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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).
This study was embedded in 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 were
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. The odds ratio
(OR) for age in women, irrespective of the vessel bed,
was 1.1 (Po0.001) and in men it was 1.2 with aortic arch
and 1.1 with carotid calcification (both Po0.001).
Current smoking was associated with aortic arch

calcification with an OR of 3.5 in women and of 4.7 in
men (both Po0.001); and with carotid calcification with
an OR of 2.1 in women (Po0.05) and of 4.1 in men
(Po0.01). Hypertension, hypercholesterolemia and dia-
betes 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, whereas low high-
density lipoprotein-cholesterol showed no relation with
arterial calcification. In conclusion, although associa-
tions were not completely consistent across the differ-
ent 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.1 More advanced atherosclero-
tic lesions contain calcification, although calcifica-
tion may also be present in small amounts in the
earlier stages of atherosclerosis.2 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.10 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
7983 agreed to participate (78% response). In 2000–
2001, the cohort was extended with 3011 subjects
(67% response) with the same inclusion criteria.
The design and rationale of the Rotterdam Study
have been described elsewhere.13 Study centre visits
took place approximately every 3 years, during
which cardiovascular risk factors were measured.

From September 2003 onwards, all participants
who completed the centre visit (the fourth for the
original cohort and the second for the extended
cohort) were invited to participate in this study and
to undergo a multislice computed tomography
(MSCT) scan of the heart, the aortic arch and the
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carotid arteries. We restricted the present analyses
to the first 1003 participants who were scanned
until December 2004. In total, 2485 subjects were
scanned.

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 Sensa-
tion 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� 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 105
beats per minute, the cardiac scan was performed
with 12� 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 cardi-
ac scans, reconstructions were performed with
180 mm field-of-view and medium sharp convolu-
tion kernel (‘B35f’). The second scan reached
from the aortic arch to the intracranial circulation
(1 cm above the sella turcica). Scan parameters were:
16� 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
field-of-view 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� 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 analysed: the
coronary arteries, the aortic arch and the carotid
arteries. The examination of coronary arteries
comprised the left main, left anterior descending,
left circumflex 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 arch) to the first 1 cm
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 cm proximal and distal of the bifurcation.

Atherosclerotic calcification was identified based
on a threshold of 130 Hounsfield Units, using dedi-
cated 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 X130 Hounsfield
Units 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. Participants
were asked whether they smoked, they had smoked
in the past and had stopped smoking, or they had
never smoked. The amount of cigarettes or cigars
they smoked, or had smoked, was not registered,
and the subjects were categorized as current, past
and never smokers.

Clinical measurements were conducted during
a visit at the study centre. Height and weight
were measured, and the body mass index (BMI)
was calculated (weight[kg]/height[m]2). We defined
obesity as a BMI X30 kg/m2. Blood pressure was
measured at the right brachial artery using a
random-zero sphygmomanometer with the partici-
pant in sitting position. We defined hypertension
as a systolic blood pressure X160 mmHg and/or a
diastolic blood pressure X100 mmHg15 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 X6.2 mmol l�1 16 and/or the use of
lipid reducing medication, low HDL-cholesterol
was defined as a HDL-cholesterol o1.0 mmol l�1.16

Diabetes was defined as the use of anti-diabetic
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medication and/or a fasting glucose level
X7 mmol l�1.17 Information on cardiovascular dis-
ease (myocardial infarction, percutaneous translum-
inal coronary angioplasty, coronary artery bypass
graft surgery 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 earlier.18,19 The maximum proportion of
missing values of covariates was 3.2% and were
handled by single imputation using an expectation-
maximization algorithm.20

Population for analysis
In 10 subjects, the cardiac scan was not performed
because of the presence of a pacemaker. Addition-
ally, 21 subjects had a history of previous stenting in
the coronary arteries. Therefore, data on coronary
calcification were available for 972 subjects.
Because of 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 were available for all subjects.
The median duration between the study centre visit
and the MSCT scan was 75 days.

Statistical analysis
We used logistic regression to determine the asso-
ciation between cardiovascular risk factors and
arterial calcification. The highest quartile of calcifi-
cation was compared with the lower three quartiles,
for each vessel bed separately. As calcium scores
were substantially higher in men than in women, all
analyses were stratified by gender. First, the regres-
sion analysis was only adjusted for age and scanner
(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, coronary artery by-
pass graft surgery and percutaneous transluminal
coronary angioplasty.

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, 42). 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, IL, USA) 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 of 48% of

men. The mean age (±s.d.) of the study participants
was 72 years (±6.4). In total, 2485 subjects partici-
pated in this study. In the total study population, the
average systolic blood pressure was lower in women
(Po0.05) and the use of blood pressure lowering
medication was lower in men (Po0.05).

Tables 2–4 show the age-adjusted and the multi-
variate adjusted odds ratios (ORs) for associations
between cardiovascular risk factors and calcium
scores (upper quartile versus lower three quartiles)
in the different vessel beds. Age and current
smoking were the strongest independent risk factors
for arterial calcification. Both variables were inde-
pendently associated with calcification in all vessel
beds except for the coronary arteries in men. The OR
for age in women, irrespective of the vessel bed, was
1.1 (Po0.001) and in men it was 1.2 with aortic arch
and 1.1 with carotid calcification (both Po0.001) in
the multivariate adjusted model. In the multivariate
adjusted model, current smoking was associated
with aortic arch calcification with an OR of 3.5 in

Table 1 Characteristics of the study population

Variable Men
(n¼485)

Women
(n¼ 518)

Age (years) 72.0±6.2 71.2±6.6
Body mass index (kg/m2) 27.2±3.4 27.8±4.5
Systolic blood pressure
(mm Hg)

148.8±20.4 150.4±21.5

Diastolic blood pressure
(mm Hg)

81.3±11.1 79.7±11.4

Total cholesterol
(mmol l�1)

5.3±0.9 5.9±0.9

HDL-cholesterol
(mmol l�1)

1.3±0.3 1.5±0.4

Fasting glucose (mmol l�1) 5.8±1.3 5.7±1.3
Diabetes mellitus (%) 12 10

Smokers (%)
Current 13 15
Past 73 43
Never 14 42

Use of blood pressure
lowering medication (%)

45 48

Use of lipid lowering
medication (%)

26 23

History of myocardial
infarction (%)

12 5

History of stroke (%) 5 4
Coronary artery bypass
graft (%)

6 1

Percutaneous
transluminal coronary

3 1

Angioplasty (%)
Coronary artery
Agatston scorea

207.3 (32.6–728.8) 33.7 (0.2–189.2)

Aortic arch
Agatston scorea

513.6 (83.4–1607.7) 370.9 (78.7–1245.4)

Carotid artery
Agatston scorea

64.1 (2–234.8) 25.7 (0–128.6)

Categorical variables are expressed as percentage. Values of contin-
uous variables are expressed as mean±s.d.
aValue is expressed as median (interquartile range) because of its
skewed distribution.
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women and of 4.7 in men (both Po0.001; and with
carotid calcification with an OR of 2.1 in women
(Po0.05) and of 4.1 in men (Po0.01). Past smoking
was only associated with arterial calcification in
women in the aortic arch, and in men in the carotid
arteries. Hypertension, hypercholesterolemia and
diabetes were significant or near significant risk
factors for arterial calcification except for hyperten-
sion in women in the aortic arch and men in the
carotid arteries, hypercholesterolemia for women in
the aortic arch, and diabetes for men in the aortic
arch and carotid arteries.

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.

Table 5 shows the prevalence of calcification in
the different vessel beds, categorized by gender and
for the complete study population. In 2.9% of the
study population, no calcification was found. How-
ever, in over 60%, the subjects had arterial calcifica-
tion in the three beds.

Figure 1 shows the geometric mean calcium score
according to the number of risk factors in asympto-
matic subjects. In both men and women, the number
of risk factors was strongly associated with the
calcium score for all vessel beds. Compared with
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 men with
more than 2 risk factors. In women with 1 risk factor,
calcium scores in the aortic arch and in the carotid
arteries were significantly elevated compared with
women without risk factors.

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, hypercholesterole-
mia 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, whereas no

Table 3 Relation between putative risk factors and presence of
severe calcification in the aortic arch (upper quartiles versus
lower three)

Variable (Exposed
(%))

Model 1 Model 2

OR
(95% CI)

OR
(95% CI)

Men
Age (years) 1.1 (1.1–1.2)a 1.2 (1.1–1.2)a

BMIX30 kg/m2 97 (20) 2.6 (1.5–4.5)a 2.5 (1.4–4.6)c

Hypertension 273 (56) 2.5 (1.5–4.1)a 2.1 (1.2–3.5)b

Hypercholesterolemia 208 (43) 2.4 (1.5–3.8)a 1.6 (1.0–2.7)
HDLo1.0 70 (14) 0.8 (0.4–1.5) 0.6 (0.3–1.1)
Current smoking 59 (12) 3.2 (1.3–7.9)c 4.7 (1.8–12.6)a

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
Age (years) 1.1 (1.1–1.2)a 1.1 (1.1–1.2)a

BMIX30 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)
HDLo1.0 34 (7) 1.3 (0.6–2.9) 0.9 (0.4–2.4)
Current smoking 81 (16) 3.8 (2.0–7.1)a 3.5 (1.8–6.8)a

Past smoking 224 (43) 1.6 (1.0–2.7) 1.7 (1.0–2.8)c

Diabetes 53 (10) 1.8 (1.0–3.4) 2.2 (1.3–4.9)c

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body
mass index; HDL, high-density lipoprotein.
Model 1: adjusted for age and scanner.
Model 2: additionally adjusted for smoking status (never, current,
past), obesity, hypertension, hypercholesterolemia, low HDL-choles-
terol, diabetes mellitus, history of myocardial infarction, stroke,
CABG and PTCA.
aPo0.001.
b0.001oPo0.01.
c0.01oPo0.05.

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

Variable (Exposed
(%))

Model 1 Model 2

OR
(95% CI)

OR
(95% CI)

Men
Age (years) 1.1 (1.0–1.1)b 1.0 (1.0–1.1)
BMIX30 kg/m2 92 (20) 1.4 (0.8–2.3) 1.0 (0.5–1.8)
Hypertension 263 (57) 2.1 (1.3–3.4)b 1.6 (1.0–2.7)
Hypercholesterolemia 191 (41) 2.6 (1.7–4.1)a 1.9 (1.2–3.1)b

HDLo1.0 mmol l�1 67 (14) 0.8 (0.4–1.5) 0.7 (0.4–1.4)
Current smoking 59 (13) 1.1 (0.4–2.5) 1.2 (0.5–3.1)
Past smoking 337 (72) 1.3 (0.7–2.5) 1.1 (0.6–2.3)
Diabetes 57 (12) 2.5 (1.4–4.4)b 1.9 (1.0–3.6)c

Women
Age (years) 1.1 (1.1–1.1)a 1.1 (1.0–1.1)a

BMIX30 kg/m2 131 (26) 1.1 (0.7–1.7) 0.8 (0.4–1.3)
Hypertension 268 (53) 2.6 (1.6–4.1)a 2.3 (1.4–3.7)a

Hypercholesterolemia 276 (54) 1.7 (1.1–2.6)c 1.5 (1.0–2.3)
HDLo1.0 mmol l�1 34 (7) 1.3 (0.6–2.8) 0.8 (0.3–2.0)
Current smoking 76 (15) 2.0 (1.1–3.6)c 1.8 (1.0–3.6)
Past smoking 212 (42) 1.2 (0.8–1.9) 1.3 (0.8–2.0)
Diabetes 52 (10) 2.0 (1.1–3.7)b 2.0 (1.0–4.0)c

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body
mass index; HDL, high-density lipoprotein.
Model 1: adjusted for age and scanner.
Model 2: additionally adjusted for smoking status (never, current,
past), obesity, hypertension, hypercholesterolemia, low HDL-choles-
terol, diabetes mellitus, history of myocardial infarction, stroke,
CABG and PTCA.
aPo0.001.
b0.001oPo0.01.
c0.01oPo0.05.
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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 two of the studies.5,7 Most
of these studies investigated the association
between cardiovascular risk factors and the pre-
sence of calcification in one vessel bed only.4,5,7–9,11

In postmenopausal women12 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 calcifi-
cation. 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 this 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

Table 4 Relation between putative risk factors and presence of
severe calcification in the carotid arteries (upper quartiles versus
lower three)

Variable (Exposed
(%))

Model 1 Model 2

OR (95% CI) OR (95% CI)

Men
Age (years) 1.1 (1.1–1.1)a 1.1 (1.1–1.2)a

BMIX30 kg/m2 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)
HDLo1.0 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 (1.5–10.8)b

Past smoking 355 (73) 2.6 (1.2–5.8)c 2.4 (1.1–5.4)c

Diabetes 58 (12) 1.5 (0.8–2.8) 1.2 (0.6–2.4)

Women
Age (years) 1.1 (1.1–1.1)a 1.1 (1.1–1.1)a

BMIX30 kg/m2 134 (26) 0.7 (0.4–1.1) 0.5 (0.3–0.9)b

Hypertension 277 (53) 2.2 (1.4–3.5)a 2.0 (1.2–3.3)c

Hypercholesterolemia 286 (55) 2.8 (1.8–4.4)a 2.5 (1.6–4.1)a

HDLo1.0 34 (7) 1.8 (0.8–3.8) 1.4 (0.6–3.4)
Current smoking 81 (16) 2.6 (1.4–4.7)a 2.1 (1.1–4.1)c

Past smoking 224 (43) 1.1 (0.7–1.8) 1.1 (0.7–1.9)
Diabetes 53 (10) 1.8 (1.0–3.4) 2.1 (1.0–4.1)c

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body
mass index; HDL, high-density lipoprotein.
Model 1: adjusted for age and scanner.
Model 2: additionally adjusted for smoking status (never, current,
past), obesity, hypertension, hypercholesterolemia, low HDL-choles-
terol, diabetes mellitus, history of myocardial infarction, stroke,
CABG and PTCA.
aPo0.001.
b0.001oPo0.01.
c0.01oPo0.05.

Table 5 Prevalence of calcification in the different vessel beds,
categorized by gender

Vessel Men %
(n¼ 485)

Women %
(n¼518)

Total (%)
(n¼1003)

No calcification 2.7 3.1 2.9
Coronary arteries* 1.9 1.9 1.9
Aortic arch* 2.3 6.9 4.7
Carotid arteries* 0.6 1.4 1.0
Coronary arteries and aortic
arch*

14.6 15.6 15.2

Coronary and carotid arteries* 4.1 2.1 3.1
Aortic arch and carotid
arteries*

6.4 14.3 10.5

Coronary arteries, aortic arch
and carotid arteries*

67.4 54.6 60.8

*Calcification in the mentioned vessels.
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Figure 1 Geometric mean calcium score according to the number
of risk factors. *Po0.05 with no risk factors as the reference
category.
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independent associations of smoking with coronary,
aortic arch and carotid calcification in generally
younger populations4,5,7–9,11

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 calcification4,8,10,11 aortic arch calcifica-
tion11 and carotid calcification.10 A study by Hoff
et al.4 among 30 908 asymptomatic individuals
showed an independent association of hypercholes-
terolemia with coronary calcification in both men
and women. A study among family members of
cardiac patients9 found an independent association
between statin use and coronary calcification in
both genders and an independent association be-
tween total cholesterol and coronary calcification in
women. Iribarren et al.11 found an independent
association between serum cholesterol above
6.6 mmol/l and aortic arch calcification only in
women. A study by Allison et al.10 examining risk
factors 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 associa-
tions 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 of diabetes with
coronary calcification in both men and women,
Reilly et al.9 found an association between
fasting glucose and coronary calcification in
women only, whereas no association of fasting
glucose with both coronary and aortic calcification
was found in a study among postmenopausal
women.12 Iribarren et al.11 did not find an associa-
tion between diabetes and aortic arch calcification
in both men and women. Allison et al.10 examined
the association between diabetes and calcification in
several arteries, and only found a univariate associa-
tion 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 association
between obesity and calcification are inconsistent.
Irrespective of gender, some studies found an
association of BMI with coronary calcification9,10

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 calcification10 and carotid
calcification10 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-cholester-
ol. Data on the relation between HDL-cholesterol
and arterial calcification are not only scarce but
also contradictory. Reilly et al.,9 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, Oei et al.5

found an independent association with coronary
calcification only in women, whereas Allison and
Wright8 found an independent relation between
HDL-cholesterol and coronary calcification in
men and women. In a study by Kuller et al.,12 an
independent association of HDL-cholesterol
with coronary calcification but not with aortic
calcification was observed.

We have investigated the association between
cardiovascular risk factors and arterial calcification.
We used arterial calcification as a proxy for athero-
sclerosis. Overall, our results indicate that generally
the same risk factors are present for atherosclerosis
in the coronary, aortic arch and carotid circulation.
However, except for coronary artery calcification,22–24

the prognostic value of arterial calcification for
cardiovascular events is unknown. The predictive
value of arterial calcification in the aortic arch and
the carotid arteries needs to be examined in future
research, preferably in a prospective study design.

The advantages of our study are its large popula-
tion and the inclusion of three vessel beds measured
by the same diagnostic tool. As 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 calcifi-
cation, not plaque per se. Although calcification is
not a direct measure of plaque, coronary calcifica-
tion determined by electron beam computed tomo-
graphy has been correlated with the total area of
coronary plaque.3 Also, the presence of aortic
calcification on chest radiographs has been shown
to indicate aortic atherosclerosis.25 To the best of our
knowledge, there are 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 calcium scores,
which may lead to an underestimation of the
associations. Finally, our cutoff points for high
calcification depend on the distribution of calcifica-
tion per vessel bed and gender and may be different
in other populations.
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What is known about the topic:
Arterial calcification:

K Occurs in a more advanced atherosclerotic lesion
K In the coronary arteries can be used as a measure for

atherosclerosis

What this study adds:
K Our study is the first large population-based study that

examined the association of cardiovascular risk factors and
arterial calcification in several vessel beds

K Our study indicates that, generally, the same cardiovascular
risk factors are present for atherosclerosis in the coronary,
aortic arch and carotid circulation
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