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Introduction

C

ardiovascular disease is a major contributor of disability and death. Development
of atherosclerosis is the main underlying mechanism leading to the occurrence of
vascular diseases. 2;3 Atherosclerosis tends to develop slowly and gradually over the
years and remains subclinical, i.e., a-symptomatic for a long time. 4 Only when lesions
or plaques rupture, acute symptoms occur, leading to disability or death. Indeed for a
large proportion of the population sudden death is the only symptom from atherosclerosis development. 5 Traditionally, cardiovascular epidemiology focused on the relation
between etiologic factors, i.e., vascular risk factors, and the occurrence of vascular
events. In the past decades a shift has been made from events towards atherosclerosis, since the ability to obtain information on the atherosclerotic process using
minimal or non-invasive approaches has dramatically increased. 6-9 This has lead to a
large number of studies into the role of etiologic factors on subclinical atherosclerosis
development, and studies on the presence and extent of subclinical atherosclerosis
as a predictor of future events. In addition, studies have been launched to investigate
the additional value of subclinical atherosclerosis measurements in the risk profiling
of subjects. 10-12 Moreover, measurements of change in subclinical atherosclerosis are
currently used in randomized controlled trials on the efficacy of drug treatment. 13;14
At present there are several possibilities to assess atherosclerosis in a minimal or
non-invasive approach as have been detailed in several reviews. 9;15-19 This includes
for example ultrasound with measurement of (carotid) intima-media thickness (CIMT)
15
, and plaques 16, magnetic resonance imaging 17 with measurement of plaques and
plaque tissue characteristics and computed tomography 18;19 with measurement of
arterial calcifications. Electron-beam computed tomography (EBCT) has been shown
to be able to measure calcium deposits in the coronary arteries. These deposits have
been validated with pathological anatomical specimens and shown to indeed reflect
atherosclerosis in the coronary arteries. Although data on coronary calcium has mainly
come from studies using EBCT, nowadays multi detector CT (MDCT) is much more
widely available and also allows for measurement of coronary calcium.
The present thesis focuses on various aspects of the coronary calcium measurements on which information is not widely present. This includes studies into the reproducibility of the coronary calcium measurements by MDCT (chapter 2). Furthermore,
several studies on the relation of presence and/or change in risk factors over time to
coronary calcium and also the relation of risk factors to segment specific coronary
calcium (chapter 3). In chapter 4 we examined the relation between coronary calcium
and other marker of myocardial damage. Finally, the findings presented in this thesis
are being put into perspective (chapter 5).
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Abstract
Background:
Most studies on coronary calcium have been performed using electron beam computed
tomography. EBCT scanners are not widely available. Recently, Multi Detector -Row
Computed Tomography (MDCT) has been developed and is more readily available
for assessment of coronary calcium. Studies on reproducibility however are limited.
We set out to assess reproducibility of coronary calcium measurements with MDCT
imaging and to evaluate whether different measurement protocols, slice thickness and
cardiovascular risk factors affect inter and intra- observer reproducibility.
Design: Cross-sectional study

Reproducibility of Coronary Calcium Scoring by MDCT

Materials and methods:
The study population comprised 199 healthy postmenopausal women. Coronary
calcium was assessed using a 16-MDCT (Philips Mx 8000 IDT 16). Images were made
using 1.5 and 3.0 mm slice thicknesses. To assess inter and intra-observer reproducibility, the images were read by two observers. One observer read the images of 52
subjects twice. The Agatston score, a volume measurement and a mass measurement
were used to quantify coronary calcium. Reproducibility was determined by estimation
of mean, absolute and relative differences between scores of the observers and by
estimation of Intra-class correlation coefficients (ICCC).

Results:
One hundred and twenty participants (60.3%) had a positive calcium score. Median
Agatston score for the first observer was 2.20 with a range of 0- 2019.The reproducibility of coronary calcium measurements between observers and within observers was
excellent with Intra-class correlation coefficients of > 0.95, and small mean, absolute
and relative differences. Reproducibility findings were similar for 1.5 mm slices as for
3.0 mm slices, andw equal for Agatston, volume and mass measurements. Of the
established cardiovascular risk factors, none was significantly related to measurement
error. However, the measurement error increased with increasing coronary calcium.

Conclusion:
Reproducibilility of measurement of coronary calcium using images from MDCT is
excellent, irrespective of slice thickness and type of calcium parameter. The observation that coronary calcium levels were related to higher measurement errors are of
consequence depending on the research question of a study, being either etiologic,
diagnostic or prognostic.
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C

ardiovascular disease is a main contributor to morbidity and mortality in industrialized countries. Atherosclerosis is one of the main underlying processes in the
development of symptomatic vascular disease. Measurement of the extent of atherosclerosis is important for diagnostic and therapeutic purposes. Furthermore, invasive
and non-invasive assessment of atherosclerosis may allows studies into the etiology
(risk factors and treatment) and consequences of atherosclerosis in populations at
large 1. The quest for techniques to assess coronary atherosclerosis in a non-invasive
manner has led to the use of computed tomography (CT). Coronary calcification assessed with CT has been shown to be related to unfavorable levels of risk factors,
to atherosclerosis elsewhere in the arteries and to prevalent cardiovascular disease.
Furthermore, increased coronary calcium is one of the strongest predictors of occurrence of coronary artery disease in the future 2.
Most of the evidence on determinants and consequences of coronary calcium
have been based on images obtained by electron beam CT (EBCT) 3. Recently, the
Multi Detector -Row CT (MDCT) became available, which also allows for detection of
coronary calcium and current data suggest that EBCT and MDCT give comparable
results 4;5. Since MDCT is more widely available than EBCT and therefore is likely to be
used more widely, information on reproducibility of measurement of coronary calcium
is relevant. Furthermore, due to technical improvement slice thickness of the images
has become smaller which may affect the likelihood of detecting coronary calcium and
its reproducibility.
We set out to study reproducibility of coronary calcium measurements from MDCT
images and to evaluate whether its reproducibility varies with different measurement
protocols, slice thicknesses and across selected cardiovascular risk factors.

Thompson BH,

Stanford W. Update on using
coronary calcium screening
by computed tomography
to measure risk for coronary
heart disease. Int J Cardiovasc
Imaging 2005; 21(1):39-53.
(6)

Boker LK, van Noord

PA, van der Schouw YT, Koot
NV, Bueno de Mesquita HB,
Riboli E et al. Prospect-EPIC
Utrecht: study design and
characteristics of the cohort
population. European Prospective Investigation into Cancer
and Nutrition. Eur J Epidemiol
2001; 17(11):1047-1053.

Materials and methods
Study population
Participants were recruited from the PROSPECT study, one of the two Dutch cohorts
participating in the European Prospective Investigation into Cancer and nutrition (EPIC)
6
. In PROSPECT, a total of 17,357 healthy breast-cancer screening participants, aged
49–70 years, living in Utrecht and surroundings, were enrolled between 1993 and 1997.
The purpose of the PROSPECT-EPIC study is to assess the relation between nutrition
and cancer and other chronic diseases. Of the 17,357 women 6,612 women were
excluded because of death, participation in other studies, absence of written informed
consent, or emigration. Other reasons for exclusion were premenopausal state ((n =
1,309), missing data on menopausal status ((n = 2,105) or use of oral contraceptives
(OC) or postmenopausal hormone therapy (HT) in the year before or after the last menstruation ((n = 1,487). Between October 2002 and December 2004, out of 5,844 eligible
women, a random selection of 1,996 women were invited by a personal letter from the
principal investigator of PROSPECT and 1,000 (50.1%) who were postmenopausal
and did not use contraceptives or hormone replacement therapy answered positively.
Of these 1000 women, a random selection of 573 underwent a MDCT examination
during a single visit and 199 of them were scored by two independent readers.
The Medical Ethical Committee of the University Medical Center Utrecht approved
the study and written informed consent was obtained from all participants. Current
cardiovascular drug use (blood pressure lowering, lipid lowering and glucose lowering
drugs) were assessed by asking women to bring all packages to the study centre.
Smoking behavior and cardiovascular family history were assessed by a questionnaire.
Age was calculated from birth date and date of investigation. Height and weight were
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measured and body mass index was calculated as weight divided by height squared
(kg/m2). Waist-to-hip ratio (WHR) was assessed. Systolic and diastolic blood pressures
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 lipoprotein (HDL)
cholesterol was measured by the direct method (inhibition, enzymatic). Low-density
lipoprotein (LDL) cholesterol was calculated using the Friedewald formula.

Reproducibility of Coronary Calcium Scoring by MDCT

Coronary imaging and calcium measurements
The amount of calcium in the coronary arteries was assessed with a 16-MDCT scanner
(Mx 8000 IDT 16, Philips Medical Systems, Best, The Netherlands). Participants 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 using prospective ECG triggering at 5080% of the RR-interval, depending on the heart rate. Scan duration was approximately
10 seconds, depending on heart rate and patient size. Radiation exposure for this
coronary calcium scan depends on the patient size and gender. On average, values
between 0.1 and 0.5 mSv are expected using a 16-slice scanner. The natural radiation
exposure in Western Europe usually varies between 2 and 3 mSv per year. From the
acquired raw data, 3 mm thick sections were reconstructed. Quantification of coronary
calcium was performed on a separate workstation with software for calcium scoring
(Heartbeat-CS, EBW, Philips Medical Systems, Best, The Netherlands). All regions
with a density over 130 Hounsfield units were identified as potential calcifications.
After completing a training- program, one scan reader manually selected only the
calcifications within one of the coronary arteries (left main, left anterior descending,
left circumflex, right coronary artery, and PDA). 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. The Agatston
calcium score was obtained by multiplying the area by a weighting factor that is dependent on the peak signal anywhere in the lesion 7. The scores of individual lesions
were added to obtain the Agatston calcium score for the entire coronary tree. The total
calcium volume was calculated by multiplying the area of the calcified lesion (measured
in square millimeters) by section thickness (1.5 mm & 3.0 mm). The calcium volume for
each coronary vessel was computed by summing the volumes of the lesions in that
vessel for all sections. Finally, the total volume from all the vessels became the calcium volume for a subject. The total coronary calcium mass uses volumetric, density
information and a calibration phantom of hydroxyapatite to calculate the actual mass
of the calcified plaques.
One reader (AR) scored all scans. For inter-observer reproducibility, the second
reader (SS) scored coronary calcium of 199 participants separately with all scoring
methods (Agatston, volume and mass score). To assess intra-observer reproducibility,
one of the readers (SS) randomly selected and scored 52 scans for the second time.

Data analysis
The mean and standard deviations (SD) of coronary calcium were calculated for all
scoring methods separately. Because of the skewed distribution of scores, medians
were computed also. The Intra-class correlation coefficient was estimated for between
observer data, for within observer data and for 1.5 mm and 3.0 mm slices separately.

(7)

Agatston AS, Janowitz

WR, Hildner FJ, Zusmer NR,
Viamonte M, Jr., Detrano R.
Quantification of coronary
artery calcium using ultrafast
computed tomography. J Am
Coll Cardiol 1990; 15(4):827832.
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(8)

Rumberger JA, Brundage

BH, Rader DJ, Kondos G.
Electron beam computed
tomographic coronary calcium
scanning: a review and guidelines for use in asymptomatic
persons. Mayo Clin Proc 1999;
74(3):243-252.

The mean difference in score between observers was calculated as well as the absolute and relative difference. In case the mean difference is close or equal to the
absolute difference, a systematic error is present between readers, whereas when the
mean difference is much smaller (around zero) than the absolute difference, the error in
the measurement error occurs most likely in a random fashion. We defined the relative
difference as absolute difference divided by the mean calcium level multiplied in 100
and expressed in percent.
To estimate a weighted kappa as measure of agreement of categorical variables,
subjects were divided into four groups according to the mean Agatston score as
proposed by Rumberger et al 8. A: 0-9 (absent-minimal), B: 10-99 (mild), C: 100-399
(moderate) and D: ≥400 (sever degree of calcification).
The relation between risk factors and measurement error was assessed using
Spearman correlation coefficients. Similarly, the relation between calcium level and
measurement was examined.
Since logarithms of coronary calcification have often been used in statistical
analyses to other papers, we also set out to study the reproducibility of logarthythmic
transformed calcium score. Logarithmic analysis of coronary calcium scores was
performed by calculating natural log of coronary calcium scores + 0.001 [ln (CCS +
0.001)] because logarithm of coronary calcium scores alone excludes all subjects with
zero scores. Data analysis was performed (SPSS for windows, version 12.0). A statistically significant difference was assumed when the p- value was less than 0.05.

Results
Table 1 shows the general characteristics of the study population. In our study population, the prevalence of calcium score above zero was 60.3% (n= 120) using 1.5 mm
slice thickness images and 48% (n=95) using 3.0 mm slice thickness images. Out of
199 subjects, 114 had a calcium level between 0-9, 47 between 10-99, 29 between
100-399 and only 9 subjects had a calcium level of 400 or above.
Table 2 presents information on calcium distributions by various scoring techniques
and reproducibility results, by slice thickness. Overall, calcium scores were higher
when based on the 1.5 mm slice thickness than based on the 3.0 mm slice thicknesses. The second reader had a higher calcium score compared to the first reader.
The extent of the mean difference between readers was close to that of the absolute
mean difference, suggesting a systematic process. Based on the kappa findings and
the Intraclass correlation coefficients, the agreement between the two readings was
high for Agatston, volume and mass measurements. This suggests that the individual
ranking of subjects as well as the classification of subjects in categories is very close
between the readers. The findings for the 1.5 mm slice thickness were similar to those
found for the 3.0 mm slice thickness (Table 2).
Table 3 presents the associations of cardiovascular risk factors to inter-observer measurement error, i.e. the mean difference between readers and the absolute difference
between reader as obtained for the 3.0 mm slices. None of the cardiovascular risk
factors was related to measurement error, irrespective of its definition. The results for
1.5 mm slice thickness were identical.
When we took the mean difference in calcium scores between the readers (i.e., reader
1- reader 2), a borderline significant relation was shown (table 3). Since reader 2 had
systematically higher calcium scores, the relation was inverse (table 3, figure 1). In
contrast, there was a highly significant positive relation between calcium scores and
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Table 1
General characteristics of the study population (n=199)
Mean

Std. Deviation

Age (year)

66.4

5.5

Body mass index (Kg/ m2 )

26.3

4.3

Waist to hip ratio

0.84

0.07

Systolic blood pressure (mmHg)

134

21

Diastolic blood pressure (mmHg)

71

9

Heart rate (beat/sec)

71

11

Total cholesterol (mmol/l)

6.0

0.9

Low-density lipoprotein cholesterol (mmol/l)

4.2

0.9

High density lipoprotein cholesterol (mmol/l)

1.4

0.3

Triglycerides (mmol/l)

1.2

0.6

Glucose (mmol/l)

5.5

0.7

Hypertension (%)

27

Current smoking (%)

10

Previous coronary heart disease (%)

1.5

Table 2
Characteristics and interobserver reproducibility results of different coronary calcium scoring methods, by slice thickness
(n=199)
Slice thickness 1.5 mm
Scoring protocols

Mass

Scores

1st

2nd

Volume
1st

2nd

Agatston
1st

2nd

Mean

16.83

18.12

82.81

89.10

88.41

95.80

Median

0.60

0.90

5.25

7.50

2.20

2.80

Range

0 - 405

0 – 399

0 - 1654

0 - 1624

0 - 2019

0 - 1979

Agreement (k)

0.95

0.87

0.93

Mean difference

1.2

6.2

7.3

Absolute difference

2.5

12.7

14.3

Relative difference (%)

14.6

14.8

15.5

ICCC*

0.96

0.96

0.95

Slice thickness 3.0 mm
Scoring protocols

Mass

Scores

1st

2nd

1st

2nd

1st

2nd

Mean

13.42

14.95

69.88

78.01

72.09

80.67

Median

0.00

0.40

0.00

3.30

0.00

1.10

Range

0 - 354

0 - 354

0 - 1558

0 - 1554

0 - 1872

0 - 1886

Agreement (k)

0.93

0.90

0.93

Mean difference

1.4

7.7

8.2

Absolute difference

2.1

11.0

11.9

Relative difference (%)

14.7

14.8

15.5

ICCC*

0.95

0.95

0.95

* Intra-class correlation coefficient

Volume

Agatston
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Table 3a
Relationship between cardiovascular risk factors and inter-observer measurement error of coronary calcium scoring
methods by MDCT
INTER OBSERVER DIFFERENCES
SLICE
THICKNESS

3.0 mm

CCS
METHODS

MASS

VOLUME

r

AGATSTON

r

r

BIOLOGICAL
VARIABLES

MEAN

ABSOLUTE

RELATIVE

MEAN

ABSOLUTE

RELATIVE

MEAN

ABSOLUTE

RELATIVE

Age (year)

-0.02

0.00

0.01

-0.02

0.00

0.01

-0.02

0.00

0.01

BMI* (Kg/m2)

0.10

-0.02

-0.02

0.10

-0.03

-0.02

0.10

-0.02

-0.02

WHR

-0.06

0.04

0.06

-0.06

0.04

0.06

-0.00

0.04

0.06

SBP† (mmHg)

-0.03

0.00

0.00

-0.03

0.00

0.00

-0.03

0.00

0.00

DBP‡ (mmHg)

-0.11

0.00

0.00

-0.11

0.00

0.00

-0.11

0.00

0.00

Total cholesterol
0.04
(mmol/l)

-0.12

-0.09

0.04

-0.12

-0.09

0.04

-0.12

-0.10

LDL¶ cholesterol
0.01
(mmol/l)

-0.08

-0.06

0.01

-0.08

-0.06

0.01

-0.08

-0.06

HDL
cholesterol
(mmol/l)

0.02

-0.07

-0.06

0.02

-0.07

-0.06

0.02

-0.07

-0.06

Triglyceride
(mmol/l)

0.08

-0.04

-0.02

0.08

-0.04

-0.02

0.08

-0.04

-0.02

Glucose
(mmol/l)

0.11

0.03

0.04

0.16

0.03

0.04

0.11

0.03

0.04

Smoking

0.06

-0.09

-0.08

0.06

-0.09

-0.08

0.06

-0.09

-0.08

Hear rate
(beat/sec)

0.12

-0.01

0.00

0.12

-0.01

0.00

0.12

-0.01

0.00

§

BMI= Body mass index, DBP= Diastolic blood pressure, HDL= High density lipoprotein, LDL= Low-density lipoprotein, SBP= Systolic
blood pressure, WHR= Waist to hip ratio
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Table 3b
Relationship between coronary calcium scores and inter-observer measurement error by MDCT
INTER OBSERVER DIFFERENCES
SLICE
THICKNESS

3.0 mm

CCS
METHODS

MASS

VOLUME

AGATSTON

r

r

r

Coronary
calcium
scores

MEAN

ABSOLUTE

RELATIVE

Mean Mass
Score

-0.13

0.46

0.45

Mean
Volume

MEAN

ABSOLUTE

RELATIVE

-0.12

0.46

0.45

Mean
Agatston
Mean Log
Mass

-0.10

0.43

MEAN

ABSOLUTE

RELATIVE

-0.13

0.46

0.45

-0.10

0.43

0.40

0.40

Mean Log
Volume

-0.09

0.41

0.39

Mean Log
Agatston

P.value for the bold numbers < 0.01

Table 4
Characteristics of different coronary calcium scoring methods; effect of slice thickness on
intra–observer reproducibility (n=52)
Slice thickness 1.5 mm
Scoring protocols

Mass

Scores

1st

2nd

Volume
1st

2nd

Agatston
1st

2nd

Mean

17.62

17.55

89.15

89.48

93.66

93.06

Median

3.60

3.50

20.40

21.52

19.60

16.60

Range

0 - 217

0 - 218

0 - 943

0 - 959

0 - 1108

0 - 1100

Agreement (k)

0.95

1

1

Mean difference

-0.2

-1.6

-1

Absolute difference

0.4

3.2

2.3

Relative difference (%)

2.2

3.5

2.4

ICCC*

0.99

0.99

0.99

Slice thickness 3.0 mm
Scoring protocols

Mass

Scores

1st

2nd

1st

2nd

1st

2nd

Mean

14.15

13.98

77.18

76.37

77.52

76.33

Median

3.00

2.05

18.30

15.00

12.20

8.70

Range

0 - 190

0 - 189

0 - 928

0 - 930

0 - 1126

0 - 1105

Agreement (k)

1

0.97

0.97

Mean difference

0

-0.5

-0.2

Absolute difference

0.3

2.5

1.9

Relative difference (%)

2.1

3.2

2.4

ICCC*

0.99

0.99

0.99

* Intra-class correlation coefficient

Volume

Agatston

The association between mean coronary calcium score and inter-observer mean difference
(Mass, volume and Agatston scoring algorithms in both 1.5 and 3 mm slice thickness)
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Figure 1
The association between mean coronary calcium score and inter-observer mean difference
(Mass, volume and Agatston scoring algorithms in both 1.5 and 3 mm slice thickness)
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border of the box as the 75th percentile.
28

Inter-observer relative difference (%)

200

150

100

50

0
1.00

2.00

3.00

4.00

Coronary calcium scoring categories
Mass

Volume

Agatston

Categories of coronary calcium scoring
1: 0-9 (absent-minimal)
Categories
of coronary
calcium scoring
2: 10-99
(mild)
3: 100-399 (moderate)
1: 0-9 (absent-minimal)
4: ≥400 (sever degree of calcification)

2: 10-99 (mild)
Figure 2
3: 100-399
(moderate)
Inter-observer overall and median relative difference of coronary calcium score by MDCT in
categories of mean Agatston score stratified by scoring methods (Slice thickness 3 mm).
4: t400 (sever
degree of calcification)

Results are given as box-whisker plots, with the lower border of the box indication the 25th
percentile, the black line the 50th percentile, and the upper border of the box as the 75th
percentile.
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absolute differences in calcium scores between observers. The difference in strength
of the relations between the mean scores and the absolute mean scores is due to the
fact that in the calculation of the mean differences between reader 1 and reader 2,
sometimes reader 2 has the highest score, and sometimes reader 1 has the highest
score, which is somewhat more likely independent of the absolute calcium value. In
contrast, in the calculation of the absolute difference in calcium scores between readers, all differences between values have a positive value, and thus indicate that indeed
the measurement error increases when the level of calcium increases.
Our findings show that overall the relative difference between observers increases
with increasing calcium score (Table 3), although in some participants up to 200%
inter-observer difference in the overall relative difference was found in particular in
subjects with absent-low coronary calcium (figure 2).
The results for intra-observer reproducibility were identical to those for inter-observer reproducibility, although no systematic differences between the first and second
reading was found (Table 4). In order to remove any potential ‘learning effect’ of the
reader we excluded the first 20 participants. The results did not materially change.
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We assessed inter- and intra-observer reproducibility of coronary calcium-scoring
methods using MDCT imaging in a population of healthy postmenopausal women. Our
findings indicate excellent inter and intra-observer reproducibility of coronary calcium
measurements with respect to ranking of individuals. No differences between scoring
methods (Agatston, volume and mass) or between slice thicknesses (1.5 and 3.0 millimeter) were found. Although no vascular risk factors were related to the measurement
error, the measurement error increased with increasing level of coronary calcium.
The value of this reproducibility study is conditional on the assumption that MDCT
is a valid method to assess coronary calcium. According to recent studies 5;9, MDCT is
quiet equivalent to EBCT for the determination and quantification of coronary calcium.
Apart from being more widely available because of use in clinical practice, one of
the major advantages offered by MDCT for measuring coronary calcium is the lower
equipment cost. Other advantages of MDCT over EBCT are less quantum noise, thinner section thickness, and simultaneous acquisition of four sections, which reduces
registration artifacts. On the other hand, cardiac motion, which is known to artificially
raise the calcium score, cannot always be avoided by using MDCT.
There have been several attempts to improve the reproducibility of coronary
calcium scoring measurements. Callister et al 10 described a volumetric method for
improving the reproducibility of scoring of coronary artery calcification(CAC) showing
that the volumetric score had better reproducibility than the traditional Agatston score.
Yoon and Mohlenkamp reported similar results 11,12. Cheng Hong et al showed that the
mass measurement may be more accurate, less variable, and more reproducible in
coronary calcium quantification than measurement with other algorithms 13. Besides
different methods of calcium scoring, slice thickness of each method has been reported to affect the reproducibility of scoring protocols. Some authors 14 suggested
that thinner-section protocols may improve the accuracy of calcium scoring as a result
of decreased partial volume effects. Our findings expand on this issue for the MDCT
scanner and indicate that the reproducibility of the coronary calcium measurements
with respect to ranking and categorization of individuals was similar for 1.5 mm slices
as for 3.0 mm slices, and equal for Agatston, volume and mass measurements. Our
findings confirm the results by Rumberger and Kaufman 15.
Bielak and Devries 16;17 suggested that “ the variability is partially a function of
the absolute calcium score and inversely related to it”, implicating that low coronary
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calcium scores may not be reproducible. Although in our study we sometimes found
large differences in coronary calcium measurements between observers among those
with absolute low levels of coronary calcium, the overall relations indicated that measurement error increases with increasing mean coronary calcium score. The implication of the finding that measurement error increases with increasing calcium levels
but not with cardiovascular determinants depends on the research question of the
study. In etiologic studies, where the emphasis is on risk factor relations to coronary
calcium, our observations indicate that there is non-differential misclassification of the
outcome, i.e., the measurement error of coronary calcium is unrelated to the exposure
of interest. Therefore attenuation of the relations may occur, whereas the direction is
unlikely to change. However, in studies where coronary calcium serves as determinant
of an outcome (say for example death), the relation is likely underestimated since
measurement error is likely to be related to outcome. One option to overcome some
measurement error is to perform duplicate reading of the scans.
Some limitations of our study need to be mentioned. We assessed reproducibility
of MDCT in a relatively small sample size of 199 healthy women. The median Agatston
score for the first reader in 1.5 mm slice thickness was 2.20 (range 0 – 2019). Our
results need to be supported by more data preferably in a large number of patients
with a higher prevalence of calcium deposit. Although we examined only women,
we do not feel that our results should be restricted to women only, but can also be
extrapolated to men as the measurement of coronary calcium in women is not likely
different from that in men.
In conclusion, our findings demonstrate that coronary calcium scoring measurements by MDCT are highly reproducible and are not affected by scoring protocols
and slice thicknesses. Measurement error of calcium scoring is not associated with
selected cardiovascular risk factors, but increases with increasing calcium levels.

(16) Bielak LF, Kaufmann
RB, Moll PP, McCollough
CH, Schwartz RS, Sheedy
PF. Small lesions in the heart
identified at electron beam CT:
calcification or noise? Radiology 1994; 192(3):631-636.
(17) Devries S, Wolfkiel C,
Shah V, Chomka E, Rich
S. Reproducibility of the
measurement of coronary calcium with ultrafast computed
tomography. Am J Cardiol
1995; 75(14):973-975.

Inter-scan reproducibility of coronary calcium measurement using
Multi Detector-Row Computed Tomography (MDCT)
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Abstract
Purpose:
To assess inter-scan reproducibility of coronary calcium measurements obtained from
Multi Detector-Row CT (MDCT) images and to evaluate whether this reproducibility
is affected by different measurement protocols, slice thickness, cardiovascular risk
factors and/or technical variables.
Design: Cross-sectional study with repeated measurements.

Inter-scan reproducibility of coronary calcium measurements by MDCT

Materials and Methods:
The study population comprised 76 healthy women. Coronary calcium was assessed
in these women twice in one session using 16-MDCT (Philips Mx 8000 IDT 16). Images
were reconstructed with 1.5 mm slice thickness and 3.0 mm slice thickness. The 76
repeated scans were scored. The Agatston score, a volume measurement and a mass
measurement were assessed. Reproducibility was determined by estimation of mean,
absolute, relative difference, the weighted kappa value for agreement and the Intraclass correlation coefficient (ICCC).

Results:
Fifty-five participants (72.4%) had a coronary calcification of more than zero in
Agatston (1.5 millimeter slice thickness). The reproducibility of coronary calcium
measurements between scans in terms of ranking was excellent with Intra-class correlation coefficients of > 0.98, and kappa values above 0.80. The absolute difference in
calcium score between scans increased with increasing calcium levels, indicating that
measurement error increases with increasing calcium levels. However, no relation was
found between the mean difference in scores and calcium levels, indicating that the
increase in measurement error is likely to result in random misclassification in calcium
score. Reproducibility results were similar for 1.5 mm slices and for 3.0 mm slices, and
equal for Agatston, volume and mass measurements.

Conclusion:
Inter-scan reproducibilility of measurement of coronary calcium using images from
MDCT is excellent, irrespective of slice thickness and type of calcium parameter.
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considerable proportion of the western society is at risk of suffering a cardiovascular event during life. Atherosclerosis is one of the main underlying processes.
Non-invasive assessment of atherosclerosis is important since it allows studies into
the etiology and consequences of early and advanced atherosclerosis in populations
at large 1. The last two decades, measurement of coronary artery calcification (CAC)
using computer tomography (CT) has been used to assess coronary atherosclerosis
non-invasively. The presence, and more importantly, the quantity of CAC, relates
well with the overall severity of the atherosclerotic process 2. Several studies have
demonstrated a strong relation between coronary calcium burden and the incidence
of myocardial infarction, a relation which was independent of age 3;4
Most of the evidence on determinants and consequences of coronary calcium is
based on data obtained with electron beam CT (EBCT) 5-7. The availability of EBCT
scanners is modest, whereas the Multi Detector-Row CT (MDCT) scanners are more
widely available and also allow for detection of coronary calcium. Current data suggest that EBCT and MDCT give comparable results 8;9. In contrast to EBCT, however,
data on reproducibility of CAC measurements using MDCT images is not widely available 10;11, but information is relevant. Furthermore, due to technical improvement,
slice thickness of the images has become smaller which may affect the likelihood of
detecting coronary calcium, and hence its reproducibility.
We set out to study inter-scan reproducibility of coronary calcium measurements
from MDCT images and to evaluate whether reproducibility is affected by different
measurement protocols, slice thickness, selected cardiovascular risk factors and
technical variables.
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Materials and methods
Participants were recruited from the PROSPECT study 12, cohort of 17,357 healthy
breast-cancer screening participants, aged 49–70 years, living in Utrecht and surroundings, enrolled between 1993 and 1997. Between October 2002 and December
2004, a random selection of 1,996 women were invited by mail and 1,000 (50.1%)
who were postmenopausal and did not use contraceptives or hormone replacement
therapy answered positively. Of these 1000 women, a random selection of 573 underwent a MDCT examination during a single visit and 76 of them were scanned twice.
The Medical Ethical Committee of the University Medical Center Utrecht approved the
study and written informed consent was obtained from all participants.
Current cardiovascular drug use (blood pressure lowering, lipid lowering and
glucose lowering drugs) was assessed by asking women to bring all packages to
the study centre. Smoking behavior, medical history and cardiovascular family history were assessed by a questionnaire. Height and weight were measured and body
mass index was calculated as weight divided by height squared (kg/m2). Waist-to-hip
ratio (WHR) was assessed. Systolic and diastolic blood pressures 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 lipoprotein (HDL) cholesterol was
measured by the direct method (inhibition, enzymatic). Low-density lipoprotein (LDL)
cholesterol was calculated using the Friedewald formula.
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Coronary imaging and calcium measurements
The amount of calcium in the coronary arteries was assessed with a Multi Detector-Row CT (MDCT) scanner (Mx 8000 IDT 16, Philips Medical Systems, Best, The
Netherlands). Subjects were positioned within the gantry of the MDCT scanner in
supine position. 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 using 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. We had the participant get
up from the table and lay down again since in studies on change in CAC over one
year it is not realistic to assume exactly the same position of the participant at both
occasions. Therefore our patients sat up and consequently moved slightly between
scans to mimic two separate scan runs.
From the acquired raw data, the whole volume was reconstructed with an intermediate reconstruction algorithm in non-overlapping data sets of 1.5 mm and 3 mm thick
sections. Quantification of coronary calcium was performed on a separate workstation
with software for calcium scoring (Heartbeat-CS, EBW, Philips Medical Systems, Best,
The Netherlands). All regions with a density over 130 Hounsfield units were identified
as potential calcifications.
After completing a training-program, one scan reader (AR) who was unaware of
the scores of the first scan, manually selected the calcifications within one of the coronary arteries (left main, left anterior descending, left circumflex, right coronary artery,
and PDA) and scored the second scan of the participants. 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. The
Agatston 13 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 the entire coronary tree.
The total calcium volume was calculated by multiplying the area of the calcified lesion (measured in square millimeters) by section thickness (1.5 mm & 3.0 mm). The
calcium volume for each coronary vessel was computed by summing the volumes of
the lesions in that vessel for all sections. Finally, the total volume from all the vessels
became the calcium volume for a subject. The mass method uses volumetric, density
information and a calibration phantom of hydroxyapatite to calculate the actual mass
of the calcified plaques. 14
In addition, information on breathing artifact (inconsistency of sternum bone in
sagital section in mm), noise (standard deviation of enhancement in fixed cardiac area
of 212 mm2) and mean heart rate (beats/min) during scan acquisition was collected.
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The mean and standard deviations (SD) of coronary calcium were calculated for all
scoring methods separately. Because of the skewed distribution of scores, medians
were also computed. The Intra-class correlation coefficient was estimated for between
scans data and for 1.5 and 3.0 mm slices thicknesses separately. The mean difference
in score between scans was calculated as well as the absolute and relative differences.
To distinguish between random differences or systematic difference, information on
mean and absolute differences is needed. One may assume a priori a non-differential
misclassification in the calcium scores, but one has to show that with the results.
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When the chance of the 2nd result being higher or lower is equal, one would expect a
mean difference of zero, with some standard deviation. The absolute difference will
not be zero since all differences are ‘absolutised’, but it is expected that at least the
mean difference is much less than the absolute difference. If however the chance of
a higher or lower value in the 2nd scan is not equal, the mean difference will be plus
or minus a certain value. In addition, the absolute difference will have a value close to
that of the mean difference. Therefore we need both parameters.
To estimate a weighted kappa as measure of agreement of categorical variables,
subjects were divided into four groups according to the mean Agatston score as
proposed by Rumberger et al 15: A: 0-9 (absent-minimal), B: 10-99 (mild), C: 100-399
(moderate) and D: ≥400 (severe degree of calcification). This categorization is specifically for the calcium scoring method according to Agatston. Therefore we additionally
categorized all scoring methods in their quartiles to calculate kappa as measure of
agreement for all scoring methods.
The relation between risk factors, technical variables and measurement error was
assessed using Spearman correlation coefficients. In a similar manner the relation
between calcium level and measurement error was examined. Since logarithms of
coronary calcium scores have generally been used in statistical analyses in other
papers, we also studied the reproducibility of logarithmic transformed calcium score.
Logarithmic analysis of coronary calcium scores was performed by calculating natural
log of coronary calcium scores + 0.001 (ln (CCS + 0.001)) because the logarithm of
coronary calcium scores alone excludes all subjects with zero scores 16. We defined
relative difference as absolute difference divided by the mean calcium level multiplied
in 100 and expressed in percent. Data analysis was performed with SPSS for windows,
version 12.0. A statistically significant difference was assumed when the two-sided
p- value was less than 0.05.

Results
Mean age was 67.3 ± 5.2 years. Fifty-five participants (72.4%) had a coronary calcification more than zero in Agatston (1.5 millimeter slice thickness). Table 1 shows the
general characteristics of the 76 women who had two MDCT scans.
Table 2 presents information on calcium distributions by various scoring techniques
and reproducibility results, by slice thickness. Overall, calcium scores were higher
when based on the 1.5 mm slice thickness than based on the 3.0 mm slice thicknesses. The kappa agreement and Intra-class correlation coefficients between the
two scans were high for all scoring methods, indicating that with respect to ranking of
subjects all three methods are doing well. In addition, the mean differences in scores
were relatively small compared to the absolute differences for all measurements, suggestion no systematic measurement errors. Finally, results for the scans with 1.5 mm
slice thickness were similar to those for the 3.0 mm slice thickness (table 2).
Table 3 presents the relation of cardiovascular risk factors with inter-scan mean difference. No consistent relations were found between risk factor levels and measurement
error.
Importantly, however was the observation that calcium level or the logarithm of the
coronary calcium scores were not related to the mean difference between scans,
whereas they were significantly related to the absolute and relative differences (table
4, figure 1 and figure 2). These observations suggest that measurement error increases
with increasing CAC levels, yet that this occurs in a random way.
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Table 1
Characteristics of study population (N=76)
Mean

Std. Deviation

Age (year)

67.3

5.2

Body mass index (Kg/ m2 )

26.3

3.9

Waist to hip ratio

0.84

0.06

Systolic blood pressure (mmHg)

133.9

18.9

Diastolic blood pressure (mmHg)

71.7

9.1

Total cholesterol (mmol/l)

6.09

0.86

Low density lipoprotein cholesterol (mmol/l)

4.31

0.97

High density lipoprotein cholesterol (mmol/l)

1.51

0.36

Triglycerides (mmol/l)

1.28

0.62

Glucose (mmol/l)

4.05

0.69

Heart rate (beat/minute)

72

11

Current smoking (%)*

11

Former smoking (%)

43

Previous cardiovascular diseases (%)

1

Family history of CAD in either parents (%)

10

Table 2
Characteristics of different coronary calcium scoring methods; effect of slice thickness on inter-scan reproducibility
Slice thickness 1.5 mm.
Mass
1st Scan

Mass
2nd Scan

Volume
1st Scan

Volume
2nd Scan

Agatston
1st Scan

Agatston
2nd Scan

Mean

32.21

31.88

154.52

149.40

170.33

163.63

Median

6.15

6.05

39.97

36.52

31.85

32.00

Agreement (k) Rumberger categories

0.97

0.89

0.87

Agreement (k) Quartiles

0.84

0.81

0.88

Mean difference

0.3

5.1

6.7

Absolute difference

4.0

22.3

24.3

Relative difference (%)

12.4

14.6

14.5

ICCC*

0.99

0.99

0.98

Slice thickness 3.0 mm.
Mass
1st Scan

Mass
2nd Scan

Volume
1st Scan

Volume
2nd Scan

Agatston
1st Scan

Agatston
2nd Scan

Mean

25.57

25.45

131.45

126.98

140.06

135.82

Median

4.00

3.65

30.30

21.90

20.30

18.00

Agreement (k) Rumberger categories

0.92

0.83

0.73

Agreement (k) Quartiles

0.84

0.84

0.84

Mean difference

0.1

4.4

4.2

Absolute difference

3.5

18.7

21.3

Relative difference (%)

13.7

14.7

15.4

ICCC*

0.99

0.98

0.98

* Intra-class correlation coefficient
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Table 3
Relationship between cardiovascular risk factors and inter-scan mean difference of coronary calcium scoring methods
by MDCT (Slice thickness 1.5 mm)
INTER-SCAN MEAN DIFFERENCE
CCS METHODS
BIOLOGICAL VARIABLES

MASS

VOLUME

AGATSTON

r

P.value

r

P.value

r

P.value

BMI (Kg/m2)

0.04

0.73

0.03

0.74

0.02

0.80

Age (year)

0.18

0.10

0.31

0.00

0.28

0.01

Smoking(Categorical)

-0.00

0.98

0.04

0.71

0.07

0.49

WHR

-0.03

0.73

0.08

0.48

0.13

0.24

SBP (mmHg)

0.10

0.37

0.16

0.14

0.24

0.03

DBP (mmHg)

0.16

0.14

0.05

0.61

0.11

0.34

Cholesterol (mmol/l)

-0.27

0.05

-0.12

0.40

-0.20

0.17

LDL (mmol/l)

-0.18

0.10

-0.19

0.09

-0.09

0.40

HDL (mmol/l)

-0.04

0.72

-0.16

0.14

-0.11

0.34

Triglyceride (mmol/l)

-0.02

0.85

0.13

0.24

0.11

0.34

Glucose (mmol/l)

0.16

0.24

-0.00

0.98

0.00

0.98

Mean heart rate

-0.03

0.77

-0.03

0.73

-0.02

0.81

Mean breathing artifact

0.01

0.88

-0.03

0.78

-0.02

0.87

Mean SD of noise

0.13

0.26

0.08

0.49

0.07

0.52

0.00

0.98
0.03

0.75
0.02

0.86

0.02

0.85

TECHNICAL VARIABLES

CORONARY CALCIUM
Mean mass score
Mean volume score
Mean Agatston score
Mean log mass score
Mean log volume score
Mean log Agatston score

0.00

0.99
0.03

0.76

BMI= Body Mass Index; DBP= Diastolic Blood Pressure; LDL=Low Density Lipoprotein; HDL= High Density Lipoprotein;
r = spearman correlation coefficient; SBP=Systolic Blood Pressure; WHR= Waist to Hip Ratio
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Table 4
Relationship between cardiovascular risk factors and inter-scan absolute and relative difference of coronary calcium
scoring methods by MDCT (Slice thickness 1.5 mm)
INTER-SCAN RELATIVE DIFFERENCE
CCS METHODS

MASS

BIOLOGICAL VARIABLES

VOLUME

AGATSTON

r

P.value

r

P.value

r

P.value

BMI (Kg/m2)

0.07

0.53

0.08

0.46

0.09

0.43

Age (year)

0.21

0.06

0.24

0.03

0.l17

0.12

Smoking(Categorical)

-0.03

0.73

-0.07

0.51

-0.14

0.20

WHR

0.07

0.55

0.05

0.66

0.05

0.66

SBP (mmHg)

0.06

0.57

0.04

0.68

0.11

0.32

DBP (mmHg)

0.32

0.004

0.31

0.005

0.33

0.003

Cholesterol (mmol/l)

0.13

0.37

0.10

0.50

0.00

1.00

LDL (mmol/l)

-0.14

0.21

-0.17

0.12

-0.18

0.11

HDL (mmol/l)

0.07

0.52

0.04

0.67

0.06

0.57

Triglyceride (mmol/l)

0.03

0.78

0.07

0.49

0.00

0.99

Glucose (mmol/l)

0.23

0.09

0.26

0.05

0.24

0.08

Mean heart rate

-0.01

0.91

0.01

0.93

0.00

0.97

Mean breathing artifact

0.10

0.44

0.09

0.49

0.15

0.23

Mean SD of noise

0.19

0.09

0.19

0.09

0.18

0.11

0.29

0.009
0.33

0.003
0.38

0.001

0.37

0.001

TECHNICAL VARIABLES

CORONARY CALCIUM
Mean mass score
Mean volume score
Mean Agatston score
Mean log mass score

0.29

0.010

Mean log volume score

0.33

0.003

Mean log Agatston score

INTER-SCAN ABSOLUTE DIFFERENCE
CCS METHODS
TECHNICAL VARIABLES

MASS

VOLUME

AGATSTON

r

P.value

r

P.value

r

P.value

Mean breathing artifact

0.12

0.32

0.12

0.33

0.15

0.22

Mean SD of noise

0.20

0.08

0.19

0.09

0.15

0.17

0.86

< 0.001
0.84

< 0.001
0.89

< 0.001

0.89

< 0.001

CORONARY CALCIUM
Mean mass score
Mean volume score
Mean Agatston score
Mean log mass score
Mean log volume score
Mean log Agatston score

Abbreviation as table 3

0.86

< 0.001
0.83

< 0.001
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With respect to ranking of subjects, the inter-scan reproducibility of coronary calcium
measurements by MDCT using Agatston, volume and mass scoring algorithms is
excellent. The inter-scan reproducibility showed no major differences between scoring methods. The slice thickness did not affect reproducibility, nor did heart rate and
technical parameters. Measurement error was related to increased coronary artery
calcification, although our findings suggest that the error in the measurements is a
random phenomenon.
Our findings, i.e., no major differences between scoring methods are in contrast
with several reports on reproducibility based on EBCT scanning. Direct comparison
of the findings of these studies with those of other is difficult since the parameters
used to indicate reproducibility differ between studies. Furthermore, potentially the
prevalence of CAC and its extent may affect reproducibility, as our findings suggest
that measurement error increases with increasing CAC levels. Also the sizes of the
studies differ which have undeniable effects on reproducibility results. However,
our results are similar to those of by Rumberger and Kaufman 17, who compared these
three methods and did not find any one method preferable to another in terms of
reproducibility of results from consecutive scans in a patient.
Although the correlation between inter-scan measurements is excellent 18;19, it
still occurs that subjects with small deposits of calcium in scan one may have larger
deposits of calcium in the 2nd scan, which leads to proportionally larger error in reproducibility. This has triggered other studies 20 on reproducibility to suggest that “the
variability is partially a function of the absolute calcium score and inversely related to
it”, implicating that low coronary calcium scores may not be reproducible. However,
our results could not confirm this.

calcification or noise? Radiology 1994; 192(3):631-636.
(21) Rumberger JA, Kaufman
L. A rosetta stone for coronary
calcium risk stratification:
agatston, volume, and mass
scores in 11,490 individuals.
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181(3):743-748.

Besides different algorithms for calcium scoring, slice thickness has been reported to
affect the reproducibility of scoring protocols. In our study, the reproducibility of the
coronary calcium measurements by MDCT was similar for 1.5 mm as for 3.0 mm slice
thickness, and equal for Agatston, volume and mass measurements confirming the
results by Rumberger and Kaufman. 21
The implications of our main findings depend on the research question that is
asked in studies using CAC measurements. When the interest is using CAC measurements for prognostic studies our results for kappa and ICCC show that ranking of
subjects is adequate based on one CT scan. So the need for duplicate CAC scan is
absent. The fact that measurement error increases with increasing CAC values, is in
prognostic studies not of major importance since the categorization of individuals
seems adequate. When the interest is in etiologic studies using CAC as outcome
parameter, our findings show that risk factor relations will be validly estimated since
none of the risk factors relates to measurement error. When the interest is in using
CAC as risk factor for future events (assessment of relative risks), it is most likely that
in analyses with CAC as continues variable the magnitude of association of high CAC
levels with events reflects an underestimation of the true magnitude. The direction of
the relation will not change since based on our results measurement error is random,
leading to random misclassification of the exposure variable. When the interest is in
diagnostic value of CAC measurements, which is usually done in categories of CAC,
again the relations will be valid given our high kappa coefficients. Although our study
was performed in healthy postmenopausal women, we expect that the finding will also
be applicable for men.
Our findings are important in the light of the wider availability of MDCT in countries
compared to EBCT. One reason for that is lower equipment cost. Other advantages
of MDCT over EBCT have been suggested to be less quantum noise, thinner section
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Inter-scan reproducibility of coronary calcium measurements by MDCT

thickness, and simultaneous acquisition of four sections (with 16-slice or with 64-slice ),
which is reported to reduce misregistration artifact.
In conclusion, our findings demonstrate that coronary calcium measurements by
MDCT are highly reproducible and are not affected by scoring protocols, slice thicknesses and technical factors.

Relation between mean calcium score and inter-scan difference in mean calcium
scores
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Relation between mean calcium score and inter-scan difference in mean calcium scores
(Bland-Altman plots)
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FIGURE 2
Relation between mean calcium score and inter-scan absolute difference
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Abstract
Purpose:
A considerable proportion of pregnant women develop high blood pressure in pregnancy. Although it is assumed that this condition subsides after pregnancy, many
of these women develop the metabolic syndrome later in life and are at increased
risk to develop coronary heart disease. Atherosclerosis development is considered
in between risk factors and occurrence of vascular symptoms. Therefore, we set out
to study the relation of high blood pressure during pregnancy with risk of coronary
calcification later in life.
Design: Cross-sectional study

High BP in pregnancy and coronary calcification

Materials and Methods:
The study population comprised 491 healthy postmenopausal women selected from a
population based cohort study. Information on high blood pressure during pregnancy
was obtained using a questionnaire. Between 2004 and 2005, the women underwent
a Multi Detector Computed Tomography (Philips Mx 8000 IDT 16) to assess coronary
calcium. The Agatston score, volume and mass measurements were used to quantify
coronary calcium.

Results:
30.7% of the women reported to have had high blood pressure in pregnancy. Body
mass index (OR=1.05, 95% CI 1.01, 1.09) and diastolic blood pressure (OR=1.03, 95%
CI 1.01, 1.05) were significantly related to a history high blood pressure in pregnancy.
Age was significantly related to increased coronary calcification. Women with a history
of high blood pressure during pregnancy had a 57% increased risk of having coronary
calcification compared to those women without this condition (OR=1.57, 95% CI 1.04,
2.37). After adjusting for age, the relation did not change (OR=1.64, 95% CI 1.07,
2.53).

Conclusion:
High blood pressure during pregnancy is associated with an increased risk of coronary
calcification later in life.
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ypertensive disorders are common complications of pregnancy, and rank among
the leading causes of maternal and perinatal morbidity and mortality worldwide
1-3
. Depending on the definitions used and the populations studied, high blood pressure is reported to affect 2 to 35% of all pregnancies 4. In the various classification
schemes proposed, hypertension specific for and secondary to pregnancy is referred
to as gestational hypertension, pregnancy-induced hypertension, or, when proteinuria
is observed as well, pre-eclampsia. Pre-eclampsia in particular is associated with an
increased risk of adverse pregnancy outcome for both the mother and the fetus.
During the last decade evidence has accumulated that hypertensive disorders of
pregnancy, pre-eclampsia in particular, are associated with future hypertension and
cardiovascular events. Pre-eclampsia and cardiovascular disease (CVD) share chronic
hypertension, increased total cholesterol, decreased insulin sensitivity, and increased
body mass index (BMI) as common risk factors 5. Large epidemiological studies have
demonstrated that women who have had pre-eclampsia are at high (2-fold) risk to
develop CVD in later life 6-11. Many of the women who have had pre-eclampsia in
pregnancy, and who have no signs of clinical disease after pregnancy, exhibit the
phenotype of the metabolic syndrome (overweight, latent hypertension, dyslipidemia,
insulin resistance and hyperhomocysteinemia) and impaired endothelial function at 3
to 12 months postpartum 12-15. Apparently, exposure of the women with this phenotype
to the additional metabolic and cardiovascular challenges of pregnancy induces transient clinical disease (i.e. pre-eclampsia), that subsides after pregnancy but is likely
to re-emerge later in life as CVD 16-18. This knowledge has lead to the novel concept of
pregnancy as a cardiovascular challenge test with development of high blood pressure
or pre-eclampsia as a marker of increased risk to develop atherosclerosis and vascular events in the future. To further expand on this notion towards the development of
atherosclerosis, we studied the relation of high blood pressure during pregnancy with
coronary atherosclerosis. Increased coronary calcium is indeed one of the strongest
predictors of occurrence of coronary artery disease in the future and appears to be a
better predictor of risk of future events than conventional risk factors 19.
The use of coronary calcification as end point in clinical studies is gaining interest.
Arad et al. 20 demonstrated that individuals with higher calcium scores (CS >
160) were 35 times more likely to experience a cardiovascular event, and that CAC
measurements were more predictive of such events than were more traditional risk
factors determinates. Guerci et al. 21 found that the presence of coronary calcium was
a ‘‘powerful predictor’’ of CAD regardless of other risk factors. In fact, recent evidence
suggests that CAC quantification may be a better predictor of mortality than traditional
Framingham risk factors, adding prognostic value when used in conjunction with
traditional risk factor assessments 22. There appears to be several valid indications for
using CAC quantification as a screening test for CHD 23.
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Population
We used data from a cross-sectional study among 573 post-menopausal healthy
women. 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) 24. In PROSPECT 17,357 healthy participants of a nationwide population-based breast-cancer screening programme, aged 49-70 years, living
in Utrecht and surroundings were enrolled between 1993 and 1997. Between October
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2002 and April 2004 a re- examination was planned in a sample in order to investigate
the prognostic value of age at menopause on cardiovascular disease risk. For this
purpose, 6,612 women of the total of 17,357 were excluded because of death, further
participation in PROSPECT or in other studies, absence of written informed consent, or
emigration. Other reasons for exclusion were premenopausal state (n=1309), missing
data on menopausal status (n=2,105) or use of oral contraceptives or postmenopausal
hormone therapy in the year before or after the last menstruation (n=1,487), because
age at menopause cannot be estimated precisely then. Out of 5,844 eligible women, a
random selection of 1,996 women were invited by a personal letter from the principal
investigator of PROSPECT and 1,000 (50.1%) answered positively. Of these 1000
women, 573 women were randomly selected for CAC measurement. In 5 women,
no calcium scores could be obtained. Furthermore, information on a history of high
blood pressure in pregnancy was missing in 77 women, so the final study population
comprised 491 women.
The Medical Ethical Committee of the University Medical Center Utrecht approved
the study and written informed consent was obtained from all participants before
enrolment.
At the baseline examination of the PROSPECT study women had been asked ‘did
you suffer from high blood pressure during pregnancy’. If confirmative, we regarded
women to have had a hypertensive disorder of pregnancy. At the re-examination visit,
smoking behavior and family history of CVD were assessed by a questionnaire. Age
was calculated from birth date and date of investigation. Height and weight were
measured and BMI was calculated as weight divided by height squared (kg/m2). Waistto-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 lipoprotein (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 either using anti-hypertensive therapy or a systolic blood pressure
>140 mmHg or a diastolic blood pressure > 90 mmHg.

Coronary calcium measurements
At a second visit between 2004 and 2005, the participants underwent a multi-detector
row computed tomography (MDCT) examination (Mx 8000 IDT 16, Philips Medical
Systems, Best, The Netherlands) for the assessment of coronary artery calcification
(CAC). 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 using 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. Between the two scans
subjects sat upright and then lay down again. From the acquired raw data, 3 mm
thick sections were reconstructed. Quantification of coronary calcium was performed
on a separate workstation with software for calcium scoring (Heartbeat-CS, EBW,
Philips Medical Systems, Best, The Netherlands). All 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 obstetric history of the women,
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manually selected only the calcifications within one of the coronary arteries (left main,
left anterior descending, left circumflex, right coronary artery, or posterior descending
artery). 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. The Agatston 25 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
the entire coronary tree. The total calcium volume was calculated by multiplying the
area of the calcified lesion (measured in square millimeters) by section thickness (1.5
mm). The calcium volume for each coronary vessel was computed by summing the
volumes of the lesions in that vessel for all sections. Finally, the total volume from all
the vessels became the calcium volume for a subject. The total coronary calcium mass
uses volumetric, density information and a calibration phantom of hydroxyapatite to
calculate the actual mass of the calcified plaques.
We performed a reproducibility studies in which 199 scans were read in duplicate,
showing Intraclass correlation coefficients (ICCC) of > 0.95 for the duplicate readings. A reproducibility study in which in 73 women a duplicate MDCT scan was made
showed ICCC between repeat scans of > 0.90 for all estimates of coronary calcification (volume, mass, Agatston score) (Unpublished observations).
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First, the relation between potential confounding factors and a history of high blood
pressure in pregnancy was examined using logistic regression models. In a similar
manner, the relation of risk factors with coronary calcification in 1.5 mm slice thicknesses was examined. Factors that showed significant relations with both a history
of high blood pressure in pregnancy and coronary calcification were considered as
confounders. Distinction was between factors not in the causal pathway and those
potentially in the causal pathway. The relation between a history of high blood pressure in pregnancy with the outcome variable (coronary calcium absent / present) was
investigated using logistic regression models. The relations were quantified by odds
ratios with corresponding 95% confidence limits. Data analysis was performed using
SPSS for windows version 12.0
Since the information on a history of high blood pressure in pregnancy was collected at the baseline examination of the PROSPECT study (long after the last pregnancy), those with chronic hypertension might recall high blood pressure in pregnancy
better than those women who at baseline did not suffer from hypertension (i.e. recall
bias). To examine this, we repeated the analyses after subjects with hypertension at
baseline were excluded (n=104).
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Results
Information on a history of high blood pressure in pregnancy was present in 491
women. Women who had never been pregnant and those who reported an onset of
hypertension before the age of 45 years were excluded. The general characteristics of
the study population are given in table 1. In our study population, the prevalence of a
history of high blood pressure in pregnancy was 30.7% (n=151). The high prevalence
is most likely a consequence of the fact that our measurement of ‘hypertension in
pregnancy’ includes women not only brief and modest elevation of blood pressure
during pregnancy but also women with (pre)eclampsia. Coronary calcification, i.e. an
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Agatston score of 1 or above, was found in 62.9% of our study population (n=305).
The median Agatston score was 9.90. (Interquartile range is 0 and 93.1)
Table 2 shows the relations of general characteristics with a history of high blood
pressure in pregnancy. Increased BMI, SBP, DBP and presence of hypertension were
significantly related to a history of high blood pressure in pregnancy. Increased age,
WHR, SBP, DBP and presence of smoking were significantly related to presence of
CAC. Based on this information a parameter of overweight, and of blood pressure may
be considered as potential confounders, although one may also argue these factors
are intermediate parameters in the causal pathway.
In an unadjusted model, a history of high blood pressure during pregnancy was
significantly related to presence of CAC (Agatston score). We obtained the same
results for volume and mass score. The risk increased with 57% compared to women
without a history of high blood pressure during pregnancy (OR=1.57, 95% CI 1.04,
2.37). Adjustments for age did not substantially alter the association (OR=1.64, 95%
CI 1.07, 2.53). When factors that may be regarded as intermediate factors in the causal
pathway from a history of high blood pressure during pregnancy to atherosclerosis
development, i.e., BMI, SBP, DBP, WHR, the magnitude of the association attenuated
and the relation did not reach statistical significance.
We repeated the analysis of a relation between a history of high blood pressure
in pregnancy and CAC in participants without self reported hypertension at baseline (n=387) to control for potential recall bias. The magnitude of the finding did not
materially differ [Age adjusted OR (95% CI) =1.53 (0.88- 2.64)], although statistical
significance was not reached.
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Table 1
General characteristics of study population (N=491)
General Characteristics

Mean

Std. Deviation

Age (year)

66.8

5.4

Body mass index (Kg/ m2 )

26.8

4.5

Waist to hip ratio

0.84

0.06

Systolic blood pressure (mmHg)

136.9

20.1

Diastolic blood pressure (mmHg)

72.3

9.2

Use of blood pressure lowering drugs (%)

24.6

Hypertension (%)

32.3

Total cholesterol (mmol/l)

5.97

0.89

Low density lipoprotein cholesterol (mmol/l)

4.21

0.91

High density lipoprotein cholesterol (mmol/l)

1.37

0.36

Triglycerides (mmol/l)

1.24

0.62

Glucose (mmol/l)

4.28

0.90

Current smoking (%)

12.0

Former smoking (%)

43.7

Previous Cardio vascular diseases (%)

4.0

Pregnancy induced hypertension (%)

30.7

Family history of Coronary heart diseases (%)

11.2

Cardio Vascular Diseases (cardiac arrest, AMI, coronary stenosis, carotid stenosis, stroke)

Table 2
Relation of characteristics with a history of high blood pressure during pregnancy and coronary calcification.
Risk factors

High blood pressure during pregnancy

Coronary calcification

OR (95% CI)

OR (95% CI)*

Age (year)

0.99 (0.96 - 1.03)

BMI (Kg/ m2 )

1.05 (1.01 - 1.09)

1.00 (0.95 - 1.06)

WHR

1.26 (0.96 - 1.66)

1.81 (1.25 - 2.61)

SBP (mmHg)

1.01 (1.00 - 1.02)

1.01 (1.00 - 1.02)

DBP (mmHg)

1.03 (1.01 - 1.05)

1.03 (1.01 - 1.06)

Cholesterol (mmol/l)

1.14 (0.67 - 1.92)

1.49 (0.70 - 3.16)

LDL (mmol/l)

0.96 (0.78 - 1.19)

1.16 (0.88 - 1.53)

HDL (mmol/l)

0.97 (0.57 - 1.65)

0.69 (0.37 - 1.28)

Triglycerides (mmol/l)

0.90 (0.66 - 1.23)

1.03 (0.71 - 1.48)

Glucose (mmol/l)

0.89 (0.53 - 1.50)

2.05 (0.83 - 5.05)

Current smoking (%)

1.11 (0.59 - 2.06)

11.72 (4.10 -33.51)

Former smoking (%)

1.05 (0.70 - 1.59)

1.76 (1.06 - 2.92)

Hypertension (%)

2.49 (1.66 - 3.73)

1.12 (0.64 - 1.96)

Previous CHD (%)

1.22 (0.47 - 3.12)

4.53 (0.90 -22.70)

FH of CHD in either parents (%)

1.34 (0.74 - 2.41)

1.85 (0.85 - 4.03)

Age adjusted relation between characteristics and coronary calcification in participants without a history of high blood
pressure during pregnancy. (n=340)
Body Mass Index, Coronary Heart Diseases, Diastolic Blood Pressure, Family History, Low Density
Lipoprotein, High Density Lipoprotein, Systolic Blood Pressure, Waist to Hip Ratio
*
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TABLE 3
Relationship between a history of high blood pressure during pregnancy and coronary calcification in study population
(n=491)
High blood pressure in pregnancy

Coronary calcification
OR (95% CI)

High blood pressure in pregnancy

1.57 (1.04 - 2.37)

High blood pressure in pregnancy adjusted for age

1.64 (1.07- 2.53)

High blood pressure in pregnancy adjusted for age, WHR, DBP & SBP

1.43 (0.91- 2.24)

High blood pressure in pregnancy adjusted for age, BMI, WHR, DBP & SBP

1.52 (0.96 - 2.39)

Body Mass Index, Diastolic Blood Pressure, Systolic Blood Pressure, Waist to Hip Ratio
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To the best of our knowledge, the present study is the first to show that a history of
high blood pressure during pregnancy is related to coronary calcification later in life.
Many of the women who have had pre-eclampsia exhibit the phenotype of the
metabolic syndrome and impaired endothelial function at 3 to 12 months postpartum.1215
In addition, observational studies demonstrated that pre-eclampsia is associated
with an increased risk of cardiovascular events and death in later in life 6-11. Our finding
is in line with these observations and expands the evidence to an increased risk of
atherosclerosis. It has been well established that increased coronary calcification is a
significant predictor of subsequent cardiovascular disease and total mortality 26-28.
Based on our way of assessment of exposure, the increased risk appears not to
be restricted only to those women with pre-eclampsia, but also applies to those with
nonproteinuric hypertension or mild elevation of blood pressure in pregnancy. Unfortunately, blood pressure levels during pregnancy of these women were not available.
High blood pressure in pregnancy usually subsides when the pregnancy is over.
The accumulating evidence in the literature, and our present findings, support the
concept of pregnancy as a cardiovascular challenge test, with hypertensive disorders in pregnancy as ‘positive test results’, marking those at increased risk of future
cardiovascular disease. These women might benefit from cardiovascular risk factor
management, starting soon after pregnancy, at an age that they are more likely to
benefit from secondary prevention. At present, however, it is not clear if and how
risk factor management can be achieved in these women, and what benefit may be
expected from such a strategy. Studies addressing these issues are on their way.
Some limitations of our study need to be addressed. The information on history
of high blood pressure during pregnancy was obtained by questionnaire when the
participants were at or above middle age. This may have lead to misclassification. The
question was not directed towards the more severe hypertensive disorder of pregnancy, i.e., pre-eclampsia. So, milder variants of hypertension in pregnancy have been
included too. Therefore, one might question its effect on the validity and magnitude
of our findings. If only severe elevated blood pressure during pregnancy is related
to increased risk of atherosclerosis, then the magnitude of our finding is clearly an
underestimation the truth. The direction of the relation is however valid. Despite the
impossibility to precisely classify hypertension in pregnancy on basis of this information, a positive history of high blood pressure was related to coronary calcification
later in life. We therefore assume that the true relationship may be actually stronger
than the one we observed, rather than attenuated.
Another aspect is that recall bias may have affected the relationship between
high blood pressure in pregnancy and coronary calcification. Recall bias means that
those with hypertension at baseline may recall having had a high blood pressure in
pregnancy ‘better’ than normotensive. Since hypertension is a determinant of CAC,
29;30
the magnitude of the reported association may have been biased upwards.
Our stratified analysis shows however, that the magnitude of the relation among
normotensive women is similar to those of the entire group, and therefore, the reported
relation does not seem to be biased. The fact that the results of that stratified analyses
are not statistically significant can most likely be attributed to the smaller sample
size.
Furthermore, It can be asked that 781 exclusion (because of death) may have
biased our results in any way. However we do not believe such a selection through
death may be an issue. Finally, the relatively small sample size in our study puts some
restriction to the precision of the estimates. Future studies with a larger sample size
are needed to support or refuse our findings. Strengths of the study are its population-based nature and the CAC measurements were performed according to the
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highest standards. MDCT for detection of CAC, which we have used in our study, has
an excellent accuracy and reproducibility with an Intra Class Correlation Coefficient
(ICCC) of 0.99 and kappa value of around 0.90.
In conclusion, we have shown that high blood pressure in pregnancy is associated
with increased coronary calcification later in life.

Perspectives:

High BP in pregnancy and coronary calcification

Our finding may have important implications for the management of women who have
had high blood pressure in pregnancy. Up to now it has been assumed that high
blood pressure subsides after pregnancy, and there was no structured follow-up of
the women who experienced it. This (lack of) policy needs reconsideration. Novel
strategies of follow-up and cardiovascular risk factor reduction in women who have
had hypertension in pregnancy must be developed and evaluated for their potential to
reduce CVD in the future.

Change in abdominal adiposity and risk of coronary calcification

3.2
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Abstract
Purpose:
The objective of this study was to examine the relation between 9 year change in
abdominal adiposity, as assessed by waist-to-hip ratio (WHR) and risk of coronary
artery calcification.
Design: Cohort study

Subjects and methods:
The study population comprised 573 healthy postmenopausal women selected from
a population based cohort study. Data on coronary risk factors were collected at
baseline (1993-1997) and follow-up (2002-2004). At follow-up, the women underwent
a multi-detector computed tomography (MDCT) (Philips Mx 8000 IDT 16) to assess
coronary calcium. The Agatston score was used to quantify coronary calcium. Logistic
regression models were used to evaluate the relations under study. Change in waist to
hip ratio (WHR) was categorized into four groups: low at baseline-low at follow-up (low
was defined as below the median); high-low; low-high; and high-high.

Change in WHR and coronary calcification

Results:
Compared to subjects whose WHR remained below the median of the distribution
at both occasions, those with a WHR above the median at both occasions had a
2.7 [95% CI 1.8-4.0] fold increased risk of CAC. Women whose WHR rose over the
9 year period from below the median to above the median had a 2.5 [95%CI 1.4-4.5]
fold increased risk of CAC, whereas the women whose WHR became lower had a
non-significant 1.6 fold increased risk of CAC [95% 0.8-3,2]. In contrast, change in
body mass index was not related to risk of CAC.

Conclusion:
This observational study among healthy postmenopausal women supports the existing evidence that persistent abdominal adiposity as well as an increase in abdominal
fat over time relates to an increased risk of coronary atherosclerosis.
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besity is a major health problem in industrialized countries. A causal relationship
between myocardial infarction (MI) and obesity in the absence of the well-known
risk factors for MI has been reported.1 The prevalence of overweight and obesity has
increased dramatically in last decades in the USA,2 Finland,3 Denmark,4 Great Britain,5
the Netherlands 6 and Belgium.7 In particular, visceral or abdominal adiposity is an
important indicator of cardiovascular risk. 8-11 Abdominal obesity has been shown to
be a stronger predictor of cardiovascular risk than increased body mass index.12 This
was found for men and women, in the young and the old and across populations of
different ethnic origin.13 Visceral obesity appears to be the driving force for a number
of metabolic abnormalities including raised blood pressure, dyslipidemia and insulin
resistance, that promote cardiovascular disease.13,15 Atherosclerosis is a key factor in
the pathogenesis of cardiovascular disease16 and is considered to be a slowly progressive phenomenon, starting at young age and having its clinical manifestation in later
decades. Atherosclerosis in the coronary arteries can be accurately and reproducibly assessed with Multi-Detector Computed Tomography (MDCT) in a non-invasive
way 17. From the CT images a coronary artery calcium (CAC) summary score can be
constructed. CAC is increasingly used as a marker of disease risk or of subclinical
atherosclerosis. It is well established that the presence of coronary calcification is a
significant predictor of subsequent cardiovascular disease and total mortality.18-20
Although randomized controlled trials have indicated that weight loss may benefit
levels of risk factors, trials were usually of modest duration. 21,22 The aim of this study
was to determine the impact of change in abdominal adiposity, as assessed by change
in waist-to-hip ratio during over a 9 year period, on risk of coronary calcification in a
population based sample of 573 healthy postmenopausal women.
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Materials and Methods
Population
Participants were recruited from the PROSPECT study, 23 a cohort of 17,357 healthy
breast-cancer screening participants, aged 49–70 years, living in Utrecht and surroundings, 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 as has been detailed elsewhere.24 The Medical Ethical Committee of
the University Medical Center Utrecht approved the both the baseline and follow-up
studies and written informed consent was obtained from all participants before enrolment.
At the baseline and first follow-up visit, smoking behavior and family history of
cardiovascular diseases (CVD) were assessed by a questionnaire. 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). Waistto-hip ratio (WHR) was assessed. Systolic and diastolic blood pressure (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. We defined pulse pressure (PP) as difference between systolic and
diastolic blood pressure. In the baseline samples (1993-1997), serum total cholesterol
and glucose levels were determined in non-fasting venous blood samples using an
automated enzymatic procedure on a Vitros 250 (Johnson & Johnson, Rochester, New
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York, USA). Serum LDL was measured directly and HDL- cholesterol levels was determined with a colorimetric assay on a Hitachi 904 (Johnson & Johnson, Rochester, New
York, USA). At baseline lipid measurements were only performed in a 10% random
sample of the full cohort (n=1736). In 2002-2004, lipids were determined in a venous
blood sample drawn after an overnight fast of at least eight hours in all subjects of
the follow-up study. Plasma total cholesterol and plasma glucose were measured
using standard enzymatic procedures. HDL cholesterol was measured by the direct
method (inhibition, enzymatic). LDL cholesterol was calculated using the Friedewald
formula. We defined hypertension as present when women reported that a physician
had diagnosed hypertension that needed treatment at baseline or had a systolic blood
pressure >140 mmHg or a diastolic blood pressure > 90 mmHg. At baseline, diabetes
mellitus was defined present when women reported that a physician had diagnosed
this disorder. At follow-up, diabetes mellitus was defined present when women had
fasting blood glucose > 6.9 mmol/l and/or reported the use of anti-diabetic medication.

(9)

Coronary calcium measurements

muscle and fat mass in relation

The amount of calcium in the coronary arteries was assessed with a multi-detector
computed tomography (16-MDCT) scanner (Mx 8000 IDT 16, Philips Medical Systems, Best, The Netherlands). 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
using 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. All regions
with a density over 130 Hounsfield units were identified as potential calcifications. A
trained reader scored coronary calcification of all participants. To reduce the influence
of noise, the minimum size of a calcified lesion was set at 0.5 mm2. The Agatston
calcium score was obtained. We performed reproducibility studies, showing Intraclass
correlation coefficients of > 0.95 for the duplicate readings. A reproducibility study in
which in 73 women a duplicate MDCT scan was made showed Intraclass correlation
coefficients between repeat scans of > 0.90 for all estimates of coronary calcification
(Agatston, volume and mass score). 25
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Data Analysis

Pathogenetic role of the
metabolic syndrome and
therapeutic implications.

The main objective of the present study was to characterize the relation between
change in waist to hip ratio (WHR) from 1993 to 2004 and coronary artery calcification
in 2004. The dependent (i.e., outcome) variable for the analysis was the presence or
the absence of coronary artery calcification as measured by multi-detector computed
tomography. The independent (i.e., exposure) variables were the change in WHR.
Change in WHR was categorized into four groups: low at baseline - low at follow-up
= (low-low), increased = (low-high), decreased = (high-low) and high constant = (highhigh). The cut-off point was based on the median. The strength of the association
between these categories and coronary calcification was estimated using logistic
regression with the low-low or (no-no) group as reference category. In a similar manner, the relation between change in body mass index (BMI) and coronary calcification
was studies. Since information on blood pressure and smoking was also collected,
change in these risk factors was studied as well.
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In order to see whether part of the WHR findings works through blood pressure,
multivariate analyses with CAC as outcome and change in WHR, SBP and smoking as
dependent variables were done. Also we run a model for DBP in stead of SBP with and
without BMI adjustments for both models. The relations were quantified by odds ratios
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
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Table 1 describes the risk factors levels, measured at baseline and follow-up.
The levels of body mass index, waist-to-hip ratio, systolic blood pressure, pulse
pressure and glucose increased during the follow-up period, and decreased for HDL
cholesterol and diastolic blood pressure. The frequency of smoking fell, whereas the
prevalence of diabetes mellitus increased. In our study population (n=573), the prevalence of coronary artery calcification in 1.5 mm slice thickness was 61.5% (n=348).
Of those, 13.3% (n=75) had coronary calcification ranging from 1 to 9; 24.4% (n=138)
ranging from 10 to 99; 15.5% (n=88) ranging from 100 to 399 and 8.3% (n=47) CAC
values of 400 or above.
The relations between risk factors and coronary calcification for both baseline and
follow-up measurements are given in Table 2. Of the risk factors measured at baseline,
increased age, waist-to-hip ratio, systolic and diastolic blood pressure, pulse pressure, current smoking and hypertension were related to presence of CAC 10 years
later. In contrast to WHR, an increased BMI was not related to CAC.
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The main findings for 9 years change in risk factors and risk of CAC are presented in
table 3. Compared to subjects whose WHR remained below the median of the distribution at both occasions, those with a WHR above the median at both occasions had
a 2.7 [95% CI 1.8-4.0] fold increased risk of CAC. Women whose WHR rose over the
9 year period from below the median to above the median had a 2.5 [95%CI 1.4-4.5]
fold increased risk of CAC. In contrast to waist circumference, 9 year change in body
mass index was not related to risk of CAC (table 3). Findings for systolic, diastolic and
pulse pressure, hypertension, and smoking resembled those for WHR.
Importantly, the risk of CAC among those who went from high WHR to a lower
WHR was non- significantly increased as compared to those WHR remained below the
median at both occasions. Again, no appreciable relation was found for body mass
index. The findings for diastolic blood pressure and smoking seem to resemble that
of WHR (table 3).
When adjustments were made for age, systolic pressure and smoking, the risk of
CAC as compared with the low-low WHR group, was 1.59 [0-79-3.16] in the high-low
WHR group, 2.33 [1.26-4.29] in the low-high WHR group and 2.11 [1/36-3.26] in the
high-high WHR group. The findings did not material change when diastolic pressure
was used in the multivariate models in stead of systolic pressure.
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Table 1
General characteristics of study population (n=573)
Risk factors

Mean (SD)
______________________________________________________
Baseline
(1993-1997)

Follow-up
(2002-2004)

P value *

Age (year)

57.2 ± 5.2

66.8 ± 5.5

<0.001

BMI (Kg/ m2 )

25.6 ± 4.0

26.7 ± 4.4

<0.001

WHR

0.78 ± 0.05

0.84 ± 0.07

<0.001

SBP (mmHg)

131 ± 19

136 ± 21

<0.001

DBP (mmHg)

78 ± 10

72 ± 9

<0.001

Pulse pressure (mmHg)

52 ± 14

64 ± 16

<0.001

Cholesterol (mmol/l) (n=89)

5.9 ± 0.9

6.2 ± 1.0

0.078

LDL cholesterol (mmol/l) (n=89)

4.0 ± 0.9

4.2 ± 0.9

0.118

HDL cholesterol (mmol/l) (n=89)

1.6 ± 0.4

1.4 ± 0.4

<0.001

Glucose (mmol/l) (n=89)

4.3 ± 0.9

5.6 ± 1.0

<0.001

Current smoking (%)

18

11

<0.001

Former smoking (%)

37

44

<0.001

Hypertension § 140/90 (%)

28

27

0.178

Diabetes (%)

1

6

<0.001

Body Mass Index, Diastolic Blood Pressure, Low Density Lipoprotein, High Density Lipoprotein, Systolic Blood Pressure,
Waist to Hip Ratio, § Based on systolic, diastolic and history of having hypertension in baseline questionnaire, * Paired
sample T.test

Table 2
Relation between cardiovascular risk factors measured 1993-1997 (baseline) and measured at
2004-2005 (follow-up) and coronary calcification measured in 2004-2005.
CORONARY CALCIFICATION
RISK FACTORS

Baseline

Follow-up

OR (95% CI)

OR (95% CI)

Age (years)

1.12 (1.08 – 1.16)

1.12 (1.08 – 1.16)

BMI (kg/ m2 )

1.03 (0.99 – 1.08)

1.02 (0.98 – 1.06)

Waist to hip ratio (WHR)

2.34 (1.66 – 3.30)

1.93 (1.47 – 2.52)

SBP (mmHg)

1.02 (1.01 – 1.03)

1.02 (1.01 – 1.03)

DBP (mmHg)

1.02 (1.01 – 1.04)

1.04 (1.02 – 1.06)

Pulse pressure (mmHg)

1.03 (1.01 – 1.04)

1.02 (1.01 – 1.03)

Cholesterol (mmol/l)

1.50 (0.91 – 2.47)

1.06 (0.89 – 1.25)

LDL cholesterol (mmol/l)

1.55 (0.94 – 2.57)

1.21 (1.00 – 1.46)

HDL cholesterol (mmol/l)

0.68 (0.22 – 2.07)

0.58 (0.36 – 0.94)

Glucose (mmol/l)

1.24 (0.73 – 2.11)

1.05 (0.89 – 1.24)

Current smoking

2.45 (1.50 – 4.00)

4.54 (2.20 – 9.39)

Former smoking

1.00 (0.71 – 1.43)

1.10 (0.78 – 1.55)

Hypertension § 140/90 (%)

1.95 (1.30 – 2.92)

2.13 (1.34 – 3.38)

Diabetes (%)

0.40 ( 0.04 – 3.59)

1.21 (0.59 – 2.49)

Body Mass Index, Diastolic Blood Pressure, Low Density Lipoprotein, High Density Lipoprotein, Systolic Blood Pressure,
Waist to Hip Ratio, § Based on systolic, diastolic and history of having hypertension in baseline questionnaire.
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Table 3
Risk of coronary calcification in categories of change in cardiovascular risk factors
Baseline

Follow-up

Participants

Low
Low
High
High

250
22
45
255

Age-adjusted OR
(95% CI)
1
0.97 (0.39-2.46)
1.36 (0.68-2.71)
1.12 (0.77-1.63)

Low
Low
High
High

227
49
71
224

1
1.62 (0.83-3.16)
2.48 (1.38-4.46)
2.65 (1.76-3.99)

Low
Low
High
High

215
78
92
188

1
2.12 (1.21-3.70)
2.40 (1.41-4.12)
2.20 (1.41-3.43)

Low
Low
High
High

205
91
97
180

1
1.57 (0.92-2.69)
1.87 (1.11-3.17)
2.73 (1.74-4.28)

Low
Low
High
High

192
93
98
190

1
1.57 (0.92-2.68)
1.90 (1.11- 3.22)
1.54 (0.97-2.42)

Low
Low
High
High

26
17
29
23

1
2.60 (0.65-10.29)
2.57 (0.79-8.35)
3.60 (0.97-13.35)

Low
Low
High
High

34
15
16
30

1
1.12 (0.27-4.56)
0.24 (0.07-0.90)
1.00 (0.32-3.18)

Low
Low
High
High

30
6
14
45

1
0.64 (0.10-4.11)
2.60 (0.56-11.96)
1.72 (0.62-4.72)

Low
Low
High
High

43
24
12
11

1
2.09 (0.66-6.64)
2.24 (0.41-12.35)
1.20 (0.30-4.92)

No
Yes
No
Yes

462
6
45
60

1
1.46 (0.74-2.88)
5.63 (2.64-12.02)

Low
Low
High
High

266
40
53
61

1
1.53 (0.75-3.12)
1.74 (0.92-3.27)
2.00 (1.03-3.90)

No
Yes

525
35

1
1.22 (0.58 – 2.59)

Body Mass Index
Low
High
Low
High
Waist to Hip Ratio
Low
High
Low
High
Systolic Blood Pressure
Low
High
Low
High
Diastolic Blood Pressure
Low
High
Low
High
Pulse Pressure
Low
High
Low
High
Total cholesterol
Low
High
Low
High
Low Density Lipoprotein
Low
High
Low
High
High Density Lipoprotein
Low
High
Low
High
Glucose ¶
Low
High
Low
High
Smoking
No
No
Yes
Yes
Hypertension 140/90
Low
High
Low
High
Diabetes mellitus
No
No

¶ After exclusion of diabetic cases
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Discussion
We related change in adiposity measure, notably WHR and BMI, in a nine year time
period to presence of coronary calcification in postmenopausal women. Those with
a WHR below the median at both occasions had the lowest risk of CAC. Those with
a WHR above the median at both occasions and those showing an increase in WHR
over time had higher CAC levels.

(25) Sabour S, Rutten A, van
der Schouw YT, Atsma F,
Grobbee DE, Mali WP, Bartelink MEL, Bots ML, Prokop M.
Inter-scan reproducibility of
coronary calcium measurements using Multi Detector-

Change in WHR and coronary calcification

Row Computed Tomography

Change in WHR towards a lower level was related to a lower risk of CAC. In contrast
to WHR, no relations were found for change in body mass index. These findings were
independent of change in smoking and blood pressure.
Some potential explanations for the discordance between abdominal fat, as assessed using waist-to-hip ratio, and body mass index may be given. It has been well
established that in contrast to peripheral fat, the visceral fat is a metabolically active
tissue and is related to dyslipidemia, elevated blood pressure and insulin resistance.14,15
These established risk factors have been shown to related to CAC in many studies 26,27
and as well as in the current study. A second additional explanation might be a role for
a change in fat around the coronary arteries. We and others have recently showed that
the visceral fat is strongly related to the fat surrounding the coronary arteries. 28,29 Fat
around the coronary arteries, i.e., epicardial adipose tissue (EAT) appears to originate
from the same brown adipose tissue of infancy as visceral fat does and is a rich source
of bioactive molecules directly surrounding the coronary arteries.30
Coronary atherosclerosis is considered an excessive inflammatory and proliferative
process inside the vascular wall.31, 32 There is growing evidence that the presence of inflammatory mediators in the tissues surrounding the epicardial coronary arteries plays
an important role in this process.33-36 It is therefore conceivable that EAT contributes to
the local development of atherosclerosis. Thus changes in abdominal fat may closely
be related to changes in EAT, and thus reduce the risk of coronary atherosclerosis.
Further studies into this aspect are however needed. Irrespective of the underlying
mechanism, our results support the notion that a continuous low waist-to-hip ratio is
preferred for development of coronary calcification.
Blood pressure changes closely followed the findings of visceral adiposity and
not that of body mass index. The multivariate results indicated that the relations of
change in WHR and BP with CAC are independent of each other and independent of
smoking changes. The latter was related with coronary calcification. Risk of coronary
calcification in subjects who smoked at both baseline and follow-up was much higher
compared to never smokers. Interestingly, the risk among those who had stopped in
the past 9 years was much lower confirming the effectiveness of smoking cessation.

(MDCT). European Journal of

37, 38

(29) Iacobellis G, Ribaudo MC,

To appreciate these findings, some aspects of this study need to be addressed.
Unfortunately, for the analyses regarding baseline and change in glucose and lipids,
our analysis was restricted in precision since information on only 89 subjects was
available. Firm conclusions therefore can not be made. In addition, the reasons for
change in risk factor levels, being drug use, life style changes, have not been ascertained. Finally- due to the lack of data- we did not assess the effect of change in
WHR on EAT. Strengths of the study are its population based nature which enhances
generalizability. Also, the cross-sectional analyses of risk factor levels and CAC are in
agreement earlier studies, which indicated the validity of our measurement.
In conclusion, this observational study among healthy postmenopausal women
supports the existing evidence that persisting abdominal adiposity or an increase in
abdominal adiposity relates to an increased risk of coronary atherosclerosis.
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Abstract
Purpose:
This study was designed to examine the association between cardiovascular risk factors and segment specific coronary artery calcification.
Design: Cross-sectional study

Materials and Methods:
The study population comprised 573 healthy 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 used to assess the relations.

Segment specific coronary calcification

Results:
The prevalence of coronary artery calcification (Agatston score > 0) was 62.5% (n=348).
CAC was most common in the left anterior descending (LAD) artery with a prevalence
of 44%, prevalence in the right coronary artery (RCA), the circumflex (CRX), the left
main artery (LM), and the posterior descending artery (PDA) were 23%, 19%, 16% and
0.3%, respectively. In multivariate regression models age was predominantly related to
the calcification in the LAD and CRX, low density lipoprotein to calcification in the LAD
and cholesterol to the calcification of RCA. Hypertension, systolic and diastolic blood
pressure were related to the calcification of CRX, whereas smoking was predominantly
related to the calcification of both LAD and RCA. Finally, age, body mass index (BMI)
and systolic blood pressure (SBP) were significantly related to calcification in LM.

Conclusion:
Our findings showed that the consequences of elevated risk factor levels on development of atherosclerosis appear to be different across the segments of the coronary
arteries.
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cute myocardial infarction occurs in varying anatomical locations, ranging from
anteroseptal zone (septal, apical, and/or anteroseptal, extensive anterior, and
limited anterolateral) to the inferolateral zone (lateral, inferior, and inferolateral).1 In
general, the circumflex artery (CRX) 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, parts of
the septum and papillary muscles is obstructed. 2 Different locations of a myocardial
infarction are expected to be due to atherosclerosis development at different coronary
segments, for example among patients with an anterior myocardial infarction the
coronary artery showing the most severe atherosclerosis is generally the LAD. Furthermore, myocardial infarctions 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 myocardium. Since atherosclerosis is one of the main underlying abnormalities
leading to coronary heart disease, we hypothesize that risk factors differ in their relation with segment specific development of coronary atherosclerosis. 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 CAC. 5
We set out to study the relation of vascular established risk factors to segment
specific coronary calcification in a population-based sample of healthy postmenopausal women.

Sabour S, Franx A,

Rutten A, Grobbee DE, Prokop
M, Bartelink ML et al. High
blood pressure in pregnancy
and coronary calcification.
Hypertension 2007; 49(4):813817.
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Materials and Methods
Population
We used data from a cross-sectional study among 573 post-menopausal healthy
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 healthy 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. The Institutional Review Board of the University Medical Center Utrecht approved the study and written informed consent was
obtained from all participants before enrolment.

Cardiovascular risk factors
At the re-examination visit, smoking behavior and family history of cardiovascular diseases (CVD) were assessed by 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

74
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. HDL cholesterol was measured by the direct method (inhibition, enzymatic). 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.

Segment specific coronary calcification

Coronary calcium measurements
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). 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
using 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 coronary
calcium was performed on a separate workstation with software for calcium scoring
(Heartbeat-CS, EBW, Philips Medical Systems, Best, The Netherlands). All 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
(CRX), right coronary artery (RCA) , or posterior descending artery (PDA). 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 Agatston 7 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 segments and for the entire coronary tree.

Data Analysis
The main objective of the present study was to characterize the relation between coronary risk factors and segment specific coronary calcification. The dependent variable
for the analysis was the presence or the absence of coronary artery calcification in a
particular segment as measured by MDCT. The independent variables were coronary
risk factors.
First, the general characteristics of study population are described. Then, the relation between cardiovascular risk factors and total coronary calcification was examined
using logistic regression models. After that, we assessed age adjusted relations
between risk factors and segment specific coronary calcification. Finally, the relation
between risk factors and segment specific coronary calcification was investigated
adjusted for age and coronary calcification in the other segments.
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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). Of those, 15.8% (n=90)
had coronary calcification in LM, 43.9% (n=249) in LAD, 23.1% (n=131) in RCA, 19.4%
(n=110) in CRX and 0.3% (n=2) had calcification in PDA. In our study population,
13.3% (n=75) had an Agatston score of less than 10 and 8.3% (n=47) of greater than
400.
The age adjusted relations between 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. Decreased level of HDL was also significantly related to increase CAC.
Age adjusted relation of risk factors with segment 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 circumflex
segment [OR=1.01 (1.00 - 1.02)] and [OR=1.04 (1.01 - 1.07)] per mmHg, respectively.
The age relation remained significant for LAD and circumflex [OR =1.09 (1.05 – 1.13)
and 1.08 (1.03 – 1.13)]. BMI, SBP and family history of CVD were statistically significant related to calcification of 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 CVD with right coronary artery
(RCA) [OR=3.79 (1.23 – 11.63)] and LDL cholesterol with LAD [OR=1.36 (1.09 – 1.71)];
however, total cholesterol was related to RCA [OR= 1.25 (1.00 – 1.57)]. A strong significant relation was found between current smoking and coronary calcification but
only in LAD [OR=3.21 (1.60 – 6.45)] and RCA [OR= 2.99 (1.48 – 6.02)]. The relation of
the other risk factors with calcification in a specific segment of coronary artery did not
reach statistical significance.
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Table 1
General characteristics of study population (n=573)
Mean ± SD
Age (years)

66.8 ± 5.5

Body mass index (Kg/ m2 )

26.7 ± 4.4

Waist to hip ratio

0.84 ± 0.07

Systolic blood pressure (mmHg)

136 ± 21

Diastolic blood pressure (mmHg)

72 ± 9

Pulse pressure (mmHg)

64 ± 16

Total cholesterol (mmol/l)

6.1 ± 1.0

Low density lipoprotein cholesterol (mmol/l)

4.2 ± 0.9

High density lipoprotein cholesterol (mmol/l)

1.4 ± 0.4

Triglycerides (mmol/l)

1.2 ± 0.6

Glucose (mmol/l)

5.6 ± 1.0

Current smoking (%)

11

Former smoking (%)

44

Hypertension § 140/90 (%)

35

Diabetes (%)

6

Previous cardiovascular diseases (%)

4

Family history of cardiovascular diseases (%)

11

§ Based on systolic, diastolic and use of anti-hypertensive therapy

Table 2
Age adjusted relations between cardiovascular risk factors and coronary calcification
Coronary Calcification
RISK FACTORS

OR (95% CI)

Age (years)

1.13 (1.10 – 1.17)

Body mass index (Kg/ m2 )

1.01 (0.97 – 1.05)

Waist to hip ratio

1.78 (1.26 – 2.50)

Systolic blood pressure (mmHg)

1.01 (1.00 – 1.02)

Diastolic blood pressure (mmHg)

1.03 (1.01 – 1.05)

Pulse pressure (mmHg)

1.01 (1.00 – 1.02)

Total cholesterol (mmol/l)

1.17 (0.98 – 1.40)

Low density lipoprotein cholesterol (mmol/l)

1.24 (1.02 – 1.51)

High density lipoprotein cholesterol (mmol/l)

0.48 (0.30 – 0.80)

Triglycerides (mmol/l)

1.38 (1.03 – 1.85)

Glucose (mmol/l)

1.05 (0.90 – 1.24)

Current smoking

8.50 (4.15 – 17.43)

Former smoking

1.40 (0.95 – 2.03)

Hypertension § 140/90

1.30 (0.85 – 1.98)

Diabetes

1.16 (0.56 – 2.40)

Previous cardiovascular diseases

6.29 (1.74 – 22.76)

Family history of cardiovascular diseases

1.68 (0.96 – 2.93)

§ Based on systolic, diastolic and use of anti-hypertensive therapy
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Table 3
Age adjusted relation between cardiovascular risk factors and segment specific coronary calcification
Risk factors

Segment specific coronary calcification
OR (95% CI)
__________________________________________________________________________
LM
LAD
CRX
RCA
n= 90
n= 249
n= 110
n= 131

BMI (Kg/ m2 )

1.05 (1.00 – 1.10)

0.99 (0.95 – 1.03)

1.01 (0.97 – 1.06)

1.04 (0.99 – 1.08)

WHR

1.42 (0.93 – 2.16)

1.59 (1.13 – 2.23)

1.81 (1.20 – 2.73)

1.81 (1.24 – 2.65)

SBP (mmHg)

1.01 (1.00 – 1.02)

1.00 (1.00 – 1.01)

1.01 (1.00 – 1.02)

1.00 (0.99 – 1.01)

DBP(mmHg)

1.01 (0.98 – 1.03)

1.02 (1.00 – 1.04)

1.03 (1.01 – 1.06)

1.02 (1.00 – 1.04)

Cholesterol
(mmol/l)

1.12 (0.98 – 1.38)

1.10 (0.93 – 1.31)

1.04 (0.84 – 1.28)

1.25 (1.02 – 1.52)

LDL (mmol/l)

1.00 (0.78 – 1.29)

1.27 (1.04 – 1.55)

0.97 (0.76 – 1.24)

1.00 (0.80 – 1.25)

HDL (mmol/l)

0.58 (0.29 -1.16)

0.44 (0.26 – 0.74)

0.48 (0.24 – 0.93)

0.67 (0.37 – 1.21)

Triglycerides
(mmol/l)

1.42 (1.01 – 2.01)

1.35 (1.02 – 1.81)

1.18 (0.83 – 1.67)

1.30 (0.95 – 1.79)

Glucose (mmol/l)

0.97 (0.76 – 1.24)

1.09 ( 0.93 – 1.29)

1.05 (0.85 – 1.31)

0.82 (0.63 – 1.08)

Current smoking

3.39 (1.68 – 6.84)

5.41 (2.88 – 10.17)

2.80 (1.44 – 5.45)

5.12 (2.74 – 9.57)

Past smoking

1.82 (1.08 – 3.07)

1.35 (0.92 – 1.98)

1.04 (0.64 – 1.67)

1.57 (0.99 – 2.47)

Hypertension §

2.15 (1.25 – 3.70)

1.34 (0.87 – 2.05)

2.58 (1.49 – 4.46)

1.75 (1.08 – 2.83)

Diabetes

1.12 (0.44 – 2.84)

1.20 (0.57 – 2.51)

0.88 (0.34 – 2.29)

0.42 (0.14 – 1.23)

Previous CVD

3.22 (1.25 – 8.30)

6.14 (1.93 – 19.56)

6.35 (2.38 – 16.89)

7.42 (2.81 – 19.59)

FH of CVD

2.13 (1.11 – 4.10)

1.14 (0.65 – 1.98)

1.07 (0.52 – 2.21)

1.63 (0.89 – 2.99)

BMI=Body Mass Index, WHR=Waist to Hip Ratio, SBP=Systolic blood pressure, DBP=Diastolic blood pressure,
LDL=Low density lipoprotein, HDL=High density lipoprotein, FH=Family history, CVD=Cardiovascular Diseases
LM=Left main, LAD=Left anterior descending, CRX=Circumflex, RCA=Right coronary artery
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Table 4a
Relation between cardiovascular risk factors and segment specific coronary calcification adjusted for age and calcification
of the other segments of coronary arteries
Segment specific coronary calcification
OR (95% CI)
__________________________________________________________________________
LM
LAD
CRX
RCA
n= 90
n= 249
n= 110
n= 131

Risk factors

Age (years)

1.03 (0.98 – 1.08)

1.09 (1.05- 1.13)

1.08 (1.03 – 1.13)

1.02 (0.98 – 1.07)

BMI (Kg/ m2 )

1.05 (1.00 – 1.10)

0.97 (0.93 – 1.02)

1.00 (0.95 – 1.06)

1.04 (0.99 – 1.09)

WHR

1.04 (0.66 – 1.64)

1.26 (0.87 – 1.85)

1.43 (0.90 – 2.28)

1.48 (0.96 – 2.27)

SBP (mmHg)

1.01 (1.00 – 1.02)

1.00 (0.99 – 1.01)

1.01 (1.00 – 1.02)

1.00 (0.99 – 1.01)

DBP(mmHg)

1.00 (0.97 – 1.03)

1.00 (0.98 – 1.02)

1.04 (1.01 – 1.07)

1.01 (0.99 – 1.04)

Cholesterol
(mmol/l)

1.06 (0.83 – 1.35)

1.02 (0.84 – 1.24)

0.93 (0.73 – 1.18)

1.25 (1.00 – 1.57)

LDL (mmol/l)

1.00 (0.77 – 1.30)

1.36 (1.09 – 1.71)

0.90 (0.69 – 1.17)

0.94 (0.74 – 1.20)

HDL (mmol/l)

0.83 (0.40 – 1.71)

0.51 (0.30 – 0.91)

0.72 (0.35 – 1.50)

1.08 (0.56 – 2.11)

Triglycerides
(mmol/l)

1.29 (0.90 – 1.87)

1.26 (0.91 – 1.75)

0.93 (0.63 – 1.39)

1.13 (0.78 – 1.63)

Glucose (mmol/l)

0.92 (0.69 – 1.23)

1.14 (0.96 – 1.36)

1.09 (0.88 – 1.35)

0.77 (0.57 – 1.05)

Current smoking

1.66 (0.77 – 3.61)

3.21 (1.60 – 6.45)

1.03 (0.48 – 2.20)

2.99 (1.48 -6.02)

Past smoking

1.70 (0.97 – 2.97)

1.22 (0.80 – 1.87)

0.70 (0.40 – 1.22)

1.43 (0.85 – 2.39)

Hypertension §

1.48 (0.81 – 2.74)

0.91 (0.55 – 1.51)

2.00 (1.06 – 3.76)

1.24 (0.70 – 2.20)

Diabetes

1.18 (0.41 – 3.36)

1.47 (0.66 – 3.25)

1.00 (0.35 – 2.87)

0.37 (0.12 – 1.15)

Previous CVD

1.26 (0.45 – 3.51)

2.26 (0.67 – 10.32)

2.49 (0.80 – 7.85)

3.79 (1.23 – 11.63)

Family history of
CVD

2.25 (1.10 – 4.57)

0.91 (0.49 – 1.71)

0.91 (0.40 – 2.08)

1.58 (0.78 – 3.16)

Abbreviation as table 3

Table 4b
Relation between cardiovascular risk factors and segment specific coronary calcification adjusted for age and calcification
of the other segments of coronary arteries
segment specific coronary calcification
OR (95% CI)
Risk factors

LM

Body Mass Index (Kg/ m2 )

1.05 (1.00 – 1.10)

Family history of CVD

2.25 (1.10 – 4.57)

Systolic blood pressure (mmHg)

1.01 (1.00 – 1.02)

CRX

LAD

RCA

1.01 (1.00 - 1.02)

Diastolic blood pressure (mmHg)

1.03 (1.00 - 1.06)

Hypertension§

1.99 (1.06 – 3.75)

Age (years)

1.08 (1.03 – 1.13)

1.09 (1.05 – 1.13)

Low density lipoprotein (mmol/l)

1.36 (1.08 – 1.71)

Current smoking

3.21 (1.60 – 6.45)

2.98 (1.47 – 6.01)

Previous CVD

3.78 (1.23 – 11.63)

Cholesterol (mmol/l)

1.25 (1.00 – 1.57)

Abbreviation as table 3
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We found that different cardiovascular risk factors had different relations with calcification of a particular segment in 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 crosssectional nature of the study design. Also, our study population comprised healthy
women and thus our results should be confirmed by other studies with a large number
of patients in both men and women.
Although heritability plays a significant role in coronary calcification at the LM
and the proximal part of coronary arteries, 8 it has been shown that also non-genetic
factors such as age over 65 and hypercholesterolemia are 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 (CRX and RCA), and
the major risk factor was tobacco use (81%), followed by family history (40%), hypertension (26%), and hyperlipidemia (20%). 4 Our results extended 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 fatality 9 having a strong association
with total coronary calcification; however, in our study, after adjusting for calcification
of the other coronary segments, this relation remained significant just for LAD and
CRX. In other words, age is significantly related to the location of MI (Anterior) and the
calcification of particular coronary segments (LAD and CRX). It seems the higher our
age, the higher the likelihood of developing coronary calcification in LAD and CRX as
well as anterior MI.
Since the location of current and prior MI predicts short and long term risk of death
10
, there have been efforts to predict the location of a future myocardial infarction based
on the location of ischemia. 11 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),12 it has been shown
that the rate of reinfarction or death is almost two times higher in patients with anterior
than inferior infarction.13 Also in patients with a LAD lesion, proximal lesion location
correlate with adverse outcomes even after adjustment for coronary blood flow and
other covariates.14 However, there is evidence that adverse prognosis associated with
anterior myocardial infarction is related to differences in etiology rather than to infarction size.15 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.
Patients with anterior infarctions are significantly more likely never to have smoked
than patients with inferior infarctions. They have a higher prevalence of hypertension
and a higher mean cholesterol level. 15 We found a significant association between
hypertension and coronary calcification. Our results indicated that after adjusting for
calcification of other segments, both systolic and diastolic blood pressures as well as
hypertension – according to our definition – had significant relation with calcification of
CRX which serves the lateral and posterior walls of the myocardium; and the relation
between LDL cholesterol and coronary calcification is significant just for LAD which is
obstructed in an 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 16. We confirmed previous results by showing that indeed among
coronary segments, only calcifications of LAD and RCA are related to smoking. Finally,
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our results showed that family history of CVD was related to LM calcification, whereas
previous CVD had a significant relation with calcification of the RCA.
In conclusion, our study shows that the consequences of elevated risk factor
levels on development of atherosclerosis appear to be different across the segments
of the coronary arteries.
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Abstract Abstract
Purpose:
To assess the relation of left ventricular hypertrophy (LVH) and electrocardiogram
(ECG) abnormalities reflecting subclinical myocardial damage with coronary artery
calcification (CAC).
Design: Cross-sectional study

Materials and Methods:
The study population comprised 566 postmenopausal women selected from a population based cohort study. Information on LVH and repolarization abnormalities (T-axis
and QRS-T angle) was obtained using electrocardiography. Modular ECG Analysis
System (MEANS) was used to assess ECG abnormalities. The women underwent a
multi detector-row computed tomography (MDCT) scan (Philips Mx 8000 IDT 16) to
assess CAC. The Agatston score was used to quantify CAC; scores greater than zero
were considered as presence of coronary calcium. Logistic regression was used to
assess the relation of ECG abnormality with coronary calcification.

ECG abnormalities and coronary calcification

Results:
Left ventricular hypertrophy was found in 2.7 % (n=15) of the women. The prevalence
of T-axis abnormality was 6% (n=34), whereas 8.5% (n=48) had a QRS-T angle abnormality. Coronary artery calcification (CAC) was found in 62% of the women. Women
with LVH on the ECG had a non-significantly 2.3 fold increased risk of CAC (95% CI
0.6-8.7). Compared to women with a normal T-axis, women with borderline or abnormal
T-axes were 3.8 fold more likely to have CAC 95%CI 1.4 – 10.2). Similarly, compared
to women with a normal QRS-T angle, in women with borderline or abnormal QRS-T
angle, CAC was 2.0 fold more likely to be present (95%CI 1.0 – 4.1). These relations
were attenuated after adjustment for vascular risk factors.

Conclusion:
Among women with ECG abnormalities reflecting subclinical ischemia CAC is commonly found and may in part explain the increased coronary heart disease risk associated with these ECG abnormalities.
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W

ith an electrocardiogram, information can be obtained on subclinical myocardial
damage. The frontal T- axis has been postulated to be a general marker of
ventricular repolarization abnormality, indicative of subclinical myocardial damage,
and has been shown to be a strong and independent risk indicator of fatal and nonfatal cardiac events in the elderly. 1-3 Furthermore, in addition to the frontal T-axis, the
spatial QRS-T angle 4 has been shown to be an important determinant of diagnosis
and prognosis in patients presenting with acute chest pain.5 Spatial QRS-T angle,
which is defined as the angle between the directions of ventricular depolarization and
repolarization, has been shown to be an important risk factor for cardiac death 6-8
and also coronary heart disease (CHD) events as well as mortality in postmenopausal
women. 9 In addition, findings from autopsy and clinical angiographic studies have
suggested a link between LVH and severity of coronary atherosclerosis.10;11 Already in
young adults a significant association between echocardiographic LVH and coronary
atherosclerosis, as assessed by coronary calcifications, has been reported. 12;13 As
LVH is an important risk factor for cardiovascular disease; 14;15 part of that relation may
be due to presence of coronary atherosclerosis.
Coronary atherosclerosis can be non-invasively assessed in a valid and reproducible
manner by measurement of coronary calcium using coronary computer tomography.16
High coronary artery calcium (CAC) scores independently predict coronary heart
disease (CHD).10;17;18 Part of this association has been attributed to the fact that CAC
reflects atherosclerosis in the coronary arteries, but it may also reflect presence of
subclinical ischemia.
We set out to investigate that whether morphological cardiac abnormalities (LVH)
and ECG parameters (T-axis and QRS-T angle) that reflect potential ischemic abnormalities relate to CAC in postmenopausal women.
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Materials and Methods
Population
We used data from a cross-sectional study among 566 post-menopausal healthy women
as has been detailed earlier.19 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).20 In PROSPECT 17,357
healthy participants of a nationwide population-based breast-cancer screening programme, aged 49-70 years, living in Utrecht and surroundings 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. The Medical
Ethical Committee of the University Medical Center Utrecht approved the study and
written informed consent was obtained from all participants before enrolment.

Classical cardiovascular risk factors
At the first re-examination visit, smoking behavior and family history of coronary heart
diseases (CHD) were assessed by a questionnaire. 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-tohip ratio (WHR) was assessed. Systolic and diastolic blood pressures (SBP & DBP)
were measured at both arms with an automated and calibrated blood pressure device
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(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 lipoprotein (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 either using anti-hypertensive therapy or a systolic blood pressure
>140 mmHg or a diastolic blood pressure > 90 mmHg. Pulse pressure (PP) was defined as SBP – DBP.

ECG abnormalities and coronary calcification

Coronary calcium measurements
The participants underwent a multi-detector computed tomography (MDCT) examination for the assessment of CAC. The amount of calcium in the coronary arteries was
assessed with a MDCT scanner (Mx 8000 IDT 16, Philips Medical Systems, Best,
The Netherlands). Subjects were positioned within the gantry of the MDCT scanner
in supine position. 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 using 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. Scan duration was approximately
10 seconds, depending on heart rate and patient size.
Quantification of coronary calcium was performed on a separate workstation with
software for calcium scoring (Heartbeat-CS, EBW, Philips Medical Systems, Best, The
Netherlands). All regions with a density over 130 Hounsfield units were identified as
potential calcifications. After completing a training- program, a trained scan reader,
blinded for electrocardiographic results of the women, manually selected only the
calcifications within the coronary arteries (left main, left anterior descending, left circumflex, right coronary artery, or posterior descending artery). 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. The
Agatston 21 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 the entire coronary tree.
Calcium presence was defined as score > 0. We performed reproducibility studies in
which 199 scans were read in duplicate, showing Intraclass correlation coefficients
(ICCC) of > 0.95 for the duplicate readings. (Unpublished) Another reproducibility
study in which in 73 women a duplicate MDCT scan was made within three months of
the first scan showed ICCC between repeat scans of > 0.90. 22

ECG abnormalities and left ventricular hypertrophy
A standard 12-lead electrocardiogram (ECG) was recorded with the women lying in
supine position using Cardio Perfect equipment (Cardio Perfect Resting ECG, Welch
Allyn Cardio Control, Delft, The Netherlands). ECGs were recorded at a sampling frequency of 300 Hz and stored digitally. All ECGs were processed by the Modular ECG
Analysis System (MEANS). 23 MEANS computes a representative averaged beat for
each of the 12 leads from which ECG measurements and a diagnostic interpretation
are derived. Mean QRS and T axes were computed from vectorcardiographic X, Y and
Z leads, which can, in good approximation, be constructed from the standard ECG
leads. 24 The mean spatial axes are based on the areas of the wave components of
the QRS complex and the T wave. The mean frontal T-axis is the angle between the X
axis and the projection of the mean spatial T-axis on the frontal XY plane. The spatial
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T-axis. Electrocardiographic LVH was defined by using voltage and repolarization
criteria, in which the age-adjusted Sokolow criterion Pulse pressure (PP) was defined
as SBP – DBP.
Women with a MEANS interpretation of possible, probable, or definite LVH were
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Table 1 lists characteristics of the study population by presence or absence of CAC.
The prevalence of left ventricular hypertrophy was 2.7 %, of T-axis abnormality 6%,
and of QRS-T angle abnormality 8.5%. Sixty two percent of the women had a coronary
calcification score greater than zero.
Table 2 shows the associations between vascular risk factors and CAC as well as ECG
parameters. Factors that were related to CAC were increased age, WHR, SBP, DBP,
PP, presence of hypertension, increased LDL-C, decreased HDL-C, increased glucose,
current smoking and family history of CHD. SBP, pulse pressure and Hypertension
were related to LVH. Factors related to T-axis abnormality were WHR, hypertension,
glucose and current smoking. Factors that were related to QRS-T abnormality were
age, BMI, WHR, SBD, DBP, PP and hypertension (table 2).
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Table 3 shows the relation of LVH and ECG abnormalities with presence of CAC adjusted for age and additionally for other potential confounders.
Due to the low prevalence we found no significant relation between LVH and presence of CAC [OR=2.54 (0.71 – 9.13)]. However, both an abnormal T-axis [OR=3.86
(1.46 – 10.11)] and an abnormal QRS-T angle [OR=2.23 (1.11 – 4.47)] were significantly
related to presence of CAC. In the age adjusted models increased CAC was related to
increased risk of abnormal T-axis being present [OR=3.79 (1.40 -10.23)]. This relation
was further attenuated when adjustments were made for additional vascular risk factors (table 3). In the age adjusted model increased CAC was not significantly related
to presence of abnormal QRS-T angle [OR=1.97 (0.96 – 4.05)]. The relation further
attenuated when risk factors were accounted for.

90
Table 1
General characteristics of study population and relation of coronary artery calcification with clinical covariates (N=566)
Risk Factors

CAC +
(n=348)
mean (SD)

CAC –
(n=218)
mean (SD)

Total
(n=566)
mean (SD)

Age (year)

68.0 (5.5)

64.8 (4.9)

66.7 (5.4)

Body Mass Index (Kg/ m2 )

26.8 (4.4)

26.3 (4.4)

26.6 (4.4)

Waist-Hip Ratio

0.85 (0.08)

0.82 (0.05)

0.84 (0.07)

Systolic Blood Pressure (mmHg)

139.4 (20.4)

130.5 (19.7)

135.9 (20.6)

Diastolic Blood Pressure (mmHg)

73.3 (8.8)

70.1 (9.8)

72.1 (9.3)

Pulse pressure (mmHg)

66.0 (16.3)

60.4 (14.2)

63.8 (15.7)

Hypertension (%)

57

38

50

Total cholesterol (mmol/l)

6.1 (1.0)

5.9 (0.9)

6.0 (0.9)

LDL cholesterol (mmol/l)

4.2 (0.9)

4.1 (0.8)

4.2 (0.9)

HDL cholesterol (mmol/l)

1.3 (0.3)

1.4 (0.4)

1.3 (0.3)

Triglycerides (mmol/l)

1.2 (0.6)

1.1 (0.6)

1.2 (0.6)

Glucose (mmol/l)

5.6 (1.0)

5.4 (0.7)

5.5 (0.9)

Current smoking (%)

16

4

11

Former smoking (%)

45

42

44

Family History of CHD in either parent (%)

13

9

11

Coronary calcification (%)

100

0

61.5

Left Ventricular Hypertrophy (%)

3.4

1.4

2.7

T- axis abnormality (%)

8.3

2.3

6.0

QRS-T angle abnormality (%)

10.6

5.1

8.5
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Table 2
Age adjusted relation of coronary calcification, left ventricular hypertrophy and ECG abnormalities with clinical
covariates
Risk Factors

OR (95% CI)
CAC

LVH

T-axis

QRS-T angle

Age (year)

1.12
(1.08 – 1.16)

1.04
(0.95 – 1.14)

1.04
(0.98 – 1.11)

1.05
(1.00 – 1.11)

Body Mass Index (Kg/ m2 )

1.02
(0.98 – 1.06)

1.01
(0.90 – 1.13)

1.04
(0.96 – 1.12)

1.08
(1.01 – 1.15)

Waist-Hip Ratio

1.84
(1.40 – 2.43)

1.31
(0.65 – 2.67)

1.79
(1.11 – 2.87)

1.68
(1.11 – 2.54)

Systolic Blood Pressure (mmHg)

1.01
(1.00 – 1.02)

1.03
(1.01 – 1.05)

1.01
(0.99 – 1.03)

1.02
(1.01 – 1.03)

Diastolic Blood Pressure (mmHg)

1.04
(1.02 – 1.06)

1.03
(0.98 – 1.09)

1.01
(0.98 – 1.05)

1.04
(1.01 – 1.07)

Pulse pressure (mmHg)

1.01
(1.00 – 1.02)

1.05
(1.02 – 1.08)

1.01
(0.99 – 1.04)

1.02
(1.01 – 1.04)

Hypertension (%)

1.78
(1.24 – 2.56)

3.87
(1.06 – 14.12)

2.34
(1.08 – 5.07)

2.63
(1.34 – 5.16)

Total cholesterol (mmol/l)

1.13
(0.94 – 1.36)

0.78
(0.45 – 1.35)

0.78
(0.54 – 1.12)

1.07
(0.80 – 1.45)

LDL cholesterol (mmol/l)

1.24
(1.01 – 1.52)

0.87
(0.47 – 1.54)

0.79
(0.53 – 1.18)

1.07
(0.78 – 1.49)

HDL cholesterol (mmol/l)

0.56
(0.34 – 0.93)

0.46
(0.08 – 2.45)

0.35
(0.11 – 1.10)

0.89
(0.37 – 2.10)

Triglycerides (mmol/l)

1.32
(0.97 – 1.79)

0.75
(0.27 – 2.05)

1.41
(0.85 – 2.32)

1.19
(0.75 – 1.89)

Glucose (mmol/l)

1.35
(1.05 – 1.72)

1.16
(0.75 – 1.79 )

1.39
(1.08 – 1.86)

1.26
(0.98 – 1.61)

Current smoking (%)

6.16
(2.90 – 13.09)

0.56
(0.07 – 4.40)

2.71
(1.16 – 6.32)

1.45
(0.61 – 3.41)

Former smoking (%)

1.12
(0.78 – 1.60)

0.62
(0.21 – 1.85)

0.87
(0.43 – 1.77)

0.81
(0.44 – 1.48)

Family history of coronary heart diseases (%)

1.96
(1.09 – 3.53)

1.30
(0.28 – 5.99)

1.11
(0.37 – 3.31)

0.34
(0.08 – 1.46)

Table 3
The relation of markers of coronary risk with coronary artery calcification
ECG markers of coronary risk

coronary artery calcification
OR (95% CI)
Model 1

Model 2

LVH*

2.33 (0.62 – 8.69)

1.92 (0.51 – 7.19) *

T- axis

3.79 (1.40 – 10.23)

2.70 (0.93 – 7.78 ) ¶

QRS-T angle

1.97 (0.96 – 4.05)

1.55 (0.74 – 3.27) §

Model 1= Age adjusted relation; Model 2= Adjusted for age and other vascular risk factors as follow: * SBP, PP and
hypertension, ¶ WHR, hypertension, glucose and current smoking § WHR, SBP, DBP, PP and Hypertension
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(21) Agatston AS, Janowitz

ECG abnormalities and coronary calcification

WR, Hildner FJ, Zusmer NR,

In the present study we showed that in healthy postmenopausal women presence of
LVH and of subclinical myocardial damage as assessed by T-axis and QRS-T abnormalities relate to presence of coronary calcifications.
Before we can interpret our findings, some issues need to be addressed. The
current analysis concentrates on electrocardiographic indications of hypertensive
damage. From literature it is known that the sensitivity and specificity of the diagnostic
interpretation by the MEANS computer program, taking cardiologists as a reference,
are high. With respect to LVH, a sensitivity of 88.9% and a specificity of 99.1% were
yielded. 25
A few studies have examined the association of echocardiographically assessed
LVH with CAC. A study conducted in a Turkish population among 249 asymptomatic
hypertensive patients reported a positive association between concentric LVH and
CAC. 26 A study among 159 young to middle-age African-American participants without hypertension or overt ischemic heart disease 27, showed that men with CAC had a
significantly larger left ventricular mass and higher left ventricular mass index than did
those without CAC, independent of other important atherosclerosis risk factors, with
a parallel, but insignificant, trend in women. A study in 2,724 young African-American
and white adults who participated in the CARDIA study, reported that left ventricular
mass was significantly associated with extent of CAC among subjects who were positive for CAC, but not with the presence of CAC after multivariable adjustment. 28 Our
findings are in agreement with these reports, and expand the evidence into healthy
menopausal women.
Furthermore, we showed that T-axis and QRS-T angle abnormalities that indicate
subclinical ischemic damage were related to CAC. These repolarization abnormalities
have been associated with considerable increased risks of cardiac death in populations based studies 6 and have been shown to be more common (by almost 2-fold) in
diabetic compared to non-diabetic subjects. 29 Our findings indicate that part of the
increased risk may be attributable to presence of coronary atherosclerosis and not
only ischemic changes per se.
In conclusion, among women with ECG abnormalities reflecting subclinical ischemia CAC is commonly found and may in part explain the increased coronary heart
disease risk associated with these ECG abnormalities.
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Discussion and summary

The aims of the studies described in this thesis were:
1. To assess reproducibility of coronary calcium measurements with multi detector computed tomography (MDCT) imaging and to evaluate whether different
measurement protocols, slice thickness and cardiovascular risk factors affect
reproducibility of MDCT.
2. To determine whether a history of high blood pressure during pregnancy marks an
increased cardiovascular risk as shown by coronary calcification later in life.
3. To examine the relation between changes in abdominal adiposity, as assessed by
waist-to-hip ratio (WHR) and risk of coronary artery calcification.
4. To examine the association between cardiovascular risk factors and segment
specific coronary artery calcification.
5. To assess the relation of left ventricular hypertrophy (LVH) and electrocardiogram
(ECG) abnormalities reflecting subclinical myocardial damage with coronary artery
calcification
The present chapter provides a general discussion in the light of current knowledge in the field of coronary artery calcification. It includes the background of the
thesis and main findings.
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C

oronary artery disease (CAD) is the number one killer of adults in westernized
societies. Development of coronary atherosclerosis is the main underlying mechanism 1;2 Atherosclerosis tends to develop slowly and gradually over the years and
remains subclinical, i.e., a-symptomatic for a long time.3 Means to detect atherosclerosis in a non-invasive manner have been subject of research over the past decades.
Early detection of vascular damage may be done using computed tomography (CT) of
the coronary arteries. Coronary CT has been shown to be an accurate, non-invasive
method to quantify coronary calcification burden in patients. Evidence shows that
calcium measurements by CT correlate well with histological plaque analyses and
that CAC measurement accurately reflect disease severity. Furthermore, increased
coronary calcium is a strong predictor of future coronary events and as such it may be
useful to assess individual risk for coronary heart disease. Although data on coronary
calcium has mainly come from studies using EBCT, multi detector CT (MDCT) is much
more widely available and also allows for measurement of coronary calcium.
Non-invasive measurement of coronary calcification has opened new areas of
research. Where the epidemiology in etiologic and prognostic research traditionally
used clinical events as primary outcome, now presence or absence of atherosclerosis
can be used as primary outcome as an alternative for cardiovascular events. This
change made it possible to address etiologic research questions using a much smaller
group of participants and also in participants of younger age.
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Coronary artery calcification
The most important cause of morbidity and mortality in individuals with cardiovascular
risk factors is coronary atherosclerosis. The ability to predict the majority of coronary events is limited. 4 Assessment of established risk factors to identify high-risk
subgroups is neither highly sensitive nor highly specific. Thus, there is a clear need
for new strategies in primary prevention to prevent clinical manifestations of CAD.
In recent years, an alternative approach to risk stratification has been proposed:
non-invasive evaluation of coronary calcification. This strategy is based on the close
histopathological correlation between coronary calcium deposits and the total amount
of coronary atherosclerosis. 5
It has been suggested that early calcification in coronary arteries results from
calcification of smooth muscle cell organelles 6, and that it is an active process. 7
The presence, and more importantly, the quantity of coronary arterial calcification,
correlates well with the overall severity of the atherosclerotic process 8;9. The absence
of detectable CAC reflects a low likelihood of a major cardiac event within the next 2–5
years (5–10% overall risk) 10;11. In fact, recent evidence suggests that CAC quantification may be a better predictor of mortality than traditional Framingham risk factors,
adding prognostic value when used in conjunction with traditional risk factor assessments. 12

Detection of coronary calcification by MDCT
Calcifications of the coronary artery wall are regarded as a recognized marker of coronary atherosclerosis 13. Most of the information on coronary calcifications has been
based on images obtained from electron beam computed tomography (EBCT). Since
EBCT is very sparsely available, for example there is only one EBCT scanner in the
Netherlands, the use of a multi detector CT (MDCT) for the measurement of coronary
calcium is more than welcome. Continued advances in MDCT scanner technology
have resulted in significant improvements in the ability of these scanners to perform
coronary calcium measurements. Indeed MDCT has been used for detection and
quantification of coronary artery calcium 14-16 and has been shown to be particularly
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sensitive for detecting coronary calcifications 17. New technical developments, such
as 16 and 64 row MDCT 18-20, may further increase the potential of MDCT. Few studies
have however, compared the accuracy or reproducibility of EBCT with MDCT. The
limited available evidence does suggest no significant differences between the two
modalities, although more evidence is needed. 16;21
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Coronary Calcium Scoring
While traditional Agatston-derived calcium scores have been widely adopted as the
means for quantifying CAC, recent evidence suggests that calcium volume and particularly mass measurements are more accurate measurements of disease. The need
for an easily reproducible parameter in the assessment of coronary artery calcium
seems to inspire the development of several alternative scoring methods such as
volume scoring or quantitative assessment of the absolute calcium mass. Volume
scoring appears to show less variability in volume and mass quantification than calcium scoring according to the method of Agatston 22.
Criticism of the Agatston-derived calcium score stems mainly from the arbitrary
nature of the qualitative weighting factor incorporated into the score based upon the
peak density of the calcium deposit. Conversely, the volume measurement technique
expounded by Callister et al. 23 which relies on isotropic interpolation of data to calculate the volume of a lesion above a prescribed threshold, has been reported to result
in improved score reproducibility, as it is independent of slice thickness.16 Likewise,
CT derived calcium mass measurements provide a quantitative assessment of the
mineral content of a lesion independent of slice thickness and spatial resolution of the
acquisition. Furthermore, the quantitative measurement of the mineral mass of calcified coronary lesions has been shown to significantly reduce measurement variability
24
. Mineral mass measurements derived from prospectively ECG-triggered MDCT provided the most accurate and reproducible equivalent of the actual mineral content of
coronary calcifications in vivo 25. Calcium mass probably has the greatest potential to
increase accuracy, consistency and reproducibility of coronary calcium assessment 26
and thus may replace traditional scoring methods in the future 27. However, the fact
that the reproducibility of mass measurements for spiral CT scans was lower than for
Agatston or volume , highlights a problem that has been described previously 28.
Recent studies describe better results for inter-scan and inter- and intra-observer
variability with use of quantitative measures (volume and mass) as compared to the
traditional Agatston scoring method 29-32. Rumberger and Kaufman33 however, comparing these three methods found no appreciable difference in the results, reporting
an similar 38% averaged variability on consecutive scans when mass, volume, or
Agatston calcium score measurements were used . Rumberger and Kaufman also
attempted to establish risk stratification of 11,490 individuals, and found similar risk
assessments for patients regardless if the Agatston score, calcium mass and volume
measurements were used. However, studies using the MDCT scan that evaluate
systematically the differences in reproducibility between Agatston, mass or volume
measurements have not been done.
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Reproducibility of CAC measurements
We set out to assess reproducibility of coronary calcium measurements with MDCT
imaging and to evaluate whether different measurement protocols slice thickness and
cardiovascular risk factors affect inter and intra- observer reproducibility (Chapter
2.1). The study population comprised 199 healthy postmenopausal women. Coronary
calcium was assessed using a 16-MDCT (Philips Mx 8000 IDT 16). Images were made
using 1.5 and 3.0 mm slice thicknesses. To assess inter and intra-observer reproducibility, the images were read by two observers. One observer read the images of 52
subjects twice. The Agatston score, a volume measurement and a mass measurement
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were used to quantify coronary calcium and reproducibility was determined by estimation of mean, absolute and relative differences between scores of the observers and
by estimation of Intra-class correlation coefficients (ICCC). One hundred and twenty
participants (60.3%) had a positive calcium score. Median Agatston score for the first
observer was 2.20 with a range of 0- 2019.The reproducibility of coronary calcium
measurements between observers and within observers was excellent with Intra-class
correlation coefficients of > 0.95, and small mean, absolute and relative differences.
Reproducibility findings were similar for 1.5 mm slices as for 3.0 mm slices, and equal
for Agatston, volume and mass measurements. Of the established cardiovascular risk
factors, none was significantly related to measurement error. However, the measurement error increased with increasing coronary calcium. Therefore, we concluded that
reproducibilility of measurement of coronary calcium using images from MDCT is
excellent, irrespective of slice thickness and type of calcium parameter.
In chapter 2.2, we assessed inter-scan reproducibility of coronary calcium
measurements in 76 healthy women obtained from Multi Detector-Row CT (MDCT)
images and evaluated whether this reproducibility is affected by different measurement protocols, slice thickness, cardiovascular risk factors and/or technical variables.
Coronary calcium was assessed in these women twice in one session using 16-MDCT
(Philips Mx 8000 IDT 16). Fifty-five participants (72.4%) had a coronary calcification
of more than zero in Agatston (1.5 millimetre slice thickness). The reproducibility of
coronary calcium measurements between scans in terms of ranking was excellent
with Intra-class correlation coefficients of > 0.98, and kappa values above 0.80. The
absolute difference in calcium score between scans increased with increasing calcium
levels, indicating that measurement error increases with increasing calcium levels.
However, no relation was found between the mean difference in scores and calcium
levels, indicating that the increase in measurement error is likely to result in random
misclassification in calcium score. Again reproducibility results were similar for 1.5
mm slices and for 3.0 mm slices, and equal for Agatston, volume and mass measurements.
We concluded that the inter-scan reproducibility of coronary calcium measurements by MDCT using Agatston, volume and mass scoring algorithms is excellent
showing no major differences between scoring methods. The slice thickness did not
affect reproducibility, nor did heart rate and technical parameters. Our findings, i.e.,
no major differences between scoring methods were in contrast with several reports
on reproducibility based on EBCT scanning. Direct comparison of the findings of
these studies with those of other is difficult since the parameters used to indicate
reproducibility differ between studies. Furthermore, potentially the prevalence of CAC
and its extent may affect reproducibility, as our findings suggest that measurement
error increases with increasing CAC levels. Also the sizes of the studies differ which
have undeniable effects on reproducibility results. However, our results are similar to
those of by Rumberger and Kaufman 33, who compared these three methods and did
not find any one method preferable to another in terms of reproducibility of results
from consecutive scans in a patient.
Our findings are important in the light of the wider availability of MDCT in most
countries compared to EBCT. One reason for that is lower equipment cost. Other
advantages of MDCT over EBCT are lesser quantum noise, thinner section thickness,
and simultaneous acquisition of four sections (with 16-slice or with 64-slice), which
is reported to reduce misregistration artefact. In conclusion, our findings demonstrate
that coronary calcium measurements by MDCT are highly reproducible and are not
affected by scoring protocols, slice thicknesses and technical factors.

100

Discussion and summary

Coronary calcification as primary outcome, as an alternative for vascular
events
The attraction of CAC measurements as a primary outcome variable in observational
studies has been recognized widely. A large number of studies have been done on
the determinants of CAC. 34;35 The CAC in these studies was used as a marker of
vascular risk, based on the findings in several studies that increase in CAC shows a
strong and graded relationship with the incidence of cardiovascular disease. 36-38 In
addition, CAC has been used as a measure of atherosclerosis in studies that try to
make the link between elevated risk factors or change in risk factors, development of
atherosclerosis and the occurrence of future events. By way of example, in the current
thesis we applied this principle to fill an existing gap between high blood pressure in
pregnancy and future vascular risk, by showing that part of this relationship works
through atherosclerosis development. In addition, we showed that change in risk factors relates to change in risk of development of atherosclerosis and we make an effort
to show that risk factors have different relations with atherosclerosis and coronary
heart disease symptoms.
In chapter 3.1, we studied the relation of high blood pressure during pregnancy
with risk of coronary calcification as a measure of cardiovascular disease risk. Our
study population comprised 491 healthy postmenopausal women selected from a
population based cohort study. Information on high blood pressure during pregnancy
was obtained using a questionnaire. 30.7% of the women reported to have had high
blood pressure in pregnancy. Women with a history of high blood pressure during
pregnancy had a 57% increased risk of having coronary calcification compared to
those women without this condition (OR=1.57, 95% CI 1.04, 2.37). After adjusting
for age, the relation did not change (OR=1.64, 95% CI 1.07, 2.53). We concluded
that high blood pressure during pregnancy is associated with an increased risk of
coronary calcification later in life. Our finding may have important implications for the
management of women who have had high blood pressure in pregnancy. Up to now it
has been assumed that high blood pressure subsides after pregnancy, and there was
no structured follow-up of the women who experienced it. This (lack of) policy needs
reconsideration. Novel strategies of follow-up and cardiovascular risk factor reduction
in women who have had hypertension in pregnancy must be developed and evaluated
for their potential to reduce CVD in the future.
The objective of chapter 3.2 was to examine the relation between 9 year change
in abdominal adiposity, as assessed by waist-to-hip ratio (WHR) and risk of coronary
artery calcification. The study population comprised 573 healthy postmenopausal
women. Data on coronary risk factors were collected at baseline (1993-1997) and
follow-up (2002-2004). At follow-up, the women underwent a multi-detector computed tomography (MDCT) (Philips Mx 8000 IDT 16) to assess coronary calcium. The
Agatston score was used to quantify coronary calcium. Change in waist to hip ratio
(WHR) was categorized into four groups: low at baseline-low at follow-up (low was
defined as below the median); high-low; low-high; and high-high. Our results indicated
that compared to subjects whose WHR remained below the median of the distribution
at both occasions, those with a WHR above the median at both occasions had a 2.7
[95% CI 1.8-4.0] fold increased risk of CAC. Women whose WHR rose over the 9 year
period from below the median to above the median had a 2.5 [95%CI 1.4-4.5] fold
increased risk of CAC, whereas the women whose WHR became lower had a non-significant 1.6 fold increased risk of CAC [95% 0.8-3,2]. Our study supports the existing
evidence that persistent abdominal adiposity as well as an increase in abdominal fat
over time confers an increased risk of coronary atherosclerosis.
Chapter 3.3 examines the association between cardiovascular risk factors and
segment specific coronary artery calcification in 573 healthy postmenopausal women.
The prevalence of coronary artery calcification (score > 0) was 62.5% (n=348). CAC

(23) Callister TQ, Cooil B,
Raya SP, Lippolis NJ, Russo
DJ, Raggi P. Coronary artery
disease: improved reproducibility of calcium scoring
with an electron-beam CT
volumetric method. Radiology
1998; 208(3):807-814.
(24) Hoffmann U, Kwait
DC, Handwerker J, Chan
R, Lamuraglia G, Brady TJ.
Vascular calcification in ex vivo
carotid specimens: precision
and accuracy of measurements with multi-detector
row CT. Radiology 2003;
229(2):375-381.
(25) Rosol M, Sachdev K,
Enzweiler CN, Kwait DC, Millea
R, Titus J et al. A novel model
to test accuracy and reproducibility of MDCT scan protocols
for coronary calcium in vivo. Int
J Cardiovasc Imaging 2006;
22(1):111-118.
(26) Ulzheimer S, Kalender
WA. Assessment of calcium
scoring performance in cardiac
computed tomography. Eur
Radiol 2003; 13(3):484-497.
(27) Becker CR, Schoepf UJ,
Reiser MF. Coronary artery
calcium scoring: medicine
and politics. Eur Radiol 2003;
13(3):445-447.
(28) Mao S, Child J, Carson
S, Liu SC, Oudiz RJ, Budoff
MJ. Sensitivity to detect
small coronary artery calcium
lesions with varying slice
thickness using electron beam
tomography. Invest Radiol
2003; 38(3):183-187.
(29) Kopp AF, Ohnesorge
B, Becker C, Schroder S,
Heuschmid M, Kuttner A et al.
Reproducibility and accuracy
of coronary calcium measurements with multi-detector row
versus electron-beam CT.
Radiology 2002; 225(1):113119.

101

(30) Callister TQ, Cooil B,
Raya SP, Lippolis NJ, Russo
DJ, Raggi P. Coronary artery
disease: improved reproducibility of calcium scoring
with an electron-beam CT
volumetric method. Radiology
1998; 208(3):807-814.
(31) Ohnesorge B, Flohr
T, Fischbach R, Kopp AF,
Knez A, Schroder S et al.
Reproducibility of coronary
calcium quantification in repeat
examinations with retrospectively ECG-gated multisection
spiral CT. Eur Radiol 2002;
12(6):1532-1540.
(32) Ulzheimer S, Kalender
WA. Assessment of calcium
scoring performance in cardiac
computed tomography. Eur
Radiol 2003; 13(3):484-497.
(33) Rumberger JA, Kaufman
L. A rosetta stone for coronary
calcium risk stratification:
agatston, volume, and mass
scores in 11,490 individuals.
AJR Am J Roentgenol 2003;
181(3):743-748.
(34) Barbir M, Lazem F,
Bowker T, Ludman P, Banner
N, Mitchell A et al. Determinants of transplant-related
coronary calcium detected by
ultrafast computed tomography scanning. Am J Cardiol
1997; 79(12):1606-1609.
(35) Mintz GS, Pichard AD,
Popma JJ, Kent KM, Satler LF,
Bucher TA et al. Determinants
and correlates of target
lesion calcium in coronary
artery disease: a clinical,
angiographic and intravascular
ultrasound study. J Am Coll
Cardiol 1997; 29(2):268-274.
(36) Silber S. [Early detection
of myocardial infarct risk with
cardio-CT. Can coronary
calcium calculation prevention
sudden cardiac death?].
MMW Fortschr Med 2003;
145(17):37-40.

was most common at the left anterior descending (LAD) with a prevalence 44%, next
the right coronary artery (RCA) with 23%, the circumflex (CRX) with 19, the left main
(LM) with 16% and the posterior descending artery (PDA) with 0.3%. In multivariable
regression models age was predominantly related to the calcification in the LAD and
CRX, and low density lipoprotein to the LAD. Hypertension, systolic and diastolic
blood pressure were related to the calcification of CRX, whereas smoking was predominantly related to the calcification of both LAD and RCA. Our findings showed that
the consequences of elevated risk factor levels on development of atherosclerosis
appear to be different across the segments of the coronary arteries. To the best of our
knowledge, our study is the first to assess such a relation; however, some limitations
of our study need to be addressed. The present study is cross-sectional and thus we
are not able to directly establish causal relations between risk factors and segment
specific coronary calcification. Also, our study population comprised healthy women
and thus our results should be confirmed by other studies with a large number of
patients in both men and women.
The results of chapter 3 may be of interest to health care providers and clinicians.
Prevention strategies which clearly remain a top priority to reduce the high mortality
rate of heart disease can benefit of our results. Knowing that certain risk factors or
change in risk factors affect coronary atherosclerosis, and perhaps differently may
further lead to intensification of prevention efforts.

Coronary calcification and other measure of cardiac ischemic damage
With CAC we obtain information on a person’s risk of future vascular events, a finding
that is well established. It may be that other markers of cardiac risk strongly relate
to CAC, which may have important implication for health care. In Chapter 4, we assessed the relation of ECG markers of coronary risk and coronary calcification in 566
postmenopausal women. Information on LVH and repolarization abnormalities (T-axis
and QRS-T angle) was obtained using electrocardiography. Modular ECG Analysis
System (MEANS) was used to assess ECG abnormalities. Left ventricular hypertrophy
was found in 2.7 % (n=15) of the women. The prevalence of T-axis abnormality was
6% (n=34), whereas 8.5% (n=48) had a QRS-T angle abnormality. Coronary artery
calcification (CAC) was found in 62% of the women. Among women with CAC, LVH
and ECG abnormalities were significantly more common. Compared to women with
normal T-axis, in women with borderline or abnormal T-axis, CAC was 3.8 fold more
likely to be present [OR=3.8, 95%CI (1.4 – 10.1)]. Similarly, compared to women with
normal QRS-T angle, in women with borderline or abnormal QRS-T angle, CAC was
2.2 fold more likely to be present [OR=2.2, 95%CI (1.1 – 4.4)]. However, these relations were attenuated after adjustment for potential confounders. We concluded that
among women with high CAC scores, LVH and ECG abnormalities reflecting subclinical
ischemia are commonly found. In our study, as one of the first to assess the relation
of both LVH and ECG abnormalities with coronary calcification in postmenopausal
women, we showed that an increased CAC in healthy postmenopausal women relates
to increased presence of LVH and of subclinical myocardial damage as assessed by
T-axis and QRS-T abnormalities. The clinical implication of our findings might be ECG
abnormalities in postmenopausal women reflect coronary atherosclerosis (CAC scores
higher than 0) apart from ischemic changes. Furthermore, healthy postmenopausal
women with higher CAC scores appear to have a higher risk of either LVH or ischemic
repolarization being present. This may to some extent explain why increased CAC
relates to increased CHD risk in the future.

Conclusion
The studies described in this thesis have expanded the evidence on the role of coronary artery calcification in cardiovascular research and prevention.
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Algemene discussie en samenvatting
De doelen van de onderzoekingen weergegeven in dit proefschrift waren:
1. het vaststellen van de reproduceerbaarheid van het meten van calcium in de
kransslagaders met behulp van Multi Detector computer tomografie (MDCT), en
nagaan in hoeverre de mate van reproduceerbaarheid afhangt van beeldvormingprotocollen en van niveau’s van cardiovasculaire risicofactoren.
2. het vaststellen in hoeverre het hebben doorgemaakt van een verhoogde bloeddruk
tijdens de zwangerschap gepaard gaat met een toegenomen kans op verkalkingen
in de kransslagaders later in het leven
3. het bestuderen in hoeverre verandering in overgewicht, vastgesteld door het
meten van de taille-heup omvang, gepaard gaat met een toegenomen kans op
verkalkingen in de kransslagaders.
4. het bestuderen van de samenhang tussen risicofactoren voor hart- en vaatziekten
en de plaats van de verkalkingen in de kransslagaders.
5. het vaststellen van de verbanden tussen linkerventrikel hypertrofie en repolarisatie
stoornissen op het ECG en aanwezigheid van verkalkingen in de kransslagaders.
In dit hoofdstuk worden de bevindingen van het proefschrift samengevat en geplaatst
in het huidige stand van zaken op dit gebied.

Inleiding
Coronaire hartziekte is doodsoorzaak nummer één in geïndustrialiseerde landen.
Ontwikkeling van verkalkingen in de kransslagaders ligt vaak ten grondslag aan het
optreden van coronaire hartziekte. Slagaderverkalking ontwikkelt zich gedurende het
leven op een langzame en progressieve manier, en geeft gedurende lange tijd geen
aanleiding tot het ontstaan van klachten. Mogelijkheden om slagaderverkalking vast
te stellen op een niet-invasieve wijze is de afgelopen jaren onderwerp van cardiovasculair epidemiologisch onderzoek geweest. Vaststelling van verkalkingen in de
kransslagader op een valide en reproduceerbare manier is goed mogelijk gebleken
met behulp van een electron beam CT (EBCT) scan. De door CT vastgestelde verkalkingen komen goed overeen met tekenen van slagaderverkalking in histologisch
onderzoek. Toegenomen verkalkingen in de kransslagaders gaan gepaard met een
hogere kans op het krijgen van hart- en vaatziekten. Op basis van deze gegevens zou
het meten van kransslagaderverkalkingen in een individu kunnen bijdragen aan de
individuele kansschatting op hart- en vaatziekten bij dat individu. Tot op heden komen
de meeste gegevens uit onderzoek met een EBCT scanner. In Nederland zijn echter
maar twee EBCT scanners, terwijl MDCT scanners door veel meer klinieken gebruikt
wordt. Met de MDCT scanner kan eveneens verkalking van de kransslagaders worden
vastgesteld, hoewel onderzoek gebruikmakend van deze scanners minder gedaan is.
Niet invasieve methoden om slagaderverkalking vast te stellen heeft wegen geopend naar nieuwe onderzoeksgebieden. Waar traditioneel vasculair etiologisch en
prognostisch epidemiologisch onderzoek zich richtte op klinische uitkomsten, kan
aan- of afwezigheid van slagaderverkalking thans gebruikt worden als een alternatieve
uitkomst voor klinische eindpunten. Deze verandering maakt het mogelijk etiologische
onderzoeksvragen te beantwoorden in kleinere groepen van deelnemers en jongere
deelnemers, nog voordat symptomen passend bij hart- en vaatziekten zijn opgetreden.

Verkalkingen in de kransslagaders
Het meest belangrijke proces dat ten grondslag ligt aan het optreden van coronaire
hartziekte is verkalking van de kransslagaders. De mogelijkheid om het optreden van
een coronaire hartziekte voor een individu te voorspellen is op dit moment beperkt en
er is duidelijk behoefte deze voorspelling te verbeteren. Eén van de mogelijkheden die
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kunnen leiden tot verbetering, is naast het vastleggen van informatie over cardiovasculaire risicofactoren, het meten van kransslagaderverkalking op een niet invasieve
manier middels coronair CT. De hoeveelheid kalk op de CT beelden hangt sterk samen
met de hoeveelheid kransslagaderverkalking. Inmiddels is aangetoond dat afwezigheid
van kalk op de coronaire CT scan gepaard gaat met een lage kans op het optreden
van een hartziekte in de nabije toekomst. Daarentegen verhoogt aanwezigheid van
veel kalk op de CT beelden de kans op een nieuwe uiting van coronaire hartziekte
aanzienlijk. Het lijkt zo te zijn dat het meten van verkalking van de kransslagader middels coronair CT een duidelijk toegevoegde waarde heeft boven op de traditionele
risicofactoren in het voorspellen van de kans op een hartziekte in een individu.

Vastleggen van verkalkingen in kransslagaders met MDCT
In het overgrote deel van de onderzoekingen waarin verkalking van de kransslagaders
is vastgelegd, werd een EBCT scan gebruikt. Echter, een EBCT scan is slechts zeer
beperkt beschikbaar, in Nederland zijn slechts 2 scanners aanwezig. Met een MDCT
scanner is het ook mogelijk verkalkingen van de kransslagaders vast te leggen en
te kwantificeren. Door recente vernieuwingen in de MDCT scanner, bijvoorbeeld de
16 slice en 64 slice scanner, is men met de MDCT scanner steeds beter in staat
verkalkingen in beeld te brengen. In een aantal studies is onderzocht in hoeverre de
kalkmetingen met de EBCT scan overeenkomen met die van de MDCT scan. Uit deze
studies komt naar voren dat er geen significante verschillen in detectie van kransslagaderverkalking bestaat tussen beide scans.

Samenvatting

Meten van kransslagaderverkalking van de beelden
Traditioneel wordt de Agatston score gebruikt voor het kwantificeren van verkalkingen
in de slagaders. Er worden metingen verricht aan specifieke segmenten van de kransslagaders waarna de scores van alle segmenten worden opgeteld om te komen tot een
‘totaal’ score. Uit de literatuur is ook naar voren gekomen dat mogelijk een volumemeting dan wel een massameting als maat voor verkalking van de kransslagaders beter
zou zijn. Er zijn echter ook studies die hebben laten zien dat er nauwelijks verschil
tussen beide methoden zit in termen van reproduceerbaarheid en risicostratificatie.
Deze studies zijn gedaan op basis van beeldvorming door een EBCT scan, terwijl
dergelijke gegevens voor scan met een MDCT scan nauwelijks voorhanden zijn.

Reproduceerbaarheid van het meten van verkalkingen in de kransslagaders
In hoofdstuk 2.1. hebben wij nagegaan hoe de reproduceerbaarheid is van het meten
van verkalkingen van de kransslagaders aan de hand van MDCT beelden. Tevens is
onderzocht of de reproduceerbaarheid afhangt van het afbeeldingsprotocol, de ‘slice’
dikte, en risicofactoren van hart- en vaatziekten. Het onderzoek werd gedaan met
CT beelden van 199 gezonde postmenopauzale vrouwen. Beeldvorming werd verricht
met een 16-MDCT scanner. Beelden hadden een ‘dikte’ van 1.5 mm en 3.0 mm. De
beelden werden gelezen door twee ‘lezers’. Eén van de lezers heeft de CT beelden
van 52 vrouwen tweemaal gelezen. Als maten voor kransslagaderverkalking werden
de Agatston score, de volumescore en de massascore gebruikt. Reproduceerbaarheid
werd vastgesteld door het berekenen van de Intraclass correlatie coëfficiënt (ICC)
tussen de twee ‘lezingen’, van het gemiddelde verschil tussen twee lezingen, en het
absolute gemiddelde verschil tussen twee lezingen. De resultaten gaven aan dat de
reproduceerbaarheid goed was met een hoge ICC (>0.95), kleine gemiddelde verschillen tussen twee lezingen, en kleine absolute verschillen tussen twee metingen. Deze
resultaten waren hetzelfde voor de verschillende scores en de ‘slice’dikte. De meetfout
in de vaststelling van de kransslagaderverkalking hield geen verband met één van de
cardiovasculaire risicofactoren. De meetfout nam echter toe met de hoeveelheid kalk.
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Dit zou gevolgen kunnen hebben voor de statistische analyse van de resultaten in een
onderzoek, afhankelijk van de onderzoeksvraag.
In hoofdstuk 2.2. hebben we de reproduceerbaarheid van het meten van kransslagaderverkalking vastgesteld wat betreft het tweemaal scannen van een deelnemer. Dit onderzoek werd gedaan bij 76 vrouwen bij wie tweemaal een MDCT scan
werd gedaan met een kort tijd ertussen. De scans werden gelezen door één ‘lezer’.
In dit onderzoek was de ICC > 0.98 en de kappa > 0.80, beide duidend op goede
reproduceerbaarheid. Geen verschil in reproduceerbaarheid werd gevonden tussen
de verschillende scores, noch tussen verschillende beeldvormende protocollen. Het
aanvangsniveau van verkalking hield geen verband met het gemiddelde verschil in
verkalkingen tussen beide scans. Dit duidt erop duidt dat de meetfout een willekeurig
fenomeen was: af en toe een te hoge waarde, af en toe een te lage waarde.
Onze bevindingen zijn van belang omdat de MDCT scanner meer voorkomt in
ziekenhuizen dan de EBCT scanner en derhalve dus verkalkingen van de kransslagaders vaker zullen worden vastgelegd met een MDCT scanner. Tevens is van belang
zich te realiseren dat de ontwikkeling van de scanner in toenemende mate leidt tot
minder ruis in de beelden, dunnere slices, en simultane acquisitie van 4 delen, hetgeen
theoretisch zal moeten leiden tot afname van de beeldartifacten.

Verkalking in de kransslagader als alternatief eindpunt voor klinische
hartvaatziekte
In verschillende onderzoeken is het heel aantrekkelijk om verkalking in de kransslagader te gebruiken als belangrijkste uitkomst in een studie dan bijvoorbeeld een klinisch
eindpunt, zoals een hartinfarct of een beroerte. Om dit te doen is het noodzakelijk dat
verkalking in de kransslagaders gepaard gaat met een toename van de kans op harten vaatziekten. Dat laatste is consistent in verschillende onderzoekingen aangetoond:
er is een geleidelijke toename van het risico met een geleidelijke toename van de
aanwezigheid van verkalkingen. Op basis van deze gegevens kan inderdaad verkalking in de kransslagader als eindpunt voor cardiovasculair risico gebruikt worden. Dit
principe hebben we toegepast in een aantal hoofdstukken in het proefschrift.
In hoofdstuk 3.1 hebben we bestudeerd of het gehad hebben van een verhoogde
bloeddruk tijdens de zwangerschap gepaard gaat met meer verkalkingen in de kransslagaders later in het leven. Het bleek inderdaad dat vrouwen met een verhoogde
bloeddruk in de zwangerschap een 57% hogere kans hadden op kransslagaderverkalking dan vrouwen die geen verhoogde bloeddruk hadden tijdens de zwangerschap.
Deze bevinding sluit goed aan bij de literatuur waaruit reeds naar voren was gekomen
dat vrouwen met een verhoogde bloeddruk tijdens de zwangerschap later vaker hoge
bloeddruk hadden en een hogere kans hadden op het krijgen van hart- en vaatziekten.
De consequentie van deze consistente bevindingen is dat wellicht onderzocht moet
worden of, en zo ja hoe, vrouwen met een verhoogde bloeddruk in de zwangerschap,
na de zwangerschap behandeld moeten worden om hun verhoogde risico op hart- en
vaatziekten te beteugelen.
In hoofdstuk 3.2 maken we wederom gebruik van kransslagaderverkalking als
primaire uitkomst, in plaats van hart- en vaatziekten. In dit hoofdstuk laten we zien
dat toename in vetverdeling, gemeten door de taille-heup ratio en opgetreden in de
afgelopen 9 jaar, samenhangt met een toename van kransslagaderverkalking, en dus
het risico op coronaire hartziekte. Deze vrouwen hadden een 2.5 keer hogere kans op
kransslagaderverkalking dan vrouwen wiens taille-heup ratio in deze periode nagenoeg constant gebleven was. Bij vrouwen die gedurende de gehele periode een hoge
taille-heup ratio hadden werd een 2.7 verhoogd risico gevonden. Deze bevindingen
bevestigen dat een hoge taille-heup ratio gepaard gaat met een toegenomen kans op
coronaire ziekte.
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In hoofdstuk 3.3 hebben we onderzocht in hoeverre risicofactoren verband
houden met verkalkingen in specifieke kransslagaders. Het is bekend dat sommige
personen een hartinfarct krijgen gelegen aan de voorwand van het hart, terwijl anderen
een onderwandinfarct krijgen. Het is tevens bekend dat bepaalde risicofactoren meer
samenhangen met voorwandinfarcten en andere risicofactoren meer met onderwandinfarcten. De verklaring zou kunnen liggen in verschillen in de mate van verkalkingen in
de kransslagaders. We vonden in ons onderzoek dat inderdaad bepaalde risicofactoren meer verband hielden met verkalkingen in bepaalde kransslagaders, terwijl andere
risicofactoren vooral verbanden lieten zien met verkalkingen in andere kransslagaders.
Het onderzoek is echter klein wat betreft aantal deelnemers en deze bevindingen zullen moeten worden bevestigd in toekomstig onderzoek.

Kransslagaderverkalking en andere maten voor cardiale afwijkingen

Samenvatting

Hoewel verkalking van de kransslagader van groot belang is voor het optreden van
hartziekte, kan aanwezigheid van verkalking ook een gedeeltelijke weerspiegeling zijn
van andere afwijkingen aan het hart die ook gepaard gaan met een hogere kans op
hartziekte. In hoofdstuk 4 hebben we nagegaan in hoeverre een verdikte hartspier en
tekenen van zuurstoftekort in de hartspier, beide vastgesteld door middel van een
ECG, samengaan met verkalkingen in de kransslagaders. Inderdaad, bij vrouwen met
deze afwijkingen kwam kransslagaderverkalking vaker voor. Met name bij vrouwen met
tekenen van zuurstof tekort (repolarisatiestoor-nissen) kwam kransslagaderverkalking
3.8 maal meer voor. Onze bevinding laat zien dat afwijkingen aan het hart die gepaard
gaan een toegenomen kans op hartziekte vaak samen voorkomen.

Conclusie
De studies in dit proefschrift dragen bij aan de kennisvermeerdering over de bijdrage
van kransslagaderverkalking in epidemiologisch onderzoek naar oorzaken en gevolgen van hart- en vaatziekten.
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ϪλϼΧ ϭ Κ͙
ί ΪϨΗέΎΒϋ ϪϣΎϧ ϥΎϳΎ̡ ϦϳέΩ ϩΪη ϒϴλϮΗ ΕΎϘϴϘ͞ ί ϑΪϫ
ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ ̶ΑΎϳίέ -1
Multi-Detector Computed ̵έΩήΑ ήϳϮμΗ ΎΑ ήϧϭή̯ ϕϭήϋ
ϒϠΘͮ ̵Ύϫ Ϟ̰Ηϭή̡ Ύϳ Ϫ̰Ϩϳ ̶γέήΑ ϭ Tomography (MDCT)
ϞϣϮϋϭ εήΑ ϊτϗ ΖϣΎΨο ˬήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ
̶ϣ ήΛ MDCT ΖϴϠΑΎϗ Ϧϳ ήΑ ϕϭήϋ ϭ ΐϠϗ ̵ΎϬϳέΎϤϴΑ ήτΧ
.ήϴΧ Ύϳ Ϊϧέά̳
ϥέϭΩ ̶σ

έΩ ϻΎΑ ϥϮΧ έΎθϓ ϪϘΑΎγ Ϫ̰Ϩϳ ϥΩή̯ Ϧϴόϣ -2

Ϫ̯ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ήτΧ ζϳΰϓ ΚϋΎΑ ˬ ̵έΩέΎΑ

̶̳Ϊϧί ̵ΪόΑ ϞΣήϣ έΩ Ζγ ̶ϗϭήϋ ϭ ΐϠϗ ̵έΎϤϴΑ ϩΪϨϫΩ ϥΎθϧ

. ήϴΧ Ύϳ ΩϮη ̶ϣ

(WHR) ΎΑ Ϫ̯ Ϣ̰η ̶ΘϳίϮ̢ϳΩέΩ ΕήϴϴϐΗ

ϦϴΑ ρΎΒΗέ ̶γέήΑ -3

ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ήτΧ ϭΩϮη ̶ϣ ̶ΑΎϳίέwaist-to-hip ratio
.ήϧϭή̯
ϭ ϕϭήϋ ϭ ΐϠϗ ̵ΎϬϳέΎϤϴΑ ήτΧ ϞϣϮϋ ϦϴΑ ρΎΒΗέ ̶γέήΑ

-4

left ventricular (LVH )̠̩ ϦτΑ ̶ϓϭήΗή̢ϴϫ ϪτΑέ ̶γέήΑ

-5

.ήϧϭή̯ ϕϭήϋ ί κΨθϣ ̶θ͚ ϥϮϴγΎ̰ϴϔϴδϠ̯

Ϫ̯ (ECG ̶ϓή̳ϮϳΩέΎ̯ϭ̰͐ϟ) ̶ΒϠϗ έϮϧ ΕϻϼΘΧϭ hypertrophy
ΎΑ ΪϨηΎΑ ̶ϣ (ΩέΎ̯ Ϯϴϣ) ΐϠϗ ϪϠπϋ ϪΑ ΐϴγ ή̴ϧΎϴΑ

.ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

ϪϨϴϣί έΩ ΩϮΟϮϣ ϢϠϋ ΩέϮϣ έΩ ̶Ϡ̯ Κ͙ ̮ϳ Ϟμϓ Ϧϳ έΩ
ϞϣΎη Ϫ̯ ΩϮη ̶ϣ Ϫέ (ήϧϭή̯ ϕϭήϋ) ΐϠϗ

̵Ύ̏Ύϳήη ϥϮϴγΎ̰ϴϔϴδϠ̯

̶Ϡλ ̵Ύϫ ϪΘϓΎϳ ϦϴϨ̪ʹ ϭ ϪϣΎϧ ϥΎϳΎ̡ Ϧϳ ΩέϮϣ

έΩ ̶ΗΎϣΪϘϣ ΕΎϋϼσ
.ΩϮη ̶ϣ ϥ

ϪϣΪϘϣ
ϦϴϨγ έΩ ϩΪϨθ̯ ϞϣΎϋ Ϧϴϟϭ (CAD)ήϧϭή̯ ϕϭήϋ ̵ΎϬϳέΎϤϴΑ
̶ΒϠϗ Ϧϴϳήη ΐϠμΗ Ζϓήθϴ̡ .ΪϨηΎΒϴϣ ̶ΑήϏ ϊϣϮΟ έΩ ̶ϟΎδ̳έΰΑ
. Ζγ ϩΪϧήϴ̳ ήΑ έΩ ̶Ϡλ ϡΰϴϧΎ̰ϣ ,(βϳίϭήϠ̰γϭήΗ)
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ϪΑ ̶ϣέ ϪΑ ΎͫΎγ ̶σ ϭ ΪϨ̯ ̶ϣ Ζϓήθϴ̡ ΞϳΪΗ ϪΑ βϳίϭήϠ̰γϭήΗ
ϥϭΪΑ ̶Ϩόϳ )ΪϧΎϣ ̶ϣ ̶ϗΎΑ subclinical ΕέϮλ ϪΑ ϭ Ϊϳ ̶ϣ ΩϮΟϭ
ϩϮϴη ϪΑ βϳίϭήϠ̰γϭήΗ ̶γέήΑ .(̶ϧϻϮσ ΕΪϣ έΩ ̶ϨϴϟΎΑ ΕήϫΎψΗ
κϴΨθΗ .Ζγ ϩΩϮΑ ϪΘηά̳ ϪϫΩ ΪϨ̩ ϖϴϘ͞ ωϮοϮϣ ( non- invasive) ̶ͣΎ͡ήϴϏ
̵ήΗϮϴ̢ϣΎ̯ ̶ϓή̳ϮϣϮΗ ί ϩΩΎϔΘγ ΎΑ ΪϧϮΗ ̶ϣ ̶ϗϭήϋ ΐϴγ Ϫϴϟϭ
̶ηϭέ ήϧϭή̯ ϕϭήϋ ̵ήΗϮϴ̢ϣΎ̯ ̶ϓή̳ϮϣϮΗ .ΩϮη ϞλΎΣ ̵ήϧϭή̯ ϕϭήϋ(CT)
έΩ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔΒδϠ̯ ̶ΑΎϳίέ ̵ήΑ ̶ͣΎ͡ ήϴϏ ϭ ϖϴϗΩ έΎϴδΑ

.ΪηΎΒϴϣ ϥέΎϤϴΑ

ΎΑ ήϧϭή̯ ϕϭήϋ ϢΒδϠ̯ ̵ήϴ̳ ϩίΪϧ Ϫ̯ΪϫΩ ̶ϣ ϥΎθϧ ΩϮΟϮϣ ̭έΪϣ

ϩίΪϧ ϭ ϩΩϮΑ ςΒΗήϣ ̭ϼ̡ ̶γΎϨη ΖϓΎΑ ΰϴϟΎϧ ΎΑ ̶ΑϮΧ ϪΑ CT
. ΪϨ̯ ̶ϣ β̰όϨϣ έ ̵έΎϤϴΑ ΕΪη ̶ΘγέΩ ϪΑ ήϧϭή̯ ϕϭήϋ ϢΒδϠ̯ ̵ήϴ̳
̶ϘϴϗΩ ϩΪϨϨ̯ ̶ϨϴΑ ζϴ̡ ϞϣΎϋ ̵ήϧϭή̯ ϢϴδϠ̯ ζϳΰϓ Ϧϳ ήΑ

ϩϭϼϋ

ϭ ΪϫΩ Υέ ̵ήϧϭή̯ ϕϭήϋ ̵ήΑ ΪϧϮΗ ̶ϣ Ϫ̯ Ζγ ϩΪϨϳ ΙΩϮΣ ̵ήΑ

̵Ύϫ ̵έΎϤϴΑ ήτΧ

͑ΧΎϨη ̵ήΑ Ζγ Ϧ̰ͯ ϥ ̵ήϴ̳ ϩίΪϧ ϦϳήΑ ΎϨΑ

ϕϭήϋ ϢϴδϠ̯ ΩέϮϣ έΩ ΕΎϋϼσ

Ϫ̩ ή̳ .ΪηΎΑ ̶ϣ Ϊϴϔϣ ̵ήϧϭή̯ ϕϭήϋ

Electron-beam CT ˳
Ύ̏ έΩ Ϫ̯ Ϊϳ ̶ϣ ΖγΪΑ ̶ΗΎϘϴϘ͞ ί ΎγΎγ ήϧϭή̯
ϦϴϨ̪ʹ ϭ ϪΘηΩ έήϗ α͐γΩ έΩ ͐θϴΑ MDCTΎϣ ,ϩΪη ϩΩΎϔΘγ (EBCT)
.ΩέΩ έ ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ ϖϴϗΩ ̵ήϴ̳ ϩίΪϧ ΖϴϠΑΎϗ

Summary in Persian

ΪϳΪΟ Ϫλήϋ ,ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ̶ͣΎ͡ – ήϴϏ ̵ΎϬϴΑΎϳίέ
ΩΪΧέ ̮ϴΘγϮϨ̳ϭή̡ ϭ

̶̰ϳ̫ϮϟϮϴΗ ΕΎϘϴϘ͞ ϼΒϗ . Ζγ ̶̰ηΰ̡ ΕΎϘϴϘ͞

ϩίϭήϣΎϣΪϨΘϓή̴ϴϣ ήψϧ έΩ ϪϴϟϭΪϣΎϴ̡ ϥϮϨϋ ϪΑ έ ̶ϨϴϟΎΑ ̵Ύϫ

̶ϠλΪϣΎϴ̡ ϥϮϨϋ ϪΑ ΪϧϮΗ ̶ϣ βϳίϭήϠ̰γϭήΗ ΩϮΟϭ ϡΪϋ Ύϳ ΩϮΟϭ

ί ϩΩΎϔΘγΎΑ έ ̮ϳ̫ϮϟϮϴΗ ̵ΎϬϴγέήΑ

,ήϴϴϐΗ Ϧϳ .ΩϮη ϩΩΎϔΘγ

ήδϴϣ ϥϮΟ ϥΎ̳ΪϨϨ̯ Ζ̯ήη έϮτϨϴʹ ϭ ϥΎ̳ΪϨϨ̯ Ζ̯ήη ί ̵͐Ϥ̯ ΩΪόΗ

.Ζγ ϩΩή̯

ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯
ήτΧ ϞϣϮϋ ΎΑ Ωήϓ έΩ ήϴϣ ϭ ̱ήϣ ϭ ̶ηϮΧΎϧ ΖϠϋ

Ϧϳ͐ϤϬϣ

ζϴ̡ ̶ϳΎϧϮΗ .Ζγ ̵ήϧϭή̯ βϳίϭήϠ̰γ ϭήΗ ,ϕϭήϋ ϭ ̶ΒϠϗ Ϧϳήϓ

ήτΧ κΨθϣ ϞϣϮϋ ̶ΑΎϳίέ .ΖγΩϭΪͭ ̵ήϧϭή̯ ϕϭήϋ ΙΩϮΣ ήΜ̯ ̶ϨϴΑ

Ϫϧ ϭ ϪΘηΩ ̵ΩΎϳί ΖϴγΎδΣ Ϫϧ ,ήτΧ ή̡ ̵ΎϬϫϭή̳ ̶ϳΎγΎϨη ̵ήΑ Ϧϳήϓ
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̵ΪϳΪΟ ̵Ύϫ ̵̬Η͐γ ϪΑ Ϫ̯ Ζγ κΨθϣ ϦϳήΑ ΎϨΑ .ΪηΎΒϴϣ ιΎΧ έΎϴδΑ

̵Ύϫ ̵έΎϤϴΑ ̶ϨϴϟΎΑ ΕήϫΎψΗ ίΎΗ Ζγ ίΎϴϧ Ϫϴϟϭ ̵ήϴ̴θϴ̡ έΩ

̵ήΑ ̵ή̴ϳΩ ϩϮϴη ,ήϴΧ ̵ΎͫΎγ έΩ .ΩϮη ̵ήϴ̳ ϮϠΟ ήϧϭή̯ ϕϭήϋ

:Ζγ ϩΪη ΩΎϬϨθϴ̡ ήτΧ ̶ϳΎγΎϨη

̵ήϧϭή̯ ϥϮϴγΎ̰ϴϔϴδϠ̯ ̶ͣΎ͡ ήϴϏ ̶γέήΑ
– ΖϓΎΑ)̵̫ϮϟϮΗΎ̡ ϮΘδϴϫ ̮ϳΩΰϧ ρΎΒΗέ ̮ϳ έϮͭ ήΑ ̵̬Η͐γ Ϧϳ

βϳίϭήϠ̰γϭήΗ έΪϘϣ Ϟ̯ ϭ ̵ήϧϭή̯ ϢϴδϠ̯ ΕΎΑϮγέ ϦϴΑ (̶γΎϨη ΐϴγ
έΩ Ϫϴϟϭ ϥϮϴγΎ̰ϴϔϴδϠ̯ Ϫ̯ Ζγ ϩΪη ϩΩΩ ϥΎθϧ

.ΖγέϮΘγ ̵ήϧϭή̯

̵ Ϫ̪ϴϫΎϣ ϝϮϠγ ̵ΎϬϠϧΎ̳έ έΩ ϥϮϴγΎ̰ϴϔϴδϠ̯ ί ̶ηΎϧ ̵ήϧϭή̯ ϕϭήϋ
έΪϘϣ

,ϥ ί ͐ϤϬϣ ϭ ΩϮΟϭ .ΪηΎΑ ̶ϣ ϝΎόϓ

̵ΪϨϳήϓ Ϫ̯ Ζγ ϑΎλ

ρΎΒΗέ atherosclerotic ΪϨϳήϓ ̶Ϡ̯ ΕΪη ΎΑ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯
,ήϧϭή̯ ϕϭήϋ κϴΨθΗ ϞΑΎϗ ϥϮϴγΎ̰ϴϔϴδϠ̯ ΩϮΟϭ ϡΪϋ .ΩέΩ ̶̰ϳΩΰϧ
5 ̶ϟ 2 ̶σ ϢϬϣ ̶ΒϠϗ ϪΛΩΎΣ ̮ϳ ίϭήΑ έΩ ϒϴόο ϝΎϤΘΣ ̮ϳ ή̴ϧΎϴΑ
ϥΎθϧ ΪϳΪΟ ΪϫϮη ,ΖϘϴϘΣ έΩ
ζϴ̡

.(ΪλέΩ 10 ̶ϟ 5) ΪηΎΒϴϣ ϩΪϨϳ ϝΎγ

ϞϣΎϋ ΪϧϮΘΑ ΪϳΎη ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ έΪϘϣ ΪϫΩ ̶ϣ

̵Ύϫ έϮΘ̯Ύϓ ϪΑ ΖΒδϧ ήϴϣ ϭ ̱ήϣ ϥΰϴϣ

ϦϴϤ͟ ̵ήΑ ̵͐͜ ϩΪϨϨ̯ ̶ϨϴΑ

ϞϣϮϋ ̶ΘϨγ ̵ΎϬϴΑΎϳίέ ϪΑ ̶Θϗϭ Ϫ̯ ή̩ ΪηΎΑ ϡΎϬ̴Ϩϴϣήϓ ̶ΘϨγ ήτΧ

.ΖηΩ ϢϴϫϮΧ ̵͐θϴΑ ̶ϳϮ̴θϴ̡ είέ ,ΩΩή̴ϴϣ ϪϓΎο ήτΧ

MDCT ϪϠϴγϮΑ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ κϴΨθΗ
ϪΘΧΎϨη

ϞϣΎϋ ϥϮϨϋ ϪΑ ήϧϭή̯ ϕϭήϋ ϩέϮϳΩ ϥϮϴγΎ̰ϴϔϴδϠ̯

έΩ ΩϮΟϮϣ ΕΎϋϼσ ήΜ̯ .ΩϮη ̶ϣ ̶ϘϠΗ ̵ήϧϭή̯ βϳίϭήϠ̰γϭήΗ ϩΪη
. Ζγ ϩΪη ϞλΎΣ EBCT ί ϩΪϣ˴ΖγΪΑ ήϳϭΎμΗ
EBCT ήϨ̰γ ̮ϳ ςϘϓ ϼΜϣ , Ζγ α͐γΩ έΩ ΕέΪϧ ϪΑ

αΎγ ήΑ ϪϨϴϣί Ϧϳ
EBCT Ϫ̰ϴΎͰ ί

̵ήϧϭή̯ ϢϴδϠ̯ ̶ΑΎϳίέ έΩ MDCT ί ϩΩΎϔΘγ ,ΩέΩ ΩϮΟϭ ΪϨϠϫ έΩ
MDCT ήϨ̰γ ̵̫ϮϟϮϨ̰Η έΩ ϡϭΪϣ ̵Ύϫ Ζϓήθϴ̡ .ΪηΎΒϴϣ ήΗ ϊϳΎη
ϩίΪϧ έΩΎϫ ήϨ̰γ Ϧϳ ̶ϳΎϧϮΗ έΩ ̶ϤϬϣ έΎϴδΑ ̵ΎϬΘϳϮϘΗ ΚϋΎΑ
ϭ ̵ίΎγ έΎ̰η ̵ήΑ MDCT ϊϗϭ έΩ .Ζγ ϩΪη ̵ήϧϭή̯ ϢϴδϠ̯ ̵ήϴ̳
Ζγ ϩΪη ϩΩΩ ϥΎθϧ ϭ ϩΪη ϩΩΎϔΘγ ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ έΪϘϣ κϴΨθΗ
̶ϬΟϮΗ ϞΑΎϗ ΖϴγΎδΣ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

κϴΨθΗ ̵ήΑ Ϫ̯

.ΩέΩ
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,MDCT

εήΑ 64ϭ16 ̵Ύϫ ̵έϭΎϨϓ ̵ ϪϨϴϣί έΩ ΪϳΪΟ

̵ΎϬΘϓήθϴ̡

ϪΑ ̵ΩϭΪόϣ έΎϴδΑ ΕΎϘϴϘ͞ Ύϣ .Ζγ ϩΩΩ ζϳΰϓ έ MDCT ϞϴδϧΎΘ̡
.Ϊϧ ϪΘΧΩή̡ MDCT ΎΑ EBCT ΞϳΎΘϧ έή̰Η ΖϴϠΑΎϗ ϭ ΖΤλ ϪδϳΎϘϣ
ΩϮΟϮϣ ΪϫϮη ̶ϟϭ ΪηΎΒϴϣ ίΎϴϧ ̵͐θϴΑ ΕΎϘϴϘ͞ ϭ ̭έΪϣ ϪΑ ΪϨ̩ήϫ
.ΪϨϫΩ ̶ͳ ϥΎθϧ ήϨ̰γ ωϮϧ ϭΩ Ϧϳ ϦϴΑ έ ̵ίέΎΑ ̵Ύϫ ΕϭΎϔΗ

ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

̵ΪϨΑ ϪΟέΩ

ϪΟέΩ ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ έΪϘϣ ̵ήϴ̳ ϩίΪϧ ̵ήΑ Ϫ̰Ϩϳ ΎΑ
Ύϣ , Ζγ ϪΘηΩ ̵ ϩΩ͐δ̳ ϩΩΎϔΘγ(ϥϮΘδΗΎ̳)Agatston ̶ΘϨγ ̵ΪϨΑ
ϡήΟ ̵ήϴ̳ ϩίΪϧ ιϮμ͚ ϭ ϢϴδϠ̯ ϢΠΣ ΪϨϫΩ ̶ϣ
̵έΎϤϴΑ κϴΨθΗ ̵ήΑ ̵ήΗ ϴΤλ ϭ ϖϴϗΩ

ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ ΎΑ ϩΩΎγ ͐ϣέΎ̡
̵ΎϬηϭέ ϪόγϮΗ ζ͚ ϡΎͫ ήϫΎχ

ϥΎθϧ ΪϳΪΟ ΕΎϘϴϘ͞

̵ΎϬϳήϴ̳ ϩίΪϧ ,ϥ

̮ϳ ͑ηΩ ϪΑ ίΎϴϧ .ΪϨηΎΒϴϣ

ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ έΩ

.Ζγ ϩΩϮΑ ϢϴδϠ̯ ϖϠτϣ ϡήΟ ΖϴϤ̯ ̵ήϴ̳ ϩίΪϧΎϳ ϢΠΣ ζΠϨγ ϞΜϣ ή̴ϳΩ
̵ήϴ̳ ϩίΪϧ έΩ ̵͐Ϥ̯ ΕήϴϐΗ ,ϢϴδϠ̯ ϢΠΣ αΎγ ήΑ ̵ΪϨΑ ϪΟέΩ ήϫΎχ

.ΩέΩ ϥϮΘδΗΎ̳ εϭέ έΩ ϢϴδϠ̯ ζΠϨγ ϪΑ ΖΒδϧ ϡήΟ ϭ ϢΠΣ

"ΎγΎγ ϥϮΘδΗΎ̳ εϭέ έΩ ϢϴδϠ̯ ζΠϨγ ϪΑ ρϮΑήϣ ̵Ύϫ ΩΎϘΘϧ

αΎγ ήΑ Ϫ̯ Ζγ ̶ϔϴ̯ ̶ΠϨγ ϥίϭ έϮΘ̯Ύϓ ̵ΩΩ έήϗ ΖϴϫΎϣ ί ϖΘθϣ

Summary in Persian

ϢϴδϠ̯ ϢΠΣ ̵ήϴ̳ ϩίΪϧ εϭέ ,β̰ϋ ήΑ .Ϊϳ ̶ϣ ΖγΪΑ ϢϴδϠ̯ ΏϮγέ

̵Ύϫ ϩΩΩ ί ϩΩΎϔΘγ ϪΑ ̶̰Θϣ ,ϥέΎ̰ʹ ϭ ͐δϴϟΎ̯ ςγϮΗ ϩΪη Ϫέ

ϪϧΎΘγ ί ήΗϻΎΑ Ϫ̯ ϢϴδϠ̯ ϩΩϮΗ ϢΠΣ ί ϩΩΎϔΘγ ̵ήΑ ̶̡ϭήΗ ϭΰϳ

Ϫ̯ ή̩ Ζγ ϩΩΩ Ϫέ Ϣϫ ̵͐͜ ΞϳΎΘϧ ϭ ΪηΎΒϴϣ Ζγ ̵ΩΎϬϨθϴ̡

ΎΑ ϢϴδϠ̯

ϡήΟ ̵ήϴ̳ ϩίΪϧ έϮτϨϴʹ .ΪηΎΑ ̶ϣ εήΑ ΖϣΎΨο ί ϞϘΘδϣ

ϕϭήϋ έΩ ϩΩή̯ ΏϮγέ ̶ϧΪόϣ ϩΩΎϣ Ϧϳ έΪϘϣ ̶Ϥ̯ ̵ήϴ̳ ϩίΪϧ Ϫ̯ CT
ϡήΟ ̵ήϴ̳ ϩίΪϧ .Ζγ ϩΩΩ ζϫΎ̯ έΎϴδΑ έ ΕήϴϴϐΗ ΪηΎΒϴϣ ήϧϭή̯
ϢϴψϨΗ ϭ ̲ϨϫΎʹ έΎϤϴΑ ̶ΒϠϗ έϮϧ ΎΑ Ϫ̯ MDCT ΎΑ ̶ϧΪόϣ ϩΩΎϣ Ϧϳ
ϥϮϴγΎ̰ϴϔϴδϠ̯ ̶όϗϭ έΪϘϣ ΎΑ ϝΩΎόϣ ϭ

ϩΩϮΑ ήΗ ϖϴϗΩ έΎϴδΑ ,ϩΪη

̵ήΑ ̶ϳϻΎΑέΎϴδΑ ϞϴδϧΎΘ̡ ϢϴδϠ̯ ϡήΟ ϻΎϤΘΣ .Ζγ ϥΪΑ έΩ ϩΩΎϣ Ϧϳ
ϭ ΩέΩ ήϧϭή̯ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ έή̰Η ΖϴϠΑΎϗ

ϭ ΖΤλ

ζϳΰϓ

Ϫʹ Ϧϳ ΎΑ .ΩϮη ϩΪϨϳ έΩ ̶ΘϨγ ̵ΎϬηϭέ ϦϴθϧΎΟ ΪϧϮΗ ̶ϣ ϦϳήΑ ΎϨΑ
ϡήΟ ̵ήϴ̳ ϩίΪϧ εϭέ ϪΑ ΞϳΎΘϧ έή̰Η ΖϴϠΑΎϗ Ϫ̯ Ζγ Ϧϳ ΖϘϴϘΣ
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̵ήϴ̳ ϩίΪϧ ϭ ϥϮΘδΗΎ̳ ̵ΎϬηϭέ ϪΑ ΖΒδϧ spiral ̵Ύϫ Ϧ̰γ CT ςγϮΗ
.ΪηΎΒϴϣ ͐Ϥ̯ ϢΠΣ

ϭΩ ϦϴΑ ϭ Ϧ̰γϭΩ ϦϴΑ ΕήϴϴϐΗ ̵ήΑ έ ̵͐͜ ΞϳΎΘϧ ΪϳΪΟ ΕΎϘϴϘ͞

ΎΑ ΕϭΎϔΘϣ ̵Ύ̏Ύϣί έΩ ήχΎϧ ̮ϳ ΞϳΎΘϧ ΕήϴϴϐΗ ϦϴϨ̪ʹ ϭ ήχΎϧ

̶ΘϨγ ϩϮϴη ΎΑ ϪδϳΎϘϣ έΩ (ϡήΟ ϭ ϢΠΣ )̶Ϥ̯ ̵ΎϬϴΑΎϳίέ ί ϩΩΎϔΘγ
(Rumberger and Kaufman)ϦϤϓΎ̯ ϭ ή̳͌ϣέ ,ΪϨ̩ήϫ ΪϨϫΩ ̶ϣ ϥΎθϧ ϥϮΘδΗΎ̳
ϪΑ

ϞΑΎϗ ΕϭΎϔΗ ϭ ϩΩή̯ ϪδϳΎϘϣ έ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ ̵ΎϬηϭέ Ϧϳ

ϢϴδϠ̯ έΪϘϣ ̵ΪϨΑ ϪΟέΩ ϭ ΪϨΘϓΎϴϧ ΎϬηϭέ Ϧϳ ΞϳΎΘϧ έΩ ̶ϬΟϮΗ

ϭ ϥΎδ̰ϳ ΕήϴϐΗ

̵έΩ έ ϥϮΘδΗΎ̳ ϩϮϴη ϪΑ Ύϳ ϡήΟ ,ϢΠΣ ̵ΎϬηϭέ

ΎΗ ΪϧΩή̯ ̶όγ ϦϤϓΎ̯ ϭ ή̳͌ϣέ

ϦϴϨ̪ʹ .ΪϧΩή̯

εέΰ̳ %38 ϝΩΎόϣ

ϩϮϴη ή̳ ΪϨΘϓΎϳέΩ ϭ ΪϨϨ̯ ̶γέήΑ ήϔϧ 11940 ϦϴΑ έ ήτΧ ϥΰϴϣ
ήϫ έΩ ,ΩϮη ϩΩΎϔΘγ ϢϴδϠ̯ ϡήΟ Ύϳ ϭ ϢΠΣ ̵ήϴ̳ ϩίΪϧ Ύϳ ϥϮΘδΗΎ̳
ΩϮΟϭ Ϧϳ ΎΑ .ΪϨ̰ϴϣ ΪϳΪ͡ έ ϥέΎϤϴΑ ,ϪΑΎθϣ ̵ήτΧ ϥΰϴϣ ϝΎΣ
ΕέϮλ ϪΑ

ΎΗ ϩΪθϧ ϡΎͰ Ϧ̰γ MDCT ί ϩΩΎϔΘγΎΑ ̶ΗΎϘϴϘ͞

ϩϮϴη ϦϴΑΎϣ έ ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ έΩ ΕϭΎϔΗ

̮ϴΗΎϤΘδϴγ

.ΪϫΩ ϥΎθϧ ϡήΟ ϭ ϢΠΣ ,ϥϮΘδΗΎ̳

ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ ̵ΎϬϳήϴ̳ ϩίΪϧ ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ
ϪΘΧΩή̡ MDCT ήϨ̰γΎΑ ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ ϪΑ 2-1 Ϟμϓ
ϊτϗ ΖϣΎΨο ,ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ ΕϭΎϔΘϣ ̵Ύϫ Ϟ̰Ηϭή̡ ήϴΛΎΗ ϦϴϨ̪ʹ ϭ

ΕήϴϴϐΗ ̵ϭέέ ϕϭήϋ ϭ ΐϠϗ ̵ΎϬϳέΎϤϴΑ Ϧϳήϓ ήτΧ ϞϣϮϋ ήΛ ϭ εήΑ
ήχΎϧ ̮ϳ ΞϳΎΘϧ ΕήϴϴϐΗ ϦϴϨ̪ʹ ϭ ήχΎϧ ϭΩ ϦϴΑ ϭ Ϧ̰γϭΩ ϦϴΑ ΞϳΎΘϧ

.Ζγ ϩΩϮͳ ̶γέήΑ ΕϭΎϔΘϣ ̵Ύ̏Ύϣί έΩ

̶ϣ έ ̶̴δΎϳ ϥέϭΩ Ϫ̯ ΪϧΩϮΑ ̀Ύγ ϥί 199 ϞϣΎη ϪόϟΎτϣ ΩέϮϣ Ωήϓ
(β̢ϴϠϴϓ Mx 8000 IDT 16)16-MDCT ήϨ̰γ ί ϩΩΎϔΘγ ΎΑ .ΪϧΪϧέά̳
̵ήϴ̳ ϩίΪϧ͐ϣ ̶Ϡϴϣ 1.5 and 3 εήΑ ϊτϗ ̵ΎϬΘϣΎΨο έΩ ήϧϭή̯ ϢϴδϠ̯
ϭΩ ςγϮΗ ήϳϭΎμΗ ,ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ ̶γέήΑ έϮψϨϣ ϪΑ .Ϊη
έΎΑ ̵ήΑ Ϧ̰γ 52 ΩΪόΗ Ϧϳ ί .ΪϧΪη ϩΪϧϮΧ ϞϘΘδϣ έϮτΑ αΎϨηέΎ̯
ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ ϥΰϴϣ ϭ Ϊη ϩΪϧϮΧ ϥΎγΎϨηέΎ̯ ί ̶̰ϳ ςγϮΗ ϡϭΩ
̵ήΑ ϡήΟ ϭ ϢΠΣ ̵ήϴ̳ ϩίΪϧ ,ϥϮΘδΗΎ̳ ̵ΎϬηϭέ .ΪϳΩή̳ ̵ΪϨΑ ϪΟέΩ
έή̰Η ΖϴϠΑΎϗ ϭ ϪΘϓή̳ ϩΩΎϔΘγ ΩέϮϣ ̵ήϧϭή̯ ϢϴδϠ̯ έΪϘϣ

ϦϴϴόΗ
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̶Βδϧ ϭ ϖϠτϣ ̵Ύϫ ΕϭΎϔΗ , ϑϼΘΧ Ϧϴ̴ϧΎϴϣ ϪΒγΎͭ ΎΑ ΞϳΎΘϧ ϥΎδ̰ϳ
Intra-class correlation coefficient ϦϴϤ͟ ϭ ϥήχΎϧ ί ϩΪϣ ΖγΪΑ ήϳΩΎϘϣ ϦϴΑ
.Ζϓή̳ έήϗ ̶ΑΎϳίέ ΩέϮϣ (ICCC)
έΩ ϢϴδϠ̯

ΖΒΜϣ ήϳΩΎϘϣ ̵έΩ(%60/3)ϪόϟΎτϣ έΩ ϩΪϨϨ̯ Ζ̯ήη 120

αΎϨηέΎ̯ Ϧϴϟϭ ̵ήΑ ϥϮΘδΗΎ̳ ϪΟέΩ ϪϧΎϴϣ .ΪϧΩϮΑ ΩϮΧ ήϧϭή̯ ϕϭήϋ
ϩίΪϧ ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ .(range =0 -2019) ΩϮΑ 2.20 ΎΑ ϝΩΎόϣ
̵Ύϫ ΕϭΎϔΗ ϭ ΩϮΑ 0.95ί ͐θϴΑ ICCC ΎΑ ̶ϟΎϋ ήϧϭή̯ ϢϴδϠ̯ ̵ήϴ̳
εήΑ ̵ήΑ Ύϫ ϪΘϓΎϳ Ϧϳ .ΩϮΑ ̭Ϊϧ ΕϭΎϔΗ ϪϧΎϴϣ ϭ ϖϠτϣ ,̶Βδϧ
̵ήϴ̳ ϩίΪϧ ̵Ύϫ Ϟ̰Ηϭή̡ ̵ήΑ ϦϴϨ̪ʹ ϭ 3.0 mm ΎΑ ϪΑΎθϣ 1.5 mm
.ΪϧΩϮΑ ϥΎδ̰ϳ ϥϮΘδΗΎ̳ ϭ ϡήΟ ,ϢΠΣ
ρΎΒΗέ ϡΪ̰̪ϴϫ ,ϕϭήϋ ϭ ΐϠϗ ̵ΎϬϳέΎϤϴΑ ϩΪη ϪΘΧΎϨη ήτΧ ϞϣϮϋ ί
̵ΎτΧ

,Ϫʹ ϦϳΎΑ

.ΪϨΘηΪϧ ̵ήϴ̳ ϩίΪϧ ̵ΎτΧ

ΎΑ ̵έΩ ̶Ϩόϣ

̵ήϴ̳ ϩίΪϧ ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ Ϫ̯ ϢϳΩή̯

ΝΎΘϨΘγ ϦϴϨ̩

ϪΠϴΘϧ έΩ .ΖϓΎϳ ζϳΰϓ ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ ζϳΰϓ ΎΑ ̵ήϴ̳ ϩίΪϧ
ΖϣΎΨο

ϪΑ ϭ Ζγ ̶ϟΎϋ MDCT ήϨ̰γ ί ϩΩΎϔΘγ ΎΑ ήϧϭή̯ ϢϴδϠ̯

.ΩέΪϧ

̶σΎΒΗέ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ ̵Ύϫ Ϟ̰Ηϭή̡ ϭ εήΑ ϊτϗ

Ϧ̰γ ϭΩ ϦϴΑ MDCT ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ ,2-2 Ϟμϓ έΩ
Ϧϳ Ύϳ Ϫ̯ ϢϳΩή̯ ̶ΑΎϳίέ ϭ ϩΩϮͳ ̶γέήΑ ̀Ύγ ϥί 76 ϥΎϴϣ έ

Summary in Persian

ϊτϗ ΖϣΎΨο

,ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ ΕϭΎϔΘϣ ̵ΎϬηϭέ ήϴΛΎΗ Ζ͞ ΖϴϠΑΎϗ

.Ϫϧ Ύϳ Ζδϫ ̶Ϩϓ ̵ΎϫήϴϐΘϣ ϭ ϕϭήϋ ϭ ΐϠϗ ̵ΎϬϳέΎϤϴΑ ήτΧ ϞϣϮϋ ,εήΑ

ΎΑ ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ έΎΑ ϭΩ ϪδϠΟ ̮ϳ έΩ έϮψϨϣ ϦϳΪΑ
̵έΩ (%72/4 )ϩΪϨϨ̯ Ζ̯ήη 55 .Ϊη ήΟ 16 MDCT ί ϩΩΎϔΘγ
ΎΑ) ϥϮΘδΗΎ̳ εϭέ ϪΑ ήϔλ ί ζϴΑ ήϧϭή̯ ϥϮϴγΎ̰ϴϔϴδϠ̯ ήϳΩΎϘϣ
ϩίΪϧ ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ .ΪϧΩϮΑ(͐ϣ ̶Ϡϴϣ 1.5 εήΑ ΖϣΎΨο
ήϳΩΎϘϣ ϭ 0.98 ί ζϴΑ ICCCΎΑ ̶ϟΎϋ Ύϫ Ϧ̰γ ϦϴΑ ̵ήϧϭή̯ ϢϴδϠ̯ ̵ήϴ̳
ΎΑ Ϧ̰γϭΩ ϦϴΑ ϢϴδϠ̯ έΪϘϣ έΩ ϖϠτϣ ΕϭΎϔΗ .ΩϮΑ 0.80 ̵ϻΎΑ kappa
̵ήϴ̳ ϩίΪϧ ̵ΎτΧ ΩΩ ϥΎθϧ ϭ

ΖϓΎϳ ζϳΰϓ ,ϢϴδϠ̯ ΡϮτγ ζϳΰϓ

ϦϴΑ ̶σΎΒΗέ ΩϮΟϭ Ϧϳ ΎΑ .ΩϮη ̶ϣ ΩΎϳί ϢϴδϠ̯ τγ

ζϳΰϓ ΎΑ

ΪϫΩ ϥΎθϧ ΎΗ Ϊθϧ ϩΪϳΩ ϢϴδϠ̯ τγ ϭ Ϧ̰γ ϭΩ ΕϭΎϔΗ

Ϧϴ̴ϧΎϴϣ

ΖγέΩΎϧ ̵ΪϨΑ ϪϘΒσ ί ̶ηΎϧ ϻΎϤΘΣ ̵ήϴ̳ ϩίΪϧ ̵ΎτΧ έΩ ζϳΰϓ
ΞϳΎΘϧ .ΪηΎΒϴϣ ϢϴδϠ̯ ̵ΪϨΑ ϪΟέΩ έΩ (random misclassification) ̶ϓΩΎμΗ
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̵ΎϬηϭέ ̵ήΑ ϥΎδ̰ϳ ϭ ͐ϣ ̶Ϡϴϣ 3ΪϨϧΎʹ ͐ϣ ̶Ϡϴϣ 1.5 ϊσΎϘϣ ̵ήΑ
.ΩϮΑ ϥϮΘδΗΎ̳ ϭ ϡήΟ ,ϢΠΣ ̵ήϴ̳ ϩίΪϧ

̵ήϴ̳ ϩίΪϧ ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ Ϫ̯ ϢϴΘϓή̳ ϪΠϴΘϧ

ϦϴϨ̩

ϩίΪϧ ̵Ύϫ ϢΘϳέϮ̴ϟ Ϫʹ ΎΑ Ϧ̰γϭΩ ϥΎϴϣ MDCT ΎΑ ̵ήϧϭή̯ ϢϴδϠ̯
ϦϴΑ Ύϣ ̶ϤϬϣ ̵Ύ͡ϭΎϔΗ ϭ

Ζγ ̶ϟΎϋ ϥϮΘδΗΎ̳ ϭ ϡήΟ ,ϢΠΣ ̵ήϴ̳

ϊτϗ ΖϣΎΨο ήϴΛΎΗ Ζ͞ ΖϴϠΑΎϗ Ϧϳ .ΩέΪϧ ΩϮΟϭ ζΠϨγ ϒϠΘͮ ̵ΎϬηϭέ

.ΩϮΒϧ έΎϤϴΑ ΐϠϗ ϥΎΑήο ΩΪόΗ ϭ Ϧ̰γ ̶Ϩϓ ̵Ύϫ ͐ϣέΎ̡ ,Ϧ̰γ εήΑ

ζΠϨγ ̵Ύϫ ϩϮϴη ϦϴΑ

̶ϤϬϣ ΕϭΎϔΗ ΩϮΟϭ ϡΪϋ ̶Ϩόϳ ,Ύϣ ̵ Ύϫ ϪΘϓΎϳ

.Ζγ ϩΪη ϡΎͰ EBCT ΎΑ Ϫ̯ ΩϮΑ ̵ ϩΪη εέΰ̳ ̵Ύϫ ϪΘϓΎϳ ΎΑ ήϳΎϐϣ
Ζγ Ϟ̰θϣ ή̴ϳΩ ΕΎϘϴϘ͞ ̵Ύϫ ϪΘϓΎϳ ΎΑ Ύϫ ϪΘϓΎϳ Ϧϳ ϢϴϘΘδϣ ϪδϳΎϘϣ
έή̰Η ΖϴϠΑΎϗ

ϥΩΩ ϥΎθϧ ̵ήΑ ϩΩΎϔΘγ ΩέϮϣ ̵Ύϫ ͐ϣέΎ̡ ήϳί

ϭ ωϮϴη ϻΎϤΘΣ Ϧϳ ήΑ ϩϭϼϋ .ΪϨ̯ ̶ϣ ϕήϓ ΕΎϘϴϘ͞ ϦϴΑ ΞϳΎΘϧ ϥΎδ̰ϳ

ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ ήΑ ΪϧϮΗ ̶ϣ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ΕΪη

ϩίΪϧ ̵ΎτΧ Ϫ̯ ΩΩ ϥΎθϧ ϢϫΎϣ ̵Ύϫ ϪΘϓΎϳ ϭ Ωέά̴Α ήΛ ΞϳΎΘϧ
.ΩϮη ̶ϣ ΩΎϳί ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ΡϮτγ ζϳΰϓΎΑ ̵ήϴ̳

ϪΑϮϨΑ Ϫ̯ ΪϨΗϭΎϔΘϣ ΕΎϘϴϘ͞ έΩ ϩΪϨϨ̯ Ζ̯ήη Ωήϓ ΩΪόΗ

.ΖηΩ ΪϫϮΧ ΕΎόϟΎτϣ

ϦϴϨ̪ʹ

ΞϳΎΘϧ ήΑ έ ̵έΎ̰ϧ ϞΑΎϗ ήϴϏ ΕήϴΛΎΗ ΩϮΧ

ΡϮτγ ζϳΰϓΎΑ ̵ήϴ̳ ϩίΪϧ ̵ΎτΧ Ϫ̯ ΩΩ ϥΎθϧ Ϣϫ Ύϣ ̵Ύϫ ϪΘϓΎϳ

.ΩϮη ̶ϣ ΩΎϳί ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

ϦϤϓΎ̯ ϭ ή̳͌ϣέ Ϫ̯ Ζγ ̶ΠϳΎΘϧ ΎΑ ϪΑΎθϣ Ύϣ

ΞϳΎΘϧ ΩϮΟϭ Ϧϳ ΎΑ

ϭ ϩΩέϭ ΖγΪΑ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ ϒϠΘͮ ̵Ύϫ Ϟ̰Ηϭή̡

ϪδϳΎϘϣ ΎΑ

.ΪϧΩή̰ϧ Ϊϴ̡ έ ΪηΎΑ ϪΘηΩ ϴΟήΗ ̵ή̴ϳΩ ήΑ Ϫ̯ ̵ ϩϮϴη

έϮθ̯ ήΜ̯έΩ MDCT ήΗ ϩΩ͐δ̳ ϥΩϮΑ α͐γΩ έΩ ΖϠϋ ϪΑ Ύϣ ̵Ύϫ ϪΘϓΎϳ
ϥΩϮΑ ͐Ϥ̯ .Ζγ έΩέϮΧήΑ ̵ΩΎϳί Ζϴʹί ,EBCT ΎΑ ϪδϳΎϘϣ έΩ Ύϫ
ή̴ϳΩ ̵Ύϳΰϣ

.ΪηΎΒϴϣ ήϣ Ϧϳ ϢϬϣ ϞϣϮϋ ί ̶̰ϳ Ϧ̰γ ̵Ύϫ ϪϨϳΰϫ

ϊτϗ ΖϣΎΨο ϭ ΩέΩ ̵͐Ϥ̯ ̶ϣϮΘϧϮ̯ ΰϳϮϧ Ϫ̯ Ζγ Ϧϳ EBCT ήΑ MDCT
. Ζγ ήΗ ̮ϳέΎΑ Ϧ̰γ εήΑ

ΞϳΎΘϧ ϥΎδ̰ϳ έή̰Η ΖϴϠΑΎϗ ΪϫΩ ̶ϣ ϥΎθϧ Ύϣ ̵Ύϫ ϪΘϓΎϳ ˬϪλϼΧ έϮτΑ

Ζ͞ ϭ ϩΩϮΑ ΏϮΧ έΎϴδΑ MDCT ήϨ̰γ ΎΑ ήϧϭή̯ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ
̶Ϩϓ ̵ΎϫήϴϐΘϣ ϭ εήΑ ΖϣΎΨο ,ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ ̵Ύϫ Ϟ̰Ηϭή̡ ήϴΛΎΗ
.Ζδϴϧ Ϧ̰γ
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̶Ϩϳΰ̴ϳΎΟ ϭ Ϫϴϟϭ ΪϣΎϴ̡ ϥϮϨϋ ϪΑ ήϧϭή̯ ϥϮϴγΎ̰ϴϔϴδϠ̯
ήϧϭή̯ ϕϭήϋ ΙΩϮΣ ̵ήΑ ΐγΎϨϣ

ΕΎϘϴϘ͞ έΩ ϪϴϟϭΪϣΎϴ̡ ̮ϳ ϥϮϨϋ ϪΑ

ήϧϭή̯ ϥϮϴγΎ̰ϴϔϴδϠ̯

ΕΎόϟΎτϣ .Ζγ ϩΪη ϊϗϭ ϪΟϮΗ ΩέϮϣ έΎϴδΑ ˬ̶̰ηΰ̡ ϪΘϓή̳ ΕέϮλ

ϥϮϴγΎ̰ϴϔϴδϠ̯ ϩΪϨϨ̯ ΩΎΠϳ ϞϣϮϋ ̶ϳΎγΎϨη ΎΑ ϪτΑέ έΩ ̶ϧϭήϓ

ήϧϭή̯ ϥϮϴγΎ̰ϴϔϴδϠ̯ ΕΎϘϴϘ͞

Ϧϳ έΩ .Ζγ ϪΘϓή̳ ΕέϮλ ήϧϭή̯ ϕϭήϋ

ϪΘϓΎϳ αΎγ ήΑ .Ζγ ϩΪη ϩΩΎϔΘγ ̶ϗϭήϋ ΕήτΧ ̵ήΑ ̵ή̯έΎϣ ϥϮϨόΑ
ϪτΑέ ̮ϳ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ζϳΰϓ ή̴ϳΩ ϖϴϘ͞

ϦϳΪϨ̩ ̵Ύϫ

.ΪϫΩ ̶ϣ ϥΎθϧ ϕϭήϋ ϭ ΐϠϗ ̵ΎϬϳέΎϤϴΑ ίϭήΑ ΎΑ ̵Ϯϗ

ί ̶ϨϴϤ͟ ϥϮϨόΑ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ˬϦϳ ήΑ

Ύϳ ϭ ζϳΰϓ ϦϴΑ

ϩϭϼϋ

ρΎΒΗέ ΎΗ Ζγ ϩΪη ϪΘϓή̳ ήψϧ έΩ βϳίϭήϠ̰γϭήΗ

̶ΒϠϗ ΙΩϮΣ ωϮϗϭ ϭ βϳίϭή̰γϭήΗ Ζϓήθϴ̡ ,ήτΧ ϞϣϮϋ έΩ ήϴϴϐΗ

̵ήΑ έ Ϟλ Ϧϳ ˬϪϣΎϧ ϥΎϳΎ̡ Ϧϳ έΩ .ΩϮη ̶ϳΎγΎϨη ϩΪϨϳ ̶ϗϭήϋ

ΕήτΧ ϭ ̵έΩ έΎΑ ϡΎ̴Ϩϫ

έΩ ϻΎΑ ϥϮΧ έΎθϓ ϦϴΑ ΩϮΟϮϣ ϼΧ ϥΩή̯ ή̡

ϪτΑέ Ϧϳ ί ̶θ͚ Ϫ̯ ϢϳΩΩ ϥΎθϧ

ϭ ϢϳΩή̯ ϝΎϤϋ ϩΪϨϳ ̶ϗϭήϋ

ˬϦϳ ήΑ ϩϭϼϋ .ΪηΎΒϴϣ ϥΎϴΑ ϞΑΎϗ βϳίϭήϠ̰γϭήΗ Ζϓήθϴ̡ ϖϳήσί
Ζϓήθϴ̡ ήτΧ έΩ ήϴϴϐΗ ΎΑ ήτΧ

ϞϣϮϋ έΩ ήϴϴϐΗ Ϫ̯ ϢϳΩΩ ϥΎθϧ
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ϞϣϮϋ ΩϮη κΨθϣ ΎΗ ϢϳΩή̯ ̶όγ ϭ ΩέΩ ρΎΒΗέ βϴγϭή̰γϭήΗ

ϭ ̶ΒϠϗ ϕϭήϋ ̵Ύϫ ̵έΎϤϴΑ ̵Ύϫ ϪϧΎθϧ ΎΑ ̶ΗϭΎϔΘϣ ςΑϭέ ϦϳήϓήτΧ
.ΪϧέΩ βϳίϭή̰γϭήΗ

ήτΧ ΎΑ έ ̵έΩέΎΑ ϥΎϣί έΩ ϻΎΑ ϥϮΧ έΎθϓ ϪτΑέ 3.1 Ϟμϓ έΩ
̶ϗϭήϋ ̶ΒϠϗ ̵έΎϤϴΑήτΧ ί ̶ϨϴϤ͟ ϥϮϨόΑ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯
Ϟϴ̰θΗ ̀Ύγ ϪδΎϳ ϥί 491 ίΎϣ ϪόϟΎτϣ ΩέϮϣ
̮ϳ Ϫέ ΎΑ ̵έΩέΎΑ ̶σ ϻΎΑ ϥϮΧ έΎθϓ

Ζϴόͣ .ϢϳΩή̯ ̶γέήΑ

ΩέϮϣ έΩ ΕΎϋϼσ .ΩϮΑ ϩΪη

ϪΑή͝ ΩϮΧ ̵έΩέΎΑ ϥέϭΩ έΩ ϥΎϧί ί % 30.7 .Ϊϣ ΖγΪΑ ϪϣΎϨθγή̡
̶σ ϻΎΑ ϥϮΧ έΎθϓ ϪϘΑΎγ Ϫ̯ ̶ϧΎϧί .ΪϧΩϮͳ εέΰ̳ έ ϻΎΑ ϥϮΧ έΎθϓ
έ ςϳήη Ϧϳ Ϫ̯ ̶ϧΎϧί ϪΑ

ΖΒδϧ ΪλέΩ 57 ˬΪϨΘηΩ ̵έΩέΎΑ

.ΪϧΩϮΑ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ήτΧ ζϳΰϓ νήόϣ έΩ ,ΪϨΘηΪϧ
̵ήϴϴϐΗ ϪτΑέ Ϧϳ έΩ ,Ϧγ ζϘϧ Ρϼλ ί β̡ (OR=1.57, 95% CI 1.04 – 2.37)
.Ϊθϧ ϞλΎΣ
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έΎθϓ Ϫ̯ ϢϴΘϓή̳ ϪΠϴΘϧ ϦϴϨ̩ Ϧϳ ήΑ ΎϨΑ (OR=1.64 95% CI1.07 – 2.53)
ϥϮϴγΎ̰ϴϔϴδϠ̯ ήτΧ ζϳΰϓ ϩΪϨϳ έΩ ̵έΩ έΎΑ ϥέϭΩ ̶σ ϻΎΑ ϥϮΧ

.ΩέΩ ϩήʹ ϪΑ έ ̵ήϧϭή̯

Ϫ̯ ̶ϧΎϧί ̶ΑΎϳίέ ̵ήΑ ̶ϤϬϣ ̵ΎϫΩήΑέΎ̯ ϻΎϤΘΣ Ύϣ ̵Ύϫ ϪΘϓΎϳ
ίϭήϣ ϪΑ ΎΗ

ζ̯ϭήϓ

.ΖηΩ ΪϫϮΧ ˬΪϧ ϪΘηΩ ̵έΩέΎΑ έΩ ϻΎΑ ϥϮΧ έΎθϓ

̵έΩ έΎΑ

έ ϥϮΧ έΎθϓ

ϥέϭΩ ί β̡ ϻΎΑ ϥϮΧ έΎθϓ Ϫ̯ Ζγ ϩΪη ̶ϣ έϮμΗ

Ϧϳ Ϫ̯ ̶ϧΎϧί ̵ήΑ ϥϭΪϣ ̵ήϴ̴ϴ̡ ϪϣΎϧήΑ ̮ϳ ϭ ΪϨ̯ ̶ϣ

ΪϳΪ͝ ΪϳΎΑ έϭΎΑ ϭ ̶θϣ ςΧ Ϧϳ

.Ζγ ϪΘηΪϧ ΩϮΟϭˬ ΪϨϨ̯ ̶ϣ ϪΑή͝

ζϫΎ̯ ϦϴϨ̪ʹ ϭ ̵ήϴ̴ϴ̡ έϮψϨ͛ ΪϳΪΟ ̵Ύϫ ̵̬Η͐γ ΖδϳΎΑ ̶ϣ .ΩϮη ήψϧ
έΎθϓ

ˬ̵έΩ έΎΑ ϥέϭΩ ̶σ Ϫ̯ ̶ϧΎϧί έΩ ̶ϗϭήϋ-̶ΒϠϗ ήτΧ

Ϧϳ ̵ήΑέΎ̯ ήϴΛΎΗ ϭ ΪΑΎϳ

ϪόγϮΗ ˬΪϧ ϩΩή̯

ϞϣϮϋ

ϪΑή͝ έ ϻΎΑ ϥϮΧ

̶ΑΎϳίέ ΩέϮϣ ˬϩΪϨϳ έΩ ̶ϗϭήϋ-̶ΒϠϗ ̵ΎϬϳέΎϤϴΑ ζϫΎ̯ έΩ ΎϬϳ̬Η͐γ
.Ωήϴ̴Α

έΩ ϪϟΎγ 9 ήϴϴϐΗ

έήϗ

ϦϴΑ ΩϮΟϮϣ ρΎΒΗέ ̶γέήΑ 3.2 Ϟμϓ ί ϑΪϫ

ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ήτΧ ϭ (̵ΰ̯ήϣ Ύϳ ̶Ϥ̰η ̶Αή̩) ̶Ϥ̰η ίϮ̢ϳΩ
̶ϣ έ ̶̴δΎϳ ϥέϭΩ Ϫ̯ ̀Ύγ

ϥί 573 ϪόϟΎτϣ Ϧϳ έΩ .ΪηΎΒϴϣ ήϧϭή̯

̵ήϧϭή̯ Ϧϳήϓ ήτΧ ϞϣϮϋ ϪΑ ρϮΑήϣ

ΕΎϋϼσ .ΪϧΩή̯ Ζ̯ήη ΪϧΪϧέά̳

(2002-2004 ) ΩΪͬ ̵ήϴ̴ϴ̡ ϥΎϣί ϭ ( 1993-1997 ) ϪόϟΎτϣ ̵ΪΘΑ έΩ
ΎΗ ΪϨΘϓή̳ έήϗ

MDCT Ζ͞ ϥΎϧί ̵ήϴ̴ϴ̡ ϥΎϣί έΩ .Ϊη ̵έϭ Ωή̳

̵ήΑ ϥϮΘδΗΎ̳ εϭέ

.ΩϮη ̵ήϴ̳ ϩίΪϧ ϥΎϧ ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯

(WHR) ήϳΩΎϘϣ αΎγ ήΑ .Ϊη ϩΩΎϔΘγ ήϧϭή̯ ϕϭήϋ ϢϴδϠ̯ ̵ήϴ̳ ϩίΪϧ
ϪόϟΎτϣ ΩέϮϣ Ωήϓˬ̵ήϴ̴ϴ̡ ϭ ϪόϟΎτϣ ϭΪΑ ̵Ύ̏Ύϣί έΩ waist to hip ratio
ϪϧΎϴϣ έΪϘϣ ί ήΗ ϦϴϳΎ̡ WHR ήϳΩΎϘϣ .ΪϧΪη ϢϴδϘΗ ϩϭή̳ έΎϬ̩ ϪΑ
.Ϊη ϪΘϓή̳ ήψϧ έΩ Ϣ̯ ϥϮϨόΑ

̵ήϴ̴ϴ̡ ϥΎϣί

ήϳί Ύ̏ WHR Ϫ̯

ϊϳίϮΗ

ϪόϟΎτϣ ̵ΪΘΑ

Ϣ̯

Ϣ̯

-1

Ϣ̯

ΩΎϳί

-2

ΩΎϳί

Ϣ̯

-3

ΩΎϳί

ΩΎϳί

-4

̵Ωήϓ ΎΑ ϪδϳΎϘϣ έΩ ΩΩ ϥΎθϧ Ύϣ ΞϳΎΘϧ

̵ήϴ̴ϴ̡ ϭ ϪόϟΎτϣ ϭΪΑ ̶ϧΎϣί ΕΪϣ ϭΩ έΩ ϊϳίϮΗ ϪϧΎϴϣ έΪϘϣ
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̶ϧΎϣί ΖϴόϗϮϣ ϭΩ έΩ ϊϳίϮΗ ϪϧΎϴϣ έΪϘϣ ̵ϻΎΑ

WHR Ϫ̯ ̵ΩήϓˬΩϮΑ

ϥϮϴγΎ̰ϴϔϴδϠ̯ ήτΧ νήόϣέΩ ͐θϴΑ ήΑήΑ 2.7(%95 CI 1.8 – 4.0)ΪϨΘηΩ
ί ϝΎγ 9 Ϧϳ ̶σ Ύ̏ WHR Ϫ̯ ̵Ωήϓϭ ΪϨΘηΩ έήϗ ήϧϭή̯ ϕϭήϋ
ϪϧΎϴϣ ί ήΗϻΎΑ

ήϳΩΎϘϣ ϪΑ ϭ ϪΘϓΎϳ ζϳΰϓ ϪϧΎϴϣ ήϳί ήϳΩΎϘϣ

ϥϮϴγΎ̰ϴϔϴδϠ̯ ήτΧ νήόϣ έΩ ͐θϴΑ ήΑήΑ 2.5 (95% CI 1.4 – 4.5) ˬΪϴγέ
.ΪϧΩϮΑ

ήϧϭή̯ ϕϭήϋ

ϡϭΪϣ ̶Ϥ̰η ̶ΘϳίϮ̢ϳΩ ΪϫΩ ̶ϣ ϥΎθϧ Ϫ̯ ΩέΩ ΩϮΟϭ ̵ΪϫϮη
ϝϮσ

έΩ ̶Ϥ̰η ̶Αή̩ έΩ ζϳΰϓ έϮτϨϴʹ ϭ(persistent abdominal adiposity)

Ϫ̯ ̶ΠϳΎΘϧ .ΩϮη ̶ϣ ̵ήϧϭή̯ βϳίϭήϠ̰γϭήΗ ήτΧ

ζϳΰϓ ΚϋΎΑ ϥ Ύϣί

.ΪϨ̯ ̶ϣ ΪϴΎΗ έ ΪϫϮη Ϧϳ ΖΤλ Ϣϫ ϢϳΩέϭ ΖγΪΑ Ύϣ

̶ΒϠϗ ̵ΎϬϳέΎϤϴΑ ϦϳήϓήτΧ ̵Ύϫ έϮΘ̯Ύϓ ϦϴΑ ρΎΒΗέ 3.3 Ϟμϓ
ϪδΎϳ ϥί 573 έΩ έ ήϧϭή̯ ϕϭήϋ ί ̶λΎΧ ζ͚ ϥϮϴγΎ̰ϴϔϴδϠ̯ ϭ ̶ϗϭήϋ
ΪλέΩ 62.5 (score > 0) ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ωϮϴη .ΪϨ̯ ̶ϣ ̶γέήΑ
left anterior descending (LAD) ̠̩ ̶ϟϭΰϧ ̶ϣΪϗ ̵ήϧϭή̯ ̱έ .(n=348 )ΩϮΑ
ϥ ί β̡ .ΖηΩ ΪλέΩ 44 ωϮϴη ΎΑ έ ϥϮϴγΎ̰ϴϔϴδϠ̯ έΪϘϣ Ϧϳ͐θϴΑ
β̰ϠϔϤ̯ήϴγ ˬΪλέΩ 23 ωϮϴη ΎΑ right coronary artery (RCA) Ζγέ ̵ήϧϭή̯ ̱έ
ΪλέΩ 16 ΎΑ (LM) left main ̠̩ ̶Ϡλ ϪΧΎη ˬΪλέΩ 19 ΎΑ circumflex(CRX )
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0.3 ωϮϴη ΎΑ

posterior descending artery (PDA) ̶ϟϭΰϧ ̶ϔϠΧ ̵ήϧϭή̯ ̱έ ϭ
.ΪϨΘηΩ έήϗ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ΪλέΩ

ΎΑ ΐϟΎϏ έϮτΑ Ϧγ ˬϩήϴϐΘϣ ΪϨ̩ ϥϮϴγή̳έ ̵Ύϫ ϝΪϣ έΩ

ϦϴϳΎ̡ ϪΘϴδϧΩ ΎΑ ϦϴϨΗϭή̡Ϯ̢ϴϟ ϭ ˬCRX ϭ LAD ϥϮϴγΎ̰ϴϔϴδϠ̯
̶ϟϮΘγΎϳΩ ̵ϻΎΑ ϥϮΧ έΎθϓ .ΖηΩ ρΎΒΗέ LAD ϥϮϴγΎ̰ϴϔϴδϠ̯ ΎΑ (LDL)
έΩ ,Ϊη ̶ϣ ρϮΑήϣ
Ϊϴ̡

CRX ϥϮϴγΎ̰ϴϔϴδϠ̯ ΎΑ έΩ ̶Ϩόϣ έϮτΑ ̶ϟϮΘδϴγ ϭ

ρΎΒΗέ RCAϭLAD ϥϮϴγΎ̰ϴϔϴδϠ̯ ΎΑ ͐θϴΑ ϥΪϴθ̯ έΎ̴ϴγ Ϫ̰ϴϟΎΣ
ΡϮτγ ζϳΰϓ ̵Ύϫ ΪϣΎϴ̡ Ϫ̯ ΩΩ ϥΎθϧ Ύϣ ̵Ύϫ ϪΘϓΎϳ .Ωή̯ ̶ϣ

̵ΎϬθ͚ έΩ ήϫΎχ βϳίϭήϠ̰γϭήΗ Ζϓήθϴ̡ ̵ϭέ Ϧϳήϓ ήτΧ ̵Ύϫ έϮΘ̯Ύϓ
.ΩέΩ ϕήϓ ˬ̵ήϧϭή̯ ϕϭήϋ ϒϠΘͮ

̶γέήΑ ΩέϮϣ έ ϪτΑέ Ϧϳ Ϫ̯ Ζγ ̶ϘϴϘ͞ Ϧϴϟϭ ˬΎϣ ϪόϟΎτϣ

έΩ ̶ΘδϳΎΑ Ϣϫ ϪόϟΎτϣ Ϧϳ ̵ΎϬΘϳϭΪͭ ί ̶ΧήΑ Ϫ̩ ή̳ .ΪϫΩ ̶ϣ έήϗ
Ύϣ ϦϳήΑΎϨΑ ϭ ΪηΎΒϴϣ ̶ότϘϣ ϪόϟΎτϣ ̮ϳ ϖϴϘ͞ Ϧϳ .ΩϮη ϪΘϓή̳ ήψϧ

Ϧϳήϓ ήτΧ ϞϣϮϋ ϦϴΑ έ ̶ΘϴϠϋ ϪτΑέ ϢϴϘΘδϣ έϮτΑ ϢϴΘδϧϮΘϧ
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Ζϴόͣ ˬϦϴϨ̪ʹ .ϢϴϨ̯ κΨθϣ ̵ήϧϭή̯ ϕϭήϋ ιΎΧ ̵ΎϬθ͚ έΩ ϥϮϴγΎ̰ϴϔϴδϠ̯ϭ

ΞϳΎΘϧ ϦϳήΑΎϨΑϭ ΩϮΑ ϩΪη Ϟϴ̰θΗ ̀Ύγ ϥΎϧί ί Ύϣ ϪόϟΎτϣ ΩέϮϣ

ϭ ϪΘηΩ ̵͐θϴΑ ϥέΎϤϴΑ ΩΪόΗ Ϫ̯ ή̴ϳΩ ΕΎϘϴϘ͞ ΎΑ ΪϳΎΑ Ύϣ ϪόϟΎτϣ

.ΩϮη ΪϴϳΎΗ ˬΪϨϫΪϴϣ έήϗ ̶γέήΑ ΩέϮϣ (Ωήϣ ϭ ϥί )έ βϨΟ ϭΩ ήϫ
ϭ ̵ήϴ̴θϴ̡ ϡϮϠϋ ϥΎμμΨΘϣ ϭ ϥΎ̰ηΰ̡ ϪΟϮΗ ΩέϮϣ ΪϳΎη 3 Ϟμϓ ΞϳΎϨΗ
ΖϳϮϟϭ έΩ ΡϮοϭ ϪΑ Ϫ̯ ̵ήϴ̴θϴ̡ ̵Ύϫ ̵̬Η͐γ .Ωήϴ̴Α έήϗ ΖηΪ͜

ϕϭήϋ ϭ ΐϠϗ ̵ΎϬϳέΎϤϴΑ ί ̶ηΎϧ ήϴϣ ϭ ̱ήϣ ̵ϻΎΑ Υήϧ ζϫΎ̯ ΖϬΟ ϝϭ
͑Χ ΎϨη ΎΑ .ΪϧΩή̳ ΪϨϣ ϩή͜ Ύϣ ΞϳΎΘϧ ί ΪϨϧϮΗ ̶ϣ ˬΪϧέΩ έήϗ

ήτΧ ϞϣϮϋ Ϧϳ ήϴϴϐΗ ζϘϧ ϭ ϕϭήϋ ϭ ΐϠϗ ̵ΎϬϳέΎϤϴΑ ιΎΧ ήτΧ ϞϣϮϋ

ΖϳϮϘΗ ΚϋΎΑ ΕϭΎϔΘϣ ̵ ϪϧϮ̳ ϪΑ ΪϳΎη ϭˬήϧϭή̯ βϳίϭή̰ϠγϭήΗ ήΑ

.Ϊϧϭέ ̶ϣ ζϴ̡ ΎϬϳέΎϤϴΑ Ϧϳ ί ̵ήϴ̳ ϮϠΟ ΖϬΟ έΩ Ϫ̯ ΩϮη ̶ϳΎϬηϼΗ

ϩΪϨϫΪϧΎθϧ ̵ΎϫέϮΘ̯Ύϓ ή̴ϳΩ ϭ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

̶ΒϠϗ ̮ϴϤ̰δϳ ΕΎόϳΎο

ϪΑ ϼΘΑ ήτΧ ΩέϮϣ έΩ ̶ΗΎϋϼσ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯
̵ΎϫέϮΘ̯Ύϓ ή̴ϳΩ .ΪϫΪϴϣ ΖγΪΑ ϩΪϨϳ έΩ ̶ϗϭήϋ ̶ΒϠϗ ̵ΎϬϳέΎϤϴΑ

ΎΑ ̵Ϯϗ ̶σΎΒΗέ Ζγ Ϧ̰ͯ ̶ΒϠϗ ̵ΎϬϳέΎϤϴΑ ήτΧ ϩΪϨϫΪϧΎθϧ

ΪϧϮΘϴϣ ΩϮΧ ϪΑϮϨΑ Ϫ̯ ΪϨηΎΑ ϪΘηΩ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

.ΪηΎΑ ϪΘηΩ ΖηΪ͜ ϭ ̵ήϴ̴θϴ̡ ̵ΎϬΘΒϗήϣ έΩ ̶ϤϬϣ ̵ΎϫΩήΑέΎ̯

ήτΧ ϩΪϨϫΪϧΎθϧ ̶ΒϠϗ έϮϧ ΕήϴϴϐΗ ϪτΑέ ̶γέήΑ ϪΑ 4 Ϟμϓ έΩ
ϥί 566 ̵ϭέ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ϭ ̶ΒϠϗ ̮ϴϤ̰δϳ ΕΎόϳΎο
ϭ

(LVH) ̠̩ ϦτΑ ̶ϓϭήΗή̢ϴϫ ΩέϮϣ έΩ ΕΎϋϼσ .ϢϴΘΧΩή̡ ϪδΎϳ

έϮϧ ί ϩΩΎϔΘγ ΎΑ (QRS-T Ϫϳϭί ϭ T έϮͭ)ϥϮϴγΰϳέϼ̡έ ΕϻϼΘΧ
.Ϊϣ ΖγΪΑ (̶ϓή̳ϮϳΩέΎ̯ ϭ̰͐ϟ) ̶ΒϠϗ
̶ΒϠϗ έϮϧ ΕϻϼΘΧ ̶ΑΎϳίέ ̵ήΑ Modular ECG analysis system(MEANS)
(ήϔϧ ϩΩΰϧΎ̡)ϥΎϧί ίΪλέΩ 2.7 έΩ ̠̩ ϦτΑ ̶ϓϭήΗή̢ϴϫ .Ϊη ϩΩΎϔΘγ
8.5 Ϫ̰ϴϟΎΣ έΩ .ΩϮΑ ( n=34) ΪλέΩ 6

T-axis ΕϻϼΘΧ ωϮϴη .Ϊη ΖϓΎϳ

ϭ ΪϨΘηΩ έ QRS-T Ϫϳϭί ΕϻϼΘΧ ϪόϟΎτϣ Ωήϓ (n=48) ΪλέΩ
.Ϊη ΖϓΎϳ ϥΎϧί ΪλέΩ 62 έΩ ̵ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯
ϭ ̶ΒϠϗ έϮϧ ΕϻϼΘΧ ˬήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ΎΑ ϥΎϧί
ΎΑ ϪδϳΎϘϣ έΩ .ΩϮΑ ͐όϳΎη ̵έΩ ̶Ϩόϣ έϮτΑ

ϥΎϴϣ έΩ

̠̩ ϦτΑ ̶ϓϭήΗή̢ϴϫ
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ˬT-axis ΕϻϼΘΧ ΎΑ ϥΎϧί έΩˬΪϨΘηΩ ϝΎϣήϧ T έϮͭ Ϫ̯ ̶ϧΎϧί
.ΩϮΑ ͐θϴΑ

ήΑήΑ 3.8 ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

Ϫϳϭί Ϫ̯ ̶ϧΎϧί ΎΑ ϪδϳΎϘϣ έΩˬέϮτϨϴʹ [OR=3.8, 95% CI (1.4 – 10.1)]
ˬQRS-T Ϫϳϭί ΕϻϼΘΧ ΎΑ ϥΎϧί έΩˬΪϨΘηΩ ϝΎϣήϧ QRS-T
.ΩϮΑ ͐θϴΑ ήΑήΑ 2.2 ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯
εϭΪͮ Ρϼλ ί β̡ ςΑϭέ Ϧϳ ΩϮΟϭ Ϧϳ ΎΑ [OR=2.2, 95% CI (1.1 – 4.4)]
έΪϘϣ Ϫ̯ ̶ϧΎϧί ϢϴΘϓή̳

ϪΠϴΘϧ Ύϣ .ΪϧΪη ͐ϔϴόο ˬϩϮϘϟΎΑ ̵Ύϫ ϩΪϨϨ̯

ϭ ̠̩ ϦτΑ ̶ϓϭήΗή̢ϴϫ ˬΪϨΘηΩ ̵͐θϴΑ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

ΖϓΎϳ ͐θϴΑ Ζγ ̶ϨϴϟΎΑ Ζ͞ ̶Ϥ̰δϳ ϩΪϨϫΪϧΎθϧ Ϫ̯ ̶ΒϠϗ έϮϧ ΕϻϼΘΧ
̵ϭέ ϩΪη ϡΎͰ ̵ΎϬϘϴϘ͞

Ϧϴϟϭ ί ̶̰ϳ Ϫ̯ ϪόϟΎτϣ Ϧϳ έΩ .ΪϧϮη ̶ϣ

ϥϮϴγΎ̰ϴϔϴδϠ̯ ΎΑ ̶ΒϠϗ έϮϧ ΕϻϼΘΧ ϭ ̠̩ ϦτΑ ̶ϓϭήΗή̢ϴϫ ϪτΑέ

ϥϮϴγΎ̰ϴϔϴδϠ̯ ζϳΰϓ ϢϳΩΩ ϥΎθϧ ˬΪηΎΒϴϣ ϪδΎϳ ϥΎϧί έΩ ̵ήϧϭή̯

ΐϴγ ϭ ̠̩ ϦτΑ ̶ϓϭήΗή̢ϴϫ ͐θϴΑ ωϮϴη ΎΑ ϪδΎϳ ϥΎϧί έΩ ήϧϭή̯ ϕϭήϋ
ˬΪϧΩή̴ϴϣ ̶γέήΑ ̶ΒϠϗ έϮϧ ΕϻϼΘΧ ΎΑ Ϫ̯ ΩέΎ̯ Ϯϴϣ

̶ϨϴϟΎΑ Ζ͞

.ΪηΎΒϴϣ ϩήʹ

ί ̵ΪΟ έ ̶ΒϠϗ έϮϧ ΕϻϼΘΧˬΎϣ ̵Ύϫ ϪΘϓΎϳ ̶ϨϴϟΎΑ ϡϮϬϔϣ

ϢϴδϠ̯ έΪϘϣ) βϳίϭήϠ̰γϭήΗ ̵ήϧϭή̯ ϩΪϨϨ̯ β̰όϨϣ ˬ̶Ϥ̰δϳ ΕήϴϴϐΗ
͐θϴΑ ήϳΩΎϘϣ ΎΑ ϪδΎϳ ϥΎϧί

Ϧϳ ήΑ ϩϭϼϋ

.ΪϧΪϴϣ (ήϔλ ί ͐θϴΑ

Summary in Persian

ϪΑ ϼΘΑ ̵ήΑ ̵͐θϴΑ ήτΧ νήόϣ έΩ ˬήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

̶ϣ ϢϬϣ Ϧϳ . ΪϨΘηΩ έήϗ ̶ΒϠϗ έϮϧ ΕϻϼΘΧ ϭ ̠̩ ϦτΑ ̶ϓϭήΗή̢ϴϫ
ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯ ζϳΰϓή̩ Ϫ̯ ΪϫΩ ϴοϮΗ ̵ΪΣ ΎΗ ΪϧϮΗ
.ΩέΩ ρΎΒΗέ ϩΪϨϳ έΩ

̶ϗϭήϋ ̶ΒϠϗ ̵ΎϬϳέΎϤϴΑ ήτΧ ζϳΰϓΎΑ

̵ήϴ̳ ϪΠϴΘϧ
ζϘϧ ϪΑ ρϮΑήϣ ΪϫϮη ϪϣΎϧ ϥΎϳΎ̡ Ϧϳ έΩ ϩΪη ϒϴλϮΗ ΕΎϘϴϘ͞

ϭ ̶ϗϭήϋ – ̶ΒϠϗ ̵ΎϬϳέΎϤϴΑ ΕΎϘϴϘ͞ έΩ ήϧϭή̯ ϕϭήϋ ϥϮϴγΎ̰ϴϔϴδϠ̯

.Ζγ ϩΩΩ ϪόγϮΗ έ ΎϬϳέΎϤϴΑ Ϧϳ ί ̵ήϴ̴θϴ̡
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