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Abstract

The impact of baseline exercise capacity on clinical outcomes in patients with stable ischemic 

heart disease randomized to an initial strategy of optimal medical therapy (OMT) with or without 

percutaneous coronary intervention (PCI) in the Clinical Outcomes Utilizing Revascularization 

and Aggressive Drug Evaluation (COURAGE) trial has not been studied. A post hoc analysis was 

performed in 1,052 patients of COURAGE (PCI + OMT: n = 527, OMT: n = 525) who underwent 

exercise treadmill testing at baseline. Patients were categorized into 2 exercise capacity groups 

based on metabolic equivalents (METs) achieved during baseline exercise treadmill testing (<7 

METs: n = 464, ≥7 METs: n = 588) and were followed for a median of 4.6 years. The primary 

composite end point of death or myocardial infarction was similar in the PCI + OMT group and 

the OMT group for patients with exercise capacity <7 METs (19.1% vs 16.1%, p = 0.31) and ≥7 

METs (13.3% vs 10.3%, p = 0.27). After adjusting for baseline covariates, the hazard ratio (99% 

confidence interval) for the primary end point for the PCI + OMT group versus the OMT group 

was 1.42 (0.90 to 2.23, p = 0.05) and for the exercise capacity subgroups of ≥7 METs and <7 
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METs was 0.75 (0.46 to 1.22, p = 0.13). There was no statistically significant interaction between 

the original treatment arm allocation (PCI + OMT vs OMT) and baseline exercise capacity. In 

conclusion, there was no difference in the long-term clinical outcomes in patients with exercise 

capacity <7 METs compared with ≥7 METs, irrespective of whether they were assigned to initial 

PCI. Patients with exercise capacity <7 METs did not derive a proportionately greater clinical 

benefit from PCI + OMT compared with those patients who received OMT alone. Published by 

Elsevier Inc. (Am J Cardiol 2015;116:1509–1515)

In patients with coronary artery disease (CAD), exercise capacity, expressed as metabolic 

equivalents (METs; 1 MET = 3.5 ml/O2/kg/min at rest), is an inverse independent predictor 

of cardiovascular events, irrespective of age, sex, and race.1–8 In the Coronary Artery 

Surgery Study registry, in patients with 3-vessel CAD, only those who could not achieve >7 

METs on a Bruce protocol exhibited better survival with coronary artery bypass surgery than 

with medical therapy alone, suggesting that exercise testing identified a subgroup of high-

risk patients for whom surgery was the superior option.9 In the Clinical Outcomes Utilizing 

Revascularization and Aggressive Drug Evaluation (COURAGE) trial, there was no 

difference in the composite end point of death or myocardial infarction in patients with 

stable ischemic heart disease randomized to optimal medical therapy (OMT) alone or 

percutaneous coronary intervention (PCI) + OMT.10 The COURAGE trial provides an 

opportunity to explore the relation between baseline exercise capacity and long-term clinical 

outcomes. We therefore evaluated the effect of baseline exercise capacity achieved during 

exercise treadmill testing in patients of COURAGE trial randomized to PCI + OMT or OMT 

alone. We hypothesized that, compared to patients with exercise capacity ≥7 METs, those 

with exercise capacity <7 METs would have a higher rate of cardiac events, and hence, will 

derive greater benefit from an initial strategy of PCI + OMT than from OMT alone.

Methods

The rationale, design, methods, baseline characteristics, and results of the COURAGE trial 

(Clinical Trials no. NCT00007657) have been described previously.10–12 Enrollment 

required a stenosis of ≥70% in at least 1 major epicardial coronary artery on coronary 

angiography with objective evidence at baseline of myocardial ischemia or at least 1 

coronary stenosis of ≥80% and classic angina in the absence of objective evidence of 

myocardial ischemia. Patients were excluded if they developed significant ST-segment 

depression (≥1.5 mm) or hypotension during stage 1 of a Bruce protocol, findings of which 

would be consistent with a “markedly positive” test for which angiography and 

revascularization were likely. Because this post hoc analysis sought to assess the relation 

between exercise capacity and outcomes, patients who were unable to exercise and who 

underwent pharmacologic stress myocardial perfusion imaging or dobutamine stress 

echocardiography or qualified for the trial with baseline ischemic ST-segment deviation on 

the resting electrocardiogram were excluded.

Of the 2,287 trial patients, 1,052 (46%) underwent baseline exercise treadmill testing before 

randomization, of whom 527 subsequently received PCI + OMT and 525 received OMT 

alone. Of this subgroup, 452 (43%) underwent standard exercise treadmill test with 12-lead 
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electrocardiogram, 542 (51.5%) underwent exercise myocardial perfusion imaging, and 58 

(5.5%) underwent exercise echocardiography. Patients were further categorized into 2 

exercise capacity subgroups on the basis of the METs achieved during the exercise treadmill 

test (either <7 METs or ≥7 METs). The derivation of the study cohort is shown in Figure 1. 

The primary outcome measure was a composite of all-cause death or nonfatal myocardial 

infarction (the COURAGE trial primary endpoint) during a median follow-up of 4.6 

years(range 2.5to 7 years) after randomization.

Exercise stress testing was performed in conformity with American College of Cardiology 

and American Heart Association guidelines.13 As per the trial protocol, the decision to 

perform treadmill exercise stress versus pharmacologic stress testing was at the discretion of 

the site principal investigators based on the clinical assessment of physical and functional 

status of patients. The use of nitrates and/or β-adrenergic blocking agents before exercise 

stress testing was discouraged by trial protocol.

Symptom-limited exercise treadmill testing used the standard Bruce protocol in patients who 

reported no limitations in their functional capacity at baseline. In patients with limited 

functional capacity, the modified Bruce, Naughton, or Balke protocols were used. Exercise 

duration, heart rate, blood pressure, functional capacity, and electrocardiographic response 

to exercise were recorded. Ischemic ST-segment depression was defined as >1-mm ST-

segment deviation from baseline, ≥80 msec after the J-point. Exercise capacity was 

estimated from exercise workload achieved using a standard formula: ml/kg/min = (mph × 

2.68) + (1.8 × 26.82 × mph × grade/100) ÷ 3.5.14 Exercise capacity was expressed as METs, 

which was calculated by dividing the estimated peak oxygen consumption (ml/kg/min) by 

3.5 ml/kg/min (oxygen consumption at rest).

Continuous variables were presented as a mean ± standard deviation and compared by use of 

the Student t test. Dichotomous variables were presented as percentages and compared by 

use of the chi-square test or the Wilcoxon rank-sum test. Cumulative event-free survival 

curves were calculated by the Kaplan–Meier method, and the primary efficacy of PCI + 

OMT, compared with OMT alone, was assessed by the stratified log-rank statistic. Because 

of the post hoc nature of this analysis, a more rigorous estimate of the treatment effect was 

used, with a 99% confidence interval (CI) instead of a 95% CI surrounding the hazard ratio 

(HR) for the Cox proportional hazards model, with a p value for significance at <0.01. The 

effects in the Cox regressions were also adjusted for age, sex, body mass index, family 

history of CAD, angina, systolic blood pressure, and diastolic blood pressure. All statistical 

analyses were performed using SAS 9.3.

Results

Baseline characteristics according to METs achieved are summarized in Table 1. In 

comparison to patients with exercise capacity ≥7 METS, those with <7 METs were older, 

more often women, less likely to have a family history of CAD, and had a significantly 

greater resting systolic and lower diastolic blood pressure. They were also more likely to 

have Canadian Cardiovascular Class II or III angina and more likely to have received 

calcium channel blockers. In patients with either ≥7 METs or <7 METs, there were no other 
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statistically significant differences in the baseline characteristics and angiographic data 

between the treatment groups (PCI + OMT vs OMT alone; Table 1).

Table 2 provides the baseline exercise treadmill test characteristics of the study cohort. In 

patients with either <7 METs or ≥7 METs, there was no significant difference in the mean 

exercise duration and ischemic ST-segment depression between the PCI + OMT group and 

the OMT group. In patients who achieved ≥7 METs, the mean METs achieved was 

statistically greater in the patients randomized to PCI + OMT compared with OMT alone.

During follow-up, a total of 58 patients died, and 108 patients sustained a nonfatal 

myocardial infarction. The event rates for the exercise capacity subgroups by randomized 

treatment assignment are provided in Table 3. In patients with exercise capacity <7 METs, 

there was no difference in the primary end point between patients assigned to PCI + OMT 

versus OMT alone (19.1% vs 16.1%, p = 0.31). In patients with exercise capacity ≥7 METs, 

those assigned to PCI + OMT, despite achieving a higher mean MET level, had numerically 

more primary end points than those with OMT alone (13.3% vs 10.3%, p = 0.27). Overall, 

67 patients in the OMT group crossed over to the PCI group in the first year after 

randomization, 27 (12%) in the <7 METs group, and 40 (13%) in the ≥7 METs group. There 

was no significant difference in the Kaplan–Meier cumulative event-free survival curves in 

patients with METs ≥7 and METs <7 by randomized treatment assignment (Figures 2 and 

3).

Table 4 provides the results of multivariate Cox models for death, myocardial infarction, and 

death or myocardial infarction for the overall cohort stratified by exercise capacity and 

treatment assignment. After adjustment for the previously mentioned covariates, HR (99% 

CI) for the primary outcome of death or myocardial infarction for the PCI + OMT versus the 

OMT group was 1.42 (0.90 to 2.23, p = 0.05) and for exercise capacity subgroups of ≥7 

METs and <7 METs was 0.75 (0.46 to 1.22, p = 0.13). The adjusted results for models with 

death and myocardial infarction as the outcomes were not different for the PCI + OMT 

group versus the OMT group and exercise capacity subgroups. The interaction between 

treatment assignment and exercise capacity achieved was not significant in any of the 

statistical analyses. When METs were used as a continuous variable, the adjusted HR (99% 

CI) for the primary outcome for the PCI + OMT versus the OMT group was 1.44 (0.92 to 

2.27, p = 0.04). Similarly, the adjusted HR for METs as a continuous variable was 0.91 (0.83 

to 1.01, p = 0.02). The interaction between treatment assignment and METs as a continuous 

variable was not significant.

To further examine the impact of even more reduced levels of baseline exercise capacity on 

outcomes, we performed a separate analysis using 5 METs as an alternative cut-point to 

better define those patients with the lowest exercise capacity. Of the 1,052 patients, only 170 

(16%) patients achieved <5 METs, of whom 91 patients were randomized to PCI + OMT 

and 79 patients to OMT alone. The primary composite end point occurred in 16 patients who 

received PCI + OMT compared with 14 patients assigned to OMT alone (18% vs 16%, HR 

1.06, 99% CI 0.41 to 2.71, p = 0.88).
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Discussion

The principal finding of this post hoc analysis is that there was no difference in the primary 

outcome of death or myocardial infarction in patients with impaired exercise capacity (<7 

METs) compared with intact exercise capacity (≥7 METs), irrespective of the initial 

treatment strategy of PCI + OMT versus OMT alone during a 2.5- to 7-year follow-up. 

Patients with exercise capacity <7 METs did not derive a proportionately greater clinical 

benefit from PCI + OMT compared with those patients who received OMT alone.

Multiple previous studies have reported exercise capacity to be a strong independent 

predictor of survival in patients with CAD, with better outcomes in patients achieving a 

higher aerobic workload.1–8 These studies used various MET cut-points to classify patients 

at increased risk for cardiac events.3 In an attempt to identify the age-specific exercise 

capacity threshold for mortality risk assessment, a recent study by Kokkinos et al15 found 

that in men within the age group of 60 to 69 years, the peak MET level of 6 to 7 was not 

associated with an increase in mortality risk (HR 1.0). In the present study, mean age of the 

entire cohort was 61.4 years at baseline and 85% were men, and therefore, the use of a MET 

cut point of <7 versus ≥7 was chosen based on this report.

In the Coronary Artery Surgery Study registry, patients who reached ≤stage 2 on the Bruce 

protocol (≤7 METs) had significantly better survival with coronary artery bypass grafting 

than medical therapy alone.9 However, in the present study, there was no evidence to suggest 

an incremental clinical benefit from adding revascularization with PCI to OMT in patients 

with lower exercise capacity, when defined as less than 5 or 7 METs. These differences 

between the previous observational studies and our study could possibly be explained by 

either the mode of revascularization used (coronary artery bypass grafting vs PCI) or the 

evolution of medical therapy over the past 2 decades.

Stringent guideline-directed management strategies were used in the design and execution of 

the COURAGE trial compared with the observational cohort studies from an earlier era, 

when there were fewer options for disease-modifying pharmacotherapy and less was known 

about secondary prevention. OMT in COURAGE trial consisted of aggressive lifestyle 

modifications including smoking cessation, adoption of a healthy diet, weight loss, and 

regular aerobic exercise consisting of 30 to 45 minutes of moderate intensity activity, 5 times 

per week, with intensive medical therapy. The medical therapy used in the Coronary Artery 

Surgery Study registry9 (43% received β blockers and 60% received long-acting nitrates, 

whereas none received angiotensin-converting enzyme inhibitors/angiotensin receptor 

blockers, statins, or aspirin therapy) and in other observational trials either antedated the 

contemporary use of disease-modifying pharmacotherapies1–3,5 or was not as aggressive4,6,7 

compared to the COURAGE trial (on an average approximately 95% received aspirin, 93% 

received statins, 86% received β blockers, and 69% received angiotensin-converting enzyme 

inhibitors/angiotensin receptor blockers).10

Several previous studies have demonstrated that multiple risk factor interventions with 

aggressive lifestyle modifications including regular exercise, dietary interventions, and 

intensive lipid-lowering therapy with statins not only slows the progression of CAD but also 
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may result in regression of CAD.16–21 Regular physical exercise has been shown to 

significantly improve exercise capacity and reduce myocardial ischemia by improving 

endothelium-mediated vasodilation in patients with stable CAD.17,22,23 Thus, the more 

aggressive use of OMT and intensive therapeutic lifestyle modifications may have offset the 

adverse effects of lower exercise capacity as observed in the current post hoc analysis.

These findings suggest that in stable ischemic heart disease, patients with decreased baseline 

exercise capacity, an initial strategy of multifaceted, aggressive lifestyle modifications, 

regular aerobic exercise to improve exercise capacity, and intensive medical therapy may 

decrease future cardiovascular events.

Several limitations of this post hoc analysis warrant comment. First, the present study 

comprised a modest sample size of patients who underwent exercise treadmill testing. 

Second, follow-up exercise treadmill testing was not available for all patients to assess the 

interval change in the exercise capacity in response to assigned treatment. Third, exercise 

capacity was estimated using a formula based on the speed and grade of the treadmill that 

estimates peak aerobic capacity by workload. The formula does not account for the amount 

of time doing a specific workload, and we did not measure ventilatory gas exchange, which 

is considered to be a more accurate predictor of outcomes.24,25 However, METs achieved on 

exercise treadmill testing are a more common and practical measure of exercise capacity in 

clinical practice and have been associated with clinical outcomes as well. Fourth, we used a 

cut-point of 7 METs to examine differences in outcomes in the treatment groups. To assess 

whether a further decrease in exercise capacity would affect outcomes, we did a separate 

analysis using a cut-point of 5 METs. There was no difference in clinical outcomes between 

groups of patients who achieved <5 and ≥5 METs, although the small sample size may have 

resulted in a type II error. Fifth, 67 patients in this analysis crossed over from OMT to PCI + 

OMT group, and thus, the results do not address the issue of whether PCI would be superior 

to OMT alone in patients with lower exercise capacity in the absence of crossovers. Finally, 

patients in this trial were excluded if they had baseline severe left ventricular systolic 

dysfunction (ejection fraction <30%) or had high-risk features such as significant ST 

depressions (≥1.5 mm) or hypotension during stage 1 of a standard Bruce protocol. Hence, it 

is unclear from this post hoc analysis whether such high-risk patients with impaired exercise 

capacity would derive clinical benefit from PCI in addition to OMT.
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Figure 1. 
Study cohort derivation chart. ETT = exercise treadmill testing.
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Figure 2. 
Kaplan–Meier curves for the primary end point in patients with exercise capacity ≥7 METs.
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Figure 3. 
Kaplan–Meier curves for the primary end point in patients with exercise capacity <7 METs.
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Table 3

Event rates categorized by METs achieved

Outcomes <7 METs (N=464) ≥7 METs (N=588)

PCI+OMT
(N=241)

OMT
(N=223)

PCI+OMT
(N=286)

OMT
(N=302)

*Death/MI (151 events) 46(19%) 36(16%) 38(13%) 31(10%)

Death (58 events) 18(7%) 13(6%) 11(4%) 16(5%)

MI (108 events) 32(13%) 28(13%) 29(10%) 19(6%)

METs = metabolic equivalents; MI = myocardial infarction; OMT = optimal medical therapy; PCI = percutaneous coronary intervention.

*
Some patients had MI before their subsequent death. For the primary outcome analysis of Death/MI, only the first event was included (time to first 

event). Hence, the overall Death/MI events are lesser than Death plus MI alone.
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