Risk FACTORS, CORONARY CALCIFICATION
AND Risk OF CORONARY HEART DISEASE

Results from the Rotterdam Study

Hoxk-Hay S. Or1






Risk factors, coronary calcification and risk of
coronary heart disease

Results from the Rotterdam Study



Acknowledgements

The work presented in this thesis is conducted at the Department of Epidemiology &
Biostatistics of the Erasmus MC in Rotterdam in close collaboration with the Department of
Radiology of the Daniel den Hoed Clinic, Erasmus MC in Rotterdam and the Department
of Radiology of the University Hospital Groningen in Groningen. Financial support for
the studies described in this thesis by the Netherlands Organization for Health Research
and Development (ZONMw) (grant no. 21000022) and GlaxoSmithKline is gratefully
acknowledged.

The printing of this thesis is kindly supported by the Department of Epidemiology &
Biostatistics, Erasmus MC, Rotterdam; the Erasmus University Rotterdam; the Nether-
lands Heart Foundation; Pfizer; GlaxoSmithKline; Bristol-Myers Squibb.

The Rotterdam Study is supported by the Erasmus MC; the Erasmus University Rotterdam;
the Netherlands Organization for Scientific Research (NWO); the Netherlands Organi-
zation for Health Research and Development (ZonMw); the Research Institute for Diseases
in the Elderly (RIDE); the Ministry of Education, Culture and Science; the Ministry of
Health, Welfare and Sports, the European Commission (DG XII); the Municipality of
Rotterdam.

The contributions of the general practitioners and pharmacists of the Ommoord district to
the Rotterdam Study are greatly acknowledged.

ISBN 90-77595-50-3

Cover design: Optima Grafische Communicatie, Hok-Hay S. Oei

Lay-out: Hok-Hay S. Oei

Printing: Optima Grafische Communicatie

© Hok-Hay S. Oei

No part of this thesis may be reproduced, stored in a retrieval system or transmitted in
any form or by any means, without permission of the author, or, when appropriate, of the
publishers of the publications.



Risk factors, Coronary Calcification and Risk of
Coronary Heart Disease
Results from the Rotterdam Study

Risicofactoren, coronaire verkalking en risico op coronaire hartziekte
Resultaten van het ERGO onderzoek

Proefschrift

ter verkrijging van de graad van doctor aan de
Erasmus Universiteit Rotterdam
op gezag van de
Rector Magnificus

Prof.dr. SW.J. Lamberts
en volgens besluit van het College voor Promoties.
De openbare verdediging zal plaatsvinden op

woensdag 23 juni 2004 om 13.45 uur
door

Hok-Hay Steven Oei

geboren te Bochum, Duitsland



Promotiecommissie

Promotoren: Prof.dr. A. Hofman
Prof.dr. M. Oudkerk

Overige leden: Prof.dr. PJ. de Feyter
Prof.dr. M.G. Hunink
Prof.dr. H.A.P. Pols

Copromotor:  Dr. J.C.M. Witteman

Financial support by the Netherlands Heart Foundation for the publication of this thesis is
gratefully acknowledged.



Contents
1 Introduction

2 Risk factors for coronary calcification
2.1  Epidemiology of coronary calcification
2.2 Risk factors for coronary calcification
2.3 The angiotensin-converting enzyme insertion/deletion
polymorphism and coronary calcification

3 The association of coronary calcification with measures of extracoronary
atherosclerosis and symptoms of chest pain
3.1 Measures of extracoronary atherosclerosis and coronary
calcification
3.2 Rose questionnaire angina pectoris and coronary calcification

4 Predictive value of coronary calcification
4.1 Coronary calcification and risk of coronary heart disease

5 Lipoprotein-associated phospholipase A2, atherosclerosis and risk of
cardiovascular disease
5.1 Lipoprotein-associated phospholipase A2 and risk of coronary
heart disease and stroke
5.2 Lipoprotein-associated phospholipase A2 and measures of
extracoronary atherosclerosis

6 General discussion

Summary
Samenvatting
Dankwoord

List of publications
About the author

15
29
47

63

79

95

113

127

139

153
157
161
164
165






Manuscripts based on studies described in this thesis

Chapter 2.1
Vliegenthart R, Oei HHS. Epidemiology of coronary calcification. In; Oudkerk M., ed.
Coronary Radiology. Berlin: Springer Verlagh Publishers, 2004 (in press).

Chapter 2.2
Oei HHS, Vliegenthart R, Hofman A, Oudkerk M, Witteman JCM. Risk factors for coronary
calcification The Rotterdam Coronary Calcification Study. Eur Heart | 2004;25:48-55.

Chapter 2.3

Oei HHS, Sayed-Tabatabaei FA, Hofman A, Oudkerk M, van Duijn CM, Witteman JCM.
The association between angiotensin converting enzyme gene polymorphism and coronary
calcification The Rotterdam Coronary Calcification Study (submitted).

Chapter 3.1

Oeci HHS, Vliegenthart R, Iglesias del Sol A, Hak AE, Hofman A, Oudkerk M, Witteman
JCM. The association between measures of extracoronary atherosclerosis and coronary
calcification The Rotterdam Coronary Calcification Study. JACC 2002;39:1745-51.

Chapter 3.2

Oci HHS, Vliegenthart R, Deckers JW, Hofman A, Oudkerk M, Witteman JCM. The
association between Rose questionnaire angina pectoris and coronary calcification The
Rotterdam Coronary Calcification Study. Ann Epidemiol 2004 (in press).

Chapter 4.1

Vliegenthart R, Oudkerk M, Hofman A, Oei HHS, van Dijck W, van Roojj FJA, Witteman
JCM. Coronary calcification improves cardiovascular risk prediction in a population of
older adults The Rotterdam Coronary Calcification Study (submitted).

Chapter 5.1

Oei HHS, van der Meer IM, Hofman A, Breteler MMB, Witteman JCM. Lipoprotein-
associated phospholipase A2 is associated with risk of coronary heart disease and stroke
The Rotterdam Study (submitted).

Chapter 5.2

Oci HHS, van der Meer IM, Hofman A, Witteman JCM. The association between
lipoprotein-associated phospholipase A2 and measures of extracoronary atherosclerosis
The Rotterdam Study (to be submitted).






Chapter 1

Introduction



Chapter 1

In developed countries, cardiovascular disease is and will remain one of the leading
causes of death, accounting for almost half of the deaths in the year 2000.! Cardio-
vascular risk factor assessment, which is the first step in primary prevention, has
relied on traditional cardiovascular risk factors like elevated blood pressure, elevated
cholesterol level, diabetes mellitus and cigarette smoking for many years. However, at
least 50% of the coronary heart disease events are not caused by these traditional risk
factors.” Measurement of (subclinical) atherosclerosis with non-invasive techniques
and gaining insight in new risk factors that play a role in the development of cardio-
vascular disease will improve cardiovascular risk assessment.

Since atherosclerosis is a generalized process, measures of extracoronary atheroscle-
rosis have long been used to predict the risk of coronary heart disease. Non-invasive
techniques like ultrasound of the carotid arteries and ankle-arm index have already
been used for more than a decade to improve cardiovascular risk prediction. Carotid
intima media thickness, the number of plaques in the carotid artery and the ankle-
arm index have been shown to predict risk of coronary heart disease. Electron-beam
computed tomography (EBT) offers the opportunity to detect calcification in the
coronary arteries in a non-invasive way. Since the amount of coronary calcification is
strongly associated with the amount of coronary atherosclerotic plaque,™ coronary
calcification can be used as a measure of coronary atherosclerosis.

Evidence is accumulating that inflammation plays a role in the development of
cardiovascular disease. Markers of inflammation like C-reactive protein and fibrinogen
are found to be independent risk factors for cardiovascular disease.”" Lipoprotein-
associated phospholipase A2 (Lp-PLA2) is a potential new cardiovascular risk factor
with pro-inflammatory properties."" The enzyme hydrolyses oxidized phospholids,
releasing lysophosphatidylcholine and free fatty acids.'” The enzyme circulates in
blood bound to low-density lipoprotein (LDL) cholesterol. Whether Lp-PLA2 is an
independent predictor of cardiovascular disease has still to be established.

The first part of this thesis (chapters 2 to 4) mainly focuses on determinants and
predictive value of coronary calcification. Chapter 2 presents studies on risk factors
for coronary calcification. Chapter 2.1 gives an overview of the literature on risk
factors for coronary calcification. Chapter 2.2 focuses on known cardiovascular risk
factors and coronary calcification in the Rotterdam Coronary Calcification Study,
while chapter 2.3 describes the association between the angiotensin-converting
enzyme insertion/deletion polymorphism and coronary calcification. In chapter 3 the
association of coronary calcification with chest pain and the association of coronary
calcification with other measures of extracoronary atherosclerosis is described. Chapter
4 describes the association between coronary calcification and risk of coronary heart
disease. The second part of this thesis (chapter 5) focuses on the role of Lp-PLA2
in predicting cardiovascular disease. Chapter 5.1 describes its association with risk
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Introduction

of coronary heart disease and stroke. In chapter 5.2 the association between Lp-

PLLA2 and measures of atherosclerosis is presented. The general discussion (chapter

0) describes the main findings of the studies, discusses its limitations and provides

suggestions for future research.

References

1.

10.

11.

12.

Aboderin I, Kalache A, Ben-Shlomo Y, et al. Life course perspectives on coronary heart
disease, stroke and diabetes: key issues and implications for policy and research. In.
Geneva: World Health Organization; 2002.

Braunwald E. Shattuck lecture--cardiovascular medicine at the turn of the millennium:
triumphs, concerns, and opportunities. N Engl | Med. 1997;337:1360-9.

Rumberger JA, Simons DB, Fitzpatrick LA, et al. Coronary artery calcium area by
electron-beam computed tomography and coronary atherosclerotic plaque area. A
histopathologic correlative study. Circulation. 1995;92:2157-62.

Sangiorgi G, Rumberger JA, Severson A, et al. Arterial calcification and not lumen
stenosis is highly correlated with atherosclerotic plaque burden in humans: a histologic
study of 723 coronary artery segments using nondecalcifying methodology. ] Am Coll
Cardiol. 1998;31:126-33.

Ridker PM, Cushman M, Stampfer MJ, et al. Inflammation, aspirin, and the risk of
cardiovascular disease in apparently healthy men. N Engl ] Med. 1997;336:973-9.
Ridker PM, Glynn RJ, Hennekens CH. C-reactive protein adds to the predictive value
of total and HDL cholesterol in determining risk of first myocardial infarction. Circula-
tion. 1998;97:2007-11.

Ridker PM, Hennekens CH, Buring JE, et al. C-reactive protein and other markers

of inflammation in the prediction of cardiovascular disease in women. N Engl ] Med.
2000;342:836-43.

Yarnell JW, Baker IA, Sweetnam PM, et al. Fibrinogen, viscosity, and white blood cell
count are major risk factors for ischemic heart disease. The Caerphilly and Speedwell
collaborative heart disease studies. Circulation. 1991;83:836-44.

Meade TW, Mellows S, Brozovic M, et al. Haemostatic function and ischaemic heart
disease: principal results of the Northwick Park Heart Study. Lancet. 1986;2:533-7.
Kannel WB, Wolf PA, Castelli WP, et al. Fibrinogen and risk of cardiovascular disease.
The Framingham Study. Jama. 1987;258:1183-6.

Packard CJ, O’Reilly DS, Caslake M]J, et al. Lipoprotein-associated phospholipase A2 as
an independent predictor of coronary heart disease. West of Scotland Coronary Preven-
tion Study Group. N Engl ] Med. 2000;343:1148-55.

Tjoelker LW, Wilder C, Eberhardt C, et al. Anti-inflammatory properties of a platelet-
activating factor acetylhdrolase. Nature. 1995;374:549-53.

11






Chapter 2

Risk factors for coronary calcification






Epidemiology of coronary calcification

Chapter 2.1
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Chapter 2.1

The role of sex and age

The amount of coronary calcification depends on sex and age. Studies among self-
referred, asymptomatic subjects have shown that men generally have higher calcium
scores than women and that calcium scores increase with age."” Table 1 shows sex-
and age-stratified calcium scores of the largest study, which comprises 35246 self-
referred subjects. More than 50 percent of the men already have detectable coronary
calcification at the age of 40. Median calcium scores increase from 0.5 in men <40
years to 473 in men >74 years. Calcium scores in women are comparable to calcium
scores in men who are 15 years younger. Until the age of 54 the median calcium
score in women is 0. Median calcium scores in women increase to 75 in women >74.
Although the amount of coronary calcification increases with age, age itself is not a
risk factor for coronary calcification. Rather, age is a cumulative measure of exposure
to cardiovascular risk factors.

Cardiovascular risk factors

It has been known for decades that cardiovascular risk factors like obesity, hyper-
tension, hypercholesterolemia, smoking and diabetes increase the risk of coronary
heart disease. These risk factors are also called traditional risk factors. More recently,
studies have identified new markers for cardiovascular disease like C-reactive protein,
fibrinogen and homocysteine. In the following paragraphs, we will discuss the effect
of traditional risk factors and newer risk factors on coronary calcification.

Subjects with obesity have a relative risk of 2-2.5 for coronary heart disease as
compared to subjects without obesity. Population-based studies have shown that
measures of obesity are strongly associated with coronary calcification. Studies in
adults found that body mass index, waist to hip ratio, abdominal height and intra-
abdominal fat were associated with coronary calcification.”” In contrast, in older
adults body mass index was no risk factor for coronary calcification."” Whether the
lack of an association between obesity and coronary calcification in elderly is caused
by selection due to survival, by frailty due to underlying disease (eg cancer) or by
another underlying mechanism is unclear.

Blood pressure is positively and linearly related to cardiovascular disease.™'* A net
reduction of 5-6 mm Hg in diastolic blood pressure is associated with a 38% reduction
in stroke risk and a 16% reduction in coronary heart disease risk."> Furthermore,
hypertension is an important risk factor for atherosclerosis at extracoronary sites."!
Population-based studies have shown that systolic and diastolic blood pressure are
important risk factors for coronary calcification.”*"® Adults with coronary calcifi-
cation have a higher systolic blood pressure (123 mm Hg versus 117 mm Hg, p<0.01)
and a higher diastolic blood pressure (82 mm Hg versus 77 mm Hg, p<0.001) than
adults without any coronary calcification. Adults above the 90™ percentile of systolic
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Chapter 2.1

blood pressure were 6.4 times more likely to have coronary calcification. The relative
risk for a diastolic blood pressure above the 90" percentile was 4.2 for men and 3.2
for women.” Analogous to the attenuation of the predictive value of hypertension
for coronary heart disease in the very elderly, no association of hypertension and
coronary calcification was found in subjects with a mean age of 80 years."

Compared to subjects who have cholesterol levels below 5.0 mmol/l, the risk of
coronary heart disease is 3-fold greater among subjects who have cholesterol levels
between 6.5 mmol/l and 7.9 mmol/l and 5-fold greater among subjects who have
cholesterol levels >8.0 mmol/1."° Population-based studies with an age range of 20 to
70 years have shown that total cholesterol, triglycerides and cholesterol/HDL-choles-
terol ratio are positively associated with coronary calcification while HDL-choles-
terol is inversely associated with coronary calcification in both men and women.””
However, in the very elderly an association of cholesterol and coronary calcification
is lacking."

Pathologic studies in the 1970s already showed that smoking increases the amount
of coronary and aortic atherosclerosis.”” The development of the electron-beam
tomography (EBT) offered the opportunity to study the association of smoking
and coronary atherosclerosis in vivo. In a population-based study among 740 adults
between 20 and 59 years of age, Maher showed that subjects with a history of smoking
have higher calcium scores than subjects who never smoked. In a multivariate model
a history of smoking was only in men associated with coronary calcification.” Even
in elderly aged 80 years the number of packyears smoked is strongly associated with
coronary calcification." In a self-referred high-risk population (72% of the subjects
had >= 1 and 42% had >= 2 cardiovascular risk factors) a history of smoking was
associated with a higher prevalence of detectable coronary calcification.* On the
other hand, studies using intravascular ultrasound to detect coronary calcification in
patients who underwent coronary angiography found a similar or even lower amount
of calcification in smokers than in non-smokers.”?” This apparent contradiction
is likely due to selection bias. Therefore, the results of the latter studies cannot be
extrapolated to the general population.

Studies on diabetes and coronary calcification consistently showed that diabetes and
markers of insulin resistance increase the amount of coronary artery calcification.®?"
* Table 2 shows calcium scores for men with diabetes and for men without diabetes
in different age-categories. Men with diabetes have higher calcium scores than men
without diabetes. Similarly, women with diabetes have higher calcium scores than
women without diabetes (table 3).”* A study in 139 diabetes patients (mean age 58)
showed that subjects with diabetes had a mean calcium score of 344 while the control
group, which was matched for age, sex and cardiovascular risk factors, had a mean
calcium score of 242. Moreover, this study showed that a calcium score >= 400
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Table 2. Distribution of coronary calcium scores among males: the visits of patients with
diabetes versus those without by age category?

Age N Mean Median SD
Without diabetes

0-39 219 9.9 0 55
40-49 626 46 0 144
50-59 906 160 15 392
60-69 629 332 126 562
>69 211 635 330 799
With diabetes

0-39 3 0 0 0
40-49 21 168 1 591
50-59 39 415 164 589
60-69 48 690 320 738
>69 13 787 569 775

2P=0.001 via the Mann-Whitney, for those with versus those without diabetes.

Reprinted from Mielke CH, Shields JP, Broemer LD. Coronary artery calcium, coronary
artery disease, and diabetes. Diabetes Res Clin Pract 2001;53:55-61, with permission from
Excerpta Medica Inc.

was present in 26% of the diabetes patients and only in 7% of the subjects without
diabetes.”" On the other hand, a population-based study in eldetly (mean age 80 years)
showed no association between diabetes mellitus and coronary calcification.'” This is
considered to be due to the older age of the subjects. In conclusion it can be stated
that diabetes mellitus is strongly associated with coronary calcification.

Population-based follow-up studies have shown that moderate alcohol consumption
diminishes the risk of coronary heart disease.*** Although it has been postulated that
alcohol increases HDL-cholesterol levels, the mechanism by which alcohol intake
exerts this effect is not well understood. So far, only 1 study investigated whether
alcohol consumption was associated with coronary calcification. In 1196 high-risk
subjects no association was found between alcohol consumption and coronary calci-
fication.”

C-reactive protein is a sensitive marker of inflammation that increases the risk of

coronary heart disease in healthy subjects,!

32-34

in patients with stable and unstable

angina pectoris, and in high-risk patients.” In addition, C-reactive protein has

been related both cross-sectionally and prospectively to peripheral arterial disease.**"
However, C-reactive protein is not associated with the amount of coronary calcifi-
cation in most studies.'**" As a possible explanation for the lack of the association,

it has been suggested that hsCRP, in addition to being a marker of atherosclerotic
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Table 3. Distribution of coronary calcium scores among females: the visits of patients with
diabetes versus those without by age category?

Age N Mean Median SD
Without diabetes

0-39 86 3.7 0 17
40-49 319 13 0 67
50-59 572 38 0 132
60-69 436 119 8 305
>69 174 197 65 313
With diabetes

0-39 3 1.3 2 1.15
40-49 21 8.3 0 22
50-59 39 56 1 107
60-69 48 221 28 341
>69 13 300 193 314

2P=0.001 via the Mann-Whitney, for those with versus those without diabetes.

Reprinted from Mielke CH, Shields JP, Broemer LD. Coronary artery calcium, coronary
artery disease, and diabetes. Diabetes Res Clin Pract 2001;53:55-61, with permission from
Excerpta Medica Inc.

burden, may reflect an underlying propensity to plaque instability whereas coronary
calcification may be a marker for mature and hence stable atherosclerotic plaque.”
Increased plasma fibrinogen concentration is an independent risk factor for cardio-

vascular disease.*"*?

There are several mechanisms by which fibrinogen may increase
the risk of cardiovascular disease. Fibrinogen is the main coagulation protein in
plasma, is an important determinant of blood viscosity and can act as a cofactor
for platelet aggregation.** Fibrinogen may also contribute to cardiovascular disease
by other direct effects: it is a component of atherosclerotic plaques and stimulates
smooth muscle cell migration and proliferation.” Furthermore, the correlation with
C-reactive protein suggests that fibrinogen reflects the inflammatory activity of
progressing atherosclerosis.** Studies on the association of fibrinogen and coronary
calcification have found conflicting results. A population-based study in 114 men
and 114 women found that subjects who were selected on the basis of their high
calcium score had higher fibrinogen than the control group.*” Furthermore a study
in hypercholesterolemia patients found that fibrinogen was positively associated
with coronary calcification.” However, other studies were not able to confirm these

10,39

findings."> In conclusion, studies have suggested that fibrinogen may play a role
in the process of atherosclerosis. However, larger population-based studies have to

be awaited before conclusions can be drawn on the association of fibrinogen and
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coronary calcification.

Although elevated serum homocysteine levels have been shown to correlate with
coronary heart disease risk in cross-sectional studies, results from prospective studies
are conflicting.*® A recent meta-analysis of 57 studies showed that homocysteine is only
weakly related to coronary heart disease and somewhat stronger related to cerebrov-
ascular disease.”” Although recent experimental studies have shown that hyperho-
mocysteinemia is atherogenic, at least at early stages and in the presence of another

potent risk factor,**

epidemiologic studies found no effect of serum homocysteine
levels on coronary calcification.””*' Whether this is due to the lack of power or due to
the measurement of calcification, which is a late process in the atherosclerosis proces,

remains to be established.

Racial differences

There is still uncertainty regarding differences between black and white subjects in
the prevalence, progression, and risk of coronary artery disease. Pathological studies
have found more extensive fatty streaks in the coronary arteries of blacks than of
whites *** but similar amount of raised lesions,” which are likely to contain calcium.
In accordance with pathological studies a population-based study in young adults
showed no racial difference in the presence of coronary calcification.” On the other
hand population-based studies in elderly found that calcium scores were lower in
black than in white subjects.®*" It has been suggested that this difference at older ages
is due to a higher survival rate in white subjects as compared to black subjects with
similar coronary calcium scores. Another explanation could be the racial differences
in the calcification process of atherosclerosis.

Coronary calcification and measures of extracoronary atherosclerosis

Pathology studies in the 1960s already revealed that atherosclerosis is a generalized
process that is not limited to the coronary arteries but is present in different vessel
beds. Measures of extracoronary atherosclerosis have been found to predict the risk of

%01 Recently, the development of the EBT scanner offered the

coronary heart disease.
opportunity to study the association of extracoronary atherosclerosis and coronary
atherosclerosis in the living. Since then several studies have examined to what extent
atherosclerosis in the extracoronary arteries reflects coronary atherosclerosis. Carotid
atherosclerosis, as measured by intima media thickness and the number of plaques,
is strongly associated with the amount of coronary calcification.®”** Similar associa-

62,64,65

tions with coronary atherosclerosis are present for aortic atherosclerosis and

peripheral atherosclerosis. %
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Abstract

Aims. We examined associations between cardiovascular risk factors and
coronary calcification assessed by electron-beam tomography (EBT) in an
unselected population of older subjects.

Methods and results. The Rotterdam Coronary Calcification Study is a
population-based study in subjects >=55 years. Participants underwent EBT
scanning. Coronary calcification was quantified according to the Agatston score.
Cardiovascular risk factors were assessed 7 years before and concurrently to
scanning. We used the first 2013 participants for the present analyses. Risk
factors assessed 7 years before scanning were strongly associated with calcium
score. Associations with blood pressure and cholesterol attenuated when
measured concurrently to scanning. Although the number of risk factors was
strongly associated with a high calcium score in asymptomatic subjects, 29% of
the men and 15% of the women without risk factors had a high calcium score.
Conclusions. This population-based study in older subjects shows that cardio-
vascular risk factors are associated with coronary calcification. Associations were
stronger for risk factors measured at earlier age. Almost 30% of the men and
15% of the women without risk factors had extensive coronary calcification.
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Introduction

Cardiovascular risk factors like obesity, hypertension, hypercholesterolemia,
diabetes and smoking atre associated with atherosclerosis at different sites'” and
with an increased risk of coronary heart disease.”'? Several population-based studies
have investigated the association between cardiovascular risk factors and coronary
calcification. In asymptomatic adults, these cardiovascular risk factors were strongly
associated with theamountof coronary calcification.”* However, only one population-
based study has been performed in older subjects (mean age 80 years).” In the latter
study, only smoking and triglycerides were associated with coronary calcification.

We investigated the associations of cardiovascular risk factors and coronary calci-
fication in a population of older subjects. Risk factors were measured on average 7
years before and at the time of electron-beam tomography (EBT) scanning.

Methods

Study population

The Rotterdam Coronary Calcification Study was designed to study determinants
and consequences of coronary calcification, detected by EBT. The study is embedded
in the Rotterdam Study. The Rotterdam Study is a population-based study, which
started with a baseline visit between 1990 and 1993. All inhabitants of a suburb of
Rotterdam, aged 55 years and over, were invited (response 78%). The rationale and
design of the Rotterdam Study have been described elsewhere.* Follow-up visits took
place in 1993 to 1994 and 1997 to 1999. From 1999 onwards the study population is
extended with a second cohort comprising inhabitants who reached the age of 55
years after the baseline examination in 1990 to 1993 and subjects aged 55 years and
over who migrated into the research area.

From 1997 onwards, participants through 85 years of age completing the third
phase of the first cohort or the baseline examination of the second cohort of the
Rotterdam Study were invited to participate in the Rotterdam Coronary Calcification
Study and to undergo an EBT scan. We restricted the present analyses to partici-
pants recruited from the first cohort, who were scanned from 1997 to 2000. Of the
3371 eligibles, scans were obtained for 2063 subjects (response: 61%). Due to several
causes, i.e. metal clips from cardiac surgery, severe artifacts and registration errors
(ECG, acquisition), image acquisition data could not be reconstructed or analyzed in
50 subjects. Thus, scores were available for 2013 participants. The median duration
between risk factor assessment and EBT scanning was 7 years (1990-1993) and 50
days (1997-2000). The Medical Ethics Committee of the Erasmus MC approved the
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study, and all participants gave informed consent.

Coronary calcification

We assessed coronary calcification in the epicardial coronary arteries detected on
EBT scans. Imaging was performed with a C-150 Imatron scanner (Imatron, South
San Francisco, California, U.S.A.). Before the subjects were scanned, they exercised
breath holding. From the level of the root of the aorta through the heart, 38 images
were obtained with 100 ms scan time and 3 mm slice thickness. We acquired images
at 80% of the cardiac cycle, using electrocardiogram triggering, during a single
breath-hold. The scanner was calibrated on a daily basis using a water phantom.
Quantification of coronary calcification was performed with Acculmage software
(Acculmage Diagnostics Corporation, South San Francisco, California, U.S.A.)
displaying all pixels with a density of over 130 Hounsfield Units. Trained scan readers
were blinded to the clinical data of the participants. The presence of calcification was
defined as a minimum of two adjacent pixels (area =0.52 mm?) with a density over
130 Hounsfield Units. We placed a region of interest around each high-density lesion
in the epicardial coronary arteries. The peak density in Hounsfield Units and the area
in mm? of the individual coronary calcifications were calculated. A calcium score was
obtained by multiplying each area of interest with a factor indicating peak density
within the individual area, as proposed by Agatston et al.”” We added the scores for
individual calcifications, resulting in a calcium score for the entire epicardial coronary
system.

Cardiovascular risk factors

The Rotterdam Coronary Calcification Study is embedded in the ongoing
Rotterdam Study. Therefore, information was available on risk factors assessed 7
years before EBT scanning (1990-1993) and concurrent to scanning (1997-2000).
Apart from blood sampling methods, protocols for the interview and clinical exami-
nation were identical at both examinations. Information on smoking and medication
was obtained during the home interview of the Rotterdam Study and the number of
packyears of smoking was computed. Clinical measures were obtained during a visit
at the Rotterdam Study research center. Height and weight were measured and body
mass index (BMI) was calculated (weight (kg)/height (m)?). We defined obesity as a
BMI >=30. Blood pressure was measured at the right brachial artery using a random-
zero sphygmomanometer with the participant in sitting position. The mean of two
consecutive measurements was used in the analyses. We defined hypertension as a
systolic blood pressure >=160 and/or a diastolic blood pressure >=100 and/or the
use of blood pressure lowering medication with the indication hypertension.

In 1990-1993 non-fasting blood samples were obtained while in 1997-2000 blood
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samples were obtained after an overnight of fasting. Between 1990 and 1993, serum
total cholesterol was determined by an enzymatic procedure and high-density
lipoprotein (HDL) was measured similarly after precipitation of the non-HDL
fraction.”® Between 1997 and 2000, serum total cholesterol was determined by an
automated enzymatic procedure using Roche CHOD-PAP reagent kit and HDL was
measured with the Roche direct HDL-cholesterol assay using PEG-modified enzymes
and dextran sulfate. We defined hypercholesterolemia as a total cholesterol level >=
6.2 mmol/] and/or the use of cholesterol lowering medication. Glucose was detet-
mined enzymatically by the Hexokinase method. Diabetes was defined as the use of
anti-diabetic medication and/or non-fasting glucose levels 211.1 mmol/1 (1990-1993)
and/or fasting glucose levels 27.0 mmol/1 (1997-2000). Impaired glucose tolerance
was defined as no use of antidiabetic medication and/or non-fasting glucose levels
of 7.8 - 11.0 mmol/l (1990-1993) and/or fasting glucose levels of 6.1 - 7.0 mmol/l
(1997-2000).”

Statistical analysis

Median calcium scores were computed for age categories. The distribution of the
residuals was highly skewed when we used the total calcium score for linear regression
analysis. After log-transformation of the calcium score, the residuals were normally
distributed with a constant variance. Therefore, log (total calcium score +1) was used
for linear regression analysis. We used age and the cardiovascular risk factors as
independent variables and the log calcium score as dependent variable. We computed
the increase in log calcium score per standard deviation increase of the independent
continuous variables. Since calcium scores were much higher in men than in women,
all analyses were performed in men and women separately. In a multivariate model
we entered age and all cardiovascular risk factors except diastolic blood pressure and
computed regression coefficients for age and all entered cardiovascular risk factors.
Regression coefficients for diastolic blood pressure were computed by entering age
and all cardiovascular risk factors except systolic blood pressure. Regression analyses
were repeated after exclusion of subjects with a history of coronary artery disease
(myocardial infarction, percutaneous transluminal coronary angioplasty (PTCA),
coronary artery bypass graft (CABG) and angina pectoris on the Rose question-
naire.”

Analysis of covariance was used to compute age-adjusted geometric mean calcium
scores for categories of risk factors. For this, we categorized BMI, systolic blood
pressure, diastolic blood pressure, total cholesterol, HDL-cholesterol into quartiles
and divided the number of packyears smoked into 4 categories (0, 1-10, 11-20, 221).

We added the number of risk factors (0, 1, 2, >=3). After exclusion of subjects with
coronary artery disease, logistic regression analysis with age and dummy variables
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for 1, 2 and >=3 risk factors in the model was used to compute the percentage of
subjects with a calcium score >400 (high calcium score according to Rumberger™)
for the number of risk factors. Risk factors were defined as follows: (1) obesity, (2)
hypertension, (3) hypercholesterolemia, (4) diabetes and (5) current smoking. Median
calcium scores were computed for subjects with and without a history of coronary
artery disease. SPSS 11.0 for Windows (SPSS, Inc., Chicago, Illinois) was used for
data analysis.

Results

Table 1 shows the baseline characteristics of the study population. EBT scans were
obtained in 2063 subjects. Subjects undergoing an EBT scan had approximately the
same levels of cardiovascular risk factors as the non-responders. There were slight

differences between responders and non-responders in age (70.6 versus 72.4 years),
sex (46% versus 38% male), BMI (27.0 versus 26.7 kg/m?) and ever smoking (90%

Distribution of calcium score
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Figure 1. Median calcium scores for age categories in men and women separately.

34



Risk factors for coronary calcification

versus 86% for men, 53% versus 49% for women). Median calcium scores increased
from 81 in men aged 60-64 to 548 in men aged 80-85. In women, median calcium
scores increased from 8 to 135. Men had much higher calcium scores than women in
all age categories: median calcium scores in men were on average 5 times higher than
in women (figure 1).

Table 2 shows that BMI, systolic blood pressure, diastolic blood pressure (not
significant), total cholesterol, diabetes and smoking measured 7 years before scanning
were positively associated with the calcium score while HDIL-cholesterol was inversely
associated with the calcium score. When we measured risk factors concurrently to
EBT scanning, the strength of the association did not change for BMI. However,
systolic and diastolic blood pressure were not associated with the calcium score when
measured concurrently. After exclusion of subjects with blood pressure lowering
medication, systolic blood pressure was positively associated with the calcium score
although this did not reach significance in men while no association was present
between diastolic blood pressure and the calcium score (data not shown). The
association of total cholesterol and the calcium score disappeared when we measured
cholesterol concurrently to coronary calcification. After exclusion of subjects with
lipid lowering medication, total cholesterol was strongly associated with the calcium
score in women while no association was present in men (data not shown). HDL-
cholesterol measured at the time of scanning was only in women associated with
the calcium score; in men no association was present. In women, the association
between diabetes and coronary calcification was stronger when measured at the time
of scanning. In men, the strength of the association between diabetes and coronary
calcification slightly decreased. Associations for smoking were slightly stronger when
measured at the time of scanning. Results slightly changed after exclusion of subjects
with a history of coronary artery disease (table 3). In men, BMI measured 7 years
before EBT scanning was not significantly associated with the calcium score and
systolic blood pressure measured at the time of scanning was positively associated
with the calcium score. In women, cholesterol measured at the time of scanning was
positively associated with the calcium score.

Figure 2 shows geometric mean calcium scores for categories of risk factors
measured 7 years before scanning. While the calcium score is only gradually increasing
in the higher categories of BMI and smoking, a gradual increase in calcium score was
seen for systolic blood pressure, diastolic blood pressure and total cholesterol. HDL-
cholesterol was inversely associated with the calcium score. Compared to subjects
with normal glucose tolerance, calcium scores were elevated in subjects with diabetes
but not in subjects with an impaired glucose tolerance.

Figure 3 shows the percentage of subjects with a high calcium score according to
the number of risk factors in subjects without a history of coronary artery disease.
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Figure 2. Age-adjusted geometric mean calcium scores for categories of cardiovascular risk
factors assessed 7 years before electron-beam CT scanning in 2013 men and women.
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Figure 3. Age-adjusted percentages of subjects with a high calcium score for the number
of cardiovascular risk factors assessed 7 years before and concurrently to electron-beam CT
scanning in subjects without history of coronary artery disease.
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The number of risk factors measured concurrently to scanning was strongly associated
with a high calcium score in both men and women: while 29% of the men without
risk factor had a high calcium score, 52% of the men with 3 or more risk factors had
a high calcium score. The corresponding percentages in women were 15% and 26%.
When we measured risk factors 7 years before scanning, strength of the association
slightly attenuated in both men and women.

At the time of scanning, 24% of the men and 12% of the women had a history of
coronary artery disease. Corresponding percentages for 7 years before scanning were
18% and 10%. Figure 4 shows that subjects with a history of coronary artery disease
had a 5 times higher calcium score than subjects without coronary artery disease.

Median calcium scores (interquartile range) for subjects
with and without a history of coronary artery disease

2000 -
o
S 1500 -
(1]
g ONo coronary artery
S 1000 - disease
© - 7 Coronary arte
% % ) disreasery v
T 500 - /
=

0

Men Women

Figure 4. Median calcium scores (interquartile range) for subjects with and
without a history of coronary artery disease.

Discussion

The present population-based study shows that age and male sex are the most
important risk factors for coronary calcification. Cardiovascular risk factors measured
7 years before EBT scanning were strongly associated with the amount of coronary
calcification. Associations for blood pressure and cholesterol attenuated or even
disappeared when measured concurrently to EBT scanning. Although the number of
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cardiovascular risk factors was strongly associated with a high calcium score, 29% of
the men and 15% of the women without risk factors had a high calcium score.

Age and sex are strongly associated with the amount of coronary calcification. Age
had a strong and graded association with the calcium score in this population of older
subjects: a 6-fold increase in calcium score was seen in men and a 10-fold increase in
women. Men had calcium scores that were 5 times higher than in women.

The present study shows that cardiovascular risk factors measured 7 years before
EBT scanning were strongly associated with the amount of coronary calcification
while associations were weaker for blood pressure and cholesterol when measured at
the time of EBT scanning. Several causes should be considered. Firstly, the observation
of weaker associations for blood pressure and cholesterol in 7 year older subjects is
in line with the observation that the predictive value of cardiovascular risk factors
attenuates with increasing age.”?** This hypothesis is supported by a recent study in
older adults with a mean age of 80 years finding no association of BMI, hypertension,
total cholesterol, HDIL-cholesterol, diabetes with coronary calcification. In the latter
study, only the number of packyears smoked and triglycerides were associated with
coronary calcification.”® Conversely, studies in young and middle-aged adults found
that BMI, systolic blood pressure, diastolic blood pressure, total cholesterol, diabetes
and smoking were positively associated with the amount of coronary calcification while
an inverse association with HDL-cholesterol was observed."”'** Secondly, at the time
of EBT scanning more subjects were treated with blood pressure lowering medication
(39% versus 23%) and with cholesterol lowering medication (16% versus 3%) than 7
years before EBT scanning. Misclassification of risk factors due to treatment will lead
to an underestimation of the strength of the associations. The stronger associations
for systolic blood pressure and cholesterol (women) after exclusion of subjects with
medication use support this hypothesis.

It has been suggested that the decision to perform EBT scanning in asymptomatic
subjects should be based on risk factor assessment.”® In asymptomatic subjects, 29%
of the men and 15% of the women without risk factors had extensive coronary calci-
fication. This should be taken into account when performing EBT scanning based on
cardiovascular risk factor assessment.

In conclusion, this population-based study shows that age and male sex are the most
important risk factors for coronary calcification. Cardiovascular risk factors assessed
7 years before EBT scanning are strongly associated with coronary calcification.
Associations of blood pressure and cholesterol with the calcium score attenuated
when risk factors were measured concurrently to EBT scanning. Although cardio-
vascular risk factors are strongly associated with the amount of coronary calcification
in asymptomatic subjects, almost 30% of the men and 15% of the women without
cardiovascular risk factors have extensive coronary calcification.
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The ACE 1I/D polymorphism and coronary calcification

Chapter 2.3
The angiotensin-converting enzyme
insertion/deletion polymorphism and

coronary calcification

Abstract

Background. An insertion/deletion (I/D) polymorphism in the gene encoding
angiotensin-converting enzyme (ACE) has been associated with serum ACE
levels. The association between the ACE I/D polymorphism and coronary heart
disease is unclear. Electron-beam computed tomography (EBT) is a technique to
non-invasively quantify the amount of coronary calcification. We investigated the
association between the ACE I/D polymorphism and coronary calcification.
Methods and results. The Rotterdam Coronary Calcification Study is a
population-based study in subjects aged 55 years and over. EBT scanning was
performed in 2013 participants. Coronary calcification was quantified according
to the Agatston score. The ACE I/D polymorphism was available for 1976 subjects.
Geometric mean calcium scores in men with the II, ID and DD genotype were
167, 207 and 219, respectively. However the difference in calcium score (p=0.19
for ID versus II, p=0.15 for DD versus II) and the trend (ptrend=0.17) were
not significant. Calcium scores in women with the II, ID and DD genotype were
44, 42 and 36, respectively. There were no significant differences in calcium
score (p=0.78 for ID versus II, p=0.29 for DD versus II), neither was the trend
(ptrend=0.27). After we stratified on cardiovascular risk factors, no associations
were present.

Conclusion. The present study failed to show an association between the ACE
I/D polymorphism and coronary calcification in the general population. Also, no
significant associations were present between the ACE I/D polymorphism and
coronary calcification in strata of cardiovascular risk factors.
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Introduction

The angiotensin-converting enzyme (ACE) is an important enzyme in the renin-
angiotensin system. ACE converts angiotensin I into angiotensin 11 and inactivates
bradykinin. An insertion/deletion (I/D) polymorphism in the gene encoding ACE
has been associated with serum ACE levels: subjects with the D allele have higher
ACE levels than subjects with the I allele."?

The association between the ACE I/D polymorphism and coronary heart disease
is unclear. Several studies have investigated the association between the ACE 1/D
polymorphism and myocardial infarction with conflicting results: some studies
found that the DD genotype was associated with an increased risk of a myocardial
infarction®® whereas others did not find an association.”"" Furthermore, angiography
studies on the ACE I/D polymorphism and the extent of coronary artery disease have
been inconsistent.* %1012

Electron-beam tomography (EBT) is a technique to non-invasively quantify the
amount of coronary calcification. Since coronary calcification is strongly correlated
with the amount of coronary atherosclerotic plaque,™ the amount of coronary
calcification can be used as a measure of coronary atherosclerosis. In a population-
based study we investigated the association between the ACE I/D polymorphism and
coronary calcification. We hypothesized that the presence of the D allele is associated
with more extensive coronary calcification.

Methods

Study population

The Rotterdam Coronary Calcification Study was designed to study determinants
and consequences of coronary calcification, detected by EBT. The study is embedded
in the Rotterdam Study. The Rotterdam Study is a population-based study, which
started with a baseline visit between 1990 and 1993. All inhabitants of a suburb of
Rotterdam aged 55 years and over were invited (response 78%). The rationale and
design of the Rotterdam Study have been described elsewhere.”” Follow-up visits took
place in 1993 to 1994 and 1997 to 1999. From 1999 onwards the study population is
extended with a second cohort comprising inhabitants who reached the age of 55
years after the baseline examination in 1990 to 1993 and subjects aged 55 years and
over who migrated into the research area.

From 1997 onwards, participants through 85 years of age completing the third phase
of the first cohort or the baseline examination of the second cohort of the Rotterdam
Study were invited to participate in the Rotterdam Coronary Calcification Study and
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to undergo an EBT scan. We restricted the present analyses to participants recruited
from the first cohort, who were scanned from 1997 to 2000. Of the 3371 eligibles,
scans were obtained for 2063 subjects (response: 61%). Due to several causes, i.e.
metal clips from cardiac surgery, severe artifacts and registration errors (ECG, acqui-
sition), image acquisition data could not be reconstructed or analyzed in 50 subjects.
Thus, scores were available for 2013 participants. The Medical Ethics Committee of
the Erasmus MC approved the study, and all participants gave informed consent.

Coronary calcification

We assessed coronary calcification in the epicardial coronary arteries detected on
EBT scans. Imaging was performed with a C-150 Imatron scanner (Imatron, South
San Francisco, California, U.S.A.). Before the subjects were scanned, they exercised
breath holding. From the level of the root of the aorta through the heart, 38 images
were obtained with 100 ms scan time and 3 mm slice thickness. We acquired images at
80% of the cardiac cycle, using electrocardiogram triggering, during a single breath-
hold. The scanner was calibrated on a daily basis using a water phantom. Quantifi-
cation of coronary calcification was performed with Acculmage software (Acculmage
Diagnostics Corporation, South San Francisco, California, U.S.A.) displaying all
pixels with a density of over 130 Hounsfield Units. Trained scan readers were blinded
to the clinical data of the participants. A calcification was defined as a minimum of
two adjacent pixels (area =0.52 mm?) with a density over 130 Hounsfield Units. We
placed a region of interest around each high-density lesion in the epicardial coronary
arteries. The peak density in Hounsfield Units and the area in mm? of the individual
coronary calcifications were calculated. A calcium score was obtained by multiplying
each area of interest with a factor indicating peak density within the individual area,

16

as proposed by Agatston et al.”® We added the scores for individual calcifications,

resulting in a calcium score for the entire epicardial coronary system.

Genotyping

The 11, ID and DD genotypes were detected using the polymerase chain reaction
technique (PCR) according to the method of Lindpaintner et al. with some modifica-
tions."” The insertion and deletion alleles of the ACE gene were identified using a set
of oligonucleotide primers flanking the polymorphic site in intron 16 (sense primer,
5GCC CTG CAG GTG TCT GCA GCA TGT3’ and antisense primer, Y5 GGA TGG
CTC TCC CCG CCT TGT CTC3). The final volume of the PCR mix was 20 ul,
containing 50 ng DNA, PCR buffer (Invitrogen), 1.3 mM MgCl2, 200 umol dNTPS,
20 pmol primer mix and 0.35 units Taq polymerase. The thermo cycling procedure
was identical to the method of Lindpaintner et al. The result of amplification was a
319-bp amplicon for the D-allele and a 597-bp amplicon for the I-allele. Because the
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D allele in heterozygous subjects is preferentially amplified, there is a tendency of
misclassification of ID genotypes into DD genotypes (4-5%). In order to avoid this
misclassification, a second independent PCR was performed with a primer pair that
recognizes an insertion specific sequence (5TGG GAC CAC AGC GCC CGC CAC
TAC3 and 5’TCG CCA GCC CTC CCA TGC CCA TAA3’). To optimize the second
PCR, 10% DMSO, 0.35 units AmpliTaq Gold DNA polymerase and GeneAmp PCR
Gold buffer (Applied Biosystems) were used in the PCR mix. This reaction yielded
a 335-bp amplicon only if the I-allele was present. All reactions were performed in
96-well plates with the help of a robot (Beckman Biomek® 2000). Fragments wete
separated and visualized using 3% Agarose gels, Ethidium Bromide staining and UV
trans-illumination. Two independent investigators read pictures from each gel. All
ambiguous samples were analyzed a second time.

Statistical analysis

Hardy-Weinberg equilibrium proportions of the ACE 1/D polymorphism were
tested with a chi square test. In men and women separately, we computed age-adjusted
geometric mean calcium scores for the 11, ID and DD genotype. A student t-test was
used to compare the geometric mean calcium scores in the different categories. Linear
regression analysis using the ACE I/D polymorphism as a continuous variable was
used as test for trend. To investigate interaction between the ACE 1/D polymorphism
and cardiovascular risk factors on coronary calcification, we computed interaction
terms between the ACE I/D polymorphism and each of the cardiovascular risk factors.
Risk factors were defined as follows: (1) obesity (body mass index =30 kg/m?), (2)
hypertension (systolic blood pressure 2160 mm Hg and/or diastolic blood pressure
2100 mm Hg and/or the use of blood pressure lowering medication), (3) hypercholes-
terolemia (total cholesterol 6.2 mmol/l and/or the use of lipid lowering medication),
(4) diabetes (fasting glucose >7.0 and/or the use of glucose lowering medication) and
(5) current smoking. We added interaction terms in the model including age, sex, the
ACE 1/D polymorphism and cardiovascular risk factors. In addition, we repeated
the analyses in strata of cardiovascular risk factors. To increase statistical power, we
pooled men and women for these analyses.

Results

EBT scans were obtained in 2063 subjects. Subjects undergoing an EBT scan had
approximately the same levels of risk factors and social class as the non-responders.
There were slight differences between responders and non-responders in age (70.6
versus 72.4 years), gender (46 percent versus 38 percent male), body mass index (27.0
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versus 26.7 kg/m?) and history of smoking (72 percent versus 68 percent for men, 39
percent versus 34 percent for women). The percentage current smokers was similar in
the responders and non-responders (18% for men and 15% for women).

Genotype frequencies were in Hardy-Weinberg equilibrium (p=0.78 for men and
p=0.96 for women). Table 1 shows characteristics of the study population. Figure 1
shows geometric mean calcium scores for the different genotypes in men. Calcium
scores in men with the II, ID and DD genotype were 167, 207 and 219 respectively.
However, the difference in calcium score over genotypes (p=0.19 for ID versus 11,
p=0.15 for DD versus 1I) and the trend (Ptrend=0.17) were not significant. Calcium
scores in women with the 11, ID and DD genotype were 44, 42 and 306 respectively.
There were no significant differences in calcium score between the genotypes (p=0.78
for 1D, p=0.29 for DD versus II), neither was the trend (Ptrend=0.27) (figure 2).
After we stratified on cardiovascular risk factors, no significant associations were
found between the ACE I/D polymorphism and the calcium score in different strata
(table 2). Interaction terms between the ACE I/D polymorphism and cardiovascular
risk factors entered into the model were not significant. Although we observed no
significant association between the ACE I/D polymorphism and coronary calcifi-
cation in both non-smokers and smokers, we found a non-significant difference in

Table 1. Characteristics of 2013 men and women at the time of electron-beam CT scanning.

Variable Men (n = 933) Women (n = 1080)
Age (years) 71.2+£5.6 71.3+5.8
Body mass index (kg/m?) 26.5+3.2 27.4£4.4
Systolic blood pressure (mm Hg) 144421 142+21
Diastolic blood pressure (mm Hg) 77+11 75+11
Total cholesterol (mmol/I) 5.6%£0.9 6.0+£0.9
HDL-cholesterol (mmol/l) 1.2+0.3 1.5+£0.4
Serum glucose (mmol/l) 6.1+1.7 5.8+1.3
Smokers (%)

Current 18 15

Past 72 39
History of MI (%)* 18 6
Calcium scoret 312 (62-969) 56 (5-261)
Log calcium score 5.3£2.1 3.7+£2.3

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

* MI = myocardial infarction

T Value of the calcium score is expressed as median (interquartile range) because of its
skewed distribution.
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Figure 1. Geometric mean calcium scores adjusted for age in men with the II, ID and DD
genotype.
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Figure 2. Geometric mean calcium scores adjusted for age in women with the II, ID and DD
genotype.

52



The ACE 1I/D polymorphism and coronary calcification

uoneep=q ‘uonJdasul=] ‘s32algns Jo Jaquinu=p

€€°0 %0 €0 (sT2-06) 65T (b6T-£0T) 2PT (991-69) 20T STE
9%°0 16'0 S50 (z6-29) sz (+6-02) 18 (€6-09) Sz 59T
8/°0 10 86°0 (G/2-1T1) S/1 (¥8z-€+1) 20T (8€€-81T1) 00T LET
L2°0 1€°0 yxal) (96-£9) 82 (06-£9) £L (£8-£5) 99 G8ST
6S°0 580 79°0 (621-€2) L6 (S€1-16) OTT (9g1-52) 10T 968
ST0 €90 S8°0 (96-09) 92 (98-09) 2z (06-+S) 0L 0zZTT
790 80 8%°0 (¥£1-v0T) SET (04T-4TT) THT (€12-02T1) 09T v€6
LT°0 80 0€'0 (69-2v) ¥S (89-£t) 95 (19-£€) ¥ 6€0T
590 19°0 yxal) (0T1-19) 52 (£67-98) STT (T€1-£S) 98 S6¢€
9T1°0 19°0 €40 (501-69) S8 (96-T2) €8 (86-£9) 64 /ST
II SA Ad II sA Al
puaJid J10J anjea-d 10} anjea-d aa al 11 N

o
ON

12X0WS Jua44n)
EN
ON

sa19qelq
SBA
ON

e|wa|0J93s9|0ydJadAH

SOA
ON
uoisualladAy
SOA
ON
A¥saq0

‘SJ1030eJ XSId de|jndseA

-olpJed Jo ejedys ul wsiydiowAjod @/1 3DV Y 404 (JeAlajul 2USpUYU0D 9,G6) SBJ0DS WNID|eD ueaw J143dawoab paisnlpe-xas pue -aby *g a|qel

53



Chapter 2.4

calcium score between the genotypes in smokers (139 versus 107 for DD versus 11,
p=0.41 and 142 versus 107 for 1D versus 11, p=0.32).

Discussion

In the present population-based study, the ACE I/D polymorphism was not
significantly associated with coronary calcification. In strata of cardiovascular risk
factors, we found no significant association between the ACE I/D polymorphism and
coronary calcification.

It is unclear whether the ACE I/D polymorphism is associated with coronary
heart disease: studies on the ACE I/D polymorphism and myocardial infarction
show conflicting results.”!" Similarly, studies on the ACE I/D polymorphism and
angiographically determined coronary artery disease are inconsistent.* %> To our
knowledge, this is the first population-based study examining the association of the
ACE 1/D polymorphism and coronary calcification. In the present study we did not
find a significant association between the ACE I/D polymorphism and coronary
calcification.

Cambien and coworkers found a stronger association between the ACE I/D
polymorphism and myocardial infarction in subgroups of male patients who were at
low risk for coronary heart disease according to cardiovascular risk factors.” Ever since,
studies on the ACE I/D polymorphism and coronary heart disease have stratified on
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cardiovascular risk factors with inconsistent findings in low risk patients
the present study, no associations between the ACE 1/D polymorphism and coronary
calcification were present in low risk subjects.

Studies on the association between the ACE I/D polymorphism and atheroscle-
rosis so far mainly focussed on the association between the polymorphism and carotid
intima media thickness. However, the results have been controversial: while some
studies found an association between the ACE 1/D polymorphism and carotid intima

media thickness,"”?!

others failed to show an association.?*** A recent meta-analysis
showed evidence of a positive association between the D-allele and carotid intima
media thickness.*

It has been suggested that smoking-dependent effects may play a role in the associ-

ation between the ACE 1/D polymorphism and atherosclerosis.’*

A Japanese study
in patients with coronary heart disease showed that smokers with the DD genotype
had more diseased coronary arteries, more stenotic lesions and more extensive
coronary atherosclerosis than smokers with the 11 genotype. These associations were
absent in non-smokers.” Recently, two studies showed an association of the ACE

1/D polymorphism with hypertension®® and carotid IMT* in smokers but not in non-
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smokers. While no association between the ACE 1/D polymorphism and coronary
calcification was seen in non-smokers, a non-significant difference in calcium score
between the genotypes was observed in smokers. Whether the lack of significance is
due to low power or whether smoking-dependent effects play no role in the associ-
ation between the ACE I/D polymorphism and coronary atherosclerosis remains to
be established in future studies.

In conclusion, the present study failed to show an association between the ACE 1/
D polymorphism and coronary calcification in the general population. In strata of risk
factors, we found no association between the ACE 1/D polymorphism and coronary
calcification. Larger studies and studies in subgroups of cardiovascular risk factors
are needed to further elucidate the association between the ACE I/D polymorphism
and coronary calcification.
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Chapter 3.1
Measures of extracoronary atherosclerosis and

coronary calcification

Abstract

Objectives. This study was designed to examine the associations of coronary
calcification assessed by electron-beam computed tomography with measures of
extracoronary atherosclerosis.

Background. Although measures of extracoronary atherosclerosis have been
used to predict coronary events it is not yet known to what extent those measures
reflect coronary atherosclerosis.

Methods. The Rotterdam Coronary Calcification Study is a population-based
study in subjects aged 55 years and over. Participants of the study underwent an
electron-beam computed tomography scan. Coronary calcification was quantified
according to the Agatston calcium score. Measures of extracoronary atheroscle-
rosis included common carotid intima media thickness, carotid plaques, ankle-
arm index and aortic calcification. We used the first 2013 participants for the
present analyses. Age-adjusted geometric mean calcium scores were computed
for categories of extracoronary measures using analyses of variance.

Results. Graded associations with coronary calcification were found for the
carotid and aortic measures. Associations were strongest for carotid plaques and
aortic calcification; coronary calcification increased from the lowest category (no
plaques) to the highest category 9- and 11-fold in men and 10- and 20-fold in
women, respectively. A non-linear association was found for ankle-arm index with
an increase in coronary calcification only at lower levels of ankle-arm index.
Conclusions. In this population-based study graded associations were found
between coronary calcification and common carotid intima media thickness,
carotid plaques and aortic calcification. A non-linear association was found
between coronary calcification and the ankle-arm index.
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Introduction

Non-invasive measures of extracoronary atherosclerosis have been used to predict
the risk of coronary heart disease.”” Although clear associations exist between
measures of extracoronary atherosclerosis and coronary events, it is not yet known to
what extent those extracoronary measures reflect coronary atherosclerosis. Electron-
beam computed tomography (CT) is a relatively new technique to measure coronary
calcification. Since coronary calcification assessed by electron-beam CT is strongly
correlated with the amount of coronary atherosclerotic plaque®’ the amount of
coronary calcification can be used as a measure of coronary atherosclerosis.

Only few studies have examined the association between measures of extracor-
onary atherosclerosis and coronary calcification.® " However, these studies performed
measurements only at one extracoronary site®’ or included only subjects at high

risk for cardiovascular disease.'”!!

Therefore, in a large population-based study we
examined the associations between coronary calcification and common carotid artery
(CCA) intima media thickness (IMT), carotid plaques, ankle-arm index (AAI) and

aortic calcification.

Methods

Study population

The Rotterdam Coronary Calcification Study was designed to study determinants
and consequences of coronary calcification, detected by electron-beam CT. The study
is embedded in the Rotterdam Study. The Rotterdam Study is a population-based
study, which started with a baseline visit between 1990 and 1993. All inhabitants of
a suburb of Rotterdam, aged 55 years and over, were invited (response 78%). The
rationale and design of the Rotterdam Study have been described elsewhere.'” Follow-
up visits took place in 1993 to 1994 and 1997 to 1999. From 1999 onwards the study
population is extended with a second cohort comprising inhabitants who reached
the age of 55 years after the baseline examination in 1990 to 1993 and subjects aged
55 years and over who migrated into the research area. Baseline and follow-up visit
examinations included non-invasive measurements of atherosclerosis. Measurement
protocols for the first and second cohort were identical.

From 1997 onwards, participants through 85 years of age completing the third phase
of the first cohort or the baseline examination of the second cohort of the Rotterdam
Study were invited to participate in the Rotterdam Coronary Calcification Study and
to undergo an electron-beam CT scan. We restricted the present analyses to partici-
pants recruited from the first cohort, who were scanned from 1997 to 2000. Of the
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3371 eligibles, scans were obtained for 2063 subjects (response: 61%). Due to several
causes, i.e. metal clips from cardiac surgery, severe artifacts and registration errors
(ECG, acquisition), image acquisition data could not be reconstructed or analyzed in
50 subjects. Thus, scores were available for 2013 participants. The median duration
between the examination of non-invasive measures of extracoronary atherosclerosis
and electron-beam CT scanning was 50 days. The Medical Ethics Committee of the
Erasmus MC approved the study, and all participants gave informed consent.

Coronary calcification

We assessed coronary calcification in the epicardial coronary arteries detected
on electron-beam CT scans. Imaging was performed with a C-150 Imatron scanner
(Imatron, South San Francisco, California, U.S.A.). Before the subjects were scanned,
they exercised breath holding. From the level of the root of the aorta through the
heart, 38 images were obtained with 100 ms scan time and 3 mm slice thickness.
We acquired images at 80% of the cardiac cycle, using electrocardiogram triggering,
during a single breath-hold. The scanner was calibrated on a daily basis using a water
phantom. Quantification of coronary calcification was performed with Acculmage
software (Acculmage Diagnostics Corporation, South San Francisco, California,
U.S.A) displaying all pixels with a density of over 130 Hounsfield Units. Trained
scan readers were blinded to the clinical data of the participants. A calcification was
defined as a minimum of two adjacent pixels (area =0.52 mm?) with a density over
130 Hounsfield Units. We placed a region of interest around each high-density lesion
in the epicardial coronary arteries. The peak density in Hounsfield Units and the area
in mm? of the individual coronary calcifications were calculated. A calcium score was
obtained by multiplying each area of interest with a factor indicating peak density
within the individual area, as proposed by Agatston et al.”> We added the scores for
individual calcifications, resulting in a calcium score for the entire epicardial coronary
system.

Measures of extracoronary atherosclerosis

Ultrasonography of both left and right carotid artery was performed according to
the protocol of the Rotterdam Study.* Off-line, the mean and maximum IMT of the
CCA were measured." For the current analyses the average of the mean anterior and
posterior IMT of both the left and right CCA was used. When one or more of the
IMT measurements could not be obtained the average of the remaining measure-
ments was used. On line, the left and right CCA, bifurcation and internal carotid
artery were evaluated for the presence (yes/no) of atherosclerotic lesions (plaques). A
plaque was defined as a focal widening (of at least 1.5 times the average IMT) relative
to adjacent segments, with protrusion into the lumen. The anterior and posterior wall
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were evaluated and the number of affected locations counted. If one of the affected
locations could not be visualized the subject was excluded from the analyses. This
resulted in a plaque score between 0 and 6.

The AATis the ratio of the systolic blood pressure at the ankle to the systolic blood
pressure at the arm. According to the protocol of the Rotterdam Study the AAI was
measured at both legs."”” For the current analyses we used the lowest measurement.
Because of possible measurement artifacts reflecting the presence of rigid or calcified
walls, 7 participants with an AAI >1.5 were excluded. Subjects with an unmeasurable
ankle pressure, which was considered to be due to atherosclerosis, were classified as
having an AAI of 0.

Aortic calcification was diagnosed by radiographic detection of calcified deposits in
the abdominal aorta.' Lateral abdominal films were made from a fixed distance with
the subject seated. Calcifications in the abdominal aorta were classified as present
when linear densities were seen in an area parallel and anterior to the lumbar spine
(L1-L4). Calcification of the anterior and posterior wall was scored separately. The
extent of atherosclerosis was classified as absent, dubious, mild, moderate and severe,
according to the length of the involved area of the posterior wall (0, <=1.0 cm, 1.1-2.4
cm, 2.5-4.9 cm, and >=5 cm respectively).

Cardiovascular risk factors

Information on smoking was obtained during the home interview of the Rotterdam
Study and the number of packyears of smoking was computed. Clinical measures
were obtained during a visit at the Rotterdam study center. Height and weight were
measured and the body mass index was calculated (weight (kg)/height (m)?). Blood
pressure was measured at the right brachial artery using a random-zero sphyg-
momanometer with the participant in sitting position. The mean of two consecutive
measurements was used in the analyses. After an overnight of fasting, blood samples
were obtained at the research center. Serum total cholesterol was determined by an
enzymatic procedure. High-density lipoprotein (HDL) was measured similarly after
precipitation of the non-HDL fraction."” Fasting glucose was determined enzymati-
cally by the Hexokinase method. A history of myocardial infarction was based on
self-report checked with records from general practitioner or cardiologist and/or on
electrocardiographic evidence. Two research physicians independently coded events,
according to the ICD-10 classification;'® final decisions were made by a medical expert
in the field who reviewed the coded events.

Statistical analysis

The distribution of the calcium score was highly skewed and therefore, log (total
calcium score +1) was used for linear regression analysis. Age-adjusted regression
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coefficients were computed using extracoronary measures as independent variables
and log calcium score as dependent variable. Aortic calcification and carotid plaques
were considered as ordinal variables (carotid plaques 0-6, aortic calcifications 0-4).
In subsequent models, we additionally adjusted for cardiovascular risk factors and
excluded subjects with a history of myocardial infarction. Age-adjusted standardized
regression coefficients were computed to compare the strength of the associations.

We performed analyses of variance to compute age-adjusted geometric means of
the calcium score for categories of extracoronary measures. For this endeavor, CCA
IMT was categorized into quintiles (cut-off values were 0.78, 0.86, 0.93 and 1.03 for
men and 0.73, 0.80, 0.87 and 0.96 for women) and carotid plaques according to the
number of carotid plaques present (0, 1, 2, 3, and 24). Similarly, AAI was divided into
5 categories (>=1.20, 1.10-1.19, 1.00-1.09, 0.90-0.99, and <0.90). For all measures, the
category reflecting the lowest amount of atherosclerosis was used as the reference
category. A student t-test was performed to compare the geometric mean calcium
score of each category with the reference category. We used linear regression analysis
with continuous variables (IMT, AAI) or ordinal variables (carotid plaques 0-6, aortic
calcifications 0-4) as test for trend. The number of subjects with measurements of
CCA IMT, carotid plaques, AAI and aortic calcification were 1857, 1734, 1949, and
1751, respectively. All analyses were performed in men and women separately.

Results

Table 1 shows characteristics of the Rotterdam Coronary Calcification Study
population. Men had a median calcium score of 312 (interquartile range 62-969)
whereas women had a median calcium score of 56 (5-261). CCA IMT, carotid plaques
and aortic calcification were positively and A Al was inversely associated with coronary
calcification (table 2). Additional adjustment for cardiovascular risk factors (table 2)
and exclusion of subjects with a history of myocardial infarction (data not shown)
slightly attenuated the strength of the associations. Standardized regression coeffi-
cients (table 3) showed that associations with coronary calcification were stronger for
carotid plaques and aortic calcification than for CCA IMT and AAL

Geometric mean calcium scores for categories of the measures of extracoronary
atherosclerosis for men and women are shown in figure 1 and 2 respectively. A graded
increase in coronary calcification was seen across quintiles of CCA IMT. Further
subdivision of the fifth quintile showed that the highest average calcium score was
observed in the upper decile of CCA IMT (373 for men and 100 for women). A
strong and graded increase in coronary calcification was seen with increasing number
of carotid plaques present. A further increase in calcium score was found when only
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5 or 6 carotid plaques were classified in the highest category (854 for men, 212 for
women).

AAIwasinversely associated with coronary calcification. While only a slightincrease
(men) or no increase (women) in coronary calcification was seen in the upper three
categories of AAI increased levels of coronary calcification were found in subjects
with an AAT of 0.90-0.99 (p<0.05 for men and p=0.26 for women, compared to the
reference category) and those with an AAI <0.90 (p<<0.001 for men and p<0.001 for
women). Further subdivision of the lowest category of AAI showed that subjects with
an AAI <0.70 had the highest calcium score (407 in men, 128 in women).

Aortic calcification was strongly associated with coronary calcification. In men,
there was an 11-fold increase in coronary calcification from the lowest category of
aortic calcification (calcification absent) to the category of severe calcification. In
women, this increase was 20-fold.

Table 1. Characteristics of the study population

Variable Men (n=933) Women (n=1080)
Age (years) 71.2+5.6 71.3+5.8
Body mass index (kg/m?) 26.5+£3.2 27.4£4.4
Systolic blood pressure (mm Hg) 144421 142+21
Diastolic blood pressure (mm Hg) 77£11 75+11
Total cholesterol (mmol/I) 5.6+0.9 6.0+0.9
HDL-cholesterol (mmol/I) 1.2+0.3 1.5+£0.4
Serum glucose (mmol/I) 6.1+1.7 5.8+1.3
Smokers (%)

Current 18 15

Past 72 39
History of myocardial infarction (%) 18 6
Calcium score* 312 (62-969) 56 (5-261)
Log calcium score 5.3£2.1 3.7£2.3
Common carotid intima media thickness (mm) 0.90+0.17 0.84+0.13
Carotid plaque (%) t 78 59
Ankle-arm index 1.03+0.21 1.04+0.16
Aortic calcification (%) * 47 35

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

* Value of the calcium score is expressed as median (interquartile range) because of its
skewed distribution.

T Percentage of subjects with one or more carotid plaques.

* Percentage of subjects with aortic calcification over a length of at least 2.5 cm.
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Table 2. Regression coefficients for men and women separately, describing the increase in log
calcium score per unit increase of the extracoronary variables.

Model 1 Model 2

beta coefficients p-value beta coefficients p-value

(95% CI) (95% CI)
Men
CCA IMT 2.13 (1.31, 2.96) <0.001 1.83 (0.75, 2.91) 0.001
Carotid plaques 0.47 (0.39, 0.54) <0.001 0.45 (0.36, 0.54) <0.001
AAI -1.28 (-1.92, -0.65) <0.001 -1.02 (-0.28 -1.77)  0.007
Aortic calcification 0.59 (0.49, 0.69) <0.001 0.59 (0.48, 0.70) <0.001
Women
CCA IMT 2.16 (1.08, 3.24) <0.001 1.77 (0.47, 3.06) 0.008
Carotid plaques 0.55 (0.45, 0.64) <0.001 0.53 (0.42, 0.64) <0.001
AAI -1.63 (-2.41, -0.84) <0.001 -1.04 (-0.06, -2.02) 0.04
Aortic calcification 0.74 (0.65, 0.84) <0.001 0.70 (0.59, 0.81) <0.001

Model 1 is adjusted for age, model 2 is adjusted for age, body mass index, systolic blood
pressure, diastolic blood pressure, total cholesterol, HDL-cholesterol, serum glucose and
number of packyears smoked. Regression coefficients describe the increase in log calcium
score per unit increase (IMT: per mm, plaques: per plaque, AAIL: per unit, aortic calcifi-
cation: per unit (0-4)). CCA = common carotid artery, IMT = intima media thickness, AAI =
ankle-arm index.

Table 3. Age-adjusted standardized regression coefficients for men and women
separately, describing the increase in log calcium score per standardized unit increase of
the extracoronary variables.

age-adjusted standardized beta coefficients, p-value

Variable Men Women

CCA IMT 0.17 <0.001 0.12 <0.001
Carotid plaques 0.39 <0.001 0.35 <0.001
AAI -0.13 <0.001 -0.12 <0.001
Aortic calcification 0.38 <0.001 0.46 <0.001

CCA = common carotid artery, IMT = intima media thickness, AAI = ankle-arm index.
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Figure 1. Age-adjusted geometric mean calcium scores for categories of carotid intima media
thickness (IMT), carotid plaques, ankle-arm index (AAI) and aortic calcification, for men.
*Significant higher calcium score compared to the reference category (p<0.05)

1P for trend < 0.001
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Figure 2. Age-adjusted geometric mean calcium scores for categories of carotid intima media
thickness (IMT), carotid plaques, ankle-arm index (AAI) and aortic calcification, for women.
*Significant higher calcium score compared to the reference category (p<0.05)

1P for trend < 0.001
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Discussion

Our population-based study shows clear associations between coronary calcifi-
cation assessed by electron-beam CT and CCA IMT, carotid plaques, AAI and aortic
calcification. While graded associations with coronary calcification were found for
carotid and aortic measures, a non-linear association was found for AATL. The associa-
tions were strongest for carotid plaques and aortic calcification. Associations were
present in both men and women and were only slightly attenuated after correction
for cardiovascular risk factors and exclusion of subjects with a history of myocardial
infarction.

Study limitations

Electron-beam CT scans were obtained in 2063 subjects. Subjects undergoing an
electron-beam CT scanning had approximately the same levels of risk factors and
social class as the non-responders. There were slight differences between responders
and non-responders in age (70.6 versus 72.4 years), gender (46% versus 38% male),
body mass index (27.0 versus 26.7 kg/m?*) and ever smoking (90% vetrsus 86% for
men, 53% versus 49% for women). Measurements of extracoronary atherosclerosis
and electron-beam CT scanning were not performed during the same session.
However, since the median duration between the measurements was only 50 days,
it is not likely that this has affected our results. All measurements of extracoronary
atherosclerosis included missing values. Since these missing values were largely due to
logistic reasons, we can assume them to be random.

Previous studies

Associations between coronary and extracoronary atherosclerosis have been
known for decades. Necropsy studies in the 1960s already found a close association
between atherosclerosis in the coronary arteries and atherosclerosis in the aorta,"” the
iliac artery and the carotid artery.?” Studies in the living had to be awaited until non-
invasive measures of atherosclerosis became available. So far, only a limited number
of studies examined associations between measures of coronary and extracoronary
atherosclerosis. In a population-based study among young subjects (33 to 42 years),
an association was found between carotid IMT and coronary calcification.® Similarly,
aortic and coronary calcium scores both assessed by electron-beam CT were found
to be associated in postmenopausal women.” In hypercholesterolemic asymptomatic
patients, the presence of ultrasonographically detected plaques in the femoral artery
and the aorta were found to be associated with coronary calcification assessed by
electron-beam CT." In the latter study, the association between carotid plaques and
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coronary calcification did not reach statistical significance. In men with at least one
cardiovascular risk factor, ultrasound was used to detect plaques in the carotid and
femoral artery and the aorta. The number of affected extracoronary sites was found to
be associated with coronary calcification assessed by electron-beam CT." The major
limitations of the previous studies are the measurement of atherosclerosis only at one
extracoronary site® and the use of a selected population.'™" Furthermore, only one
study included both men and women.®

Coronary calcification and measures of carotid atherosclerosis

It is still a matter of debate whether increased carotid IMT indicates atheroscle-
rosis or merely reflects an adaptive response of the vessel wall to changes in shear
and tensile stress.?' The present study showed a graded association between coronary
calcification and CCA IMT, which supports the existing evidence that carotid IMT
may be regarded as a continuous measure of generalized atherosclerosis. We made a
simple quantification of carotid plaques by counting the number of affected locations.
The plaque score, however, showed a strong and graded association with coronary
calcification.

Coronary calcification and AAI

Our results showed the association between AAI and coronary calcification to be
non-linear. Levels of AAI above 1.00 were only weakly associated with the calcium
score. This may suggest that in the higher range, AAI may not reflect the severity of
atherosclerosis and is consistent with the view that an AAI >1.00 rules out significant
peripheral arterial narrowing. If so, this implies that the AAI should not be considered
as a continuous measure of generalized atherosclerosis. On the other hand, the results
show that not only subjects with an index below 0.90, which is generally used as a
cut-off value for the presence of peripheral arterial disease, but also subjects with an
index between 0.90 and 0.99 have increased levels of coronary calcification compared
to subjects with higher values.

Coronary and aortic calcification

In the present study, strong and graded associations were shown for coronary and
aortic calcification. The 10-fold increase in calcium score in men and the 20-fold
increase in calcium score in women implies that aortic calcification can be seen as a
continuous measure of generalized atherosclerosis.

Measurement techniques

By using different measurement techniques we measured different stages of
atherosclerosis. Intima media thickening is considered to reflect a less advanced stage
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of atherosclerosis than the presence of plaques.®” In addition, AAT is considered to
be a marker of atherosclerosis that is not only influenced by the presence of plaques
but also by hemodynamic factors and vascular stiffness. Furthermore, calcified
plaques are generally thought to reflect a more advanced stage of atherosclerosis than
non-calcified plaques.” The use of coronary calcification as a measure of coronary
atherosclerosis and the use of aortic calcification as a measure of aortic atherosclerosis
may have favored the association between those measures in our study. Due to the
measurement of different stages of atherosclerosis, no definite conclusions can be
drawn concerning the strength of associations between coronary atherosclerosis and
atherosclerosis in the carotid artery, peripheral arteries and aorta.

Calcium and plaques

Despite the observation that calcium is frequently present in complicated plaques,
histopathologic studies are not conclusive on the role of coronary calcium; calcium is
a marker for neither unstable nor stable plaques.** However, the close association of
coronary calcium with the total amount of coronary atherosclerotic plaques®’ offers
the opportunity to categorize subjects with respect to the extent of atherosclerosis.

Conclusions

Our population-based study shows that graded associations are present between
coronary calcification as measured by electron-beam CT and CCA IMT, carotid
plaques and aortic calcification. A non-linear association is present between coronary
calcification and AAIL This large population-based study supports the concept of
generalized atherosclerosis for a variety of vessels of the vascular tree.
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Rose questionnaire angina pectoris and coronary calcification

Chapter 3.2
Rose questionnaire angina pectoris and coronary

calcification

Abstract

Purpose. The Rose questionnaire is a standardized method of measuring angina
pectoris in general populations. Electron-beam computed tomography (CT) is
a non-invasive technique to quantify the amount of coronary calcification. In a
population-based study, we investigated the association between Rose question-
naire angina pectoris and coronary calcification.

Methods. The Rotterdam Coronary Calcification Study is embedded in the
Rotterdam Study, a population-based study in subjects >=55 years. Participants
of the Rotterdam Coronary Calcification Study underwent an electron-beam CT
scan between 1997 and 2000. Coronary calcification was quantified in a calcium
score according to Agatston’s method. Rose questionnaire angina pectoris was
assessed during a home interview. The first 2013 participants were included in
the present analyses.

Results. In men, the presence of Rose questionnaire angina pectoris was
associated with a 12.9-fold (95% confidence interval: 3.8-43.7) increased risk
of a calcium score >1000 (reference: calcium score 0-100). The corresponding
relative risk in women was 4.8 (2.0-11.3). Similar results were found when we
computed sex-specific quartiles of the calcium score.

Conclusions. Rose questionnaire angina pectoris is strongly associated with the
amount of coronary calcification. Rose questionnaire angina pectoris corresponds
better with the amount of coronary calcification in men than in women.
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Introduction

Chest pain is a complaint which is frequently caused by ischemia of the heart. In
order to study angina pectoris in a general population, several questionnaires have
been developed to discriminate between cardiac and non-cardiac causes of chest pain.
The Rose questionnaire has been introduced in 1962 as a standardized method of
measuring angina pectoris in general populations.! Several studies have shown that
the diagnosis of angina pectoris based on the Rose questionnaire predicts coronary
heart disease morbidity and mortality.>® Although subjects with Rose question-
naire angina pectoris have an increased risk of coronary heart disease morbidity and
mortality, to our knowledge only one population-based study has investigated to what
extent subjects with Rose questionnaire angina pectoris indeed have more extensive
coronary atherosclerosis.” The use of coronary angiography to assess coronary athero-
sclerosis in the latter study is a major disadvantage since only subjects suspected for
coronary heart disease underwent an angiography.

Electron-beam computed tomography (CT) is a non-invasive technique to
adequately quantify the amount of coronary calcification. Since coronary calcification
assessed by electron-beam CT is strongly correlated with the amount of coronary
atherosclerotic plaque burden®’ the amount of coronary calcification can be used as
a measure of coronary atherosclerosis. Therefore, in a large population-based study
we investigated whether and to what extent subjects with Rose questionnaire angina
pectoris have more coronary calcification than subjects without Rose questionnaire
angina pectoris.

Methods

Study population

The Rotterdam Coronary Calcification Study was designed to study determinants
and consequences of coronary calcification, detected by electron-beam CT. The study
is embedded in the Rotterdam Study. The Rotterdam Study is a population-based
study, which started with a baseline visit between 1990 and 1993. All inhabitants of
a suburb of Rotterdam, aged 55 years and over, were invited (response 78%). The
rationale and design of the Rotterdam Study have been described elsewhere."” Follow-
up visits took place in 1993 to 1994 and 1997 to 1999. From 1999 onwards the study
population is extended with a second cohort comprising inhabitants who reached
the age of 55 years after the baseline examination in 1990 to 1993 and subjects aged
55 years and over who migrated into the research area. Baseline and follow-up visit
examinations included assessment of angina pectoris by the Rose questionnaire.
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Measurement protocols for the first and second cohort were identical.

From 1997 onwards, participants through 85 years of age completing the third
phase of the first cohort or the baseline examination of the second cohort of the
Rotterdam Study were invited to participate in the Rotterdam Coronary Calcification
Study and to undergo an electron-beam CT scan. We restricted the present analyses
to participants recruited from the first cohort, who were scanned from 1997 to 2000.
Of the 3371 eligibles, scans were obtained for 2063 subjects (response: 61%). Due to
several causes, i.e. metal clips from cardiac surgery, severe artifacts and registration
errors (electrocardiogram, acquisition), image acquisition data could not be recon-
structed or analyzed in 50 subjects. Thus, scores were available for 2013 participants.
The median duration between assessment of angina pectoris by the Rose question-
naire and electron-beam CT scanning was 50 days. The Medical Ethics Committee of
Erasmus MC approved the study, and all participants gave informed consent.

Coronary calcification

We assessed coronary calcification in the epicardial coronary arteries detected
on electron-beam CT scans. Imaging was performed with a C-150 Imatron scanner
(Imatron, South San Francisco, California, U.S.A.). Before the subjects were scanned,
they exercised breath holding. From the level of the root of the aorta through the
heart, 38 images were obtained with 100 ms scan time and 3 mm slice thickness.
We acquired images at 80% of the cardiac cycle, using electrocardiogram triggering,
during a single breath-hold. The scanner was calibrated on a daily basis using a water
phantom. Quantification of coronary calcification was performed with Acculmage
software (Acculmage Diagnostics Corporation, South San Francisco, California,
U.S.A.) displaying all pixels with a density of over 130 Hounsfield Units. Trained
scan readers were blinded to the clinical data of the participants. A calcification was
defined as a minimum of two adjacent pixels (area =0.52 mm?) with a density over
130 Hounsfield Units. We placed a region of interest around each high-density lesion
in the epicardial coronary arteries. The peak density in Hounsfield Units and the area
in mm? of the individual coronary calcifications were calculated. A calcium score was
obtained by multiplying each area of interest with a factor indicating peak density
within the individual area, as proposed by Agatston et al."! We added the scores for
individual calcifications, resulting in a calcium score for the entire epicardial coronary
system. Participants were not informed about their calcium score, in accordance with
the research protocol, agreed by the Medical Ethics Committee.

Rose questionnaire

Questions concerning chest pain were based on the World Health Organization
(WHO) angina pectoris questionnaire.! The presence or absence of angina pectoris
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was assessed during a home interview. Angina pectoris was defined according to
standard criteria as chest pain or discomfort with the following characteristics: (1) the
site must include either the sternum (any level) or the left anterior chest and the left
arm, (2) it must be provoked by either hurrying or walking uphill or walking on the
level, (3) when it occurs on walking it must make the subject either stop or slacken
pace, unless nitrates are taken, (4) it must disappear within 10 minutes from the time
the subject stands still. If one of the criteria was not met the subject was classified as
absence of angina pectoris.

Cardiovascular risk factors

Information on smoking and medication was obtained during the home interview
of the Rotterdam Study and the number of packyears of smoking was computed.
Clinical measures were obtained during a visit at the Rotterdam study center.
Height and weight were measured and the body mass index was calculated (weight
(kg)/height (m)?). Blood pressure was measured at the right brachial artery using a
random-zero sphygmomanometer with the participant in sitting position. The mean
of two consecutive measurements was used in the analyses. After an overnight of
fasting, blood samples were obtained at the research center. Serum total cholesterol
was determined by an enzymatic procedure. High-density lipoprotein (HDL) was
measured similarly after precipitation of the non-HDL fraction.'” Fasting glucose was
determined enzymatically by the Hexokinase method. Diabetes was defined as the
use of anti-diabetic medication and/or a fasting glucose level >=7.0.

Statistical analyses

Geometric mean calcium scores adjusted for age and cardiovascular risk factors
were computed for subjects with and without Rose questionnaire angina pectoris. We
divided calcium scores into 4 categories (0-100, 101-500, 501-1000 and >1000) and
computed the percentage of subjects in each category for subjects with and without
Rose questionnaire angina pectoris. Multinomial regression adjusted for age (model
1) was performed to compute the association between Rose questionnaire angina
pectoris and a calcium score of 101-500, 501-1000 and >1000 (reference: calcium
score 0-100). In a subsequent model (model 2) we additionally adjusted for cardiovas-
cular risk factors.

In order to adjust for the large sex-difference in calcium score, we additionally
divided calcium scores into sex-specific quartiles (cut-off values were 63, 312 and
969 for men and 5, 55 and 261 for women). Multinomial regression adjusted for age
(model 1) and additionally cardiovascular risk factors (model 2) was performed using
the first (=lowest) quartile of the calcium score as the reference. All analyses were
performed in men and women separately.
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Additionally, multivariate adjusted analyses were performed after exclusion of
subjects with a history of myocardial infarction. Since the use of beta-blockers and
nitrates may reduce the occurrence of chest pain, which leads to misclassification of
the diagnosis Rose questionnaire angina pectoris, we repeated multivariate adjusted
analyses after exclusion of beta-blocker and nitrate users.

In an additional analysis, we dichotomised the calcium score (0-100, >=101) and
performed multivariate adjusted logistic regression using the categories of calcium
score as dependent and Rose questionnaire angina pectoris as independent variable.

Results

Table 1 shows the characteristics of the participants. Rose questionnaire angina
pectoris was present in 6.0% of men and in 5.5% of women. Subjects with Rose
questionnaire