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Abstract

Background: Myocardial infarctions at different locations have been related to different sets of risk factors. This study was 
designed to examine the association between cardiovascular risk factors and specific coronary artery calcification (CAC). 

Methods: The study population comprised 573 postmenopausal women selected from a population-based cohort study. 
Established vascular risk factors were measured. The women underwent a multi detector-row computed tomography (16-
MDCT) (Philips Mx 8000 IDT 16) to assess coronary calcium. The Agatston score was used to quantify coronary calcium. 
Logistic regression models were utilized to assess the relations. 

Results: The prevalence of coronary artery calcification (Agatston score>0) was 61.5% (n=348). CAC was most common 
in the left anterior descending (LAD) artery with a prevalence of 43.9%; and the rates of prevalence in the right coronary 
artery (RCA), the circumflex (LCX), the left main artery (LM), and the posterior descending artery (PDA) were 23.1%, 19.4%, 
15.8%, and 0.3%, respectively. In the multivariate regression models, age was predominantly related to the calcification 
in the LAD and LCX, low density lipoprotein to calcification in the LAD, and cholesterol to the calcification of the RCA. 
Hypertension and systolic & diastolic blood pressures were related to the calcification of the LCX, whereas smoking was 
predominantly related to the calcification of both LAD and RCA. Finally, age, body mass index, and systolic blood pressure 
were significantly related to the calcification in the LM.

Conclusion: Our findings showed that the consequences of elevated risk factor levels on the development of atherosclerosis 
appeared to be different across the segments of the coronary arteries. 
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Introduction

Acute myocardial infarction (MI) occurs in varying 
anatomical locations, ranging from anteroseptal to the 
inferolateral zone.1  In general, the left circumflex artery (LCX) 

serves the lateral and posterior walls of the myocardium, and 
the right coronary artery (RCA) serves the inferior wall. In 
an anterior MI, the left anterior descending artery (LAD), 
which serves the left ventricle as well as parts of the septum 
and papillary muscles, is obstructed.2 Different locations of 
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an MI are expected to be due to atherosclerosis development 
at different coronary segments. Furthermore, MIs at different 
locations have been related to different sets of risk factors. 
Age over 65 and hypercholesterolemia are independent risk 
factors for anterior MI, whereas smoking and diabetes are 
independent risk factors for inferior MI.3 In a retrospective 
study over a 7-year period, common finding on angiography 
was single-vessel disease causing infarction of the inferior 
wall (62%), and the major risk factor was tobacco use (81%), 
followed by family history (40%), hypertension (26%), and 
hyperlipidemia.4

These findings indicate that risk factors differently affect 
different parts of the coronary arteries. Since atherosclerosis is 
one of the main underlying abnormalities leading to coronary 
heart disease, we hypothesized that risk factors differed in 
their relation with the development of atherosclerosis in 
specific coronary arteries. Coronary atherosclerosis can 
be validly and non-invasively assessed using computer 
tomography. For example, Multi-Detector-Row Computed 
Tomography (MDCT) has been shown to be an accurate, 
non-invasive, and reproducible method to quantify coronary 
artery calcification (CAC).5 

We set out to study the relation of vascular established 
risk factors to specific CAC in a population-based sample of 
postmenopausal women. 

Methods

We used data from a cross-sectional study among 573 
postmenopausal women as has been described previously.6 
In short, these women were selected from participants of the 
PROSPECT study, one of the two Dutch cohorts participating 
in the European Prospective Investigation into Cancer and 
Nutrition (EPIC). In PROSPECT 17,357 participants of 
a nationwide population-based breast-cancer screening 
programme, aged 49-70 years, were enrolled between 1993 
and 1997.  Between October 2002 and April 2004, 1996 
women were randomly selected from 5844 participants of 
the PROSPECT study who were postmenopausal and did 
not use contraceptives or hormone-replacement therapy, and 
1000 agreed to participate. Of these 1000 women, a random 
selection of 573 underwent a multislice CT examination 
at a second visit between January and December 2004. 
Information on CAC was present in 566 women. The 
Institutional Review Board of the University Medical Center 
Utrecht approved the study, and written informed consent 
was obtained from all the participants before enrolment.  

At the re-examination visit, smoking behavior and family 
history of cardiovascular diseases were assessed through a 
questionnaire. Smoking was categorized as current versus 
past and never. Age was calculated from birth date and date 
of investigation. Height and weight were measured, and body 
mass index (BMI) was calculated as weight divided by height 

squared (kg/m2). Waist-to-hip ratio (WHR) was assessed. 
Systolic and diastolic blood pressures (SBP & DBP) were 
measured at both arms with an automated and calibrated 
blood pressure device (DINAMAPTM XL, Critikon, Johnson 
& Johnson, Tampa, Florida, USA) with the subject in supine 
position. A venous blood sample was drawn after an overnight 
fast of at least eight hours. Plasma total cholesterol, plasma 
triglycerides, and plasma glucose were measured using 
standard enzymatic procedures. High density lipoproteins 
(HDL) cholesterol was measured by the direct method 
(inhibition, enzymatic). Low density lipoprotein (LDL) 
cholesterol was calculated using the Friedewald formula. We 
defined hypertension as being under hypertensive therapy or 
a systolic blood pressure equal or higher than 140 mmHg or 
a diastolic blood pressure equal or higher than 90 mmHg.  
Pulse pressure (PP) was defined as SBP-DBP.

The amount of calcium in the coronary arteries was assessed 
with a multi-detector computed tomography (MDCT) 
scanner (Mx 8000 IDT 16, Philips Medical Systems, Best, 
The Netherlands). The subjects were positioned within the 
gantry of the MDCT scanner in supine position. A 16-slice 
scanner with 0.42 seconds rotation time was used to obtain 
1.5 mm thick sections. During a single-breath hold, images of 
the heart, from the level of the tracheal bifurcation to below 
the base of the heart, were acquired employing prospective 
ECG triggering at 50-80% of the RR-interval, depending on 
the heart rate. Scan parameters were 16x1.5 mm collimation, 
205 mm field of view (FOV), 0.42 s rotation time, 0.28 s 
scan time per table position, 120 kVp and 40-70 mAs (patient 
weight <70 kg: 40 mAs; 70-90 kg: 55 mAs; >90 kg: 70 mAs). 
Scan duration was approximately 10 seconds, depending 
on heart rate and patient size. From the acquired raw data, 
3 mm thick sections were reconstructed. Quantification 
of CAC was performed on a separate workstation with 
software for calcium scoring (Heartbeat-CS, EBW, Philips 
Medical Systems, Best, The Netherlands). All the regions 
with a density over 130 Hounsfield units were identified as 
potential calcifications. After completing a training program, 
a trained scan reader, blinded for the results of cardiovascular 
risk factors, manually selected only the calcifications within 
one of the coronary arteries [left main (LM), left anterior 
descending (LAD), left circumflex (LCX), right coronary 
artery (RCA) , or posterior descending artery (PDA)]. It has 
recently been shown that inter- and intra-observer as well as 
inter-scan reproducibilility of coronary calcium measurement 
using MDCT is excellent, irrespective of slice thickness and 
type of calcium parameter.7 To reduce the influence of noise, 
the minimum size of a calcified lesion was set at 0.5 mm2.  
The peak density in Hounsfield units and the area in mm2 of 
each selected region were calculated. An overall Agatston8 
calcium score was obtained by multiplying the area  by 
a weighting factor that is dependent on the peak signal 
anywhere in the lesion. The scores of individual lesions were 
added to obtain the Agatston calcium score for individual 
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segments and for the entire coronary tree. 
The main objective of the present study was to characterize 
the relation between coronary risk factors and specific CAC. 
The dependent variable for the analysis was the presence 
or the absence of CAC in a particular coronary artery as 
measured by MDCT. The independent variables were 
coronary risk factors. 

First, the general characteristics of the study population 
were described. Then, the relation between cardiovascular 
risk factors and total coronary calcification was examined 
using logistic regression models. Age-adjusted relations 
between the risk factors and specific CAC were thereafter 
assessed. Finally, the relation between the risk factors and 
specific CAC was investigated adjusted for age and coronary 
calcification in the other segments.

The relations were quantified by odds ratio with 
corresponding 95% confidence limits. A significance level of 
0.05 was used for all analysis. Data analysis was performed 
using SPSS for Windows version 13.0.

Results

Table 1 describes the general characteristics of our 
population. In our study population (n=573), information 
on coronary calcification was present in 566 women. The 
prevalence of coronary artery calcification was 61.5% 
(n=348) in 1.5 mm and 52% in 3 mm slice thicknesses.

Of those, 15.8% (n=90) had coronary calcification in the 
LM, 43.9% (n=249) in the LAD, 23.1% (n=131) in the RCA, 
19.4% (n=110) in the LCX, and 0.3% (n=2) had calcification 
in the PDA. In our study population, 13.3% (n=75) had an 

Table 1. General characteristics of study population (n=573)*

*Data are presented as mean±SD or related percentage 

Age (y)
Body mass index (Kg/ m2)
Waist to hip ratio
Systolic blood pressure  (mmHg)
Diastolic blood pressure (mmHg)
Pulse pressure (mmHg)
Total cholesterol (mmol/l)
Low density lipoprotein cholesterol (mmol/l)
High density lipoprotein cholesterol (mmol/l)
Triglycerides (mmol/l)
Glucose (mmol/l)
Current smoking 
Former smoking
Hypertension
Diabetes
Previous cardiovascular diseases
Family history of cardiovascular diseases

66.8±5.5
26.7±4.4
0.84±0.07
136±21
72±9
64±16
6.1±1.0
4.2±0.9
1.4±0.4
1.2±0.6
5.6±1.0

11
44
35
6
4
11

The age-adjusted relations between the risk factors 
and coronary calcification are given in Table 2. Increased 
age itself, increased levels of WHR, SBP, DBP, PP, LDL, 
current smoking, and previous cardiovascular diseases were 
significantly related to increased levels of CAC. Current 
smokers had more than an eight-fold increase in the risk of 
coronary calcification compared to non-smokers [OR=8.50 
(4.15-17.43)]. The risk of CAC in postmenopausal women 
with cardiovascular diseases was more than six fold 
compared to those without previous cardiovascular diseases 
[OR=6.29 (1.74-22.76)]. Decreased level of HDL was also 
significantly related to increased CAC.

The age-adjusted relations of the risk factors with 
specific CAC are given in Table 3. After extra adjustment 
for calcification of the other coronary segments (Table 4), 
increased SBP and DBP were significantly related to the 
calcification of the circumflex branch [OR=1.01 (1.00-1.02)] 
and [OR=1.04 (1.01-1.07)] per mmHg, respectively. The age 
relation remained significant for the LAD and circumflex 
[OR=1.09 (1.05-1.13) and 1.08 (1.03-1.13)]. BMI, SBP, and 
family history of cardiovascular diseases were statistically 
significantly related to the calcification of the LM [OR=1.05 
(1.00-1.10) per kg/m2, 1.01 (1.00-1.02) mmHg and 2.25 
(1.10-4.57)], respectively. Previous cardiovascular disease 
was related to the RCA [OR=3.79 (1.23-11.63)] and LDL 
cholesterol with the LAD [OR=1.36 (1.09-1.71)]; however, 
total cholesterol was related to the RCA [OR=1.25 (1.00-
1.57)]. A strong significant relation was found between 
current smoking and coronary calcification but only in the 
LAD [OR=3.21 (1.60-6.45)] and the RCA [OR=2.99 (1.48-
6.02)]. The relation of the other risk factors with calcification 
in a specific branch of the coronary artery did not reach 
statistical significance.

OR (95% CI)

Table 2. Age-adjusted relation between cardiovascular risk factors and coro-
nary calcification 

Age (y)
Body mass index (Kg/ m2)
Waist to hip ratio
Systolic blood pressure  (mmHg)
Diastolic blood pressure (mmHg)
Pulse pressure (mmHg)
Total cholesterol (mmol/l)
Low density lipoprotein cholesterol (mmol/l)
High density lipoprotein cholesterol (mmol/l)
Triglycerides (mmol/l)
Glucose (mmol/l)
Current smoking
Former smoking
Hypertension
Diabetes
Previous cardiovascular diseases
Family history of cardiovascular diseases

1.13 (1.10-1.17)
1.01 (0.97-1.05)
1.78 (1.26-2.50)
1.01 (1.00-1.02)
1.03 (1.01-1.05)
1.01 (1.00-1.02)
1.17 (0.98-1.40)
1.24 (1.02-1.51)
0.48 (0.30-0.80)
1.38 (1.03-1.85)
1.05 (0.90-1.24)
8.50 (4.15-17.43)
1.40 (0.95-2.03)
1.30 (0.85-1.98)
1.16 (0.56-2.40)
6.29 (1.74-22.76)
1.68 (0.96-2.93)

Risk Factors

Agatston score of less than 10 and 8.3% (n=47) of greater 
than 400.
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*p< 0.05
LM, Left main; LAD, Left anterior descending; LCX, Left circumflex; RCA, Right coronary artery; CVD, Cardiovascular diseases 

Risk factors LM 
n=90

Specific coronary artery calcification
OR (95% CI)

Table 3. Age-adjusted relation between cardiovascular risk factors and specific coronary artery calcification

Body Mass Index (Kg/ m2)
Waist to Hip Ratio
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg)  
Cholesterol (mmol/l)
Low density lipoprotein (mmol/l)
High density lipoprotein (mmol/l)
Triglycerides (mmol/l)
Glucose (mmol/l)
Current smoking
Past smoking
Hypertension
Diabetes
Previous CVD
Family history of CVD

1.05 (1.00-1.10)*

1.42 (0.93-2.16)
1.01 (1.00-1.02)*

1.01 (0.98-1.03)
1.12 (0.98-1.38)
1.00 (0.78-1.29)
0.58 (0.29 -1.16)
1.42 (1.01-2.01)*

0.97 (0.76-1.24)
3.39 (1.68-6.84)*

1.82 (1.08-3.07)*

2.15 (1.25-3.70)*

1.12 (0.44-2.84)
3.22 (1.25-8.30)*

2.13 (1.11-4.10)*

0.99 (0.95-1.03)
1.59 (1.13-2.23)*

1.00 (1.00-1.01)*

1.02 (1.00-1.04)*

1.10 (0.93-1.31)
1.27 (1.04-1.55)*

0.44 (0.26-0.74)
1.35 (1.02-1.81)*

1.09 ( 0.93-1.29)
5.41 (2.88-10.17)
1.35 (0.92-1.98)
1.34 (0.87-2.05)
1.20 (0.57-2.51)

6.14 (1.93-19.56)*

1.14 (0.65-1.98)

1.01 (0.97-1.06)
1.81 (1.20-2.73)*

1.01 (1.00-1.02)*

1.03 (1.01-1.06)*

1.04 (0.84-1.28)
0.97 (0.76-1.24)
0.48 (0.24-0.93)
1.18 (0.83-1.67)
1.05 (0.85-1.31)
2.80 (1.44-5.45)*

1.04 (0.64-1.67)
2.58 (1.49-4.46)*

0.88 (0.34-2.29)
6.35 (2.38-16.89)*

1.07 (0.52-2.21)

1.04 (0.99-1.08)
1.81 (1.24-2.65)*

1.00 (0.99-1.01)
1.02 (1.00-1.04)
1.25 (1.02-1.52)
1.00 (0.80-1.25)
0.67 (0.37-1.21)
1.30 (0.95-1.79)
0.82 (0.63-1.08)
5.12 (2.74-9.57)*

1.57 (0.99-2.47)
1.75 (1.08-2.83)*

0.42 (0.14-1.23)
7.42 (2.81-19.59)*

1.63 (0.89-2.99)

LAD 
n=249

LCX 
n=110

RCA 
n=131

*p< 0.05
LM, Left main; LAD, Left anterior descending; LCX, Left circumflex; RCA, Right coronary artery; CVD, Cardiovascular diseases

Risk factors LM
n=90

Specific coronary artery calcification
OR (95% CI)

Table 4. Relation between cardiovascular risk factors and specific coronary artery calcification adjusted for age and calcification of the other segments of 
coronary arteries

Age (y)
Body Mass Index (Kg/ m2)
Waist to Hip Ratio
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg)  
Cholesterol (mmol/l)
Low density lipoprotein (mmol/l)
High density lipoprotein (mmol/l)
Triglycerides (mmol/l)
Glucose (mmol/l)
Current smoking
Past smoking
Hypertension
Diabetes
Previous CVD
Family history of CVD

1.03 (0.98-1.08)
1.05 (1.00-1.10)*

1.04 (0.66-1.64)
1.01 (1.00-1.02)*

1.00 (0.97-1.03)
1.06 (0.83-1.35)
1.00 (0.77-1.30)
0.83 (0.40-1.71)
1.29 (0.90-1.87)
0.92 (0.69-1.23)
1.66 (0.77-3.61)
1.70 (0.97-2.97)
1.48 (0.81-2.74)
1.18 (0.41-3.36)
1.26 (0.45-3.51)
2.25 (1.10-4.57)*

1.09 (1.05-1.13)*

0.97 (0.93-1.02)
1.26 (0.87-1.85)
1.00 (0.99-1.01)
1.00 (0.98-1.02)
1.02 (0.84-1.24)
1.36 (1.09-1.71)*

0.51 (0.30-0.91)
1.26 (0.91-1.75)
1.14 (0.96-1.36)
3.21 (1.60-6.45)*

1.22 (0.80-1.87)
0.91 (0.55-1.51)
1.47 (0.66-3.25)
2.26 (0.67-10.32)
0.91 (0.49-1.71)

1.08 (1.03-1.13)*

1.00 (0.95-1.06)
1.43 (0.90-2.28)
1.01 (1.00-1.02)*

1.04 (1.01-1.07)*

0.93 (0.73-1.18)
0.90 (0.69-1.17)
0.72 (0.35-1.50)
0.93 (0.63-1.39)
1.09 (0.88-1.35)
1.03 (0.48-2.20)
0.70 (0.40-1.22)
2.00 (1.06-3.76)*

1.00 (0.35-2.87)
2.49 (0.80-7.85)
0.91 (0.40-2.08)

1.02 (0.98-1.07)
1.04 (0.99-1.09)
1.48 (0.96-2.27)
1.00 (0.99-1.01)
1.01 (0.99-1.04)
1.25 (1.00-1.57)*

0.94 (0.74-1.20)
1.08 (0.56-2.11)
1.13 (0.78-1.63)
0.77 (0.57-1.05)
2.99 (1.48-6.02)*

1.43 (0.85-2.39)
1.24 (0.70-2.20)
0.37 (0.12-1.15)

3.79 (1.23-11.63)*

1.58 (0.78-3.16)

LAD
n=249

LCX
n=110

RCA
n=131

Discussion

We found that different cardiovascular risk factors had 
different relations with the calcification of a particular branch 
in the coronary arteries. 

To appreciate our findings, some limitations of our study 
need to be addressed. First, a causal interpretation of our 
findings is inherently restricted by the cross-sectional nature 

of the study design. Also, our study population comprised 
only postmenopausal women and thus our results should be 
confirmed by other studies with a large number of both male 
and female patients.

Although heritability plays a significant role in coronary 
calcification at the LM and the proximal part of coronary 
arteries,9 it has been shown that also non-genetic factors 
such as age over 65 and hypercholesterolemia are 
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independent risk factors for anterior MI, whereas smoking 
and diabetes are independent risk factors for inferior MI. In 
a retrospective study over a 7-year period to define the risk 
factors and clinical presentation of patients with an acute 
MI, a common finding on angiography was single-vessel 
disease (62%) causing infarction of the inferior wall (LCX 
and RCA), and the major risk factor was tobacco use (81%), 
followed by family history (40%), hypertension (26%), and 
hyperlipidemia (20%).10 Our results extended the present  
knowledge on the relation between risk factors and location 
of MI with segment-specific coronary atherosclerosis and 
different risk factors. 

Age is an independent predictor of CHD event fatality11 

having a strong association with total coronary calcification. 
However, in our study, after adjusting for the calcification 
of the other coronary segments, this relation remained 
significant just for the LAD and LCX. In other words, age 
is significantly related to the location of MI (anterior) and 
the calcification of particular coronary segments (LAD and 
LCX). It seems the higher our age, the higher the likelihood 
of developing CAC in the LAD and LCX as well as anterior 
MI. 

Since the location of current and prior MI predicts short- 
and long-term risk of death,12 there have been efforts to 
predict the location of a future MI based on the location of 
ischemia.13 Although in the setting of severely depressed 
ejection fraction (≤30%), inferior MI has been shown to be 
associated with a significantly higher risk of mortality than 
anterior MI (hazard ratio 1.58, p=0.048),14 it has been shown 
that the rate of reinfarction or death is almost two times 
higher in patients with anterior than that in those with inferior 
infarction.15 Also, in patients with an LAD lesion, proximal 
lesion location correlates with adverse outcomes even after 
adjustment for coronary blood flow and other covariates.16 

However, there is evidence that adverse prognosis associated 
with anterior MI is related to differences in etiology rather 
than to infarction size.17 Therefore, regarding the adverse 
prognosis of MI, not only the location and size of the MI but 
also different risk factors are related to the outcome.

We found a significant association between hypertension 
and coronary calcification. Our results indicated that after 
adjusting for the calcification of other segments, both 
systolic and diastolic blood pressures as well as hypertension, 
according to our definition, had a significant relation with 
the calcification of the LCX, which serves the lateral and 
posterior walls of the myocardium; and the relation between 
LDL cholesterol and coronary calcification is significant just 
for the LAD, which is obstructed in anterior MI. 

It has been reported that after adjustment for other risk 
factors, smokers are more likely to have more advanced 
atherosclerosis in the LAD than non-smokers. This is true for 
the RCA as well.18 We confirmed previous results by showing 
that indeed among coronary segments, only the calcifications 
of the LAD and RCA were related to smoking. Finally, 

our results showed that a family history of cardiovascular 
disease was related to LM calcification, whereas previous 
cardiovascular disease had a significant relation with the 
calcification of the RCA. 

Conclusion

In conclusion, our study showed that the consequences 
of elevated risk factor levels on the development of 
atherosclerosis appeared to be different across the segments 
of the coronary arteries.
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