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bstract

Coronary artery calcium (CAC) scores ≥100 are predictive of CHD events in asymptomatic men. Exercise tolerance of ≥10 METs predicts
ower event rates in CHD patients; however, its relationship with events in individuals with subclinical atherosclerosis is less known. Participants
ere 710 asymptomatic men from the Aerobics Center Longitudinal Study whose exercise tolerance (ET) was quantified (<10 or ≥10 METs)

nd whose CAC score was ≥100 as measured by electron beam tomography. During 3.5 years of follow-up 59 CHD events occurred. The
ge-adjusted hazard ratio (HR) of CHD events was 0.26 (95% CI = 0.15–0.45) in men whose ET was ≥10 METs compared with men whose
T was <10 METs. Adjustment for CHD risk factors and abnormal exercise ECG did not change the association between ET and CHD. The

xtent of underlying atherosclerosis did not influence the association between ET and CHD; for example, the HR for CHD events in the
10 MET group among men with CAC scores <400 and ≥400 was 0.16 (95% CI = 0.05–0.56) and 0.23 (95% CI = 0.11–0.46), respectively.

n asymptomatic men with subclinical coronary atherosclerosis, an ET of ≥10 METs identifies patients at lower risk for manifest CHD.
2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Coronary artery calcium (CAC), measured by electron
eam tomography (EBT), is directly associated with the num-
er and severity of diseased vessels and is recognized as a
oninvasive measure of subclinical coronary atherosclero-
is [1]. CAC scores predict CHD events in asymptomatic

ndividuals [2–5], although a consensus on clinically rele-
ant levels of CAC is lacking [1]. Extant data [2,3] sug-
est that a sharp increase in CHD event rates occurs at a
AC score of ∼100. In our study [5], the relative risk of

∗ Corresponding author. Tel.: +1 972 341 3200; fax: +1 972 341 3225.
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oronary death and nonfatal myocardial infarction (MI) is
.9 (P < 0.05) and 19.1 (P < 0.0001) in men whose CAC
core was 1–99 and ≥100, respectively, compared to men
ith no detectable CAC. These data and other published
bservations suggest that a CAC score of 100 may define
clinically relevant level of subclinical disease and identify

ndividuals who should receive intensive primary prevention
herapy.

Higher levels of exercise tolerance are associated with
ower risk of CHD events in individuals with established dis-
ase, independent of traditional risk factors [6–13]. In patients

ith clinical manifestations of CHD, an exercise toler-

nce of ∼10 metabolic equivalents (METs, 1 MET = resting
etabolic rate = 3.5 mL O2 uptake·kg−1·min−1) is associated
ith significantly lower CHD morbidity and mortality than
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s observed in individuals with lower exercise tolerance,
rrespective of the underlying extent of CHD or ischemic
equelae [10–13].

Recent cross-sectional studies in symptomatic individu-
ls referred for cardiac assessment indicate that EBT-derived
AC scores combined with either ischemic exercise ECG

esponses or myocardial perfusion defects may provide supe-
ior diagnostic accuracy for identifying significant obstruc-
ive coronary artery disease than the CAC scores or exercise
est responses alone [14–16]. The focus of these studies was
n the diagnostic rather than the prognostic use of EBT and
xercise test responses. It is not known whether quantify-
ng exercise tolerance provides prognostic value for CHD
isk prediction in asymptomatic individuals with evidence of
ubclinical atherosclerotic coronary disease. Therefore, the
urrent study was undertaken to test the hypothesis that higher
xercise tolerance would be associated with a lower incidence
f CHD events in asymptomatic individuals with significant
ubclinical coronary atherosclerosis based on the presence of
AC scores ≥100.

. Methods

Participants were 710 men in the Aerobics Center Longi-
udinal Study who were asymptomatic, free of known CHD,
nd had an EBT-derived CAC score ≥100. EBT scans were
ompleted at the Cooper Clinic, Dallas, TX, during the period
995–2001 as part of a comprehensive preventive medical
xamination (∼50%), or on the basis of physician (∼30%) or
elf-referral (∼20%). The study methods have been described
n detail elsewhere [5,6,17]. Body mass index (BMI, kg/m2)
as computed from measured height and weight. Resting
lood pressure was determined with standard auscultation
ethods. Blood lipids and glucose were measured following
12-h fast using standardized bioassays. Prevalent hyper-

ension, diabetes, and dyslipidemia were determined by
linical definitions for blood pressure (≥140/≥90 mmHg),
lucose (≥126 mg/dL), and abnormal lipids (total choles-
erol ≥240 mg/dL or triglyceride ≥200 mg/dL, or HDL
40 mg/dL), respectively. A self-reported history of physi-
ian diagnosis of these conditions also was used to identify
he presence of each risk factor. Based on medical record
eview, a sensitivity and specificity of 98% and 99%, respec-
ively, has previously been shown for the self-reported history
f chronic disease in the overall population from which the
articipants in the current study were drawn [18]. Current
moking status (yes/no) was self-reported as any cigarette
moking at the time of baseline examination. MET levels of
xercise tolerance (<10 or ≥10 METs) were estimated from
he final speed and grade [19] of a maximal treadmill exer-
ise test using a modified Balke protocol [6]. Patients began

alking at 3.3 mph (88 m/min) with no elevation. The incline
as increased to 2% after the first minute, and was increased
% each minute thereafter until the 25th minute. For par-
icipants who were still able to exercise beyond 25 min, the
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levation was maintained at 25%, and the speed was increased
y 0.2 mph (5.4 m/min) each minute until volitional exhaus-
ion. A 12-lead electrocardiogram and blood pressure was

onitored throughout the test and recovery period. Partici-
ants were verbally encouraged to achieve a maximal effort.
e used a 10-MET exercise tolerance cut-point because this

alue has been shown to discriminate degrees of prognosis
n men with clinically manifest CHD [7,10,11,13], it approx-
mates the median level of exercise tolerance in the study
ample, and because it resulted in an adequate distribution of
vents in the exposed and unexposed groups for analysis.
sing an Imatron EBT scanner (GE Imatron, San Fran-

isco, CA), 3-mm thick slices were obtained with 2-mm table
3 × 2) increments that were synchronized to end-diastole
n the cardiac cycle during a breath-holding protocol. The
AC score was calculated according to the Agatston method

17,20]. CHD events were defined as coronary death, nonfa-
al MI, and coronary revascularization (PCI, CABG). Deaths
ere identified using the National Death Index; CHD mor-

ality was defined using the International Classification of
iseases, 9th edition revised, codes 410.0–414.0. Nonfatal
I and revascularization history were ascertained from a
ail-back questionnaire to which a 70% response rate was

btained. Respondents and nonrespondents were similar on
aseline CHD risk factors and CAC scores. In the larger study
rom which the current sample is drawn, 99 of the CHD
vents have been adjudicated using medical record review
y investigators blinded to the EBT results. A total of 95% of
vents were verified as reported. Of the misreported events,
hree were cardiac catheterizations without revascularization
nd two were peripheral revascularization procedures. Of the
djudicated events, all of the CHD deaths and MIs were con-
rmed.

The distribution of CAC scores was skewed; therefore,
og transformed scores were used for analyses. Student’s
-tests and the Wilcoxon test were used to compare contin-
ous variables [21]. Chi-square tests were used to compare
ategorical variables [21]. Person-years of exposure were cal-
ulated from the date of EBT scanning to the date of death,
he date of an event reported on the mail-back survey, or
ecember 31, 2001. Incidence rates were computed as the
umber of cases divided by person-years of exposure. Cox
roportional hazards regression [22] was used to quantify
he strength of association between exercise tolerance and
HD events. Hazard ratios (HR) and 95% confidence inter-
als (CI) were computed for CHD events according to CAC
cores and exercise tolerance. Likelihood ratio tests [21] were
sed to determine whether exercise tolerance added to CHD
isk prediction beyond CAC scores. The Likelihood ratio
est compares the likelihood of an observed outcome from

simpler model (e.g., CAC alone) with that from a more
omplex model (e.g., CAC plus exercise tolerance), and it is

ased on a chi-square distribution with degrees of freedom
qual to the number of additional parameters in the complex
odel. P-values are two-sided with statistical significance set

t P < 0.05.
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Table 1
Baseline characteristics by event status at follow-up (mean ± S.D.)

Characteristic CHD No CHD

N 59 651
Age (year) 58.9 ± 8.8 58.3 ± 8.4
BMI (kg/m2) 28.0 ± 4.3 26.7 ± 3.5
Maximal METs 9.5 ± 2.3* 10.9 ± 2.2
CAC scores (median) 708* 306
Dyslipidemia (%) 72.9* 58.8
Hypertension (%) 61.0 48.4
Diabetes (%) 10.2 6.9
Current smoker (%) 15.3 10.6
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men with a CAC < 400 (15 events) the HR for CHD events in
MI, body mass index; CAC, coronary artery calcium.
* P < 0.05.

. Results

During a mean ± S.D. follow-up of 3.5 ± 1.4 years and
280 person-years of exposure, 59 CHD-related events
ccurred (1 CHD death, 11 nonfatal MIs, and 47 revascu-
arizations). Men who developed manifest CHD had a higher
revalence of CHD risk factors and a lower exercise tolerance
t baseline than men who remained event free (Table 1). Base-
ine CAC scores were higher (P < 0.001) in CHD cases than
mong event-free men. Sixty-two percent of study partici-
ants had an exercise tolerance of ≥10 METs (Table 2). Men
n both groups were similar in age and smoking status, but
he prevalence of the other CHD risk factors was significantly
igher in men in the <10-MET group compared with ≥10-
ET group. Median CAC scores were higher though not

ignificantly different in the <10-MET group (CAC = 396)
ompared with the ≥10-MET group (CAC = 298, p = 0.21).

We used Cox regression to compute multivariable adjusted
oint and interval estimates of association for CAC and exer-
ise tolerance with CHD events (Table 3). After adjusting
or age, each 100-unit increase in CAC was, on average,
ssociated with a 3.1% (95% CI = 1.3–5.2%) higher risk
f CHD events. CAC remained a significant predictor of

HD events after including CHD risk factors and maximal
ETs in the regression model. Likewise, exercise toler-

nce was significantly associated with the incidence of CHD

able 2
aseline characteristics by exercise tolerance (mean ± S.D.)

haracteristic <10 METs ≥10 METs

265 445
ge (year) 57.7 ± 8.8 58.7 ± 8.1
MI (kg/m2) 28.8 ± 4.3* 26.3 ± 2.9
aximal METs 8.5 ± 1.4* 12.2 ± 1.6
AC scores (median) 396.3 298.6
yslipidemia (%) 70.5* 53.7
ypertension (%) 58.9* 43.8
iabetes (%) 13.9* 4.9
urrent smoker (%) 14.7* 6.9

MI, body mass index; CAC, coronary artery calcium.
* P < 0.05.
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vents. After adjusting for age, each 1-MET increment in
xercise tolerance was, on average, associated with a 31%
95% CI = 39–22%) lower risk of CHD events. Additional
djustment for CHD risk factors and CAC scores had little
nfluence on the inverse association between exercise toler-
nce and CHD risk. In regression models that included age
nd CHD risk factors, maximal METs added significantly to
HD event prediction based on CAC scores alone (Likeli-
ood ratiod.f. = 1 = 27.9, P < 0.001).

We next examined the association between CHD risk and a
linically relevant definition of exercise tolerance (<10 METs
ersus ≥10 METs). The age-adjusted event rate was lower
P < 0.001) in men whose exercise tolerance was ≥10 METs
14.1 per 1000 person-years) compared to that in men whose
xercise tolerance was <10 METs (48.2 per 1000 person-
ears). The age-adjusted risk of CHD events was 74% lower
95% CI = 55–85%, P < 0.001) for men in the ≥10-MET
roup compared to that in men in the <10-MET group
Table 4). As was seen in the analysis of METs as a con-
inuous variable, adjustment for CHD risk factors and CAC
cores had little effect on the strength of association between
xercise tolerance and CHD events. In a subset of men for
hom exercise ECG data was available for analysis (n = 635;
4 CHD cases), the presence of an abnormal ECG response
lso did not materially change the multivariable association
etween exercise tolerance and CHD risk (RR = 0.36, 95%
I = 0.19–0.67). The influence of BMI was examined in 565
en (48 CHD cases) and similarly did not weaken the associ-

tion between exercise tolerance and CHD events (HR = 0.25,
5% CI = 0.13–0.50).

To determine whether the amount of detectable CAC, and
hus the severity of subclinical atherosclerotic coronary dis-
ase, influences the association between exercise tolerance
nd CHD events, an additional analysis was performed using
CAC cut-point of 400 [1,23]. The severity of the under-

ying atherosclerosis did not alter the significant protective
ssociation between exercise tolerance and CHD events. In
he ≥10-MET group was 0.16 (95% CI = 0.05–0.56) and 0.23
95% CI = 0.11–0.46) in men with CAC ≥ 400 (44 events).

able 3
isk of CHD events for coronary artery calcium scores and for maximal
ET levels of exercise tolerance

HRa 95% CI P-value

AC (per 100 units) 1.03 1.01–1.05 <0.001
Adjusted for CHD risk factors 1.04 1.02–1.06 <0.001
Adjusted for above and maximal METs 1.02 1.01–1.05 0.01

aximal METs (per 1 MET) 0.69 0.61–0.78 <0.001
Adjusted for CHD risk factors 0.69 0.61–0.79 <0.001
Adjusted for above and CAC 0.70 0.61–0.80 <0.001

R, hazard ratio; CI, confidence interval; CHD, coronary heart disease;
ET, metabolic equivalent (1 MET = 3.5 mL O2 uptake·kg−1·min−1); CAC,

oronary artery calcium score. CHD risk factors were smoking, hyperten-
ion, dyslipidemia, and diabetes.
a All models are adjusted for age.
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Table 4
Risk of CHD events by exercise tolerance

Exercise tolerance N (events) Person-years HRa (95% CI) HRb (95% CI) HRc (95% CI)

<10 METs 265 (38) 787 1.0 referent 1.0 referent 1.0 referent
≥10 METs 445 (21) 1490 0.26 (0.15–0.45) 0.30 (0.17–0.53) 0.27 (0.15–0.50)

HR, hazard ratio; CI, confidence interval; CHD, coronary heart disease; MET, metabolic equivalent (1 MET = 3.5 mL O2 uptake kg−1 min−1); CAC, coronary
artery calcium score.

a Adjusted for age.
b
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Adjusted for age, smoking, dyslipidemia, diabetes, and hypertension.
c Adjusted for covariables above and CAC scores.

. Discussion

These prospective data indicate that in asymptomatic men
ith subclinical coronary atherosclerosis, CAC scores and
aximal exercise tolerance are both significant independent

redictors of CHD events after adjustment for age and con-
entional CHD risk factors. Furthermore, maximal MET
evels of exercise tolerance add significant prognostic infor-

ation to CAC scores, and an exercise tolerance≥10 METs is
ssociated with lower risk for CHD-related events, indepen-
ent of CHD risk factors, abnormal exercise ECG responses,
nd CAC scores. The cardioprotection associated with a ≥10-
ET exercise tolerance was also observed among study par-

icipants who had evidence of greater subclinical atheroscle-
osis (CAC scores ≥400).

Observational data from our study [5] and others [2–4]
uggest that CAC scores, particularly CAC ≥ 100, can be
sed to identify asymptomatic adults at risk for future CHD
vents. The findings reported herein indicate that even in
en with CAC scores ≥100, incremental CAC scores were

ssociated with significant increased risk of incident CHD
vents after accounting for conventional CHD risk factors and
xercise tolerance. Cross-sectional studies have suggested
hat exercise test responses combined with EBT-derived
AC scores may enhance the identification of significant
bstructive coronary artery disease in symptomatic individ-
als referred for cardiovascular assessment [14–16]. Our
rospective findings suggested that in asymptomatic men
ith evidence of subclinical atherosclerosis, maximal exer-

ise tolerance added significantly to the prediction of CHD
vents based on CAC scores and conventional CHD risk fac-
ors. To our knowledge this is the first epidemiological study
o demonstrate that maximal exercise tolerance adds prog-
ostic value to CAC scores in identifying asymptomatic men
t risk for incident CHD events.

Exercise tolerance is among the most powerful predic-
ors of CHD events in patients with coronary artery disease
7–13]. The finding that a ≥10-MET exercise tolerance is
ssociated with a lower rate of CHD-related events in men
ith documented subclinical atherosclerosis is similar to

bservations in individuals with clinically manifest coronary
isease [7,10–13]. For example, in coronary patients with
bnormal echocardiograms, McCully et al. [13] reported a
0% 5-year event-free survival rate among coronary patients

f
c
i
e

ith a ≥10-MET exercise tolerance. Even in patients with
ighly ischemic exercise electrocardiograms, Thompson et
l. [12] observed an 86% lower likelihood of death or MI
n patients with a ≥10-MET exercise tolerance compared to
hose who exercised <7 METs. In men with multivessel CHD
nd low left ventricular ejection fraction, De Feyter et al. [10]
howed that a ≥10-MET exercise tolerance was associated
ith no cardiac deaths and a 2% recurrent MI rate compared

o rates of 9% and 9%, respectively, in patients whose exercise
olerance was <10 METs. Finally, Weiner et al. [11] reported
hat surgical intervention did not provide additional survival
enefit over medical therapy in patients with an exercise toler-
nce of ≥10 METs, but greatly improved survival in patients
hose exercise tolerance was <5 METs. It is clear from the

vailable data that a ≥10-MET exercise tolerance identifies
ndividuals with a greatly improved prognosis in a secondary
revention setting.

The present study extends these previous findings to
symptomatic men at high risk for coronary events based
n elevated CAC by demonstrating an improved prognosis
ssociated with a ≥10-MET exercise tolerance. The overall
vent rate in this cohort of men with CAC scores ≥100 was
.3% per year, which suggests a relatively high CHD risk
tatus by conventional standards [24]. Men with an exercise
olerance ≥10-METs had an annualized event rate of 1.3%,
onsistent with low to intermediate CHD risk; whereas the
vent rate was 4.1% per year in men with a <10-MET exer-
ise tolerance, consistent with a high CHD risk status [24].
ur observations suggest that in individuals with subclinical

oronary atherosclerosis, based on the presence of CAC, pro-
oting higher exercise tolerance may reduce the future risk

f experiencing a CHD-related event.
Strengths of this study are use of CAC scores derived

rom standardized EBT methodology, assessment of exer-
ise tolerance by maximal exercise testing, measured clin-
cal risk factors, and >2000 person-years of exposure in

sample of men free of baseline CHD. The current find-
ngs were derived from men who are Caucasian, educated,
nd of middle-to-upper socioeconomic status. Although this
ay lower generalizability, the homogeneity of demographic
actors may enhance internal validity by reducing potential
onfounding by these characteristics. Additional limitations
nclude insufficient data on medication usage and the pres-
nce of incomplete data on exercise ECG responses and BMI.
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he relatively short follow-up period resulted in only one
oronary death. Thus, the reported data largely reflect the
ssociation of exercise tolerance with the incidence of non-
atal MI and revascularizations. While these outcomes were
btained from self-reported questionnaire data, the method of
scertaining nonfatal endpoints in the current study is similar
o that used in other large studies of CAC and CHD [2–4].
evertheless, these limitations require that caution be used
hen interpreting and generalizing the observations reported
ere.

The fact that higher exercise tolerance was associated
ith fewer first MIs or cardiac revascularizations in the pres-

nce of significant subclinical coronary artery disease has
mportant clinical implications. Higher exercise tolerance in
he presence of a significant atherosclerotic burden likely
eflects better endothelial function and coronary vasomotor
eserve [25,26], and thus a relatively lesser degree of static
nd dynamic coronary obstruction. Therefore, cardiac func-
ion, as reflected by the results of symptom-limited maximal
xercise tolerance tests, appears to be an important prognostic
ndicator to consider along with the anatomical distribution
f coronary atherosclerosis determined by EBT-derived CAC
cores, whether high or low. Additional studies are needed to
escribe this relationship in women.

Since all men in this study had elevated CAC scores, the
igher number of revascularizations cannot be simply refer-
al bias stimulated by the CAC measurement itself. It is also
nlikely that the revascularizations were a result of findings
uring the baseline exercise tolerance test. The median time
o revascularization was 1.5 years among all men, 11 months
mong men in the <10-MET group (31 revascularizations),
nd 1.9 years among men in the ≥10-MET group (16 revas-
ularizations). Only 8% of all revascularizations occurred
ithin 2 months of the baseline exam. It is improbable that
en with significant evidence of high-grade obstructive coro-

ary artery disease based on the baseline exercise stress test
lone or with confirmation by nuclear imaging would have
aited a year or more for invasive intervention.
Higher exercise tolerance may also be associated with

ower levels of vascular inflammation, a marker of disease
ctivity that identifies a prothrombotic milieu [27]. An inverse
ssociation between exercise tolerance and C-reactive pro-
ein, a marker of subclinical inflammation, has previously
een reported in a sample of asymptomatic men from the
verall study population from which the current sample was
rawn [28]. It is plausible that even in the presence of signifi-
ant subclinical atherosclerosis, higher levels of cardiovascu-
ar fitness attenuate CHD risk by promoting a less vulnerable
nvironment around existing coronary lesions.

The small number of events precluded the use of expanded
ET categories to examine the dose–response characteristics

etween exercise tolerance and CHD events. Use of a 10-

ET exercise tolerance cut-point may lead to the question of
hether individuals with underlying atherosclerotic coronary
isease can achieve this level of conditioning. More than 50%
f our population sample of men with CAC scores ≥100 had
osis 189 (2006) 157–162 161

n exercise tolerance of ≥10 METs at baseline. In another
tudy approximately 40% of men who were on average 60
ears old and had clinically diagnosed cardiovascular disease
ere reported to have close to and above 10-MET exercise

olerance [7]. Clinical exercise training studies [29,30] and
andomized controlled trials [31,32] have shown that men
ith established coronary artery disease can improve their
aseline level of exercise tolerance to ≥10 METs in response
o the prescribed exercise intervention. The exercise training
haracteristics used in these studies have generally been in
ccord with current recommendations on the type and dose of
hysical activity for primary and secondary CHD prevention
19,33].

We conclude that in asymptomatic men with subclini-
al coronary atherosclerosis maximal exercise tolerance may
dd additional prognostic information to EBT-derived CAC
cores for the identification of individuals at high risk of man-
festing clinical CHD events. An exercise tolerance level of
10 METs identifies patients who are at lower risk for devel-

ping clinical manifestations of CHD across a range of CAC
cores ≥100. This level of cardiovascular fitness is achievable
hrough regular, moderate-intensity aerobic physical activ-
ty [34] and may be a reasonable goal in exercise programs
ecommended for prevention of manifest CHD [33] in indi-
iduals with CAC scores ≥100.

cknowledgments

This study is supported by NIH grants AG06945 and
L62508, and by the Communities Foundation of Texas, on

ecommendation of Nancy Ann and Ray L. Hunt. We thank
r. Kenneth Cooper for establishing the Aerobics Center
ongitudinal Study, the Cooper Clinic physicians and tech-
icians for collecting the baseline data, and Melba Morrow,
.A., for editorial assistance.

eferences

[1] O’Rourke RA, Brundage BH, Froelicher VF, et al. American College of
Cardiology/American Heart Association Expert Consensus Document
on electron-beam computed tomography for the diagnosis and progno-
sis of coronary artery disease. J Am Coll Cardiol 2000;36:326–40.

[2] Arad Y, Spadaro LA, Goodman K, et al. Predictive value of electron
beam computed tomography of the coronary arteries. 19-month follow-
up of 1173 asymptomatic subjects. Circulation 1996;93:1951–3.

[3] Raggi P, Callister TQ, Cooil B, et al. Identification of patients at
increased risk of first unheralded acute myocardial infarction by
electron-beam computed tomography. Circulation 2000;101:850–5.

[4] Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC. Coro-
nary artery calcium score combined with Framingham score for risk
prediction in asymptomatic individuals. JAMA 2004;291:210–5.

[5] LaMonte MJ, FitzGerald SJ, Church TS, et al. Coronary artery calcium

score and coronary heart disease events in a large cohort of asymp-
tomatic men and women. Am J Epidemiol 2005;162:421–9.

[6] Blair SN, Kampert JB, Kohl HW, et al. Influences of cardiorespiratory
fitness and other precursors on cardiovascular disease and all-cause
mortality in men and women. JAMA 1996;276:205–10.



1 roscler

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

62 M.J. LaMonte et al. / Athe

[7] Myers J, Prakash M, Froelicher V, et al. Exercise capacity and
mortality among men referred for exercise testing. N Engl J Med
2002;346:793–801.

[8] Kavanagh T, Mertens DJ, Hamm LF, et al. Prediction of long-term
prognosis in 12 169 men referred for cardiac rehabilitation. Circulation
2002;106:666–71.

[9] Elhendy A, Mahoney DW, McCully RB, et al. Use of a scoring model
combining clinical, exercise test, and echocardiographic data to predict
mortality in patients with known or suspected coronary artery disease.
Am J Cardiol 2004;93:1223–8.

10] De Feyter PJ, van Eenige MJ, Dighton DH, et al. Prognostic value of
exercise testing, coronary angiography and left 17ventriculography 6–8
weeks after myocardial infarction. Circulation 1982;66:527–36.

11] Weiner DA, Ryan TJ, Parsons L, et al. Long-term prognostic value of
exercise testing in men and women from the Coronary Artery Surgery
Study (CASS) registry. Am J Cardiol 1995;75:865–70.

12] Thompson CA, Jabbour S, Goldberg RJ, et al. Exercise performance-
based outcomes of medically treated patients with coronary artery
disease and profound ST segment depression. J Am Coll Cardiol
2000;36:2140–5.

13] McCully RB, Roger VL, Mahoney DW, et al. Outcome after abnormal
exercise echocardiography for patients with good exercise capacity:
prognostic importance of the extent and severity of exercise-related
left ventricular dysfunction. J Am Coll Cardiol 2002;39:1345–52.

14] LaMont DH, Budoff MJ, Shavelle DM, et al. Coronary calcium scan-
ning adds incremental value to patients with positive stress tests. Am
Heart J 2002;143:861–7.

15] Shavelle DM, Budoff MJ, LaMont DH, et al. Exercise testing and elec-
tron beam computed tomography in the evaluation of coronary artery
disease. J Am Coll Cardiol 2000;36:32–8.

16] Berman DS, Wong ND, Gransar H, et al. Relationship between stress-
induced myocardial ischemia and atherosclerosis measured by coronary
calcium tomography. J Am Coll Cardiol 2004;44:923–30.

17] Cheng YJ, Church TS, Kimball TE, et al. Comparison of coronary
artery calcium detected by electron beam tomography in patients with
to those without symptomatic coronary heart disease. Am J Cardiol
2003;92:498–503.

18] Blair SN, Goodyear NN, Gibbons LW, Cooper KH. Physical fitness and
incidence of hypertension in healthy normotensive men and women.
JAMA 1984;252:487–90.

19] American College of Sports Medicine. In: Franklin BA, Whaley MH,
Howley ET, editors. ACSM’s guidelines for exercise testing and pre-

scription. 6th ed. Philadelphia, PA: Lippincott Williams & Wilkins;
2000.

20] Agatston AS, Janowitz WR, Hildner FJ, et al. Quantification of coronary
artery calcium using ultrafast computed tomography. J Am Coll Cardiol
1990;15:827–32.

[

osis 189 (2006) 157–162

21] Rothman KJ. Greenland S. Modern epidemiology. 2nd ed. Philadelphia,
PA: Lippincott-Raven Publishers; 1998.

22] Cox DR. Regression models and life tables (with discussion). J Royal
Stat Soc Ser B 1972;34:187–220.

23] Rumberger JA, Brundage BH, Rader DJ, Kondos G. Electron
beam computed tomographic coronary calcium scanning: a review
and guidelines for use in asymptomatic persons. Mayo Clin Proc
1999;74:243–52.

24] Grundy SM, Pasternak R, Greenland P, Smith Jr S, Fuster V. Assess-
ment of cardiovascular risk by use of multiple-risk-factor assessment
equations: a statement for healthcare professionals from the American
Heart Association and the American College of Cardiology. Circulation
1999;100:1481–92.

25] Hambrecht R, Wolf A, Gielen S, et al. Effect of exercise on coronary
endothelial function in patients with coronary artery disease. N Engl J
Med 2000;342:454–60.

26] Hambrecht R, Walther C, Mobius-Winkler S, et al. Percutaneous
coronary angioplasty compared with exercise training in patients
with stable coronary artery disease: a randomized trial. Circulation
2004;109:1371–8.

27] Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis. Cir-
culation 2002;105:1135–43.

28] Church TS, Barlow CE, Earnest CP, Kampert JB, Priest EL, Blair SN.
Associations between cardiorespiratory fitness and C-reactive protein
in men. Arterioscler Thromb Vasc Biol 2002;22:1869–76.

29] Ehsani AA, Martin III WH, Heath GW, Coyle EF. Cardiac effects of
prolonged and intense exercise training in patients with coronary artery
disease. Am J Cardiol 1982;50:246–54.

30] DeBusk RF, Houston N, Haskell W, Fry G, Parker M. Exercise train-
ing soon after myocardial infarction. Am J Cardiol 1979;44:1223–
9.

31] Naughton J. The National Exercise and Heart Disease Project. The
pre-randomization exercise program. Report number 2. Cardiology
1978;63:352–67.

32] Froelicher V, Jensen D, Genter F, et al. A randomized trial of
exercise training in patients with coronary heart disease. JAMA
1984;252:1291–7.

33] Thompson PD, Buchner D, Pina IL, et al. Exercise and physical activ-
ity in the prevention and treatment of atherosclerotic cardiovascular
disease: a statement from the Council on Clinical Cardiology (Subcom-
mittee on Exercise, Rehabilitation, and Prevention) and the Council on
Nutrition, Physical Activity, and Metabolism (Subcommittee on Phys-

ical Activity). Circulation 2003;107:3109–16.

34] Stofan JR, DiPietro L, Davis D, Kohl III HW, Blair SN. Physical activity
patterns associated with cardiorespiratory fitness and reduced mor-
tality: the Aerobics Center Longitudinal Study. Am J Public Health
1998;88:1807–13.


	Coronary artery calcium, exercise tolerance, and CHD events in asymptomatic men
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References


