: age, sex, smoking, diabetes, total 

cholesterol, HDL cholesterol, systolic- and diastolic- blood pressure, lipid lowering 

medications or antihypertensive medication [1]. Hazard ratios for the previously described 

CAC-categories were presented using the absence of CAC as a reference group. Hazard ratios 

for log2(CAC+1), which estimates the effects on hazard due to a doubling in CAC, were 

calculated.   

Associations between incident CHD, CAC-categories, carotid plaque categories and 

the IHA CHD ten-year risk score were graphically presented by sex. A high-risk cut-off was 

indicated as predicted risk ≥10%.  

A sex stratified incidence rate ratio (IRR) was calculated comparing CHD-incidence in 

the high vs. low predicted risk groups. 

Changes in AUC and the net reclassification index (NRI) for prediction of incident 

CHD events were compared for three atherosclerotic markers using three different base 

models. A Hosmer-Lemeshow goodness of fit test was also performed to investigate model 

calibration. The applied atherosclerotic markers were categorical carotid plaque, TPA and 

CAC. The first base model was adjusted for the IHA ten-year CHD risk score, the second for 

the Framingham risk score and the third base model for age, sex, smoking, diabetes, total 

cholesterol, HDL cholesterol, systolic- and diastolic- blood pressure, lipid lowering 

medications or antihypertensive medication [15].   

In all hypothesis testing, a p value <0.05 was considered statistically significant. 

Statistical analysis was done using Stata and R. StataCorp. 2015. Stata Statistical 

Software: Release 14. College Station, TX: StataCorp LP. R Core Team (2020). R: A 

language and environment for statistical computing. R Foundation for Statistical Computing, 

Vienna, Austria. URL https://www.R-project.org/. 
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3. Results 

The main characteristics of the final study sample are presented in Table 1, with 948 

individuals (46% males) and an average age of 63.1 years (s.d. 4.8, range 55-73). The median 

time from entry into the follow-up study until the first occurrence of death or a predefined end 

of follow-up date (March 2019) was 6.5 years. The maximum follow-up time was determined 

by the availability of hospital records. The incidence of CHD was higher in males or 8.3% 

compared to 5.2% in females.  

 The IHA ten-year CHD risk score was considerably higher for males compared to 

females, 12.7% vs. 3.7%, respectively. The prevalence of males with a risk score above the 

10% cut-off was substantially higher, 58.3% vs. 7.3%, respectively.  

Males had a higher prevalence of a positive CAC score compared to females, 74.0% 

vs. 47.1%, respectively. Males also had higher CAC-scores or a median 56.9 compared to 0 

for females. Males had higher TPA or 53.8 mm2 compared to 34.2 mm2 for females. 

Prevalence of CAC by carotid plaque categories and sex is shown in Table 2. In a cross-

tabulation of carotid plaque- and CAC-categories, the single most common combination for 

males was presence of minimal carotid plaque and CAC 1-100, with a prevalence of 23.5%. 

For females, it was absence of carotid plaque and zero CAC, with a prevalence of 36.0%. The 

proportion of subjects with a combination of any carotid plaque and any CAC was 69.5% for 

males and 41.7% for females or 54.5% for the total study sample.  Few individuals with no 

carotid plaque had CAC scores greater than 100, or seven males and seven females, which 

corresponds to less than 2% of the total study sample.    

Further results for the association between carotid plaque and CAC can be seen in 

Supplementary Figure 1. Panel (A) shows odds ratios from a generalized ordinal logistic 

regression model. Adjustments were made for age, sex, IHA CHD risk score and carotid 

plaque categories. Odds ratios for significant carotid plaque categories were statistically 

significant for all CAC-outcomes. Odds ratios for minimal carotid plaque were statistically 

significant for the CAC-outcome >101. A likelihood ratio test comparing constrained and 

unstrained models did not indicate a violation of the proportional odds assumption, p=0.141. 

Supplementary Figure 1 panel (B) shows AUC values from a generalized ordinal logistic 

regression model with the same adjustments. Adding carotid plaque categories to the base 

model significantly improved for CAC-outcome >300.  
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Figure 1 shows hazard ratios for incident CHD by CAC-categories with comparisons 

to published results. The hazard ratios for CAC-categories in REFINE are positively 

associated with incident CHD compared to the reference group of no CAC, and the point 

estimates are higher for more CAC. For the CAC category 1-100, the HR was 3.5 (95% CI, 

1.1- 10.9), for CAC 101-300 7.7 (95% CI, 2.4-24.8) and for CAC>300 16.5 (95% CI, 5.5-

49.6). The hazard ratio per log2(CAC+1) increase, i.e., doubling in CAC, was 1.4 (95% CI, 

1.2-1.5) 

Figure 2 shows the relationship between incident CHD, CAC, carotid plaque and IHA 

CHD ten-year risk score, stratified by sex. Numbers within strata presented in Figure 2 and 

observed risk can be seen in Supplementary Table 1. The stratification presented in Figure 2 

shows that overall, most incident CHD events occurred in individuals with CAC>300 and at 

least minimal carotid plaque. Only four incident CHD events occurred in individuals with no 

CAC, all below 10% IHA CHD risk score, one male with minimal carotid plaque and three 

females, one with no carotid plaque and two with minimal. More males than females with 

incident CHD were above 10% IHA CHD risk score and they also had higher CAC. Of the 36 

incident male CHD cases, a total of 81% had a IHA CHD risk score >10% and 65% had 

CAC>300. In females, this proportion was much lower as only 20% of the 25 incident cases 

had an IHA CHD risk score >10% and 40% had CAC>300. For those above 10% predicted 

risk, there was a gradient of increased observed risk across carotid plaque categories, both in 

males and females. In males below the 10% predicted risk, there was no gradient in observed 

risk across carotid plaque categories, whereas in females there was a gradient of increased 

observed risk. There was a strong gradient of observed risk across all CAC-categories, in both 

sexes and high and low risk categories. Although most incident CHD events in females 

occurred in those below 10% predicted risk, the IRR comparing high vs. low predicted risk 

groups was similar and not statistically different in both sexes. For males, the IRR was 3.1 

(95% CI, 1.4-6.8) and for females 3.3 (95% CI, 1.3-8.4), p=0.918. 

Table 3 shows changes in AUC for the prediction of incident CHD by addition of 

different atherosclerotic markers. Changes in AUC and NRI were compared according to 

different base model adjustments. The three base models yielded AUC values ranging from 

0.67 to 0.75. The addition of carotid plaque categories increased the AUC by 0.01 but changes 

were not statistically significant and there was no change for the model with the Framingham 

risk score. p-values for the NRI did not indicate significant reclassification by the addition of 

plaque categories. The addition of TPA to base models resulted in significant increases in 
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AUC for all comparisons, ranging from 0.02 for the CHD risk factors model (Model 3) to 

0.05 for the IHA CHD risk score model and the Framingham model (Models 1 and 2). 

However, significant reclassification was not observed for the model with several CHD risk 

factors (Model 3) according to the NRI, p=0.069. The addition of CAC resulted in the highest 

increase in AUC, ranging from 0.05 for the CHD risk factor model (Model 3) to 0.10 and 0.11 

for the IHA CHD risk score model and Framingham model (Models 1 and 2), respectively. 

The addition of CAC resulted in the highest NRI values, ranging from 0.77 to 0.96, all 

statistically significant. 

p-values from Hosmer-Lemeshow goodness of fit tests ranged from 0.101 to 0.980 

except for the model with TPA and CHD risk factors, p=0.030. 

4. Discussion 

Carotid plaque was strongly associated with both the presence and extent of CAC in this 

population-based study of individuals free of clinical CHD at baseline. Carotid plaque 

improved prediction of substantial CAC over a CHD risk score. Additionally, total carotid 

plaque area improved prediction of incident CHD and did so over risk scores and established 

risk factors. This is in keeping with published results for patient groups and population-based 

studies [16-18]. Of the atherosclerotic markers, CAC was the strongest independent predictor 

for incident CHD, which has been reported for other studies [19].  

The prevalence of having a combination of both carotid plaque and a positive CAC 

score was relatively high (55.0%), similar to what reported for the Bioimage study. Authros 

reported a prevalence of 58.0%, albeit for a slightly older cohort (average age 68.9 years) and 

a different imaging procedure [7]. As in our study, they found that a substantial number of 

individuals with subclinical atherosclerosis were categorized as having a low CHD risk score. 

Further similarities with the Bioimage study are that both carotid plaque burden and CAC 

improve prediction of major adverse cardiovascular events over traditional risk factors. In the 

Bioimage study, plaque area was also strongly associated with high CAC after adjustment for 

conventional risk factors, with strong effect sizes as we find for our categorical plaque 

categories [6]. 

In a previous study in older individuals from the population based AGES-Reykjavik 

study, we found a strong association between significant carotid plaque and the presence and 

extent of CAC [13]. Here we add further evidence for younger individuals that carotid plaque 
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can be informative regarding underlying coronary heart disease as determined by CAC and 

that it is predictive of incident CHD events. 

Other methodological approaches have been described, such as 3-dimensional (3D) 

ultrasound and ultrasound on the femoral artery as opposed to carotids [6, 20].  Some studies 

suggest that femoral ultrasound may be useful in CHD in primary prevention and that 

association with CHD risk factors and CAC may be stronger in femoral than carotid arteries 

[20, 21]. However, a fairly recent paper indicates that 3D ultrasound may not be better than 

2D ultrasound in terms of predicting the presence of CAC in middle aged individuals with 

intermediate cardiovascular risk [22]. 

As expected, most incident CHD events occurred in individuals with manifest 

atherosclerosis in both the carotid and coronary arteries, particularly in those with CAC above 

100. Females displayed a more dispersed pattern with respect to carotid plaque, CAC and the 

CHD risk score. Interestingly, most CHD events in females occurred below a 10% low risk 

cut-off and fewer had CAC>300. Although the IRR for incident CHD comparing high and 

low predicted risk was not different for males and females, we found that there was a gradient 

of increased observed risk across carotid plaque categories in females below the 10% 

predicted risk cut-off, which may suggest the applicability of carotid ultrasound for 

refinement of risk prediction in females. Results from the population based Tromsö study 

showed that plaque area was associated with incident myocardial infarction after adjustment 

for conventional risk factors and that the effect was stronger in females [17].  

A review article in Nature Medicine on sex differences in cardiometabolic disorders 

highlights that females have higher prevalence of some cardiometabolic risk factors among 

patients with ischemic heart disease, and manifestations of coronary artery disease are less 

obstructive [23].   Females display different patterns for CAC and on average lag ten years 

behind males in terms of CAC-burden [24, 25]. Predictions in females are challenging as they 

are often categorized as having low risk according to traditional risk factors but substantial 

atherosclerosis may be present [26]. New methods for risk stratifications are warranted and 

there has been a call for sex-specific algorithms to guide non-invasive imaging and further 

exploration of circulating biomarkers [23]. 

Publications with pooled data from ARIC , MESA and the Dallas Heart Study 

incorporated plasma biomarkers and atherosclerosis imaging to calculate an integer score for 

abnormal factors, which improved short-term CVD prediction over traditional risk factors 
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[27]. This method also improved risk prediction of 10-year CVD risk in a previous 

publication for MESA and the Dallas Heart Study [28]. This approach, and the addition of 

novel plasma biomarkers and further sex-specific risk estimations, may be a suitable 

combination to improve prediction of incident events. 

 A recent single center study of middle aged individuals also applied a combination of 

imaging and circulating biomarkers with the addition of a machine learning approach to 

predict hard endpoints in asymptomatic individuals [29, 30]. The authors applied conventional 

clinical risk factors, CT imaging measures, and circulating biomarkers, both traditional and 

novel. From the set of applied circulating biomarkers three new ones were selected from the 

machine learning process. Such measurements, in combination with machine learning 

methods in cohorts with good phenotyping, may be of great value to improve the 

understanding of CHD. It is also likely that large consortia comprising population-based data 

that focus on atherosclerosis will improve the understanding and prediction of atherosclerosis 

and its consequences [31]. 

It is well known that CAC is a strong predictor of incident CHD and our results 

compare well with the population based MESA study [1, 19, 32]. The REFINE and MESA 

studies have similar age distributions and our hazard ratios for incident CHD by CAC-

categories were almost identical. Although the point estimate for CAC>300 in REFINE was 

quite higher than in MESA, the confidence intervals for REFINE included the point estimate 

for MESA. The hazard ratio per log2(CAC+1) increase or doubling in CAC was also similar. 

These observations may support the generalizability of REFINE results to other populations 

with a similar age distribution, which is a strength of the current study.  

Other strengths are the population-based nature with good participation and that 

associations were investigated in truly asymptomatic individuals with extensive phenotyping 

relating to CHD risk factors. Another strength is the well-defined imaging procedure and 

quantification of atherosclerosis.  

Limitations of this study are that the results may not be applicable to populations 

outside of the age range presented here. The number of incident events was not very large 

especially when the analysis was highly stratified. Another limitation is the fact that the 

number of events in this study did not allow subgroup analysis in terms of other endpoints, 

such as MI, cardiac death, and all-cause death.  Survival analysis was not done for all-cause 

mortality as the number of deaths was low (n=31). The combined CHD-endpoint included 
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elective PCI, which is a softer event than MI and cardiac death, and those undergoing PCI as 

the incident CHD-event may not have necessarily progressed to a hard CHD-endpoint. 

Imaging modalities differed somewhat between studies that were compared, particularly for 

carotid plaque. 

 

Carotid plaque was strongly associated with the presence and extent of CAC in 

asymptomatic individuals from a population-based cohort and predicted substantial CAC over 

a CHD risk score. Total carotid plaque area improved prediction of CHD events over risk 

scores, but not to the same degree as CAC. Most incident events in females occurred in those 

classified as having low risk, however, in this group there was a gradient in observed risk 

across carotid plaque categories. Further population-based work is needed to refine CHD 

prediction in females, and carotid ultrasound may add some valuable information. 
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Figures and tables 

Table 1 Characteristics of the REFINE cohort for individuals free of prevalent CHD at the 

time of carotid ultrasound and CAC-CT imaging (N=948).  

Characteristic Males Females p-value Total 

  n=439 n=509   N=948 

Age (years) 63.1 (4.8) 63.1 (4.9) 0.784 63.1 (4.8) 

          

Body mass index (kg/m2) 28.5 (4.6) 27.2 (5.1) <0.001 27.8 (4.9) 

Systolic blood pressure (mmHg) 127.9 (17.0) 124.6 (16.1) 0.002 126.1 (16.6) 

Diastolic blood pressure (mmHg) 75.5 (9.4) 72.0 (7.4) <0.001 73.7 (8.5) 

Cholesterol, serum (mmol/L) 5.2 (1.0) 5.6 (1.0) <0.001 5.4 (1.0) 

HDL cholesterol , serum (mmol/L) 1.3 (0.4) 1.8 (0.5) <0.001 1.6 (0.5) 

LDL cholesterol, serum (mmol/L) 3.3 (0.9) 3.4 (0.9) 0.658 3.3 (0.9) 

Triglycerides, serum (mmol/L) 1.0 [0.8,1.4] 0.9 [0.7,1.2] <0.001 1.0 [0.8,1.3] 

          

Smoker - current 63 (14.4%) 79 (15.6%) 0.062 142 (15.0%) 

Diabetes mellitus, Type II 49 (11.2%) 21 (4.1%) <0.001 70 (7.4%) 

          

Family history of myocardial infarction 179 (40.8%) 231 (45.4%) 0.153 410 (43.2%) 

IHA ten year CHD risk score (%) 12.7 (7.3) 3.7 (3.9) <0.001 7.9 (7.3) 

IHA CHD risk score ≥10% 256 (58.3%) 37 (7.3%) <0.001 293 (30.9%) 

Framingham ten year CVD risk score (%) 22.7 (13.0) 9.6 (6.6) <0.001 15.7 (12.0) 

Framingham risk ≥10% 384 (90.4%) 177 (35.6%) <0.001 561 (60.8%) 

Myocardial infarction - incident 10 (2.3%) 9 (1.9%) 0.578 19 (2.0%) 

Coronary heart disease - incident 36 (8.2%) 25 (4.9%) 0.042 61 (6.4%) 

          

Follow-up time (years) 6.5 [6.3,6.8] 6.5 [6.3,6.8] 0.472 6.5 [6.3,6.8] 

          

CAC - Agatston score 56.9 [0.0,306.9] 0.0 [0.0,51.0] <0.001 12.9 [0.0,132.6] 

          

CAC categories:     <0.001a    

0 114 (26.0%) 269 (52.9%)   383 (40.4%) 

1-100 153 (35.8%) 144 (28.3%)   297 (31.3%) 

101-300 60 (13.7%) 54 (10.6%)   114 (12.0%) 

>300 112 (25.5%) 42 (8.2%)   154 (16.2%) 

         

Carotid plaque categories:     <0.001a     

None 42 (9.6%) 89 (17.5%)   131 (13.8%) 

Minimal 300 (68.3%) 329 (64.6%)   629 (66.4%) 

Significant 97 (22.1%) 91 (17.9%)   188 (19.8%) 

         

Total plaque area (mm2) 53.8 [25.6,82.0] 34.2 [11.7,643.5] <0.001 41.46[16.2,72.6] 

a p-value from an F-test. Variables are presented mean (SD), median [interquartile range] or number (%). 
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Table 2 Observed numbers within CAC-categories by carotid plaque categories and sex for 

individuals without prevalent CHD at the time of the examinations (N=948). Percentages 

within strata are presented in parentheses and calculated from sex-specific total denominators. 

    Carotid plaque category 

  CAC category None Minimal Significant Total a 

Males           

  0 22 (5.0) 84 (19.1) 8 (1.8) 114 (26.0) 

  1-100 13 (3.0) 103 (23.5) 37 (8.4) 153 (35.8) 

  101-300 2 (0.5) 45 (10.3) 13 (3.0) 60 (13.7) 

  >300 5 (1.1) 68 (15.5) 39 (8.9) 112 (25.5) 

            

  Total b 42 (9.6) 300 (68.3) 97 (22.1) 439 

Females           

  0 61 (12.0) 183 (36.0) 25 (4.9) 269 (52.9) 

  1-100 21 (4.1) 94 (18.5) 29 (5.7) 144 (28.3) 

  101-300 4 (0.8) 32 (6.3) 18 (3.5) 54 (10.6) 

  >300 3 (0.6) 20 (3.9) 19 (3.7) 42 (8.2) 

            

  Total b 89 (17.5) 329 (64.6) 91 (17.9) 509 

a Row totals and percentages (%) across CAC-categories. 

b Column totals and percentages (%) across carotid plaque categories. 
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Figure 1 Hazard ratios (HR) for incident CHD by categories of CAC, compared to results 

from the population based MESA study (Detrano et al., NEJM 2008) [1].  

Models were adjusted for age, sex, smoking, diabetes, total cholesterol, HDL cholesterol, 

systolic- and diastolic blood pressure, hypertension medication and lipid lowering medication.  
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Figure 2 Distribution of incident CHD by sex, CAC-categories, carotid plaque and the IHA 

CHD risk score.  

The dotted line indicates ten-year CHD risk of 10%. Hollow gray circles=no CHD, red hollow 

triangles=incident CHD.
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Table 3. Changes in AUC and NRI for the prediction of incident CHD by different atherosclerotic markers, compared using different base model 

adjustments. Each atherosclerotic marker was applied in separate models using a corresponding base model (Adjustment 1). p-values for the 

AUC and NRI values indicate whether the addition of an atherosclerotic marker to a base model resulted in significant changes in AUC- and 

NRI-values, respectively.  

 
 Adjustment Model 1 IHA CHD r.s.   Model 2 Framingham r.s   Model 3 CHD risk factors 

    AUC 95% CI p-value   AUC 95% CI p-value   AUC 95% CI p-value 

1 Base: age + sex a 0.69 0.62 0.75 -   0.67 0.59 0.74 -   0.75 0.68 0.81 - 

2 Plaque categorical 0.70 0.63 0.77 0.538   0.67 0.6 0.75 0.640   0.76 0.69 0.82 0.117 

3 TPA (mm2) 0.74 0.67 0.80 0.045   0.72 0.66 0.79 0.022   0.77 0.71 0.83 0.019 

4 CAC 0.79 0.73 0.84 <0.001   0.78 0.72 0.85 <0.001   0.80 0.74 0.86 <0.001 

    
NRI 95% CI p-value    NRI 95% CI p-value   NRI 95% CI p-value 

2 Plaque categorical 0.28 -0.29 0.54 0.187   0.20 -0.34 0.45 0.326   0.28 -0.31 0.51 0.181 

3 TPA (mm2) 0.47 0.19 0.69 <0.001   0.39 0.14 0.68 0.004   0.28 0.00 0.61 0.069 

4 CAC 0.81 0.53 1.08 <0.001   0.96 0.69 1.20 <0.001   0.77 0.55 1.04 <0.001 

a All models were adjusted for age, sex and separately for the IHA-, Framingham risk scores (r.s.) and the same CHD risk factors as in Detrano et 

al. NEJM 2008 [1]: smoking, diabetes, total cholesterol, HDL cholesterol, systolic- and diastolic blood pressure, hypertension medication and 

lipid lowering medication.  
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Highlights 

Carotid plaque is associated with coronary artery calcium (CAC). 

Carotid plaque predicts extensive CAC over a risk score. 

Total carotid plaque area improves prediction of coronary events over risk scores. 

Most coronary events in females occurred in those classified as having low risk. 

Observed risk increased with carotid plaque in females classified as having low risk  
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