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Introduction 

Cardiovascular disease leads to a high morbidity and mortality and consequently puts a 

large burden on the health care system. Therefore, early identification of high-risk subjects 

is needed. Several non-invasive measures of atherosclerosis exist and may be useful in 

identifying subjects at high risk. Existing non-invasive measures of atherosclerosis include 

intima media thickness (IMT) and number of plaques of the carotid arteries by ultrasound 

and the ankle brachial index, measuring peripheral atherosclerosis. The introduction of 

electron beam computed tomography (EBCT) and multislice computed tomography 

(MSCT) has enabled the non-invasive visualization and accurate quantification of 

calcification in different arteries. 

Coronary calcification has been found to be a predictor of coronary heart disease '· '. 

However, calcification can also be measured in other vessel beds like the aorta 3 and the 

carotid arteries'· Quantification of calcification in these vessel beds might further improve 

cardiovascular risk assessment. Few data are available on the prevalence, risk factors for 

and predictive value of arterial calcification in different vessel beds. The focus of this thesis 

is to investigate determinants of coronary, aortic arch and carotid calcification, assessed 

by MSCT and to examine the association between arterial calcification in different vessel 

beds. In addition, the association of aortic arch and carotid calcification with history of 

stroke was examined. The study was carried out in the population-based Rotterdam 

Study. 

The Rotterdam Study is a population-based study, which started with a baseline visit in 

1990-1993. All inhabitants of a suburb of Rotterdam, aged 55 years and over, were invited 

and 7,983 agreed to participate (78% response). In 2000-2001, the cohort was extended 

with 3,011 subjects (67% response) also aged 55 years and over. The design and rationale 

of the Rotterdam Study have been described elsewhere 5
• Study center visits took place 

approximately every three years. From September 2003 onwards, all participants who 

completed a regular visit to the research center were invited to participate in the present 

study and to undergo a MSCT scan of coronary arteries, the aortic arch and the carotid 

arteries. Between September 2003 and January 2005, 1,003 subjects were scanned. 

In chapter 2, the association of carotid calcification with carotid plaques was examined. 

Although a clear correlation has been demonstrated between coronary calcification and 

coronary plaque burden', we do not know the strength of the association between carotid 

calcification and carotid plaque burden. Therefore, this study examined the strength of the 

association between carotid calcification assessed by MSCT and carotid plaques assessed 

by ultrasound among 987 subjects. 
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12 In chapter 3, assoc"1ations between calcification in the coronary arteries, aortk arch and 

carotid arteries were investigated. The use of MSCT enables non-invasive quantification of 

arterial calcification in various vessels and allows examination of intervessel correlations. 

This may give insight in whether the assessment of calcification in one vessel bed predicts 

calcification in other vessels and allows examination of the concept of generalized 

atherosclerosis. Therefore, in this chapter we examined among 600 subjects the prevalence 

of and associations between calcification in the coronary arteries, aortic arch and carotid 

arteries, assessed by MSCT. 

Chapter 4 focuses on the determinants of arterial calcification. Firstly, we examined the 

association of cardiovascular risk factors with calcification in the coronary arteries, aortic 

arch, and the carotid arteries in a population-based study. Additionally, we investigated 

the association between alcohol consumption and carotid calcification. Finally, we studied 

the association between arterial stiffness and arte(lal calcification to examine whether 

arterial stiffness and arterial calcification are concurrent processes. Chapter 5 describes a 

study on the association of aortic arch and carotid calcification with history of stroke. The 

predictive value of aortic arch and carotid calcification for stroke is unknown, we set on to 

examine this association among 1,003 subjects. 
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16 Abstract 

Background and purpose 
This study examined the strength of the association between carotid calcification 

assessed by multislice computed tomography (MSCT) and carotid plaques assessed by 

ultrasound. 

Methods 
The study was part of the Rotterdam Study, a population-based study in subjects aged 

55 years and over. From October 2003 until December 2004, subjects were invited to 

undergo an MSCT scan. Calcification in the carotid arteries was quantified according 

to the Agatston score. Carotid plaques and calcified carotid plaques were measured in 

the common carotid arteries, carotid bifurcations and the internal carotid arteries using 

ultrasound. Receiver operating characteristic (ROC) curves were used to examine whether 

MSCT calcium score can accurately estimate the presence of plaques, for different cut

points. 

Results 

The correlation coefficients between MSCT carotid calcification and carotid plaques 

were equal in men and women (r = 0.67). The corresponding coefficients between MSCT 

calcification and calcified carotid plaques were r = 0.57 and r = 0.60, respectively, after 

additional adjustment for total carotid plaques, (for all coefficients p < 0.001 ). The MSCT 

calcium score was an accurate predictor of the number of carotid plaques (area under the 

curve> 0.8) for different cut-points. 

Conclusions 
We observed a strong association between carotid calcification assessed by MSCT and 

carotid plaques assessed by ultrasound. The amount of carotid plaques could be accurately 

estimated by the calcium score. This suggests that calcification assessed by MSCT is a good 

measure of the presence of plaques in the carotid arteries. 



Introduction 

The use of multislice computed tomography (MSCT) enables accurate assessment and 

quantification of arterial calcification. Although a clear correlation has been demonstrated 

between coronarycalcificaf1on and coronary plaque burden', we do not know the strength 

of the association between carotid calcification and carotid plaques. A recent study 

among asymptomatic subjects found a strong correlation between carotid calcification 

and carotid intima-media thickness (IMT) 2
• This study was performed using a small group 

of subjects and until now no data has been published on the correlation between carotid 

calcification and carotid plaques. 

Ultrasound can distinguish between calcified and non-calcified plaques. However, to this 

date, no studies have compared the ultrasound assessment of carotid calcified plaques 

with the amount of carotid calcification measured by MSCT. 

Therefore, we undertook this study to investigate the magnitude of the correlation 

between carotid calcification by MSCT and carotid plaques by ultrasound. Additionally, 

we examined the validity of calcified plaques measured by ultrasound by comparison 

with the amount of calcification assessed by MSCT. 

Material and methods 

Study population 
The study was embedded in the Rotterdam Study, a population-based study, which started 

with a baseline visit in 1990-1993. All inhabitants of a suburb of Rotterdam, aged 55 years 

and over, were invited and 7,983 agreed to participate (78% response).ln 2000-2001, the 

cohort was extended with 3,011 subjects (67% response), also aged 55 years and over. 

The design and rationale of the Rotterdam Study have been described elsewhere 3• Study 

center visits took place approximately every three years. 

From September 2003 on all participants who completed the center visit (the fourth of 

the original cohort and the second center visit of the extended cohort) were invited to 

participate in the present study and to undergo a MSCT scan of the carotid arteries. We 

restricted the present analyses to participants who were scanned until December 2004. 

We scanned 1,003 subjects. Data on calcification and plaques in the carotid arteries were 

available in 987 subjects. The median duration between the study center visit and the 

MSCT scan was 96 days. 
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18 This study was approved by the Medical Ethics Committee and the Radiation Protection 

Unit of the Erasmus Medical Center, Rotterdam, the Netherlands. All participants gave 

written informed consent. 

Scan Protocol 
In the first 702 subjects, imaging was performed with a 16-slice MSCT scanner (SOMATOM 

Sensation 16, Siemens, Forcheim, Germany). The scan reached from the aortic arch to the 

intracranial circulation (1 em above the sella turcica). Scan parameters were: 16 x 0.75 

mm collimation, 120 kVp, 100 effective mAs, 0.5 s rotation time, and normalized pitch of 

1. Images were reconstructed with effective slice width 1 mm, reconstruction interval 0.5 

mm, 120 mm FOV and medium sharp convolution kernel ("B35f").ln the other 285 subjects 

image acquisition was performed with a 64-slice MSCT scanner (SOMA TOM Sensation 64, 

Siemens, Forcheim, Germany). Scan parameters were similar for both MSCT scanners, 

except for collimation and effective mAs. With the use of the 64-slice MSCT scanner the 

collimation was 32 x 0.6 mm and the mAs value was real time adapted to body weight 

(CARE DOSE, Siemens, Forcheim, Germany) with a reference value of 100 mAs. 

Analysis of calcification 
Two reviewers, with a medical background, were trained by an experienced radiologist 

and scored arterial calcification using a standardized protocol. They were blinded to the 

clinical data of the participants. The examination of carotid arteries comprised both right 

and left carotid artery within 3 em proximal and distal of the bifurcation. 

Atherosclerotic calcification was identified based on a threshold of 130 Hounsfield 

Units (HU) and were scored using dedicated software (syngo Calcium Scoring, Siemens, 

Forcheim, Germany). Calcification was quantified by calculating the Agatston score. For 

each calcified lesion, the Agatston score was calculated as the product of the area of 

a calcified lesion (the number of voxels with an attenuation value ;, 130 HU times the 

volume of one voxel) and a factor assigned according to the maximum attenuation value 

of the lesion '. For image data with an overlapping reconstruction increment, Agatston 

scores were normalized with the ratio of increment and slice width. The total score was 

calculated by adding up the scores of all lesions. 

Carotid plaques 
During the research center visit, ultrasound of both carotid arteries was performed. In the 

first 505 subjects imaging was performed with a 7.0-MHz linear array transducer (ACUSON 

128, Siemens AG, Erlangen, Germany). In the other 482 subjects image acquisition was 

performed with a 7.5-MHz linear array transducer (AU3 Partner, Esaote, Florence, Italy). 

Plaque assessment was performed online. 
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A plaque score was derived by counting the number of sites with a plaque, leading to 

a maximum score of six per carotid artery (anterior and posterior wall of the common 

carotid artery, of the carotid bifurcation and of the internal carotid artery) and to a total 

plaque score with a maximum of twelve. The presence of a plaque was defined as a focal 

widen·,ng of at least 1.5 times the average IMT relative to the adjacent segments, with 

protrusion into the lumen and composed of calcified and/or non-calcified components. 

Plaque characteristics (calcifications and acoustic shadowing) were obtained during the 

measurement. A calcified plaque score was computed in a similar way as the total plaque 

score. 

Cardiovascular risk factors 
Information on smoking, blood pressure, and lipid lowering medication use was obtained 

during a home interview of the Rotterdam Study. Subjects were categorized as current, 

past, and never smokers. Clinical measures were obtained during a visit at the study center. 

Height and weight were measured and the body mass index was calculated (weight[kg]/ 

height [m]'). Blood pressure was measured at the right brachial artery using a random-zero 

sphygmomanometer with the participant in sitting position. The mean of two consecutive 

measurements was used in the analyses. Serum total cholesterol and high-density 

lipoprotein (HDL) cholesterol were obtained using an automatic enzymatic procedure 

(Hitachi 911, Roche CHOD PAP). Diabetes was defined as the use of anti-diabetic medication 

or a fasting glucose level;;, 7 mmol/1. Information on a history of myocardial infarction and 

stroke was collected at baseline and during follow-up before CT scanning 5•6• 

Statistical analysis 
Baseline characteristics were computed for men and women separately. Since MSCT 

calcium scores were much higher in men than in women, all analyses were stratified 

by gender. Age-adjusted correlation coefficients were computed using Spearman's 

correlation coefficients for the association between MSCT calcium scores and carotid 

(calcified) plaques, for the right and left carotid artery separately and for both carotid 

arteries together. 

The ROC curve is a plot of all the sensitivity and specificity pairs derived from continuously 

varying the threshold level 7
• To estimate the number of carotid plaques from the calcium 

score by MSCT, we categorized the plaques score. Firstly, we categorized the number of 

plaques into no plaques versus more than zero plaques. Secondly, we categorized the 

numbers of plaques, with the median (in men: 4 plaques, in women: 2 plaques) as the cut 

point. 
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20 Analysis of covariance was used to compute geometric mean MSCT calcium scores for 

categories of number of plaques and number of calcified plaques in the carotid arteries 

and for different age strata. 

All analyses were adjusted for the type of MSCT and for ultrasound system; the analyses 

concerning calcified plaques were additionally adjusted for total number of plaques. SPSS 

11.0 for Windows (SPSS, Inc, Chicago, Illinois) was used for data analysis. 

Results 

Table 1 describes the characteristics of the 987 study participants. The mean age(± sd) of 

the study population was 72 years (6.4) and 48% were male. Overall, MSCT calcium scores 

were higher in men than in women. The median MSCT calcium score (interquartile range) 

in the carotid arteries was 63.3 (1.8-234) in men and 25.8 (0-128) in women. The median 

amount of carotid plaques (interquartile range) in men was 4 (2-6) and in women 2 (1-4). 

Corresponding numbers for calcified carotid plaques were 2 (1-5) in men and 1 (0-3) in 

women. Prior to scanning myocardial infarction was reported in 12% of men and in 5% of 

women, stroke in 5% of men and 4% of women. 

Table 2 shows the age-adjusted correlation coefficients of MSCT calcium scores with 

carotid plaques and calcified carotid plaques, for men and women separately. The 

correlation coefficients between MSCT calcium scores and carotid plaques were equal 

in men and women (r=0.67). The corresponding coefficients between MSCT calcium 

scores and carotid calcified plaques, were r=0.57 and r=0.60, respectively, after additional 

adjustment for total carotid plaques. 

Figure 1 shows the ROC curves for two cut points (no plaques versus any plaque and 

below versus equal or above the median), for men and women separately. For men and 

women the Area under the Curve (AUC) was in both models over 0.80, which indicates a 

high accuracy of the MSCT calcium score in estimating the number of plaques. 

Figure 2 shows the geometric mean MSCT calcium scores for categories of number of 

plaques in both carotid arteries, stratified by age. The geometric mean MSCT calcium 

score in subjects without carotid plaques was below 2. A steady increase in geometric 

mean calcium was found up to the category of 7 to 8 plaques, but the calcium score was 

remarkably higher in the upper two categories. 
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Table 1 Characteristics of the study population 

Variable Men (n=478) Women (n=S09) 

Age (years) 72.0 ± 6.2 71.2 ± 6.6 

Body mass index (kg/m') 27.2 ± 3.4 27.8 ± 4.5 

Systolic blood pressure (mm Hg) 148.8± 20.3 150.5 ± 21.3 

Diastolic blood pressure (mm Hg) 81 .3±11.0 79.7 ± 11.0 

Total cholesterol (mmol/1) 5.3 ± 0.9 5.9 ± 0.9 

HDL-cholesterol (mmol/1) 1.3 ± 0.3 1.5 ± 0.4 

Serum glucose (mmol/1) 5.8± 1.3 5.7 ± 1.3 

OM(%) 12 11 

Smokers(%) 

Current 12 13 

Past 72 44 

Never 16 43 

Use of blood pressure lowering medication (%) 45 47 

Use of lipid lowering medication(%) 26 23 

History of myoca rdial infarction(%) 12 

History of stroke(%) 5 4 

Carotid artery Agatston score' 63.3 (1.8-234) 25.8 (0-128) 

Plaques assessed by ultrasound' 4 (2-6) 2 (1-4) 

Categorical variables are expressed as percentage. Values of continuous variables are expressed as mean 
±standard deviation. ' Value is expressed as median (interquartile range) because of its skewed distribution. 

Table 2 Correlation coefficients between carotid calcification and carotid plaques 

Calcification measured by MSCT 

Roght carotid artery Left carotid artery Both carotod artenes 

Men Women Men Women Men Women 
Total plaque score 

Right carotid artery t 0.60 0.62 

Left carotid artery t 0.65 0.62 

Both carotid arteries t 0.67 0.67 

Calcified plaques score 

Right carotid artery* 0.50 0.57 

Left carotid artery* 0.59 0.52 

Both carotid arteries :j: 0.57 0.60 

t Adjusted for age, scanner type and ultrasound system 

t Adjusted for age, scanner type, ultrasound system and total number of plaques 

MSCT: multislice CT 

For all correlations: p <0.001 
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Figure 1 ROC curves for estimating plaques, with different cut points (fig 1 a: no plaques versus any plaques; fig 1 b: 
below the median versus equal or above the median) 

Figure 3 shows the geometric mean MSCT calcium scores in categories of number of 

calcified plaques in both carotid arteries, strat ified by age, and with additional adjustment 

for total number of plaques. The geometric mean MSCT calcium score in subj ects without 

calcified carotid plaques was below 3. With increasing number of calcified plaques, the 

MSCT ca lcium score sharply increased. 
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Figure 2 Geometric mean MSCT calcium score in the carotid arteries by number of carotid plaques, adjusted for age, 
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Figure 3 Geometric mean MSCT calcium score in the carotid arteries by number of calcified carotid plaques, adjusted 
for age, gender, MSUtype, ultrasound system, and total amount of plaques 
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24 Discussion 

We found a strong association between carotid calcification assessed by MSCT and carotid 

plaques assessed by ultrasound. The amount of carotid plaques could be accurately 

estimated by the calcium score. This suggests that calcification assessed by MSCT is a 

good indicator of the presence of plaques in the carotid arteries. Furthermore, a strong 

association was present between carotid calcification assessed by MSCT and calcified 

plaques by ultrasound independent of the total amount of plaque, supporting the validity 

of the assessment of calcified plaques by ultrasound. 

No previous study has examined the relation between MSCT calcium score and carotid 

plaques. However, the association between MSCT calcium score and carotid IMT has been 

examined before. Forty-five subjects underwent electron beam computed tomography 

(EBCT) of the neck to ascertain the extent of atherosclerotic calcification in the carotid 

arteries followed by B-mode carotid ultrasound for IMT. A strong correlation was found 

between the 2 different measures of carotid atherosclerosis 2• In a histopathologic study, 

a strong correlation was found between coronary calcification and coronary plaque, 

indicating that calcification is a good measure of the amount of atherosclerosis in the 

coronary arteries 1• Given our strong and graded associations between carotid calcification 

and carotid plaques, we can now pose that this is also true for the carotid artery. 

Plaque echogenicity has been reported to be associated with cerebrovascular events 8• In 

our study, in subjects without calcified plaques, a very low geometric mean calcium score 

was found. However, with increasing number of calcified plaques, the MSCT calcium score 

sharply increased. We found a moderately strong correlation between MSCT calcium 

score and carotid calcified plaques. Assuming that MSCT provides an accurate measure 

of calcification, these findings suggest that calcified plaques measured by ultrasound is a 

good indicator of presence of calcification. 

There are some drawbacks of MSCT compared to ultrasound. Ultrasound of the carotid 

arteries is non-invasive, relatively inexpensive and frequently used. In contrast, MSCT is 

more expensive and ionizing radiation is used to visualize calcification. No data are yet 

available on the predictive value of carotid calcification measured by MSCT for the risk of 

cardiovascular events. Before deciding on the value of MSCT as compared to ultrasound 

for assessment of carotid atherosclerosis, large prospective studies should be performed 

to examine the predictive value of carotid calcification for cardiovascular events. 

Theadvantageofourstudyis that it is large and population-based. Since both MSCT carotid 

calcification and carotid plaques were measured without knowledge of the other variable, 
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information bias is not likely to have influenced our results. However, some limitations of 

our study need to be discussed. A major limitation of our study is that we used carotid 

plaques assessed by ultrasound as the golden standard for our first research question. The 

measurement of carotid plaques was only semiquantative using the number of plaques, 

determined by eyeballing, as a measure of plaque burden. Probably, the assessment would 

have been stronger, if we would have used a more accurate assessment of carotid plaques. 

Furthermore, our subjects were elderly (mean age 72 years) and the results might have 

been different in a younger population, as the composition of atherosclerotic plaques 

change over time. Our study may be further limited by the fact that non-participation 

of diseased subjects may have resulted in a relatively healthy study population, with a 

more restricted range of variables studied, which may lead to an underestimation of the 

associations. We restricted the analysis to subjects with assessment of both measures 

of carotid atherosclerosis. Since the overall vascular risk profile was not much different 

between people with and without complete data on both measures, we think that this 

did not affect our results. Finally, the measurement of calcification assessed by MSCT and 

plaques assessed by ultrasound were not performed during the same session. However, 

since the median time between the measurements was only 96 days, it is not likely that 

this affected our results. 

In conclusion, we observed a strong association between carotid calcification assessed by 

MSCT and carotid plaques assessed by ultrasound. The amount of carotid plaque could 

be accurately estimated by the calcium score. This suggests that calcification assessed by 

MSCT is a good measure of the presence of plaques in the carotid arteries. 
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30 Abstract 

Objective 
The present study was performed to examine the prevalence of and associations between 

calcification in the coronary arteries, aortic arch and carotid arteries, assessed by multislice 

computed tomography (MSCT), in an elderly population. 

Methods and Results 
This study was part of the population-based Rotterdam Study. From October 2003 until 

July 2004, subjects underwent a 16-slice MSCT scan. Calcification was quantified by 

calculating the Agatston, volume, and mass score. Analyses were performed in 600 subjects 

(mean age 74 years). The prevalence of calcification in the coronary and carotid arteries 

was higher in men compared to women. However, aortic arch calcification was more 

prevalent among women. In men, multivariate adjusted correlation coefficients based 

on the Agatston score ranged from 0.40 (between coronary and aortic arch calcification) 

to 0.54 (between aortic arch and carotid calcification) (p<O.OOl). Multivariate adjusted 

correlation coefficients for women ranged from 0.30 (between coronary and aortic arch 

calcification) to 0.40 (between coronary and carotid calcification) (p<O.OOl). 

Conclusions 
While the prevalence of calcification in the coronary and the carotid arteries was higher 

in men compared to women, aortic arch calcification was more prevalent among women. 

Moderate to strong correlations between calcification in different vessel beds were 

found. 
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Introduction 

Atherosclerosis is a generalized process and is the major cause of cardiovascular disease 

(CVD). Atherosclerotic lesions have typical histological and histochemical compositions at 

different stages of their natural history'. The more advanced lesions also contain calcium 

deposits. Since calcification in the coronary arteries is directly related to the severity 

and extent of underlying plaque burden, the amount of calcification can be used as a 

measure of atherosclerosis 2
'

3
• Most studies have focused on the presence of calcification 

in the coronary arteries. However, the use of multislice computed tomography (MSCT) 

enables non-invasive quantification of arterial calcification also in other vessels and allows 

examination ofintervessel correlations. This may give insight in whether the assessment of 

calcification in one vessel bed predicts calcification in other vessels and allows examination 

of the concept of generalized atherosclerosis. 

Data on the prevalence of calcification in different vessel beds and on correlations 

between calcification in these vessel beds are scarce. One study examined patterns of 

systemic calcified atherosclerosis 4• With electron beam computed tomography (EBCT), 

this study evaluated in 650 subjects (mean age 57.6 years, 53% men) the extent of 

calcified atherosclerosis in the coronary arteries, the right and left carotid artery, the 

proximal aorta, the distal aorta and the iliac vessels. However, their study population 

was younger than ours and to our knowledge no similar study has been performed in an 

elderly population. 

Therefore, in a large population-based study among older subjects, we examined the 

prevalence of calcification in the coronary arteries, aortic arch and the carotid arteries and 

the associations between calcification in these vessel beds. 

Methods 

Study population 
The study is embedded in the Rotterdam Study, a population-based study, which started 

with a baseline visit in 1990-1993. All inhabitants of a suburb of Rotterdam, aged 55 years 

and over, were invited and 7,983 agreed to participate. The design and rationale of 

the Rotterdam Study have been described elsewhere 5• Study center visits took place 

approximately every three years. 

From September 2003 onwards all participants who completed the fourth visit to the 

study center were invited to participate in the present study and to undergo a MSCT scan 
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32 of the heart, the aortic arch and the carotid arteries. Present analyses were restricted to the 

600 participants who were scanned until July 2004. In 6 subjects the cardiac scan was not 

performed because they had a pacemaker. Additionally, 12 subjects had a history of previous 

stenting in the coronary arteries. Therefore, data on coronary calcification were available 

for 582 subjects. Due to severe artefacts in the image acquisition, the aortic arch of one 

subject could not be evaluated, hence data on calcification in the aortic arch were available 

for 599 subjects. In all subjects data on the calcification in the carotid arteries were available. 

The mean duration between the study center visit and the MSCT scan was 68 days. 

The study was approved by the Medical Ethics Committee and the Radiation Protection 

Unit of the Erasmus Medical Center, Rotterdam, the Netherlands. All participants gave 

written informed consent. 

Scan Protocol 
Imaging was performed with a 16-slice MSCT scanner (Somatom Sensation 16, Siemens, 

Forcheim, Germany). Two scans were performed: a cardiac scan and a scan which included 

the aortic arch and the carotid arteries. No contrast medium was used. The cardiac scan 

reached from the apex of the heart to the tracheal bifurcation. Before performing the 

cardiac scan, the participants exercised breath holding. Within a single breath hold 

consecutive non-overlapping 3-mm thick slices were acquired and reconstructed with 

12 x 1.5 mm collimation, 120 kVp, effective 30 mAs, and prospective ECG triggering 

at 50% of the cardiac cycle. If during the exercise of the breath holding the heart rate 

was irregular or above 1 OS beats per minute, the cardiac scan was performed with 

12 x 0.75 mm collimation, 150 effective mAs and retrospective ECG gating. For this scan, 

images were reconstructed at an optimal position within the cardiac cycle (with the least 

motion artefacts) with 3 mm effective slice width and 1.5-mm reconstruction interval. For 

both cardiac scans reconstructions were performed with 180 mm field-of-view (FOV) and 

medium sharp convolution kernel ("B35f"). The second scan reached from the aortic arch 

to the intracranial circulat"1on (1 em above the sella turcica). Scan parameters were: 16 x 

0.75 mm collimation, 120 kVp, 100 effective mAs, 0.5 s rotation time and normalized pitch 

of 1. Images were reconstructed with effective slice width 1 mm, reconstruction interval 

0.5 mm, 120 mm FOV and medium sharp convolution kernel ("B35f"). 

Analysis of calcification 
Trained scan readers, who were blinded to the clinical data of the participants, performed 

the scoring of the calcifications. Three vessel beds were analyzed: the coronary arteries, the 

aortic arch and the carotid arteries. The examination of coronary arteries comprised the left 

main, left anterior descending, leftcircumfiexand the right coronary artery. The examination 

of aortic arch comprised the origin of the aortic arch (defined as the image in which the 
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ascending and descending aorta merge into the inner curvature of the aortic arch) to the 

first 1 em of the common carotid arteries, the vertebral arteries and the subclavian arteries 

beyond the origin of the vertebral arteries. The examination of carotid arteries comprised 

both right and left carotid artery within 3 em proximal and distal of the bifurcation. 

Atherosclerotic calcifications were identified based on a threshold of 130 Hounsfield 

Units (HU) for all the applied scoring methods and the calcifications were scored using 

dedicated software (syngo Calcium Scoring, Siemens, Forcheim, Germany). Calcification 

was quantified by calculating the Agatston, volume, and mass scores. For each calcified 

lesion, the Agatston score was calculated as the product of the area of a calcified lesion 

(the number ofvoxels with an attenuation value;;, 130 HU times the volume of one voxel) 

and a factor assigned according to the maximum attenuation value ofthe lesion 6• For image 

data with an overlapping reconstruction increment, Agatston scores were normalized 

with the ratio of increment and slice width. The volume score (mm3) for each lesion was 

calculated as the product of the area of a calcified lesion, the increment and an isotropic 

interpolation factor. The interpolation factor takes information from the adfacent slices 

into account and modifies the contribution of a single image voxel to the volume of an 

individual lesion '·The (calcium) mass score (mg CaHA) was calculated as the product of 

the area of a calcified lesion, the increment, the mean attenuation value of the lesion and 

a calibration factor 8• 

The total score per vessel bed was calculated by adding up the scores of all lesions. This 

was performed separately for the 3 quantification methods. 

Cardiovascular risk factors 
Information on smoking, blood pressure and lipid lowering medication use was obtained 

during the home interview of the Rotterdam Study. Subjects were categorized as current, 

past and never smokers. Clinical measures were obtained during a visit at the study 

center. Height and weight were measured and the body mass index was calculated 

(weight[kg]/height [m]'). Blood pressure was measured at the right brachial artery using 

a random-zero sphygmomanometer with the participant in sitting position. The mean of 

two consecutive measurements was used in the analyses. Serum total cholesterol and 

high-density lipoprotein (HDL) cholesterol were obtained using an automatic enzymatic 

procedure (Hitachi 911, Roche CHOD PAP). Diabetes was defined as the use of antidiabetic 

medication or a fasting glucose level of<: 7 mmol!l'.lnformation on cardiovascular disease 

(myocardial infarction (MI), percutaneous transluminal coronary angioplasty (PTCA), 

coronary artery bypass graft surgery (CABG) and stroke) was collected at baseline in 1990-

1993 and during follow-up as described previously 10• 
11

• The missing values of covariates 

were handled by single imputation using an expectation-maximization algorithm 12. 
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34 Statistical analysis 
The prevalence of calcification within each age category (60-69, 70-79, :?:80) was calculated 

for all vessel beds. The distribution of calcium scores was examined for subjects in the 

age category 60 to 69 years, for men and women separately. Median calcium scores for 

each quantification method were computed per age category. Age-adjusted correlation 

coefficients were computed using Spearman's correlation coefficients. Additionally, 

we adjusted for cardiovascular risk factors. All analyses were performed for the three 

quantification methods. Data was analyzed using SPSS for Windows, release 11.0. 

Results 

Table 1 describes the characteristics of the 600 study participants. The mean age(± sd) of 

the study population was 74 years (4.8) and 52% were male. 

Table 1 Characteristics of the study population 

Variable Men (n=314) Women (n=286) 

Age (years) 73.8 ± 5.3 73.9 ± 5.5 

Body mass index (kg/m'l 27.0 ± 3.4 27.6 ± 4.7 

Systolic blood pressure (mm Hg) 151 ±21 154 ± 22 

Diastolic b lood pressure (mm Hg) 80± 11 79± 11 

Tot al cholesterol (mmol/1) 5.3 ± 0.9 5.9 ± 0.9 

HDL-cholesterol (mmol/1) 1.3 ± 0.3 1.5 ± 0.4 

Serum glucose (mmol/1) 5.9 ± 1.3 5.7 ± 1.2 

Diabetes mellitus(%) 14 12 

Smokers(%) 

Current 11 9 

Past 75 42 

Never 14 49 

Use of blood pressure lowering medication (%) 47 48 

Use of lipid lowering medication(%) 26 24 

History of myocardial infarction (%) 14 5 

History of stroke(%) 5 4 

Coronary Artery Bypass Graft (%) 7 

Percutaneous Transluminal Coronary Angioplasty (%) 

Categorical variables are expressed as percentage. Values of continuous variables are expressed as mean ±standard 

deviation. 
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The prevalence of calcification increases with agethroughoutthevascularbed.ln the eldest 

group, all men had calcifications in the coronary arteries and all women had calcifications 

in the aortic arch. At all ages, the prevalence of calcification in the coronary and the carotid 

arteries was higher in men (overall prevalence 89% and 83%, respectively) compared 

to women (overall prevalence 80% and 77%, respectively), although this difference 

decreased with age. In contrast, the prevalence of calcification in the aortic arch was 
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Figure 1 The distribution of calcium scores in all vessel beds, in subjects aged 60-69 
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36 somewhat higher in women (96%) compared to men (94%). Only 12 (2%) subjects 

were found to have no calcification in any vessel bed. Figure 1 displays the distribution 

of calcium scores in all vessel beds, in subjects aged 60-69. Although the prevalence of 

calcification in the aortic arch was higher among women, the calcium score in subjects 

with calcium was higher in men. For example, 12% of men but only 6% women had an 

aortic arch calcium score> 2000. 
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Figure 2 Median calcium scores according to quantification method 
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Figure 2 shows the median calcium scores per quantification method and vessel bed. Men 

had a higher median ca lcium score than women, regardless of age. The prevalence of 

calcification in the aortic arch was hig her in women than in men. 

Table 2 shows age-adjusted correlation coefficients for the intervessel comparisons for 

men and women, using the Agatston score. In men, the strongest correlation was fou nd 

between calcification in the aortic arch and the carotid arteries (r=0.60). In women t he 

relations were somewhat weaker, the strongest correlation was found between calcification 

in the coronary arteries and the carotid arteries (r=0.47). Additiona l adjustment for 

cardiovascular risk factors slightly attenuated the strength of the associations. We found 

similar trends for the volume and the mass score. By using the volume score, we found age

adj usted correlations between coronary arteries and the aortic arch, coronary arteries and 

carotid arteries and between aortic arch and carotid arteries in men of 0.50, 0.56 and 0.60, 

respectively; and in women of 0.34, 0.47 and 0.42, respectively. Corresponding correlation 

coefficients for the mass score were 0.50, 0.56 and 0.59 in men and 0.33, 0.47 and 0.41 in 

women. 

Table 2/ntervesse/ correlation coefficients 

Coronary Aortic arch Carotid 

Model 1* Model 2t Model 1* Model 2t Model 1* Model 2t 

Men 

Coronary 0.50 

Aortic arch 0.50 0.40 

Carotid 0.55 0.46 0.60 

Women 

Coronary 0.34 

Aortic arch 0.34 0.30 

Carotid 0.47 0.40 0.42 

p < 0.001 for all correlations. 
All correlation coefficients are based on Agatston scores. 
* Adjusted for age. 

0.40 0.55 0.46 

0.60 0.54 

0.54 

0.30 0.47 0.40 

0.42 0.39 

0.39 

t Additionally adjusted for body mass index, systolic blood pressure, diastolic blood pressure, 
smoking, diabetes mellitus, total cholesterol, HDL-cholesterol, blood pressure lowering medication, 
lipid lowering medication and history of cardiovascular disease. 
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38 Discussion 

The prevalence of calcification increases with age throughout the vascular bed. In 

the eldest group, all men had calcification in the coronary arteries and all women had 

calcification in the aortic arch. At all ages, the prevalence of calcification in the coronary 

and the carotid arteries was higher in men compared to women, although this difference 

decreased with age. In contrast, the prevalence of calcification in the aortic arch was h·1gher 

in women than in men. Overall, moderate correlations were found in the intervessel bed 

comparisons, regardless of the quantification method. 

One study 4 previously reported prevalences of vessel calcification among 650 subjects, 

who were self-referred or referred by their primary care provider. In this study, calcifications 

in the coronary arteries, the right and the left carotid artery, and in the proximal and the 

distal aorta were measured using EBCT.In the youngest age group (<50years), calcification 

was most prevalent in the coronary arteries in both genders, while the lowest prevalences 

were found in the carotid arteries. In men aged 70 and over, the prevalence of calcification 

was most common in the proximal aorta and the coronary arteries (both 98%) and lowest 

in the carotid arteries (67-SOo/o).ln women aged 70 and over, the prevalence of calcification 

was highest in the proximal aorta (96%) and lowest in the carotid arteries (60·64%). The 

prevalence patterns in men and women are comparable to those of our study, although 

overall we had a higher prevalence of calcification. A study among postmenopausal 

women 13 showed a higher prevalence of aortic calcification compared to coronary 

calcification. We found equivalent prevalences in men and women for calcification in the 

aortic arch. However, in men the prevalence of calcification in the coronary arteries was 

higher compared to women. Although this pattern is confirmed by the results of Allison et 

a!, explanations for these gender differences still need to be explored. 

Several studies have examined associations between atherosclerosis in 2 vessel beds 13
'
20

• 

Two studies examined correlations in more vessel beds 4
' 

21
• In one study 21 based on 

1,567 autopsy reports, atherosclerosis in the coronary arteries, the proximal aorta and 

the carotid arteries was examined. In men, the highest correlation was found between 

atherosclerosis in the aorta and in the carotid arteries (r=O.SO) and in women the highest 

correlation was found between atherosclerosis in the aorta and in the coronary arteries 

(r=0.43). Allison et al found the highest correlations between the carotid arteries and the 

proximal aorta (men, r=0.38 (left carotid artery and the aorta) and r=0.42 (right carotid 

artery and the aorta), women, r=0.37 (right carotid artery and the aorta) and r=0.38 (left 

carotid artery and aorta).ln men, we found stronger intervessel correlations compared to 

the results of the study by Allison et al, but also in our study, the strongest correlation was 

found between calcification in the aortic arch and the carotid arteries. Our results among 
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women differ from the two previous studies. However, we limited our measurementto the 

aortic arch, in contrast to the autopsy study by Stern by et al ",in which the thoracic and 

abdominal aorta were assessed, and the study by Allison et al' in which calcification was 

scored from the aortic root until the diaphragm. 

A limitation of our study is that we measured calcification, not plaque per se. Although 

calcification is not a direct measure of plaque, coronary calcification determined by 

EBCT has been correlated with the total area of coronary plaque '· Also, the presence 

of aortic calcification has been shown to indicate aortic atherosclerosis 22
• To the best of 

our knowledge, there is no data on the relation between carotid artery calcification and 

carotid plaque burden. As long as we do not have reasons to assume that the process of 

calcification differs across vessel beds, we believe that carotid artery calcification reflects 

carotid atherosclerosis. 

In conclusion, the prevalence of calcification was generally high and increased with 

increasing age. In the highest age group, all men had calcification in the coronary arteries 

and all women had calcification in the aortic arch. We found moderate to strong correlations 

between calcification in different vessel beds. This implies that assessment of the amount of 

calcification in one vessel bed is only a proxy and not an accurate measure of calcification in 

other vessels. However, our findings do supportthe concept of generalized atherosclerosis. 
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44 Abstract 

Background 
This study was performed to examine the association of cardiovascular risk factors with 

calcification in the coronary arteries, aortic arch and carotid arteries, assessed by multislice 

computed tomography (MSCT). 

Methods and results 
This study was part of the Rotterdam Study, a population-based study in subjects aged 

55 years and over. From October 2003 until December 2004, subjects were invited to 

undergo a MSCT scan. Coronary, aortic arch, and carotid calcification was quantified 

according to the Agatston score. Analyses were performed in the first 1003 subjects. Age 

and current smoking were the strongest independent risk factors for arterial calcification. 

Hypertension, hypercholesterolemia, and diabetes were also independently related to 

calcification, although not consistent across all vessel beds and for men and women. 

Obesity tended to be inversely related to arterial calcification in women, while low 

HDL-cholesterol showed no relation with arterial calcification. 

Conclusion 
Although associations were not completely consistent across the different vessel beds and 

for men and women, our results indicate that generally the same risk factors are present 

for atherosclerosis in the coronary, aortic arch, and carotid circulation. 
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Introduction 

Atherosclerotic lesions have typical histological and histochemical compositions at 

different stages of their natural history'· More advanced atherosclerotic lesions contain 

calcification, although calcification may also be present in small amounts in the earlier 

stages of atherosclerosis'. Calcified lesions in the coronary arteries are correlated with the 

total area of coronary plaque, suggesting that calcification can be used as a measure of 

atherosclerosis 3
• 

Several studies examined the association between cardiovascular risk factors and the 

presence of arterial calcification 4"
12

• Until now, only one study examined associations 

between cardiovascular risk factors and calcification in several vessel beds, including the 

coronary arteries, the proximal aorta, and the carotid arteries"· This study was performed 

among relatively young subjects. 

We investigated the association of cardiovascular risk factors with calcification in the 

coronary arteries, aortic arch, and the carotid arteries in a population-based study among 

elderly subjects. 

Methods 

Study population 
The study is embedded in the Rotterdam Study, a population-based study, which started 

in 1990-1993. All inhabitants aged 55 years and older and living in a suburb of Rotterdam 

were invited and 7,983 agreed to participate (78% response). In 2000-2001, the cohort 

was extended with 3,011 subjects (67% response) with the same inclusion criteria. The 

design and rationale of the Rotterdam Study have been described elsewhere "·Study 

center visits took place approximately every three years, during which cardiovascular risk 

factors were measured. 

From September 2003 onwards, all participants who completed the center visit (the fourth 

forthe original cohort and the second for the extended cohort) were invited to participate 

in the present study and to undergo a multislice computed tomography (MSCT) scan of 

the heart, the aortic arch and the carotid arteries. We restricted the present analyses to the 

first 1,003 participants who were scanned until December 2004. 

Chapter 4.1 Risk factors for arterial calcification 
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46 This study was approved by the Medical Ethics Committee and the Radiation Protection 

Unit of the Erasmus Medical Center, Rotterdam, the Netherlands. All participants gave 

written informed consent. 

Scan Protocol 
In the first 708 subjects imaging was performed with a 16-slice MSCT scanner (SOMATOM 

Sensation 16, Siemens, Forcheim, Germany). Two scans were performed: a cardiac scan and 

a scan which included the aortic arch and the carotid arteries. The cardiac scan reached 

from the apex of the heart to the tracheal bifurcation. Before performing the cardiac 

scan, the participants exercised breath holding. Within a single breath hold consecutive 

non-overlapping 3-mm thick slices were acquired with 12 x 1.5 mm collimation, 120 kVp, 

effective 30 mAs, and prospective ECG triggering at 50% of the cardiac cycle. If during 

the exercise of the breath holding the heart rate was irregular or above 1 OS beats per 

minute, the cardiac scan was performed with 12 x 0.75 mm collimation, 150 effective 

mAs and retrospective ECG gating. For this scan, images were reconstructed at an optimal 

position within the cardiac cycle (defined at the position with the least motion artefacts) 

with 3 mm effective slice width and 1.5-mm reconstruction interval. For both cardiac 

scans reconstructions were performed with 180 mm field-of-view (FOV) and medium 

sharp convolution kernel ("B35f"). The second scan reached from the aortic arch to the 

intracranial circulation (1 em above the sella turcica). Scan parameters were: 16 x 0.75 

mm collimation, 120kVp, 100 effective mAs, 0.5 s rotation time and normalized pitch of 

1. Images were reconstructed with effective slice width 1 mm, reconstruction interval 0.5 

mm, 120 mm FOV and medium sharp convolution kernel ("B35f"). In another 295 subjects 

image acquisition was performed with a 64-slice MSCT scanner (SOMATOM Sensation 

64, Siemens, Forcheim, Germany). Scan parameters were similar for both MSCT scanners, 

except for collimation and effective mAs. For the 64-slice MSCT scanner the collimation 

was 32 x 0.6 mm and the mAs value was real time adapted to body weight (CARE DOSE, 

Siemens, Forcheim, Germany) with a reference value of 50, 190, and 100 mAs for the 

prospectively triggered cardiac scan, retrospectively gated cardiac scan, and the aorta

carotid scan, respectively. 

Analysis of calcification 
Two reviewers, with a medical background, were trained by an experienced radiologist 

and scored arterial calcification using a standardized protocol. They were blinded to the 

clinical data of the participants. Three vessel beds were analyzed: the coronary arteries, 

the aortic arch and the carotid arteries. The examination of coronary arteries comprised 

the left main, left anterior descending, left circumfiex, and the right coronary artery. The 

examination of aortic arch comprised the origin of the aortic arch (defined as the image 

in which the ascending and descending aorta merge into the inner curvature of the aortic 
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arch) to the first 1 em of the common carotid arteries, the vertebral arteries, and the 

subclavian arteries beyond the origin of the vertebral arteries. The examination of carotid 

arteries comprised both right and left carotid artery within 3 em proximal and distal ofthe 

bifurcation. 

Atherosclerotic calcification was identified based on a threshold of 130 Hounsfield Units 

(HU), using dedicated software (syngo Calcium Scoring, Siemens, Forcheim, Germany). 

Calcification was quantified by calculating the Agatston score. For each calcified lesion, 

the Agatston score was calculated as the product of the area of a calcified lesion (the 

number ofvoxels with an attenuation value<: 130 HU times the volume of one voxel) and 

a factor assigned according to the maximum attenuation value of the lesion 14• For image 

data with an overlapping reconstruction increment, Agatston scores were normalized 

with the ratio of increment and slice width. The total score per vessel bed was calculated 

by adding up the scores of all lesions. 

Cardiovascular risk factors 
Information on smoking, blood pressure and lipid lowering medication use was obtained 

during a home interview of the Rotterdam Study. Subjects were categorized as current, 

past and never smokers. Clinical measurements were conducted during a visit at the study 

center. Height and weight were measured and the body mass index (BMI) was calculated 

(weight[kg]/height [m]'). We defined obesity as a BMI <: 30 kg/m2• Blood pressure was 

measured at the right brachial artery using a random-zero sphygmomanometer with 

the participant in sitting position. We defined hypertension as a systolic blood pressure 

<: 160 mmHg and/or a diastolic blood pressure <: 100 mmHg " and/or the use of blood 

pressure lowering medication. Serum total cholesterol and high-density lipoprotein 

(HDL) cholesterol were measured using an automatic enzymatic procedure (Hitachi 911, 

Roche CHOD PAP). We defined hypercholesterolemia as a serum total cholesterol <: 6.2 

mmol/1 "and/or the use of lipid reducing medication, low HDL-cholesterol was defined 

as a HDL-cholesterol < 1.0 mmol/1 "· Diabetes was defined as the use of anti-diabetic 

medication and/or a fasting glucose level <: 7 mmol/1 "· Information on cardiovascular 

disease (myocardial infarction (MI), percutaneous transluminal coronary angioplasty 

(PTCA), coronary artery bypass graft surgery (CABG) and stroke was collected at baseline 

in 1990-1993 (original cohort) or at baseline in 2000-2001 (extended cohort) and during 

follow-up as described previously 18
• 

19
• The missing values of covariates were handled by 

single imputation using an expectation-maximization algorithm 20• 
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48 Population for analysis 
In 10 subjects the cardiac scan was not performed because of the presence of a pacemaker. 

Additionally, 21 subjects had a history of previous stenting in the coronary arteries. 

Therefore, data on coronary calcification were available for 972 subjects. Due to severe 

artefacts in the image acquisition, the aortic arch of one subject could not be evaluated, 

hence data on calcification in the aortic arch were available for 1002 subjects. Data on 

calcification in the carotid arteries was available for all subjects. The median duration 

between the study center visit and the MSCT scan was 75 days. 

Statistical analysis 
We used logistic regression to determine the association between cardiovascular risk 

factors and arterial calcification. The highest quartile of calcification was compared to the 

lower 3 quartiles, for each vessel bed separately. Since calcium scores were substantially 

higher in men than in women, all analyses were stratified by gender. First, the regression 

analysis was only adjusted for age and scanner type (model 1). In model 2, additional 

adjustments were made for smoking status (never, current, past), obesity, hypertension, 

hypercholesterolemia, low HDL-cholesterol, diabetes mellitus, history of myocardial 

infarction, stroke, CABG and PTCA. 

After exclusion of subjects with a history of cardiovascular disease, analysis of covariance 

was used to compute age-adjusted geometric mean calcium scores for the number of 

risk factors present (0, 1, 2, > 2). The risk factors included (1) obesity, (2) hypertension, (3) 

hypercholesterolemia, (4) low HDL-cholesterol, (5) current smoking and (6) diabetes. All 

analyses were adjusted for the type of MSCT scanner (16 versus 64). SPSS 11.0 for Windows 

(SPSS, Inc, Chicago, Illinois) was used for data analysis. 

Results 

Table 1 shows the characteristics of the study population. MSCT scans were obtained in 

1003 subjects. The study population consisted for 48% of men. The mean age(± sd) of the 

study participants was 72 years(± 6.4). 

Tables 2, 3 and 4 show the age-adjusted and the multivariate adjusted odds ratios for 

associations between cardiovascular risk factors and calcium scores (upper quartile versus 

lower 3 quartiles) in the different vessel beds. 

Age and current smoking were the strongest independent risk factors. Both variables 

were independently associated with calcification in all vessel beds except for the coronary 
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Table 1 Characteristics of the study population 

Variable Men (n=485) Women (n=518) 

Age (years) 

Body mass index (kg/m2) 

Systolic blood pressure (mm Hg) 

Diastolic b lood pressure (mm Hg) 

Total cholesterol (mmol/1) 

HDL-cholesterol (mmol/1) 

Fasting g lucose (mmol/1) 

Diabetes mellitus (%) 

Smokers(%) 

Current 

Past 

Never 

Use of blood pressure lowering medication (%) 

Use of lipid lowering medication (%) 

History of myocardial infarction(%) 

History of stroke(%) 

Coronary Artery Bypass Graft {%) 

Percutaneous Transluminal Coronary Angioplasty (%) 

Coronary artery Agatston score' 

Aortic arch Agatston score 1 

Carotid artery Agatston score' 

72.0 ± 6.2 

27.2 ± 3.4 

148.8 ± 20.4 

81.3 ± 11.1 

5.3 ± 0.9 

1.3±0.3 

5.8 ± 1.3 

12 

13 

73 

14 

45 

26 

12 

5 

6 

3 

207.3 (32.6-728.8) 

513.6 (83.4-1607.7) 

64.1 (2-234.8) 

71.2 ± 6.6 

27.8 ± 4.5 

1S0.4±21.5 

79.7 ± 11.4 

5.9 ± 0.9 

1.5 ± 0.4 

5.7 ± 1.3 

10 

15 

43 

42 

48 

23 

5 

4 

33.7 (0.2-189.2 ) 

370.9 (78.7-1245.4) 

25.7 (0-128.6) 

Categorical variables are expressed as percentage. Values of continuous variables are expressed as mean 

±standard deviation. ' Value is expressed as median (interquartile range) because of its skewed distribution. 

arteries in men. Past smoking was only associated with arterial calcification in women in 

the aortic arch, and in men in the carotid arteries. Hypertension, hypercholesterolemia, 

diabetes were significant or near significant risk factors for arterial calcification 

except for hypertension in women in the aortic arch and men in t he carotid arteries, 

hypercholesterolemia for women in the aortic arch, and diabetes for men in the aortic 

arch and carotid arteries. 
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so Table 2 Relation between putative risk factors and presence of severe calcification in the coronary arteries (upper 
quartiles versus lower three) 

Model 1 Model 2 

(Exposed (%)) OR (95% Cl) OR (95% Cl) 

Men 

Women 

Variable 

Age (year) 

BMI~ 30 kg/m' 

Hypertension 

Hypercholesterolemia 

HDL<1.0 mmol/1 

Current smoking 

Past smoking 

Diabetes 

Variable 

Age (year) 

BMI~ 30 kg/m2 

Hypertension 

Hypercholesterolemia 

HDL<1.0 mmol/1 

Current smoking 

Past smoking 

Diabetes 

Modell: adjusted for age and scanner type. 

1.1 (1.0-1.1)b 

92 (20) 1.4 (0.8-2.3) 

263 (57) 2.1 (1.3-3.4)b 

191 (41) 2.6 (1.7-4.1)' 

67 (14) 0.8 (0.4-1.5) 

59 (13) 1.1 (0.4-2.5) 

337 (72) 1.3 (0.7-2.5) 

57 (12) 2.5 (1.4-4.4)b 

1.1 (1.1-1 .1)' 

131 (26) 1.1 (0.7-1.7) 

268 (53) 2.6 (1.6-4.1)' 

276 (54) 1.7 (1.1-2.6)' 

34 (7) 1.3 (0.6-2.8) 

76 (1 5) 2.0 (1.1 -3.6)> 

212(42) 1.2 (0.8-1.9) 

52 (10) 2.0 (1.1-3.7)b 

Mode/2: additionally adjusted for smoking status (never, current, past), obesity, hypertension, 

1.0 (1.0-1.1) 

1.0 (0.5-1.8) 

1.6 (1.0-2.7) 

1.9 (1.2-3.1 )b 

0.7 (0.4-1.4) 

1.2 (0.5-3.1) 

1.1 (0.6-2.3) 

1.9 (1.0-3.6)' 

1.1 (1.0-1.1)' 

0.8 (0.4- 1.3) 

2.3 ( 1.4-3.7)' 

1.5 (1.0-2.3) 

0.8 (0.3-2.0) 

1.8 (1.0-3.6) 

1.3 (0.8-2.0) 

2.0 (1.0-4.0) . 

hypercholesterolemia, low HDL-cholestero/, diabetes mellitus, history of myocardial infarction, stroke, CABG 
andPTCA. 
OR= odds ratio, C/ =confidence interval, BMI= body mass index 

In men, obesity was not related to calcification in the coronary arteries and carotid 

arteries, but a significant independent association was found with aortic arch calcification. 

In women, obesity tended to be inversely related to arterial calcification, which was 

significant for carotid calcification. Low HDL-cholesterol was not associated with arterial 

calcification in any of the vessel beds. 
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Table 3 Relation between putative risk factors and presence of severe calcification in the aortic arch (upper quartiles 51 
versus lowerthree) 

Model 1 Model 2 

{Exposed {%)) OR {95% Cl) OR {95% Cl) 

Men 

Variable 

Age 1.1(1.1-1 .2)' 1.2 {1.1-1.2)' 

BMI2: 30 kg/m2 97 {20) 2.6 (1.5-4.5)' 2.5 (1.4-4.6)' 

Hypertension 273 (56) 2.5 (1.5-4.1 )' 2.1 (1.2-3.5)• 

Hypercholesterolemia 208 {43) 2.4 {1.5-3.8)' 1.6 (1.0-2.7) 

HDL<1.0 {mmol/1) 70{14) 0.8 (0.4-1.5) 0.6 (0.3-1.1) 

Current smoking 59 {12) 3.2 (1.3-7.9)' 4.7 (1.8-12.6)' 

Past smoking 354 (73) 1.6 (0.8-3.3) 1.4 (0.6-3.1) 

Diabetes 58 (12) 1.2 (0.6-2.3) 0.8 (0.4-1.6) 

Women 

Variable 

Age 1.1 (1.1-1.2)' 1.1 ( 1.1-1.2)' 

BMI2: 30 kg/m2 134(26) 0.8 (0.5-1.2) 0.6 (0.4-1.1) 

Hypertension 277 (53) 1.4 (0.9-2.3) 1.4 (0.8-2.2) 

Hypercholesterolemia 286 (55) 1 .2 (0.8-1.8) 1.0 (0.6-1.5) 

HDL<1.0 (mmol/ 1) 34 (7) 1.3 (0.6-2.9) 0.9 (0.4-2.4) 

Current smoking 81 (16) 3.8 (2.0-7.1 )' 3.5 {1.8-6.8)' 

Past smoking 224 (43) 1.6 (1.0-2.7) 1.7 {1.0-2.8)' 

Diabetes 53 (10) 1.8 (1.0-3.4) 2.2 (1.3-4.9)' 

Mode/1: adjusted for age and scanner type. 
Modell: additionally adjusted for smoking status (never, current, past), obesity, hypertension, 
hypercholesterolemia, low HDL-cholesterol, diabetes mellitus, history of myocardial infarction, stroke, CABG 
andPTCA. 
OR= odds ratio, C/ =confidence interval, BMI= body mass index 

Figure 1 shows the geometric mean calcium score according to the number of risk 

factors in asymptomatic subjects. In both men and women, the number of risk factors 

was strongly associated with the calcium score for all vessel beds. Compared to subjects 

without risk factors, calcium scores in all three vessel beds were significantly elevated in 

subjects with 2 or more than 2 risk factors, except for calcium scores in the aortic arch in 
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52 Table 4 Relation between putative risk factors and presence of severe calcification in the carotid arteries (upper 
quartiles versus lower three) 

Model 1 Model 2 

(Exposed (%)) OR (95% Cl) OR (95% Cl) 

Men 

Variable 

Age 1.1 (1 .1-1 .1)' 1.1 (1. 1 -1.2)' 

BMI~ 30 kgfm2 97 (20) 1 .5 (0.9-2.6) 1.3 (0.8-2.4) 

Hypertension 274 (56) 1 .3 (0.8-2.0) 1 .0 (0.6-1 .7) 

Hypercholesterolemia 209 (43) 1 .9 (1 .2-3.0)b 1.4 (0.9-2.3) 

HDL<1 .0 (mmol/1) 70(14) 0.9 (0.5-1.6) 0.8 (0.4-1.5) 

Current smoking 59(12) 3.6 (1.3-8.9)b 4.1 (1.5-1 O.B)b 

Past smoking 355 (73) 2.6 (1.2-5.8)' 2.4 (1.1-5.4)' 

Diabetes 58 (12) 1 .5 (0.8-2.8) 1.2 (0.6-2.4) 

Women 

Variable 

Age 1.1 (1.1-1.1)' 1.1 (1.1 -1.1)' 

BMI~ 30 kg/m2 134 (26) 0.7 (0.4-1.1) 0.5 (0.3-Q.9)b 

Hypertension 277 (53) 2.2 (1.4-3.5)' 2.0 (1 .2-3.3)' 

Hypercholesterolemia 286 (55) 2.8 ( 1.8-4.4)' 2.5 ( 1 .6-4.1 )' 

HDL< l .0 (mmol/1) 34 (7) 1.8 (0.8-3.8) 1.4 (0.6-3.4) 

Current smoking 81 (16) 2.6 ( 1 .4-4.7)' 2.1 (1.1-4.1)' 

Past smoking 224 (43) 1.1 (0.7-1.8) 1.1 (0.7-1 .9) 

Diabetes 53 (1 0) 1.8 (1 .0-3.4) 2.1 (1.0-4.1)' 

Modell: adjusted for age and scanner type. 
Model2: additionally adjusted for smoking status (never, current, past), obesity, hypertension, 
hypercholesterolemia, low HDL-cholesterol, diabetes mellitus, history of myocardial infarction, stroke, CABG 
andPTCA. 
OR= odds ratio, C/ =confidence interval, BMI= body mass index 

men with more than 2 risk factors. In women w ith 1 risk factor, calcium scores in the aortic 

arch and in the carotid arteries were significantly elevated compared to women w ithout 

risk factors. 
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Figure 1 Geometric mean calcium score according to the number of risk factors. * p < 0.05 with no risk factors as the 

reference category. 
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54 Discussion 

In this study, we examined the relation between cardiovascular risk factors and 

coronary, aortic arch and carotid calcification. Our results showed that current smoking, 

hypertension, hypercholesterolemia, and diabetes were independently related to arterial 

calcification, although associations were not consistent across all vessel beds and for men 

and women. A tendency was present for an inverse association with obesity in women, 

while no association with low HDL-cholesterol and arterial calcification was present. 

Associations between cardiovascular risk factors and arterial calcification have 

been studied before 4
"
12

• The study population was relatively young in most studies, 

except for 2 of the studies 5
• 

7
• Most of these studies investigated the association 

between cardiovascular risk factors and the presence of calcification in one vessel bed 

only 4•
5

•
7

-
9

• 
11 .1n postmenopausal women 12 and in asymptomatic patients who were self or 

physician-referred 6
, the association of cardiovascular risk factors with coronary and aortic 

calcification was examined. In one study 10 among subjects who were self or physician

referred, cardiovascular risk factors were related to coronary, aortic, carotid and iliac 

calcification. The study population of this study consisted of 650 subjects with an average 

age of 57.6 years. To our knowledge, our study is the first that examined the association 

of cardiovascular risk factors with coronary, aortic arch and carotid calcification in a non

selected population of elderly subjects. 

In the present study, we found that age and current smoking were the strongest risk 

factors for arterial calcification in all vessel beds, except for coronary calcification in men. 

Possibly men who smoke are prone to die from coronary heart disease at an earlier age 

due to selective mortality. Other studies show independent associations of smoking with 

coronary, aortic arch and carotid calcification in generally younger populations 4' 5• 7-9, 11 • 

Hypertension, hypercholesterolemia and diabetes were independent risk factors, 

although associations were not consistent across all vessel beds and for men and women. 

Other studies found independent associations between blood pressure variables and 

coronary calcification 4
• 

8
• 

10
• 

11
, aortic arch calcification 11 and carotid calcification 10. A 

study by Hoff et al 4 among 30,908 asymptomatic individuals showed an independent 

association of hypercholesterolemia with coronary calcification in both men and women. 

A study among family members of cardiac patients 9 found an independent association 

between statin use and coronary calcification in both genders and an independent 

association between total cholesterol and coronary calcification in women. Iribarren et 

al 11 found an independent association between serum cholesterol above 6.6 mmol/1 and 

aortic arch calcification only in women. A study by Allison et al 10 examining risk factors 
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for coronary, proximal aorta and carotid calcification, found age-adjusted associations 

in both genders between hypercholesterolemia and arterial calcification in all vessels, 

except for coronary calcification in men, but all the associations lost significance after 

multivariate adjustment. In summary, relations between cholesterol and calcification in 

studies were not consistent across vessel beds and across men and women, but generally 

the association was present. 

Data on diabetes and its relation to arterial calcification are inconsistent. A study by Hoff et 

al 4 showed an association ofd.1abetes with coronary calcification in both men and women, 

Reilly et al 9 found an association between fasting glucose and coronary calcification 

in women only, while no association of fasting glucose with both coronary and aortic 

calcification was found in a study among postmenopausal women 12• Iribarren et al did 

not find an association between diabetes and aortic arch calcification in both men and 

women 11
. Allison et al 10 examined the association between diabetes and calcification in 

several arteries, and only found a univariate association with calcification in the proximal 

aorta in men. 

Obesity in men was not related to arterial calcification, except for aortic arch calcification. 

In women, a tendency was found for an inverse association, however, this was only 

significant for carotid calcification. An inverse association in women, but not in men may 

be related to estrogen production in fat mass in women after menopause 21 • Results from 

the literature regarding the assoc·1at"1on between obesity and calcification are inconsistent. 

Irrespective of gender, some studies found an association of body mass index with coronary 

calcification '·" and one study found a high BMI to be inversely associated with aortic 

calcification 11
• However, other studies found no association with coronary calcification 8, 

aortic calcification 10 and carotid calcification 10 in both genders. 

We found no clear association of low-HDL with calcification for all vessel beds. It is possible 

that this is due to small numbers because only a small percentage of our subjects had a low 

HDL-cholesterol. Data on the relation between HDL-cholesterol and arterial calcification 

are not only scarce but also contradictory. Reilly et al, in a study among family members of 

cardiac patients, found an age-adjusted association of low HDL with coronary calcification 

in both men and women 9, Oei et al 5 found an independent association with coronary 

calcification only in women, while Allison et al 8 found an independent relation between 

HDL-cholesterol and coronary calcification in men and women. In a study of Kuller et al 
12

, an independent association of HDL-cholesterol with coronary calcification but not with 

aortic calcification was observed. 
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56 The advantages of our study are its large population and the ·mclusion of three vessel 

beds measured by the same diagnostic tool. Since calcification was measured without 

knowledge of risk factor status, information bias is not likely to have influenced our 

results. However, some limitations of our study need to be discussed. In our study, we 

measured calcification, not plaque per se. Although calcification is not a direct measure 

of plaque, coronary calcification determined by electron beam computed tomography 

(EBCT) has been correlated with the total area of coronary plaque 3
• Also, the presence of 

aortic calcification on plain radiographs has been shown to indicate aortic atherosclerosis 
22• To the best of our knowledge, there is no data on the relation between carotid artery 

calcification and carotid plaque burden. As long as we do not have reasons to assume 

that the process of calcification differs across vessel beds, we believe that carotid artery 

calcification reflects carotid atherosclerosis. Our study may be further limited by the fact 

that non-participation of diseased subjects may have resulted in a relatively healthy 

study population, with a more restricted range of variables studied, which may lead to 

an underestimation of the associations. Finally, our cut-off points for high calcification 

depend on the distribution of calcification per vessel bed and gender and may be different 

in other populations. 

In conclusion, our results showed that current smoking, hypertension, hypercho· 

lesterolemia, and diabetes were independently related to arterial calcification, although 

associations were not consistent across all vessel beds and for men and women. A tendency 

was present for an inverse association with obesity in women, while no association 

between low HDL·cholesterol and arterial calcification was present. 
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60 Abstract 

Background 
Some studies have shown a J-shaped relation between alcohol consumption and 

atherosclerosis. However, few data are present for the association between alcohol 

consumption and carotid atherosclerosis. With the use of multislice computed tomography 

(MSCT) carotid calcification can be measured non-invasively and used as a measure of 

carotid atherosclerosis. 

Objective 
This study was performed to examine the association between alcohol consumption and 

carotid calcification assessed by MSCT in an elderly population. 

Methods 
This study was part of the Rotterdam Study, a population-based study in subjects aged 

55 years and over. From October 2003 until December 2004 subjects were invited to 

undergo an MSCT scan. Carotid calcification was quantified according to the Agatston 

score. Analyses were performed among subjects without a history of cardiovascular 

disease (mean age 71 years, standard deviation 6.4, 45% men). Alcohol consumption was 

categorized in 3 types of alcoholic beverages (beer, wine, and liquor) and expressed in 

units per day. Age-adjusted and multivariate adjusted logistic regression was performed 

to determine whether alcohol consumption was associated with carotid calcification. 

Results 
For wine consumption, a trend towards a decreasing risk of carotid calcification with 

increasing consumption was found, but risk estimates lacked statistical significance. Beer 

and liquor consumption of more than 2 drinks a day were associated with increased, but 

non-significant, risks of carotid calcification. 

Conclusion 
In this study on risk of carotid calcification, opposite trends were found for wine drinking 

(inverse) and beer and liquor drinking (positive). 
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Introduction 

Several studies have examined the association between alcohol consumption and 

atherosclerosis. Some studies have shown that light-to-moderate alcohol consumption 

is inversely associated with atherosclerosis H. Protection of the development of 

atherosclerosis through alcohol consumption is partly due to increasing high density 

lipoprotein cholesterol (HDL-cholesterol) and decreasing low density lipoprotein 

cholesterol (LDL cholesterol) '· 5• 

Atherosclerotic lesions have typical histological and histochemical compositions at 

different stages of their natural history 6
• More advanced atherosclerotic lesions contain 

calcification, although calcification may also be present in small amounts in the earlier 

stages of atherosclerosis '. Since calcification in the coronary arteries is directly related 

to the severity and extent of underlying plaque burden, the amount of calcification can 

be used as a measure of atherosclerosis 8
• The development of electron beam computed 

tomography (EBCT) and multislice computed tomography (MSCT) scan has enabled 

the possibility to visualize and quantify the amount of arterial calcification. Data on the 

association of alcohol consumption with arterial calcification 9•11 are scarce and until now 

there are no data on the relation between alcohol consumption and carotid calcification. 

We undertook this study to investigate the relation between alcohol consumption and 

carotid artery calcification detected by MSCT in an elderly population. 

Methods 

Study population 
This study is embedded in the Rotterdam Study, a population-based study, which started 

with a baseline visit in 1990-1993. All inhabitants of a suburb of Rotterdam, aged 55 years 

and over, were invited and 7,983 agreed to participate (78% response). In 2000-2001, the 

cohort was extended with 3,011 subjects (67% response), also aged 55 years and over. 

The design and rationale of the Rotterdam Study have been described elsewhere"· Study 

center visits took place approximately every three years. 

From September 2003 onwards, all participants who completed the center visit (the 

fourth for the original cohort and the second center visit of the extended cohort) were 

invited to participate in the present study and to undergo a MSCT scan of the carotid 

arter1es. Until December 2004, we scanned 815 participants without cardiovascular 

disease and complete data on alcohol consumption. In all subjects data on calcification 
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62 in the carotid arteries was available. The mean duration between the study center visit 

and the MSCT scan was 88 days. Subjects in whom cardiovascular disease was present 

at the time of scanning, were excluded from the analysis. This study was approved by 

the Medical Ethics Committee and the Radiation Protection Unit of the Erasmus Medical 

Center, Rotterdam, the Netherlands. All participants gave written informed consent. 

Scan Protocol 
In the first 563 subjects imaging was performed with a 16-slice MSCT scanner (SOMATOM 

Sensation 16, Siemens, Forcheim, Germany). The scan reached from the aortic arch to the 

intracranial circulation (1 em above the sella turcica). Scan parameters were: 16 x 0.75 

mm collimation, 120 kVp, 100 effective mAs, 0.5 s rotation time and normalized pitch of 

1. Images were reconstructed with effective slice width 1 mm, reconstruction interval 0.5 

mm, 120 mm FOVand medium sharp convolution kernel ("B35f").ln the other 252 subjects 

image acquisition was performed with a 64-slice MSCT scanner (SOMATOM Sensation 64, 

Siemens, Forcheim, Germany). Scan parameters were similar for both MSCT scanners, 

except for collimation and effective mAs. For the use of the 64-slice MSCT scanner the 

collimation was 32 x 0.6 mm and the mAs value was real time adapted to body weight 

(CARE DOSE, Siemens, Forcheim, Germany) with a reference value of 100 mAs. 

Analysis of calcification 
Two reviewers, with a medical background, were trained by an experienced radiologist 

and scored arterial calcification using a standardized protocol. They were blinded to the 

clinical data of the participants. The examination of carotid arteries comprised both right 

and left carotid artery within 3 em proximal and distal of the bifurcation. 

Atherosclerotic calcifications were identified based on threshold of 130 Hounsfield 

Units (HU) for all the applied scoring methods and the calcifications were scored using 

dedicated software (syngo Calcium Scoring, Siemens, Forcheim, Germany). Calcification 

was quantified by calculating the Agatston score. For each calcified lesion, the Agatston 

score was calculated as the product of the area of a calcified lesion (the number of voxels 

with an attenuation value 2 130 HU times the volume of one voxel) and a factor assigned 

according to the maximum attenuation value of the lesion "· Due to an overlapping 

reconstruction increment, Agatston scores were normalized with the ratio of increment 

and slice width. The total score per vessel bed was calculated by adding up the scores of 

all lesions. 
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Risk factors and medical history 
Information on smoking, blood pressure, and lipid lowering medication use was obtained 

during a home interview of the Rotterdam Study. Subjects were categorized as current, 

past, and never smokers. Clinical measures were obtained during a visit at the study center. 

Height and weight were measured and body mass index was calculated (weight[kg]/ 

he.1ght [m]'). We defined overweight as BMI <: 30 kg/m 2• Diabetes mellitus was defined 

as the use of anti-diabetic medication and/or a fasting glucose level of <: 7 mmol/1 14
• 

We used information about the highest attained level of education as a proxy of social 

economic status. Education was categorized into low (primary education), intermediate 

(secondary general and vocational education), and higher (higher vocational education 

or university). 

Information on cardiovascular disease (myocardial infarction (MI), percutaneous 

transluminal coronary angiography (PTCA), coronary artery bypass graft surgery (CABG)), 

and stroke was collected at baseline in 1990-1993 (original cohort) or at baseline in 

2000-2001 (extended cohort) and during follow-up as described previously 15
• "·Subjects 

in whom cardiovascular disease was present at the time of scanning, were excluded from 

the analysis. The missing values of covariates were handled by single imputation using an 

expectation-maximization algorithm 17
• 

Alcohol consumption 
Alcohol consumpt"1on was assessed as part of the home interview prior to the study center 

visit. Participants were asked for their weekly alcohol drinking habits. Alcohol consumption 

was reported in 4 categories: beer, wine, moderately strong alcoholic beverages (like port 

and sherry), and liquor. The moderately strong alcoholic beverages contain predominantly 

fortified wines and were grouped together with the wine group. Non-drinkers were asked 

whether they had been alcohol consumers in the past. By adding the number of drinks 

of specific alcoholic beverages consumed per week and dividing by 7, the total daily 

consumption of alcoholic beverages was computed. Both the total alcohol consumption 

and the consumption of specific alcoholic beverages were divided into 4 categories of daily 

alcohol consumption: 0 drinks, up to 1 drink, 1 to 2 drinks and more than 2 drinks per day. 

Statistical analysis 
Logistic regression analysis was used to determine whether daily consumption of alcohol 

was associated with the highest quartile of carotid calcium. Since calcium scores were 

much higher in men than in women, gender specific quartiles were used. Initially, the 

regression analysis was adjusted for age, gender and scanner type (model1 ). In model 

2, additional adjustments were made for smoking (never, current, former), overweight, 

diabetes mellitus and educational level (low, intermediate, higher). Furthermore, the two 
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64 logistic regression models were performed for the different alcoholic beverages separately, 

with additional adjustment for total alcohol consumption. Both regression models were 

also performed after exclusion of former drinkers. Analysis of covariance was used to 

compute age-adjusted geometric mean calcium scores for categories of total alcohol 

consumption. The distribution of daily alcohol consumption was calculated for categories 

of total alcohol consumption and for each alcoholic type of beverage separately in men 

and in women. All analyses were adjusted for the type of MSCT scanner (16 versus 64). 

SPSS 11.0 for Windows (SPSS, Inc, Chicago, Illinois) was used for data analysis. 

Results 

Table 1 shows the characteristics of the study population. The study population consisted 

for 48% of men. The mean age(± sd) oft he study participants was 71 years(± 6.4). Drinkers 

comprised 89 o/o of the population. The percentage of beer, wine and liquor drinkers of 

the total population were respectively 42, 84, and 38. Overall, the calcium scores were 

higher in men than in women. The median calcium score (interquartile range) in the 

carotid arteries was 49.8 (0-188.9) in men and 20.8 (0-1 07.6) in women. Among the men 

and women who did not drink alcohol at the time ofthe home interview, 64% (n~14) and 

36% (n~25). respectively, had consumed alcohol in the past. 

Figure 1 shows the distribution of total alcohol consumption and the consumption of 

specific beverages. 

Daily consumption of alcoholic beverages 
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Table 1 Characteristics of the study population 

Variable n=81 5 

Age (years) 

Men(%) 

Body mass index (kg/ m2) 

Systolic blood pressure (mm Hg) 

Diastolic blood pressure (mm Hg) 

Total cholesterol (mmol/1) 

HDL-cholesterol (mmol/ 1) 

Serum glucose (mmol/1) 

DM(%) 

Smokers(%) 

Current 

Past 

Never 

Use of blood pressure lowering medication (%) 

Use of lipid lowering medication (%) 

Education level (%) 

Low 

Intermediate 

Higher 

Alcohol drinkers(%) 

Dai ly intake of total alcohol in drinkers (glasses per day)' 

Beer drinkers (%) 

Daily intake of beer in drinkers (glasses per day)' 

Wine drinkers(%) 

Daily intake of w ine in drinkers (glasses per day)' 

Liquo r drinkers(%) 

Daily intake of liquor in drinkers (glasses per day)' 

71 .2 ± 6.4 

45 

27.5 ± 4.0 

149.7 ± 20.7 

81.1±11.0 

5.8±0.9 

1.4 ± 0.4 

5.7 ± 1.2 

10 

12 

56 

32 

39 

18 

20 

60 

20 

89 

1.07 (0.29-2.14) 

42 

0.14 (0.03-0.57) 

84 

0.57 (0.14-1.29) 

38 

0.43 (0.07-1.00) 

Categorical variables are expressed as percentage. Values of continuous variables are expressed as mean ±standard 

deviation. ' Value is expressed as median (interquartile range) because of its skewed distribution. 
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66 Table 2 presents the age-adjusted and the multivariate-adjusted odds ratios (OR) for risk 

of carotid calcification, associated with daily consumption of alcohol. A tendency for a 

J-shaped association was seen, but estimates lacked statistica l significance. 

Figure 2 shows the age and gender-adjusted geometric mean calcium score in categories 

of total alcohol consumption. We found the highest geometric mean calcium score 

in subjects in the highest alcohol consumption category but differences were not 

significant. 

Table 2 Risk of carotid calcification according to daily total alcohol consumption 

n OR' (95% Cl) OR2 (95% Cl) 

Tota l alcohol consumption 

No drinks 114 1.0 (reference) 1.0 (reference) 

Up to 1 drink 295 0.8 (0.5-1.4) 0.8 (0.5-1.4) 

1-2 drinks 206 1.0 (0.6-1.7) 1.0 (0.6-1.8) 

>2 drinks 200 1.5 (0.9-2.6) 1.5 (0.8-2.6) 

'adjusted for age, gender and scanner type, 2additionally adjusted for overweight, diabetes mellitus, smoking status 

and educational/eve/. 

OR= odds ratio, C/ =confidence interval 
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Figure 2 Geometric mean calcium score by daily consumption of total alcohol. 
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Table 3 presents the age-adjusted and multivariate adjusted ORs for the risk of carotid 

calcification, associated with the use of specific alcoholic beverages. Forwineconsumption, 

a trend towards a decreasing risk w ith increasing consumption was found, but risk 

estimates lacked statistical significance. Beer and liq uor consumption were associated 

with increased, but non-significant, risks for the highest category of alcohol consumption. 

After exclusion of former drinkers, results were similar (data not shown). 

Table 3 Risk of carotid calcification according to level of daily alcoholic consumption for different alcoholic 
beverages 

n OR' (95% Cl) OR' (95% Cl) 

Beer 

No drinks 507 1.0 (reference) 1.0 (reference) 

Up to 1 drink 241 0.8 (0.5-1.2) 0.8 (0.5-1 .2) 

1-2 d rin ks 43 1.3 (0.6-2.9) 1.5 (0.6-3.0) 

>2 drinks 24 2.1 (0.8-5.6) 2.3 (0.8-6.2) 

Wine 

No drinks 163 1 .0 (reference) 1.0 (reference) 

Up to 1 drink 387 0.8 (0.4-1.7) 0.8 (0.4-1 .7) 

1-2 drinks 176 0.6 (0.3-1 .4) 0.6 (0.3-1 .3) 

>2 drinks 89 0.7 (0.3-1.7) 0.6 (0.3-1 .6) 

Liquo r 

No drinks 522 1 .0 (reference) 1.0 (reference) 

Up to 1 drink 191 0.6 (0.4-1.0) 0.6 (0.4-1.0) 

1-2 drinks 79 1.1 (0.6-2.1) 1.2 (0.6-2.2) 

>2 drinks 23 2.6 (1 .0-6.8) 2.4 (0.9-6.5) 

' adjusted for age, gender, scanner type and total alcohol intake, ' additionally adjusted for overweight, diabetes 

mellitus, smoking status and educational level. 

OR= odds ratio, Cl =confidence interval 
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68 Discussion 

In this study on risk of carotid calcification, opposite trends were found for wine drinking 

(inverse) and beer and liquor drinking (positive). Association, however, lacked statistical 

significance. 

Several studies examined the association between alcohol consumption and carotid 

atherosclerosis, two studies reported positive associations in men 18- 19 and one study 

found a positive association in women 20
• Some studies reported a J-shaped association 2· 

3 Kiechl et al examined the association of alcohol intake with 5-year progression of carotid 

atherosclerosis, defined as the occurrence of new plaques and/or the development on 

vessel stenosis, and found a J-shaped relation in both men and women 2• In the Brunek 

study, a J-shaped relation was found between alcohol consumption and carotid intima

media thickness (IMT) 3
• In the Cardiovascular Health Study ', the association of weekly 

alcohol consumption with carotid IMT was examined. Drinking 1-6 units per week, was 

inversely associated with IMT and drinking more than 14 units per week was positively 

associated with IMT, indicating a J-shaped association. 

Until now, no study examined the association of alcohol consumption with carotid 

calcification. Three studies 9"11 examined the association of alcohol intake with coronary 

calcification and one study " with aortic arch calcification. A study by Vliegenthart 

et al found an inverse association between daily alcohol consumption up to 2 units and 

coronary calcification 00• The CARDIA study reported a positive association between 

coronary calcification and alcohol consumption 9
• However, a study among active-duty US 

army personnel found no association of alcohol consumption with coronary calcification 
11 • Finally, a study among self-referred subjects for calcium assessment 21 found no 

associations between alcohol consumption and aortic calcification. It is possible that 

the discrepancy between studies is due to different drinking patterns, lifestyle or socio

economic aspects correlated with choice of drinking behavior in certain populations. Only 

one study" investigated the association of specific alcoholic (beer and spirit consumption) 

types with carotid atherosclerosis. This study among men reported a positive association 

of spirits with progression of carotid IMT and with increase in plaque height. In this 

study, also subjects with a high beer consumption had a higher risk of progression of 

IMT, compared to the lowest drinking category. We found a similar tendency for beer and 

liquor consumption. 

Wine consumption showed an inverse association with risk of carotid calcification, 

although estimates lacked significance. Many studies examined the relation between 

alcohol intake and manifest cardiovascular disease and found moderate alcohol 
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consumption to be associated with a reduction in the risk of myocardial infarction 22
, 

coronary heart disease 23 and total and ischemic stroke "· In a large population based 

cohort study, there was a significant decrease in all-cause mortality in wine drinkers as 

compared with non-wine drinkers 25
• However, wine consumption has been associated 

with a healthy diet and associations therefore can be confounded by a healthy lifestyle 
26• 27• Because we did not take healthy lifestyle factors like diet and physical activity into 

account, we cannot exclude that our results on wine consumption are biased by these 

factors. 

The advantages of our study include a large population in a population-based setting and 

the inclusion of arterial calcification in different vessel beds. However, some limitations of 

our study need to be discussed. We measured calcification, not plaque per se. Although 

calcification is not a direct measure of plaque, coronary calcification determined by EBCT 

has been correlated with the total area of coronary plaque 8• Also, the presence of aortic 

calcification on plain radiographs has been shown to indicate aortic atherosclerosis28
• 

To the best of our knowledge, there is no data on the relation between carotid artery 

calcification and carotid plaque burden. As long as we do not have reasons to assume 

that the process of calcification differs across vessel beds, we believe that carotid artery 

calcification refiects carotid atherosclerosis. Our study may be further limited by the fact 

that non-participation of diseased subjects may have resulted in a relatively healthy 

study population, with a more restricted range of variables studied, which may lead to an 

underesfrmation of the associations. Also, it is impossible to correctly assess the absolute 

levels of alcohol consumption, partly because subjects are susceptible to giving socially 

desirable answers. This misclassification may have led to underestimation of the effect 

estimates. Finally, our definition of calcification depends on the distribution of calcification 

per gender and may therefore be different in other populations. 

In this study on risk of carotid calcification, opposite trends were found for wine drinking 

(inverse) and beer and liquor drinking (positive). The association, however, lacked statistical 

significance and larger numbers are needed to confirm the results. 

References 

1. Mukamal KJ, Kronmal RA, Mittleman MA, O'Leary DH, Polak JF, Cushman M, Siscovick OS. Alcohol con

sumption and carotid atherosclerosis in older adults: the Cardiovascular Health Study. ArteriosclerThromb 

Vase Bioi. 2003;232252-2259. 

2. Kiechl S, Willeit J, Rungger G, Egger G, Oberhollenzer F, Sonora E. Alcohol consumption and atherosclero

sis: what is the relation? Prospective results from the Bruneck Study. Stroke. 1998;29·.900-907. 

69 

n 
0 

" 0 

n 

~-
0 
0 



70 3. Schminke U, Luedemann J, Berger K, Alte D, Mitusch R, Wood WG, Jaschinski A, Barnow S, John U, Kessler 

C Association between alcohol consumption and subclinical carotid atherosclerosis: the Study of Health 

in Pomerania. Stroke. 2005;36:1746-1752. 

4 Criqui MH, Cowan LD, Tyroler HA, Bangdiwala S, Heiss G, Wallace RB, Cohn R Lipoproteins as mediators for 

the effects of alcohol consumption and cigarette smoking on cardiovascular mortality: results form the Li

pid Research Clinics Follow-up Study. Am J Epidemiol. 1987;126:629-637. 

5 Langer RD, Criqui MH, Reed OM. Lipoproteins and blood pressure as biological pathways for effect of mod

erate alcohol consumption on coronary heart disease. Circulation. 1992;85:91 0-915. 

6. Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov 5, lnsull W, Jr., Rosenfeld ME, Schwartz CJ, Wagner 

WD, Wissler RW. A definition of advanced types of atherosclerotic lesions and a histolog·lcal classification of 

atherosclerosis. A report from the Committee on Vascular Lesions of the Council on Arteriosclerosis, Ameri

can Heart Association. Arterioscler Thromb Vase Bioi. 1995;15:1512-1531. 

7 Stary HC The sequence of cell and matrix changes in atherosclerotic lesions of coronary arteries in the first 

forty years of life. Eur Heart J 1990;11 Suppl E:3-19. 

8. Rumberger JA, Simons DB, Fitzpatrick LA, Sheedy PF, Schvvartz RS. Coronary artery calcium area by elec

tron-beam computed tomography and coronary atherosclerotic plaque area. A histopathologic correla

t'lve study. Circulat'1on. 1995;92:2157-2162. 

9. Pletcher MJ, Varosy P, Kiefe Cl, Lewis CE, Sidney S, Hulley SB. Alcohol consumption, binge drinking, and ear

ly coronary calcification: findings from the Coronary Artery Risk Development in Young Adults (CARDIA) 

Study. Am J Epidemiol. 2005;161 :423-433. 

10 Vliegenthart R, Oei HH, van den Elzen AP. van Rooij FJ, Hofman A, Oudkerk M, Witteman JC Alcohol con

sumption and coronary calcification in a general population. Arch Intern Med. 2004;164:2355-2360. 

11. Tofferi JK, Taylor AJ, Feuerstein IM, O'Malley PG. Alcohol intake is not associated with subclinical coronary 

atherosclerosis. Am Heart J 2004;148:803-809. 

12. Hofman A, Grobbee DE, de Jong PT, van den Ouvveland FA Determinants of disease and disability in the 

elderly: the Rotterdam Elderly Study. Eur J Epidemiol. 1991 ;7:403-422. 

13. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Via monte M, Jr., Detrano R. Quantification of coronary 

artery calcium using ultrafast computed tomography. JAm Coli Cardiol. 1990;15:827-832. 

14. Standards of medical care in diabetes. Diabetes Care. 2005;28 Suppl 1:54-536. 

15. van der Meer IM, Bats ML, Hofman A, del Sol AI, van der Kuip DA, Witteman JC. Predictive value of non

invasive measures of atherosclerosis for incident myocardial infarction: the Rotterdam Study. Circulation 

2004;1 09:1089-1 094 

16 Hollander M, Koudstaal PJ, Sots ML, Grobbee DE, Hofman A Breteler MM. Incidence, risk, and case fa

tality of first ever stroke in the elderly population. The Rotterdam Study. J Neural Neurosurg Psychiatry 

2003;74317-321. 

17. Dempster AP, Laird, N.M. and Rubin, D.B. Maximum Likelihood From Incomplete Data via the EM Algoritm. 

Journal of the Royal Statistical Society. 1977;Ser.B.:1-39. 

18. Kauhanen J, Kaplan GA, Goldberg DE, Salonen R, Salonen JT. Pattern of alcohol drinking and progression 

of atherosclerosis. ArteriosclerThromb Vase Bioi. 1999;19:3001-3006. 

Epidemiologic Studies on Arterial Calcific:;nion 



19 Zureik M, Gariepy J, Courbon 0, Dartigues JF, Ritchie K. Tzourio C Alperovitch A, Simon A, Ducimetiere 

P. Alcohol consumption and carotid artery structure in older French adults: the Three-City Study. Stroke. 

2004;352770-2775 

20 Demirovic J, Nabulsi A, Folsom AR, Carpenter MA, Szklo l'v1, Sorlie PO, Barnes RW. Alcohol consumption and 

ultrasonographically assessed carotid artery wall thickness and distensibility. The Atherosclerosis Risk in 

Communities (ARIC) Study Investigators. Circulation. 1993;88:2787-2793. 

21. Iribarren C, Sidney S, Sternfeld B, Browner WS. Calcification of the aortic arch: risk factors and association 

with coronary heart disease, stroke, and peripheral vascular disease. Jama. 2000;283:281 0-2815. 

22. Cleophas TJ Wine, beer and spirits and the risk of myocardial infarction: a systematic review. Biomed Phar

macother. 1999;53:417-423. 

23 Rimm EB, Klatsky A, Grobbee 0, Stampfer MJ Revievv of moderate alcohol consumption and reduced risk 

of coronary heart disease: is the effect due to beer, wine, or spirits. Bmj. 1996;312:731-736 

24. Reynolds K, Lewis B, Nolen JD, Kinney GL, Sathya B, He J Alcohol consumption and risk of stroke: a meta

analysis. Jama. 2003;289:579-588. 

25 Gronbaek M, Becker U, Johansen D, Gottschau A, Schnohr P, Hein HO, Jensen G, Sorensen Tl. Type of al

cohol consumed and mortality from all causes, coronary heart d'1sease, and cancer. Ann Intern Med. 

2000;133:411-419. 

26. Barefoot JC Gronbaek M, Feaganes JR, IVicPherson RS, Williams RB, Siegler IC. Alcoholic beverage prefer

ence, diet, and health habits in the UNC Alumni Heart Study. Am J Clin Nutr. 2002;76:466-472. 

27. Tjonneland A, Gronbaek M, Stripp C, Overvad K. Wine intake and diet in a random sample of48763 Danish 

men and women. Am J Clin Nutr. 1999;69:49-54. 

28. Hyman JB, Epstein FH. A study of the correlation between roentgenographic and post-mortem calcifica

tion of the aorta. Am Heart J. 1954;48:540-543. 

71 

0 
0 







74 Abstract 

Background 
The purpose of this study was to examine the association between arterial stiffness and 

arterial calcification. 

Methods 
This study was part of the Rotterdam Study, a population-based study in subjects aged 

55 years and over. Aortic stiffness was assessed by measuring carotid-femoral pulse wave 

velocity (PWV) and carotid stiffness by assessment of common carotid distensibility using 

ultrasound. Aortic arch and carotid calcification was assessed by multislice computed 

tomography (MSCT) and quantified according to the Agatston score. Measurements on 

arterial stiffness and arterial calcification were conducted during the third (1997-1999) 

and fourth round (2002-2004) of the Rotterdam Study, respectively. Associations were 

analyzed using logistic regression, adjusted for age, gender, type of MSCT, mean arterial 

pressure, heart rate, body mass index, serum total cholesterol, HDL-cholesterol, smoking, 

diabetes mellitus, and lipid and blood pressure lowering medication. Adjusted geometric 

mean calcium scores were computed for quartiles of aortic stiffness and carotid stiffness. 

Results 
We found an independent association of aortic stiffness with carotid calcification with 

odds ratios (OR) (95% Cl) of2.1 (1.1-3.9) and 2.7 (1.3-5.3) for subjects in the third and fourth 

quartile, respectively, compared to subjects in the first quartile. The association of aortic 

stiffness with aortic arch calcification was also positive but lacked significance. Carotid 

stiffness was independently associated with both aortic arch and carotid calcification 

(aortic arch calcification 2.5 (1.2-5.4), fourth versus first quartile; carotid calcification, 2.3 

(1.0-4.0), 3.2 (1.4-6.0), third and fourth versus first quartile). 

Conclusion 
This population-based study shows that arterial stiffness is strongly associated with 

arterial calcification. 
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Introduction 

Age-related changes in the vascular elasticity of the vessel wall lead to arterial stiffness. 

The extent of arterial stiffness may depend on cardiovascular risk factors. Different 

measures of arterial stiffness have been shown to predict cardiovascular events 1
• Some 

studies found associations of arterial stiffness with carotid intima-media thickness (IMT) 
2 and carotid plaques 2• 3, however, data on the association between arterial stiffness and 

calcified atherosclerosis are limited 2
'
4

'
5

• 

Atherosclerotic lesions have different manifestations. More advanced atherosclerotic 

lesions contain calcification, although calcification may also be present in small amounts 

in the earlier stages of atherosclerosis 6
• With the use of multislice computer tomography 

(MSCT) it is possible to quantify the amount of arterial calcification. Recently, a study by 

Kullo et al examined the association between arterial stiffness and coronary calcification 

among 401 healthy participants. They found an independent association of arterial 

stiffness with coronary calcification. However, until now no studies have investigated the 

association between arterial stiffness and aortic arch and carotid calcification. 

The aim of this study was to investigate the associations of arterial stiffness, expressed as 

carotid-femoral pulse wave velocity (PWV) and common carotid distensibility, with aortic 

arch and carotid calcification assessed by MSCT. 

Methods 

Study population 
This study is embedded in the Rotterdam Study, a population-based study, which started 

with a baseline visit in 1990-1993. All inhabitants of a suburb of Rotterdam, aged 55 years 

and over, were invited and 7,983 agreed to participate (78% response). The design and 

rationale of the Rotterdam Study have been described elsewhere 7
• 

The third examination phase took place from 1997 until 1999. During this phase, 

measurements of cardiovascular risk factors, atherosclerosis, and arterial stiffness were 

conducted. The fourth examination took place from 2002 to 2004. From September 2003 

onwards, all participants who completed the fourth examination phase were invited 

to undergo a MSCT scan of the carotid arteries. We restricted the present analyses to 

the participants who were scanned until December 2004. In 698 subjects, data of at 

least one measurement of arterial stiffness was available. Due to severe artefacts in the 

image acquis.rtion, the aortic arch of one subject could not be evaluated, hence data on 
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7 6 calcification in the aortic arch were available for 697 subjects. In all subjects data on the 

calcification in the carotid arteries were available.The median duration between the third 

examination phase and the MSCT scan was 4.7 years. 

This study was approved by the Medical Ethics Committee and the Radiation Protection 

Unit of the Erasmus Medical Center, Rotterdam, the Netherlands. All participants gave 

written informed consent. 

Measures of arterial stiffness 

Pulse wave velocity 
Aortic stiffness was assessed by measuring carotid-femoral pulse wave velocity (PWV). PWV 

was measured with the subjects in supine position. PWV was assessed with an automatic 

device (Complier@ Artech Medicla, France) 8 that measures the time delay between the 

feet of simultaneously recorded pulse waves . The distance traveled by the pulse wave 

between the carotid artery and the femoral artery was measured over the surface of the 

body using a tape measure. PWV was calculated as the ratio of the distance traveled by 

the pulse wave and the foot-to-foot time delay and was expressed in meters per second. 

Data on aortic stiffness were available for 667 subjects (96%). 

Carotid distensibility 
Carotid stiffness was assessed by measuring common carotid distensibility and expressed 

as the distensibility coefficient. A lower distensibility coefficient indicates increased 

arterial stiffness. Common carotid distensibility was assessed with the subjects in supine 

position, the head tilted slightly to the contralateral side for the measurement in the 

common carotid artery. The vessel wall motion of the right common carotid artery was 

measured by means of a duplex scanner (ATL Ultra mark IV, operating frequency 7.5 MHz) 

connected to a vessel wall movement detector system. The details of this technique have 

been described elsewhere 9
• After five minutes of rest, a region at 1.5 em proximal to 

the origin of the bulb of the carotid artery was identified using 8-mode ultrasound. The 

displacement ofthe arterial walls was obtained by processing the radio frequency signals 

originating from two selected sample volumes positioned over the anterior and posterior 

walls. The end-diastolic diameter (D). the absolute stroke change in diameter during 

systole (LID), and the relative stroke change in diameter (LID/D) were computed as the 

mean offour cardiac cycles of three successive recordings. The cross-sectional arterial wall 

distensibility coefficient was calculated according to the following equation: distensibility 

coefficient= 2LID/(D* pulse pressure) (1/MPa) 10• Data on carotid stiffness were available 

for 607 subjects (87%). 
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Scan Protocol 
In the first 583 subjects imaging was performed with a 16-slice MSCT scanner (SOMATOM 

Sensation 16, Siemens, Forcheim, Germany). The scan reached from the aortic arch to the 

intracranial circulation (1 em above the sella turcica). Scan parameters were: 16 x 0.75 

mm collimation, 120 kVp, 100 effective mAs, 0.5 s rotation time and normalized pitch of 

1. Images were reconstructed with effective slice width 1 mm, reconstruction interval 0.5 

mm, 120 mm FOVand medium sharp convolution kernel ("B35f").ln the other 115 subjects 

image acquisition was performed with a 64-slice MSCT scanner (SOMATOM Sensation 64, 

Siemens, Forcheim, Germany). Scan parameters were similar for both MSCT scanners, 

except for collimation and effective mAs. With the use of the 64-slice MSCT scanner the 

collimation was 32 x 0.6 mm and the mAs value was real time adapted to body weight 

(CARE DOSE, Siemens, Forcheim, Germany) with a reference value of 100 mAs. 

Analysis of calcification 
Two reviewers, with a medical background, were trained by an experienced radiologist 

and scored arterial calcification using a standardized protocol. They were blinded to the 

clinical data of the participants. Two vessel beds were analyzed: the aortic arch and the 

carotid arteries. The examination of aortic arch comprised the origin of the aortic arch 

(defined as the image in which the ascending and descending aorta merge into the 

inner curvature of the aortic arch) to the first 1 em of the common carotid arteries, the 

vertebral arteries, and the subclavian arteries beyond the origin of the vertebral arteries. 

The examination of carotid arter1es comprised both right and the left carotid artery within 

3 em proximal and distal of the bifurcation. 

Calcified lesions were identified based on a threshold of 130 Hounsfield Units (HU) for 

all applied scoring methods and the amount of calcification was scored using dedicated 

software (syngo Calcium Scoring, Siemens, Forcheim, Germany). For each calcified lesion, 

the Agatston score was calculated as the product of the area of a calcified lesion (the 

number of voxels with an attenuation value<: 130 HU times the volume of one voxel) and 

a factor assigned according to the maximum attenuation value of the lesion". For image 

data with an overlapping reconstruction increment, Agatston scores were normalized 

with the ratio of increment and slice width. The total score per vessel bed was calculated 

by adding up the scores of all lesions. 

Cardiovascular risk factors 
Information on cardiovascular risk factors was collected during the third follow up 

examination. Data on drug use and smoking habits were obtained during the home 

interview. Smoking was classified as former or current smoking. Systolic (first Korotkoff 

phase) and diastolic (fifth Korotkoff phase) blood pressure was measured twice on the 
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78 right arm using a random-zero sphygmomanometer, after the participant had been 

seated for at least five minutes. The mean of the two blood pressure values was used in 

the analyses. Pulse pressure was defined as the difference between systolic and diastolic 

blood pressure. Mean arterial pressure was calculated as diastolic blood pressure+ 1/3 

pulse pressure. Body mass index [weight (kg)/height (m}'] was calculated. Serum total 

cholesterol and high-density lipoproteins (HDL) cholesterol values were determined by an 

automated enzymatic procedure (Boehringer Mannheim System). Diabetes mellitus was 

defined as the use of blood glucose lowering medication and/or a fasting serum glucose 

level equal to or greater than 7.0 mmol/1 12
• History of myocardial infarction and stroke 

was defined as descr1bed previously"·"· The missing values of covariates were handled 

by single imputation using an expectation-maximization algorithm 15• 

Statistical analysis 
The associations were examined using logistic regression with aortic arch or carotid 

calcifications as dependent variables and aortic stiffness and carotid stiffness as the 

independent variables. Since calcium scores were much higher in men than in women, 

gender specific quartiles were used. The highest quartile of calcification was compared to 

the lower 3 quartiles, for both genders together and for each vessel bed separately. Both 

aortic stiffness and carotid stiffness were categorized in quartiles, irrespective of gender. 

The cut-off values for aortic stiffness were 1 0.7, 12.2, 13.9, 25.2; and for carotid stiffness 

were 31.1, 15.2, 11.6, 8.7. The first quartile, indicating the lowest stiffness, was used as 

the reference category. Initially, the regression analysis was adjusted for age, gender, 

mean arterial pressure, heart rate and type of MSCT (model 1). In model 2, additional 

adjustments were made for body mass index, serum total cholesterol, HDL-cholesterol, 

smoking, diabetes mellitus, and lipid and blood pressure lowering medication. 

Analysis of covariance was used to test for trend and was used to compute geometric 

mean calcium scores for quartiles of aortic stiffness and carotid stiffness, for both vessel 

beds. SPSS 11.0 for Windows (SPSS, Inc, Chicago, Illinois) was used for data analysis. 

Results 

Table 1 shows the characteristics of the study population. Fifty percent of the study 

population was men. The mean age (± sd) of the study participants during the arterial 

stiffness measurement was 68.7 years(± 5.4). Overall, calcium scores were higher in men 

than in women. The median calcium score (interquartile range) for the aortic arch was 670 

(149-1848) for men and 469 (128-1386) for women. Corresponding scores for the carotid 

arteries were 83 (9-297) and 36 (0-167). 
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Table 1 Characteristics of the study population 

Variable n = 698 

Age (years) 68.7 ± 5.4 

Men(%) 50.4 

Systolic blood pressure (mmHg) 14.3 ± 21.3 

Diastolic blood pressure (mmHg) 81.0± 10.7 

Mean arterial pressure (mmHg) 99 ± 13 

Pulse pressure (mmHg) 66± 16 

Heart rate (bpm) 70± 11 

Body mass index (kg/m2) 26.7 ± 3.9 

Total cholesterol (mmol/1) 5.8± 1.0 

High-density lipoprotein cholesterol (mmol/1) 1.4 ± 0.4 

Serum glucose (mmol/1) 5.8 ± 1.1 

Current smokers (o/o) 13.8 

Diabetes mellitus (o/o) 9.6 

Use of blood pressure lowering medication(%) 34.9 

Use of l ipid lowering medication(%) 16.6 

History of myocardial infarction (%) 10 

History of stroke(%) 5 

Aortic arch calcification according to Agatston 1 547 (134-1612) 

Carotid artery calcification according to Agatston 1 58 (2-222) 

Pulse wave velocity index (m/s) 12.5 ± 2.5 

Distensibility coefficient (1 o·3/kPa) 12.2±4.7 

' Value is expressed as median (interquartile range) because of its skewed distribution. 
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80 Table 2 Relation between aortic stiffness and calcification* in the aortic arch and the carotid arteries. 

Aortic arch calcification (n=666) 

Modell Model 2 

OR (95% Cl) OR (95% Cl) 

Aortic stiffness 

1" quartile 1.0 (reference) 1 .0 {reference) 

2nd quartile 1.2 (0.6-2.2) 1.2 (0.6-2.2) 

3'• quartile 1.5 (0.8-2.7) 1.4 (0.7-2.7) 

4'h quartil e 1.8 (0.9-3.3) 1.8 (0.9-3.5) 

Carotid artery calcification (n=667) 

Model 1 Model 2 

OR (95% Cl) OR (95% Cl) 

Aortic stiffness 

1" quarti le 1.0 (reference) 1.0 (reference) 

2nd quarti le 1.4 (0.7-2.5) 1.4 {0.7-2.8) 

3'd quarti le 2.2 (1.2-4.0)' 2.1 { 1.1-3.9)' 

4'" quartile 2.7 (1.4-5 .o)• 2.7 (1.3-5.3)" 

Model 7 adjusted for age, gender, type of MSCT, mean arterial pressure and heart rate. Model2 additionally adjusted 

for body mass index, serum total cholesterol, HDL-cholesterol, smoking, diabetes mellitus, and lipid and blood pressure 

lowering medication. 

•o.o1 < p <O.os 

•o.oo1 < p < o.o1 

' p<0.007 

*highest quartile of calcification versus the lower three quartiles 

Table 2 shows t he adjusted ORs (odds ratio) for risk of arterial calcification associated w ith 

ortic stiffness. We found an independent association of aortic stiffness with carotid calcifica

t ion with odds ratios (OR (95% Cl) of 2.1 (1.1-3.9) and 2.7 (1.3 5.3) for subjects in the third and 

fourth quartile, respectively, compared to subjects in t he first quartile. The association of 

aortic stiffness with aortic arch ca lcification was also positive but lacked significance. 
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Table 3 Relation between carotid stiffness and calcification* in the aortic arch and the carotid arteries. 

Aortic arch calcification (n=606) 

Model 1 Model 1 

OR (95% Cl) OR (95% Cl) 

Carotid stiffness 

1" quart ile 1.0 (reference) 1 .0 (reference) 

2"d quartile 1.3 (0.6-2.5) 1.2 (0.6-2.4) 

3'd quarti le 2.2 (1.1-4.2)' 1.9 (1 .0-4.0) 

4'" quartile 3.0 (1.5-6.2)b 2.5 (1.2-5.4)' 

Carotid artery calcification (n=607) 

Model 1 Model 2 

OR (95% Cl) OR (95% Cl) 

Carotid stiffness 

1" quartile 1 .0 (reference) 1 .0 (reference) 

2nd quartile 1.9 (1.0-3.5) 1.9 (0.9-3.4) 

3'd quartile 2.3 (1 .2-4.3)' 2.3 (1 .0-4.0)' 

4" quartile 3.6 (1 .7-7. 1 )' 3.2 (1 .4-6.0)b 

Modell adjusted for age, gender, type of MSU, mean arterial pressure and heart rare. Model2 additionally adjusted 

for body mass index, serum total cholesterol, HDL-cholesterol, smoking, diabetes mellitus, and lipid and blood pressure 

lowering medication. 

• 0.01 <p <0.05 

b0.001 < p < 0.01 

'p<0.001 

"highest quartile of calcification versus the lower three quartiles 

Table 3 shows the adj usted ORs for quartiles of carotid stiffness and the risk for arterial 

calcification, for each vessel separately. Carotid stiffness was independently associated 

with both aortic arch and carotid calcification (aortic arch calcificat ion 2.6 (1.2-5.4), fourth 

versus first quartile; carotid calcification, 2.0 (1.0-4.0), 2.9 (1.4-6.0), third and fourth versus 

first quartile). 
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82 Figure 1 shows the geometric mean calcium score of the aortic arch and carotid arteries 

for quartiles of aortic stiffness. With increasing quartiles of aortic stiffness, the geometric 

mean calcium score increased in both vessel beds, however, only for carotid artery 

calcification a significant trend (p=O.OOl) was found. 

Figure 2 shows the geometric mean calcium score of the aortic arch and carotid arteries for 

quartiles of carotid stiffness. With increasing quartiles of carotid stiffness, the geometric 

mean calcium score increased in both vessel beds, a significant trend test was found with 

aortic arch (p<O.OOOl) and with carotid calcification (p=0.002). 

Aortic arch 
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Figure 1 Geometric mean calcium scores for quarti/es of aortic stiffness, for the aortic arch and carotid arteries *p-
trend (aortic arch ca/cification)=O.OS4; ** p-trend (carotid calcification)=0.001 
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Figure 2 Geometric mean calcium scores for quartiles of carotid stiffness, for the aortic arch and carotid arteries 
*p-trend (aortic arch ca/cification)<0.0007; ** p-trend (carotid ca/cification)=0.002. 

Discussion 

We found aortic stiffness and carotid st"1ffness to be independently associated with 

carotid calcification and carotid stiffness to be independently associated with aortic arch 

calcification. The association between aortic stiffness and aortic arch calcification was in 

the same direction, but lacked statistical significance. 

Several studies have found an association between arterial stiffness and atherosclerosis 2-5• 

However, data on the association between arterial stiffness and calcified atherosclerosis 

are scarce 2
• '· 

5
• A previous analysis performed in the Rotterdam Study showed that 

arterial stiffness, measured as PWV and carotid distensibility, was associated with several 
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84 measures of atherosclerosis, among which aortic calcification measured on a lateral lumbar 

radiograph'. A study by Nakamura et al found the length of abdominal aortic calcification, 

visualized on a lateral lumbar radiograph, to be independently related to PWV among 

97 patients 4
• Until now, one study investigated the association between aortic PWV and 

coronary calcification assessed by electron beam computed tomography (EBCT) in a 

community-based population 5
• In this study, aortic PWV was independently associated 

with the presence and quantity of coronary calcification. We are the firstto examine arterial 

stiffness with arterial calcification quantified by MSCT in other vessel beds. 

Several explanations for our findings are possible. Firstly, both arterial stiffness and 

arterial calcification are processes influenced by age, so it is possible that both processes 

accidentally occur together in older age. However, associations remained after adjustment 

for age, so this does not seem a likely explanation. Secondly, the presence of atherosclerosis 

may lead to arterial stiffening. It is likely that calcified plaques affect stiffness more than 

non calcified plaques. However, this cannot be concluded from our data, since we were 

not able to examine the relation of stiffness with non-calcified plaques. Thirdly, stiffening 

of the arterial wall increases shear stress and may lead to vessel wall damage and 

atherosclerosis. Since our study was cross-sectional, our data provide no information on 

which of the two latter mechanisms are more likely. 

The advantages of our study include a large population in a population-based setting 

and the inclusion of two measures of arterial stiffness in different vessel beds. However, 

some limitations of our study need to be discussed. For determining arterial stiffness 

we used data from the third examination phase, which was 4.7 years prior to the MSCT 

scan. Using data on arterial stiffness from a prior examination phase may have led to 

misclassification in the severity of arterial stiffness at the time of measurement of arterial 

calcification. However, we expect the misclassification to be non-differential with respect 

to arterial calcification and therefore, might have led, if anything, to an underestimation 

of the associations. Our study may be further limited by the fact that non participation 

of diseased subjects may have resulted in a relatively healthy study population, with a 

more restricted range of calcium scores and values of arterial stiffness, which may lead 

to an underestimation of the associations. Our cut-off points for high calcification and for 

quartiles of arterial stiffness depend on the distribution of calcification per vessel bed and 

gender and may be different in other populations. Finally, to the best of our knowledge 

there is no data on the relation between carotid artery calcification and carotid plaque 

burden. However, coronary and aortic calcifications have been found to be related to 

the presence of atherosclerosis 16 in these vessels. As long as we do not have reasons to 

assume that the process of calcification differs across vessel beds, we believe that carotid 

artery calcification reflects carotid atherosclerosis. 
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In conclusion, aortic stiffness and carotid stiffness were independently associated with 

carotid calcification and carotid stiffness was also independently associated with aortic 

arch calcification. The association between aortic stiffness and aortic arch calcification 

was in the same direction, but lacked statistical significance. These results support the 

view that arterial stiffness and arterial calcification are concurrent processes. 
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90 Abstract 

Background 
The purpose of this study was to investigate the association of calcification in the aortic 

arch and the carotid arteries with a history of stroke. 

Methods 
This study was part of the Rotterdam Study, a population-based study in subjects aged 

55 years and over. From October 2003 until December 2004, participants were invited to 

undergo a multislice computed tomography (MSCT) scan. Analyses were performed in 

the first 1003 subjects (mean age 71.6 ± 6 years, 48% male). Calcification in the aortic arch 

and carotid arteries was quantified according to the Agatston score. At the time of the 

scan, a history of stroke was reported by 42 subjects. Analyses were performed by means 

of logistic regression. 

Results 
History of stroke was associated with a high aortic arch calcification score (upper quartile) 

(age- and sex adjusted 0R=2.3, 95% Cl: 1.2-4.6) and with a high carotid artery calcification 

score (2.2, 1.2-4.3). After additional adjustment for cardiovascular risk factors, risk estimates 

slightly decreased for both aortic arch calcification (2.3, 1.0-4.1) and carotid calcification 

(1.8, 0.9-3.6). 

Conclusion 
In this population-based study, we found that subjects with a history of stroke had an 

increased risk of having high calcium scores in the aortic arch and the carotid arteries 

compared to subjects without a history of stroke. Associations, however, were not 

completely independent of conventional cardiovascular risk factors. 
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Introduction 

Atherosclerosis in the aortic arch and in the carotid arteries has been related to risk of 

cerebrovascular events P. Strong associations were found between atherosclerosis in the 

aortic arch and risk of stroke ,_3_ Most studies, however, were based on transesophageal 

echocardiographic (TEE) assessment of aortic arch plaque, which is an invasive method 

and is not suitable for population-based studies2
•
3

, Several studies have found associations 

of carotid intima-media thickness (IMT) 4· 6• 7 and carotid plaques 5 with risk of stroke. 

Although ultrasound is a non-invasive measure, plaques cannot be accurately quantified, 

whereas elevated IMT reflects an early phase of the atherosclerotic process. 

With the development of electron beam computed tomography (EBCT) and multislice 

computed tomography (MSCT) it is possible to quantify the amount of arterial calcification 

as a measure of atherosclerosis. Calcification in coronary arteries has been found to predict 

coronary heart disease'- Less is known about the predictive value of calcification in other 

vessels. One study 9 quantified carotid calcification by the use of MSCT The study found 

calcium scores to be related to transient ischemic attack (TIA) and stroke. However, their 

study population was small and not population-based. 

In a large population-based study we examined the association of a history of stroke with 

aortic arch and carotid calcification assessed by MSCT 

Methods 

Study population 
The study is embedded in the Rotterdam Study, a population-based study that started in 

1990-1993. All inhabitants aged 55 years and older and living in a suburb of Rotterdam 

were invited and 7,983 agreed to participate (78% response). In 2000-2001, the cohort 

was extended with 3,011 subjects (67% response) with the same inclusion criteria. The 

design and rationale of the Rotterdam Study have been described elsewhere "- Study 

center visits took place approximately every three years, 

From September 2003 onwards, all participants who completed a center visit (the 

fourth for the original cohort and the second for the extended cohort) were invited to 

participate in the present study and to undergo a MSCT scan of the aortic arch and the 

carotid arteries. Present analyses were restricted to the first 1,003 participants who were 

scanned until December 2004. Due to severe artefacts in the image acquisition, the aortic 

arch of one subject could not be evaluated, hence data on calcification in the aortic arch 
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92 were available for 1002 subjects. Data on the calcification in the carotid arteries were 

available for all subjects. The median duration between the study center visit and the 

MSCT scan was 75 days. This study was approved by the Medical Ethics Committee and 

the Radiation Protection Unit of the Erasmus Medical Center, Rotterdam, the Netherlands. 

All participants gave written informed consent. 

Scan Protocol 
In the first 708 subjects, imaging was performed with a 16-slice MSCT scanner (SOMATOM 

Sensation 16, Siemens, Forcheim, Germany). The scan reached from the aortic arch to the 

intracranial circulation (1 em above the sella turcica). Scan parameters were: 16 x 0.75 

mm collimation, 120 kVp, 100 effective mAs, 0.5 s rotation time and normalized pitch of 

1. Images were reconstructed with effective slice width 1 mm, reconstruction interval 0.5 

mm, 120 mm FOV and medium sharp convolution kernel ("B35f"). In another 295 subjects 

image acquisition was performed with a 64-slice MSCT scanner (SOMATOM Sensation 

64, Siemens, Forcheim, Germany). Scan parameters were similar for both MSCT scanners, 

except for collimation and effective mAs. W1th the use of the 64-slice MSCT scanner the 

collimation was 32 x 0.6 mm and the mAs value was real time adapted to body weight 

(CARE DOSE, Siemens, Forcheim, Germany) with a reference value of 100 mAs. 

Analysis of calcification 
Two reviewers, with a medical background, were trained by an experienced radiologist 

and scored arterial calcification using a standardized protocol. They were blinded to the 

clinical data of the participants. The examination of aortic arch comprised the origin oft he 

aortic arch (defined as the image in which the ascending and descending aorta merge into 

the inner curvature of the aortic arch) to the first 1 em of the common carotid arteries, the 

vertebral arteries and the subclavian arteries beyond the origin of the vertebral arteries. 

The examination of carotid arteries comprised both right and left carotid artery within 

3 em proximal and distal of the bifurcation. 

Atherosclerotic calcification was identified based on a threshold of 130 Hounsfield Units 

(HU), using dedicated software (syngo Calcium Scoring, Siemens, Forcheim, Germany). 

Calcification was quantified by calculating the Agatston score. For each calcified lesion, 

the Agatston score was calculated as the product of the area of a calcified lesion (the 

number of voxels with an attenuation value;, 130 HU times the volume of one voxel) and 

a factor assigned according to the maximum attenuation value of the lesion 11
• For image 

data with an overlapping reconstruction increment Agatston scores were normalized 

with the ratio of increment and slice width. The total score per vessel bed was calculated 

by adding the scores of all lesions. 
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Covariates 
Information on smoking, blood pressure, and lipid lowering medication use was obtained 

during a home interview of the Rotterdam Study. Subjects were categorized as current, 

past and never smokers. Clinical measures were obtained during a visit at the study 

center. Height and weight were measured and the body mass index was calculated 

(weight[kg]/height [m]'). Blood pressure was measured at the right brachial artery using 

a random-zero sphygmomanometer with the participant in sitting position. The mean of 

two consecutive measurements was used in the analyses. Serum total cholesterol and 

high-density lipoprotein (HDL) cholesterol were obtained using an automatic enzymatic 

procedure (Hitachi 911, Roche CHOD PAP). Diabetes was defined as the use of anti-diabetic 

medication or a fasting glucose level of <: 7 mmol/1. Information on cardiovascular 

disease (myocardial infarction (MI), percutaneous transluminal coronary angioplasty 

(PTCA) and coronary artery bypass graft surgery (CABG) was collected at baseline in 

1990-1993 (original cohort) or at baseline in 2000-2001 (extended cohort) and during 

follow-up as described previously "·The missing values of covariates were handled by 

single imputation using an expectation-maximization algorithm 13
. 

History of stroke 
A history of stroke prior to CT scanning was based on either a history of stroke reported 

at baseline, or the occurrence of stroke during follow-up but before the time of scanning. 

History of stroke at baseline for the original cohort and for the extended cohort was assessed 

by asking 'did you ever suffer from a stroke, diagnosed by a physician?: Medical records 

of subjects who answered 'yes' were verified 14• After entrance into the Rotterdam Study, 

participants are continuously monitored for major events through automated linkage of 

the study database with files from general practitioners and the municipality. Also nursing 

home physicians' files and files from general practitioners of participants who moved out 

of the district were scrutinized. For reported events, additional information (including 

brain imaging) was obtained from hospital records. Research physicians discussed 

information on all potential strokes and TIA with an experienced stroke neurologist (P.J.K.) 

to verify all diagnoses. Ischemic, hemorrhage, and unspecified strokes were included and 

subarachnoid hemorrhages and retinal infarcts were excluded. 

Statistical analysis 
Logistic regression was used to determine whether people with severe aortic arch or 

carotid calcification (highest quartile) were more likely to have had a stroke compared 

to subjects in the lowest three quartiles. Since calcium scores were much higher in men 

than in women, gender specific quartiles were used. Initially, the logistic regression 

analysis was adjusted for age, gender, and type of MSCT (model1 ). In model 2, additional 

adjustments were made for body mass index, systolic and diastolic blood pressure, total 
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94 serum cholesterol, HDL-cholesterol, diabetes, smoking status, blood pressure lowering 

and lipid lowering medication, and previous cardiovascular disease. 

Analysis of covariance was used to compute age, gender, and MSCT type-adjusted 

geometric mean calcium scores stratified by the presence of stroke. SPSS 11.0 for Windows 

(SPSS, Inc, Chicago, Illinois) was used for data analysis. 

Results 

Table 1 Characteristics of the study population 

Variable n=l 003 

Age (years) 

Men(%) 

Body mass index (kg/m2) 

Systolic blood pressure (mmHg) 

Diastolic blood pressure (mmHg) 

Total cholesterol (mmol!l) 

HDL-cholesterol (mmol/1) 

Fasting glucose (mmol/1) 

Diabetes mellitus (%) 

Smokers(%) 

Current 

Past 

Never 

Use of blood pressure lowering medication(%) 

Use of lipid lowering medication(%) 

History of myocardial infarction (%) 

History of stroke (%) 

Coronary artery Bypass Graft (%) 

Percutaneous Transluminal Coronary Angioplasty (%) 

Aortic arch Agatston score' 

Carot id artery Agatston score 1 

71.6 ± 6.4 

48 

27.5 ± 4.0 

149.7 ±21 .0 

80.5 ± 11.1 

5.6 ± 1.0 

1.4±0.4 

5.8 ± 1.3 

11 

12 

58 

30 

46 

25 

9 

5 

3 

2 

430 (80.5-1363) 

42 (0.1-181 ) 

Categorical variables are expressed as percentage. Values of continuous variables are expressed as mean ± standard 

deviation. ' Value is expressed as median (interquartile range) because of its skewed distribution. 
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Table 1 shows characteristics of the study population. The study population consisted 

of 48% men. The mean age (± sd) of the study participants was 71.6 yea rs (± 6.4). 

Overall, calcium scores were higher in men than in women. The median calcium score 

(interquartile range) in the aortic arch and the carotid arteries were 513 (83-1607). 64 (2-

235), respectively for men; and 371 (79-1245). 26 (0-129) respectively for women. A history 

of stroke prior to CT scanning was present in 42 (4%) participants. 

Table 2 shows the age and gender-adjusted and the multivariate adjusted odds ratios for 

associations between history of stroke and high calcium scores (upper quartile) in the 

aortic arch and carotid artery. The age-adjusted odds ratios for the association of history 

of stroke with aortic arch calcification and carotid calcification were 2.3 (95% Cl, 1.2-4.6) 

and 2.2 (95% Cl, 1.2-4.3), respectively. In multivariate analyses, risk estimates were slightly 

reduced but lost statistical significance. 

Table 2 Association of aonic arch and carotid calcification with a history of stroke 

Aortic arch calcification Carotid artery calcification 

History of stroke n Stroke cases OR (9S% Cl} n Stroke cases OR (95% Cl) 

Model l 1002 41 2.3 (1 .2-4.6)' 1003 42 2.2 (1.2-4.3}' 

Model2 1002 41 2.0(1.0-4.1) 1003 42 1.8 (0.9-3.6} 

Modell: adjusted for age, gender and scanner type. 

Model 2: additionally adjusted for body mass index, systolic and diastolic blood pressure, total serum cholesterol, 

HDL-cholesterol, diabetes, smoking status, blood pressure lowering medication and lipid lowering medication, and 

cardiovascular history . 

• p <0.05 

Figure 1 shows the age and gender-adjusted geometric mean calcium scores according 

to the presence of a history of stroke. Subjects with a history of stroke had a higher 

geometric mean calcium score in both vessels than those w ithout a history of stroke, 

however, differences lacked statistical significance. 
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Figure 1 Age, gender, and MSCT-adjusted geometric mean calcium score according to history of stroke. 

*paorticorch = 0.17forthe difference in geometric mean calcium score in the aortic arch in subjects with a history of stroke 

versus no history of stroke; **p rarondarreries= 0.06 for the difference in geometric mean calcium score in the carotid arteries 

in subjects with a history of stroke versus no history of stroke. 
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Discussion 

In this population-based study, we found that subjects with a history of stroke were more 

likely to have a high calcium score in the aortic arch and the carotid arteries compared 

with subjects without a history of stroke. After adjustment for conventional vascular risk 

factors, however, the associations were no longer statistically significant. 

Several studies have found that atherosclerosis in the aortic arch '"' is associated with 

cerebrovascular events. Two studies 2
' 

3 examined the assoc·1af1on between aorf1c arch 

plaques and a history of stroke in a case-control setting. Aortic arch plaques were visualized 

by means ofTEE and both studies found strong relations with risk of stroke. Iribarren et al' 

examined aortic arch calcification and risk of ischemic and hemorrhagic stroke in a large 

prospective study among volunteers. Calcification was based on the presence or absence 

of calcification on plain radiographs. In women, an independent association of ischemic 

stroke with calcification in the aortic arch was found, but no association was present in 

men. No relationship was found with hemorrhagic stroke, irrespective of gender. With 

MSCT, calcification in the aortic arch can be measured more accurately and non-invasively. 

In our study, we found that history of stroke was associated with aortic arch calcification. 

Also, atherosclerosis in the carotid arteries has been shown to be related to risk of 

cerebrovascular events 4-
7

• Three prospective cohort studies found that IMT, assessed by 

ultrasound, was independently associated with risk of stroke 4•
6

• 
7.1n a prospective cohort 

study, carotid plaques assessed by ultrasound were dose-dependently associated with risk 

of stroke 5
• Until now, one study examined the association between carotid calcification 

with cerebrovascular events in a cross-sectional study design'. The study quantified 

carotid calcification by means of MSCT and found calcium scores to be related to TIA or 

stroke. However, the study population was small and not population-based. Nevertheless, 

our results confirm these previously published results. 

Most studies on aortic arch atherosclerosis and risk of stroke used TEE. This method, 

however, is an invasive investigation and allows only subjective quantification of the 

plaque. In one study', a plain radiograph was used to assess aortic arch calcification, but 

this only allows dichotomizing the presence of atherosclerosis. In most studies, carotid 

atherosclerosis was assessed by ultrasound. The measurement of carotid plaques by 

ultrasound is based on the presence of plaques at different sites, which is not a precise 

quantification of the extent of plaque. Carotid IMT is a standardized and quantitative 

measure of atherosclerosis. However, the early stages of increased IMT appear to represent 

hypertrophy rather than atherosclerosis. Another limitation of ultrasound is that only a 

limited part of the carotid arteries can be visualized in a subgroup of subjects. The use 
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98 of MSCT has the advantage that it is non-invasive, provides an accurate assessment of 

the amount of calcification, and different vessel beds can be measured during one 

session. The use of MSCT does, however, have some drawbacks. MSCT is an expensive 

tool, which generates images with the use of X-rays. The radiation dose for detecting 

calcified atherosclerosis is relatively low, but levels accumulate when multiple vessels are 

assessed and assessments are repeated over time. At this point in time, it is unclear which 

method of measuring aortic arch or carotid atherosclerosis is best for risk stratification. 

Prospective data on the different measures in relation to risk of stroke are necessary for 

proper evaluation. 

The advantages of our study are its large population and the inclusion of two vessel 

beds measured by the same diagnostic tool. Since calcification was measured without 

knowledge of a history of stroke, information bias is not likely to have infiuenced our 

results. However, some limitations of our study need to be discussed. We measured 

calcification, not plaque per se. Although calcification is not a direct measure of plaque, 

coronary calcification determined by EBCT has been correlated with the total area of 

coronary plaque 15
• Also, the presence of aortic calcification on plain radiographs has been 

shown to indicate aortic atherosclerosis"· To the best of our knowledge, there is no data 

on the relation between carotid artery calcification and carotid plaque burden. As long 

as we do not have reasons to assume that the process of calcification differs across vessel 

beds, we believe that carotid artery calcification refiects carotid atherosclerosis. Our study 

may be further limited by the fact that non-participation of diseased subjects may have 

resulted in a relatively healthy study population, with a more restricted range of variable 

studied, which may lead to an underestimation of the associations. 

Also, our definition of calcification depends on the distribution of calcification per gender 

and may therefore be different in other populations. Finally, the occurrence of stroke 

may have led to changes in life-style and medication use to reduce risk of a recurrent 

event. The change in lifestyle and medication could have reduced the difference ·m arterial 

calcification between subjects with and without stroke, and therefore the observed risk 

estimates may have been underestimated. 

Several mechanisms have been proposed to explain the associations of atherosclerosis 

in the aortic arch and carotid arteries with risk of stroke. Firstly, atherosclerotic plaques 

in the aortic arch 2
• 

17 and the carotid arteries 5 may serve as a source of cerebral emboli. 

One study 5, however, found carotid plaques not to be related to risk of cerebral infarction 

in the ipsilateral hemisphere. In our study, we did not have enough cases of stroke to 

examine associations with ipsilateral and contralateral stroke separately. Secondly, it is 

possible that atherosclerotic lesions in both the aortic arch and the carotid arteries are a 
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marker for generalized atherosclerosis, indicating the increased likelihood of intracranial 

small vessel disease. 

In conclusion, we found that subjects with a history of stroke had an increased risk of 

having high calcium scores in the aortic arch and the carotid arteries compared with 

subjects without a history of stroke. Our findings need confirmation in large prospective 

studies. 
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General discussion 

This thesis was based on studies that have been performed in the Rotterdam Study, a 

large population-based study of elderly subjects 1• The objectives of these studies were 

to examine the determinants of and the associations between coronary, aortic arch, and 

carotid calcification assessed with multislice computed tomography (MSCT). Also, the 

association of calcification in these vessels and history of stroke was examined. The merits 

and shortcomings of the described studies have been discussed in the previous chapters. 

This chapter will provide a more general discussion ofthe main findings, and will consider 

methodological issues. 

Background 

The presence of atherosclerosis in the coronary arteries 2"4, aorta s-7, and the carotid arter"1es 8•11 

is a risk factor for cardiovascular disease. Atherosclerosis is a disease of the arterial vessel 

bed, which can be measured in different stages during life and with several diagnostic 

tools. Atherosclerotic lesions have typical histological and histochemical compositions at 

different stages of their natural history 12 • More advanced atherosclerotic lesions contain 

calcification, although calcification may also be present in small amounts in the earlier 

stages of atherosclerosis 13
• 

Cardiovascular disease leads to a high morbidity and mortality and consequently puts a 

large burden on the health care system. Therefore, early identification of high-risk subjects 

is needed. Several non-invasive measures of atherosclerosis exits and may be useful in 

identifying subjects at high risk. Existing non-invasive measures of atherosclerosis include 

intima media thickness (IMT) and number of plaques of the carotid arteries by ultrasound 

and ankle brachial index, measuring peripheral atherosclerosis. The introduction of 

electron beam computed tomography (EBCT) and MSCT has enabled the non-invasive 

visualization and accurate quantification of atherosclerotic calcifications in arteries. 

Coronary calcification assessed by EBCT has been found to be a predictor of coronary 

heart disease 2
•
3

• EBCT and MSCT also allows measurement of calcification in other vessel 

beds like the aorta "and the carotid arteries 15 .Quantification of calcification in different 

vessel beds might improve cardiovascular risk assessment. However, until now little data 

are available on the predictive value of arterial calcification in different vessel beds for the 

occurrence of new cardiovascular events. 
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106 and women. A tendency was present for an inverse association with obesity in women, 

while no association of low HDL-cholesterol with arterial calcification was present. Age and 

current smoking were the strongest risk factors for arterial calcification in all vessel beds, 

except for coronary calcification in men. Possibly men who smoke are prone to die from 

coronary heart disease at an earner age due to selective mortality. The inverse association 

with obesity in women, but not in men, may be related to estrogen production in fat mass 

in women after menopause 25
• 

Some studies have shown that light-to-moderate alcohol consumption is inversely 

associated with atherosclerosis ''·28 • Data on the association of alcohol consumption 

with arterial calcification 29"31 are scarce and until now there are no data on the relation 

between alcohol consumption and carotid calcification. In chapter 4.2 we describe the 

association between alcohol intake and risk of carotid calcification. Several studies have 

examined the association between alcohol consumption and atherosclerosis 6
' 26"

35
• In 

our study, opposite trends were found for wine drinking (inverse) and beer and liquor 

drinking (positive). However, the associations lacked statistical significance. Although we 

included nearly 1,000 subjects, this study may lack power to show significant associations. 

Therefore, larger numbers are needed to confirm the results. 

We evaluated the associations of arterial stiffness, expressed as carotid-femoral pulse 

wave velocity (PWV) and common carotid distensibility, with aortic arch and carotid 

calcification assessed by MSCT. in chapter 4.3. We found an association between aortic 

stiffness and carot'1d calcification. Furthermore, an association was found between carotid 

stiffness and aortic arch and carotid calcification. The results confirm the association 

between arterial stiffness and atherosclerosis. One possible explanation is that the 

presence of calcified atherosclerosis stiffens the vessel wall. However, our study was cross

sectional, and therefore, we cannot conclude of the order of events. Further studies need 

to be conducted to reveal the mechanism behind the association. 

Aortic arch and carotid calcification and history of stroke 
Aortic arch and carotid artery calcification assessed by MSCT may be useful tools to identify 

subjects at high risk for stroke. Atherosclerosis in the aortic arch and in the carotid arteries 

has been related to risk of cerebrovascular events s-n. However, no data are available on 

the (additive) predictive value of aortic arch and carotid calcification for risk prediction 

for stroke. In our study, we found that subjects with a history of stroke had an increased 

risk of having high calcium scores in the aortic arch and the carotid arteries compared 

with subjects without a history of stroke. After adjustment for conventional vascular risk 

factors, the associations slightly decreased but were no longer statistically significant. 

The loss of significance may be due to lack of power. Therefore, the association should be 
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examined in larger studies. Finally, a prospective study is needed to establish the strength 

of the predictive value of arterial calcification for risk of stroke. 

Methodological considerations 

Study design 
There are three main types of non-experimental epidemiological studies, including cohort 

studies, case-control studies and cross-sectional studies. In a cohort study, a population 

is observed in time for the incidence of diseases. The study population in a case-control 

study is selected on the presence and absence of disease. A cross-sectional study collects 

all data at the same point in time and does not encounter the effect of time. 

The studies described in this thesis were all cross-sectional in design. In the study on the 

association between carotid calcification and carotid plaques (chapter 2.1) and in the 

study on the association between calcification in the coronary arteries, aortic arch and 

carotid arteries (chapter 3.1 ), the cross-sectional design is most appropriate. The aim of 

the first study was to validate MSCT carotid calcification and the aim of the second study 

was to see whether calcification in one vessel bed can predict calcification in other vessel 

beds. For these purposes, the measures should be measured within a short time period. 

For the studies on determinants of coronary, aortic arch and carotid calcification (chapter 

4.1, 4.2, 4.3) and the study on aortic arch and carotid calcification and history of stroke 

(chapter 5.1) the cross-sectional design is suitable, although not the optimal design. 

In the studies described in chapter 4, the research question is causal and time order is 

important to be able to make inferences on causality. The chapter on arterial calcification 

and a history of stroke provides a strong suggestion for a positive relation, which indicates 

that the measurement of arterial calcification may be of predictive value. Our final goal 

is examining the predictive value of arterial calcification for the risk of stroke, which 

should be examined in a prospective cohort study design. Until now little is known about 

associations of arterial calcification in different vessel beds with cardiovascular risk factors 

and cardiovascular outcomes. Therefore, our results should be seen as preliminary results 

waiting for confirmation from future prospective studies. 

Sources of bias 
Selection bias occurs when participating in a study is related to the exposure and, 

independent to the exposure, to the outcome. Selection bias can lead to both under- and 

overestimations of the effect measures. In this study, subjects who visited the research 

center for regular examinations of the Rotterdam Study were eligible for participation 

in this study. Therefore, subjects who were less healthy and unable to visit the research 
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108 center, were not included in this study, probably resulting in a healthier study population. 

Of 1,877 eligible subjects who visited the research center between September 2003 and 

December 2004, 1,003 participated. Eligible subjects that did not undergo a MSCT scan 

may differ from the subjects that participated concerning lifestyle, medical history, and 

risk factors levels. We compared characteristics of non-responders to the participants. The 

participants were significantly older (1.4 years older) and consisted of more men (48% 

versus 44%). Conventional cardiovascular risk factors did not differ between responders 

and non-responders. 

Information bias is present when there is misclassification in obtaining information 

on exposure or outcome. The misclassification can be differential or non-differential. 

Differential misclassification is misclassification of the outcome that is related to exposure 

status, or vice versa, and results in a distortion (over- or underestimation) of the findings. 

Non-differential m·lsclassification, which is random and independent of the other axis, 

leads to a dilution of the association. An example of information bias can be found in 

our study on alcohol drinking habits and arterial calcification as described in chapter 4.2. 

It is impossible to correctly assess the absolute levels of alcohol consumption because 

subjects are susceptible to give socially desirable answers. However, at the moment of the 

interview subjects were not aware of the outcome (arterial calcification) and therefore, 

misclassification is likely to be non-differential. This will have led to an underestimation of 

the reported effect estimates. 

A confounding factor is a risk factor for the disease independent of the determinant under 

study, which is also associated with the determinant. A confounder, however, should not 

be an intermediate in the causal pathway between the determinant and the disease. To 

remove the infiuence of a confounding factor, the factor has to be measured and adjusted 

for in the statistical analyses.lfthe factor is not measurable, adjustmentfor the confounding 

factor is not possible and residual confounding will result. In etiologic research, we are 

interested in the causal relation between the determinant and an outcome, independent 

of confounders. For example, in the study on alcohol consumption and carotid calcification 

(chapter 4.2). smoking is likely to be a confounding fad or. Subjects who smoke are more 

likely to consume alcohol and smoking is a risk factor for carotid calcification (chapter 4.1 ). 

Therefore, we adjusted for smoking in the statistical analyses. However, in the study on 

the validation of carotid calcification (chapter 2.1) and the study on associations between 

arterial calcification in different vessel beds (chapter 3.1). confounding is not an issue, 

because in these chapters we were not investigating causal relationships. In the study 

on the correlation between arterial calcification in different vessel beds, we additionally 

adjusted for the cardiovascular risk factors to examine which part of the associations was 

due to shared risk factors. 
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Validity of measurement 
In this thesis, the first results are presented from a population-based study on prevalence, 

risk factors and predictive value of calcification in the coronary arteries, aortic arch and 

carotid arteries. Calcification in the coronary arteries assessed by EBCT has been shown to 

be correlated with the total area of coronary plaque 17• Also aortic calcification as measured 

on a conventional radiograph has been shown to be related to aortic atherosclerosis 36
• 

In chapter 2.1, we investigated the association between carotid calcification assessed by 

MSCT and carotid plaques assessed by ultrasound, and found strong correlations between 

the two measurements. Therefore, carotid calc"1ficat"1on can be used as a proxy for carotid 

atherosclerosis. 

Clinical implications of the findings and future research 
It has been shown that coronary calcification is a predictor of coronary heart disease 2

• 
3

• 

Data on the predictive value of aortic arch and carotid arteries for cardiovascular disease, 

however, are limited. We examined cross-sectionally the association between calcification 

in the aortic arch and in the carotid arteries with history of stroke. We found aortic arch 

and carotid calcification to be related to history of stroke, although the estimates lacked 

statistical significance in multivariate models. To answer the question whether calcification 

in the aortic arch and in the carotid arteries predicts cerebrovascular disease independent 

of cardiovascular risk factors, a prospective study is needed. If the predictive value of these 

measures can be proven, they can help to identify asymptomatic subjects at high risk 

of cerebrovascular disease. Whether coronary heart disease and stroke screening should 

be combined and which vessel bed or combination of vessel beds is most informative 

for determination of risk should be investigated. Also, the predictive value of arterial 

calcification by MSCT as compared to other non-invasive measures of atherosclerosis, 

such as carotid IMT by ultrasound, should be compared, and their relative advantages and 

disadvantages evaluated. 

We presented evidence that carotid calcification is a good measure of carotid plaques. This 

indicates that besides coronary calcification, also carotid calcification assessed by MSCT 

can be used as a proxy for atherosclerosis. This supports the use of arterial calcification in 

studies on effects of risk factors on atherosclerosis. The finding of associations of arterial 

calcification with conventional cardiovascular risk factors further supports its use for 

these purposes. Still little is known about the reasons for differences in prevalence and 

in sex-dependencies of atherosclerosis in different vessel beds. The assessment of arterial 

calcification will especially enable the study of determinants of atherosclerosis at different 

sites of the arterial tree. The use of MSCT enables accurate quantification of the amount 

of arterial calcification as a measure of atherosclerosis. Repeating the measurement over 

time could provide information on progression of atherosclerosis. If this can be shown in 
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110 future studies, serial MSCT assessment of arterial calcification will be a potential tool in 

clinical trials to assess the effects of drug treatment. 
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Summary 

Cardiovascular disease leads to a high morbidity and mortality and consequently puts a 

large burden on the health care system. Therefore, early identification of high-risk subjects 

is needed. Several non-invasive measures of atherosclerosis exits and may be useful in 

identifying subjects at high risk. Existing non-invasive measures of atherosclerosis include 

intima-media thickness (IMT) and plaques of the carotid arteries by ultrasound and the 

ankle brachial index, measuring peripheral atherosclerosis. 

The introduction of electron beam computed tomography (EBCT) and multislice 

computed tomography (MSCT) has enabled the non-invasive visualization and accurate 

quantification of calcification in different arteries. Quantification of calcification in 

different vessel beds may improve cardiovascular risk assessment. Chapter 2 describes the 

comparison of carotid calcification assessed by MSCT with carotid plaques measured by 

ultrasound. In chapter 3, the association between calcification in the different vessel beds 

is examined. The studies described in chapter 4 and 5 focus on determinants of arterial 

calcification and on its relation with history of cerebrovascular disease. 

The MSCT scan study is embedded in the Rotterdam Study, a population-based study, 

which started with a baseline examination in 1990-1993. All inhabitants of a suburb 

of Rotterdam, aged 55 years and over, were invited and 7,983 agreed to participate. In 

2000-2001, the cohort was extended with 3,011 subjects, also aged 55 years and over. 

From September 2003 until February 2006, all participants who completed the regular 

examination (the fourth for the original cohort and the second center visit of the extended 

cohort) were invited to participate in the present study and to undergo a MSCT scan of 

the heart, the aortic arch and the carotid arteries. Two scans were performed: a cardiac 

scan and a scan which included the aortic arch and the carotid arteries. 

We restricted the studies in this thesis to the first 1,003 participants who were scanned 

until December 2004. Data on coronary, aortic arch and carotid artery calcification were 

available in respectively 972, 1,002 and 1,003 subjects. Data on medical history and 

cardiovascular risk factors were collected during the home interview and the regular 

Rotterdam Study center visits, prior to the MSCT scan. 

Chapter 1 is a brief introduction to the work presented in this thesis. 

Chapter 2 describes the magnitude of the correlation of MSCT carotid calcification with 

carotid plaques assessed by ultrasound. We observed a strong association between 
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118 carotid calcification assessed by MSCT and carotid plaques assessed by ultrasound. The 

calcium score could accurately estimate the amount of carotid plaques. This suggests that 

calcification assessed by MSCT is a good measure of the presence and amount of plaques 

in the carotid arteries. Furthermore, a strong association was present between carotid 

calcification assessed by MSCT and ca lcified plaqu es by ultrasound independent of the 

total amount of plaque, supporting the validity of the assessment of calcified plaques by 

ultrasound. 

Chapter 3 describes the prevalence of calcification in the coronary arteries, the aortic 

arch and the carotid arteries and the association between calcification in these vessel 

beds. The prevalence of calcificat ion increased with age throughout the vascular bed. In 

the eldest group (age 80 and over), all men had calcification in the coronary arteries and 

all women had calcification in the aortic arch. We found moderate to strong correlations 

between calcification in different vessel beds. This implies that assessment of the 

amount of calcification in one vessel bed is on ly a proxy and not an accurate measure of 

calcification in other vessels. However, our findings support the concept of generalized 

atherosclerosis. 

Chapter 4.1 describes the associat ions between cardiovascu lar risk factors and ca lcifica

tion in the coronary arteries, aortic arch and carotid arteries. We found that age, current 

smoking, hypertension, hypercholesterolemia, and diabetes were independently related 

to arterial calcification, although associations were not consistent across all vessel beds 

and for men and women. A tendency was present for an inverse association with obesity 

in women, while no association of low HDL-cholesterol with arterial calcification was 

present. Age and current smoking were the strongest risk factors for arterial calcification 

in all vessel beds, except for coronary calcification in men. Possibly, men who smoke are 

prone to die from coronary heart disease at an earlier age due to selective mortality. The 

inverse association w ith obesity in women, but not in men, may be related to estrogen 

production in fat mass in women after menopause. 

Chapter 4.2 describes the relation between alcohol consumption and carotid ca lcification. 

Opposite trends were found for wine drinking (inverse) and beer and liquor d rinking 

(positive). However, the associations lacked statistical significance. Although we included 

nearly 1,000 subjects, this study may lack power to show significant associations. Therefore, 

larger numbers are needed to confirm the results. 

Chapter 4.3 describes the association of arterial stiffness (aortic and carotid stiffness) with 

aortic arch and carotid calcification. We found an association between aortic stiffness and 

carotid calcification. Furthermore, an association was found between carotid stiffness and 
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aortic arch and carotid calcification. The results confirm the association between arterial 

stiffness and atherosclerosis. 

In chapter 5.1, the association of aortic arch and carotid calcification with history of 

stroke is described. We found that subjects with a history of stroke had an increased 

risk of having high calcium scores in the aortic arch and the carotid arteries compared 

with subjects without a history of stroke. After adjustment for conventional vascular risk 

factors, the associations slightly decreased but were no longer statistically significant. 

The loss of significant associations may be due to lack of power. Therefore, our findings 

need confirmation in larger studies. Finally, a prospective study is needed to establish the 

strength of the predictive value. 

In the general discussion in chapter 6, methodological considerations are discussed to 

adequately interpret the study results described in this thesis. Moreover, suggestions for 

future research are given. 
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