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Abstract

Background—Optimal management of patients with stable chest pain relies on the prognostic 
information provided by noninvasive cardiovascular testing, but there are limited data from 
randomized trials comparing anatomic with functional testing. 
Methods—In the Prospective Multicenter Imaging Study for Evaluation of Chest Pain 
(PROMISE) trial, patients with stable chest pain and intermediate pre-test probability for 
obstructive coronary artery disease (CAD) were randomized to functional testing (exercise 
electrocardiography, nuclear stress, or stress echocardiography) or coronary computed 
tomography angiography (CTA). Site-based diagnostic test reports were classified as normal or 
mildly, moderately, or severely abnormal. The primary endpoint was death, myocardial 
infarction, or unstable angina hospitalizations over a median follow-up of 26.1 months.  
Results—Both prevalence of normal test results and incidence rate of events in these patients 
were significantly lower among 4500 patients randomized to CTA compared to 4602 patients 
randomized to functional testing (33.4% vs. 78.0%, and 0.9% vs. 2.1%, respectively; both 
P<0.001). In CTA, 54.0% of events (n=74/137) occurred in patients with nonobstructive CAD 
(1-69% stenosis). Prevalence of obstructive CAD and myocardial ischemia was low (11.9% vs. 
12.7%, respectively), with both findings having similar prognostic value (hazard ratio [HR], 3.74 
[95% CI, 2.60–5.39] and 3.47 [95% CI, 2.42–4.99]. When test findings were stratified as mildly,
moderately, or severely abnormal, HRs for events as compared to normal tests increased 
proportionally for CTA (2.94, 7.67, 10.13; all P<0.001) but not for corresponding functional 
testing categories (0.94 [P=0.87], 2.65 [P=0.001], 3.88 [P<0.001]). The discriminatory ability of 
CTA in predicting events was significantly better than functional testing (c-index, 0.72 [95% CI, 
0.68–0.76] vs. 0.64 [95% CI, 0.59–0.69]; P=0.04). If 2714 patients with at least intermediate 
Framingham Risk Score (>10%) who had a normal functional test were reclassified as being 
mildly abnormal, the discriminatory capacity improved to 0.69 (95% CI, 0.64–0.74). 
Conclusions—Coronary CTA, by identifying patients at risk due to nonobstructive CAD, 
provides better prognostic information than functional testing in contemporary stable chest pain 
patients with a low burden of obstructive CAD, myocardial ischemia, and events.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier:
NCT01174550

Key Words: coronary artery disease; prognosis; diagnostic testing
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Clinical Perspective

What is new? 

This was a large (N >9000) randomized comparison of the prognostic value of anatomic 

imaging by coronary CTA with functional stress testing in patients with stable chest pain.

Contemporary chest pain populations referred for testing have a low burden of 

obstructive CAD and myocardial ischemia, and both findings have similar prognostic 

value.

Coronary CTA, by visualizing nonobstructive CAD, identifies additional at-risk patients 

and imparts better prognostic and discriminatory information than functional testing.

Consideration of the Framingham Risk Score as an accepted, global risk estimation 

significantly improves the prognostic value of functional assessment. 

What are the clinical implications?

This study provides generalizable comparative evidence on the relative prognostic value 

of the diagnostic tests most commonly used to evaluate patients with stable chest pain.

This may improve the use of this information to guide management of these patients.

Given the low prevalence of myocardial ischemia and obstructive CAD in contemporary 

chest pain populations, the detection of nonobstructive CAD identifies additional at-risk 

patients.

A normal functional test result, including information on exercise, and symptoms, has 

moderate prognostic value, and consideration of the Framingham Risk Score improves 

risk stratification.

What are the clinical implications?

This study provides generalizable comparative evidence on the relative prognostic value 

ofofo ttthehehe dddiagngnostic tests most commonly usededd to evaluate patatients with stable chest pain.

This may iimmprorooveveve tthehehe uuusesese ooof f f thhiss informam tiioon ttto o o ggguiuiidedede mmanananagagemment t t ofofof tthehehesesese patattieieientnnts.s.s

Given ththhe lolow pprevaala eene ce of mymyoocardialal iscscheeemimimiaa a anana d dd obsstrructivive CCAC D in ccononteemporrarry 
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Evaluation of chest pain is a fundamental element of cardiology patient care. On a daily basis,

many physicians experience the clinical pressures to accurately rule out obstructive coronary 

artery disease (CAD) or myocardial ischemia as a cause of chest pain, while limiting the 

performance of unnecessary diagnostic testing. This difficulty is compounded by the fact that 

presenting symptoms are often unspecific, and traditional risk factors, while associated with 

CAD and myocardial ischemia, do not alone permit accurate diagnosis in the vast majority of 

patients. Hence, knowledge about the prognostic implications of imaging-based findings is 

imperative to properly assess, prognosticate, and treat these patients. In this climate, functional 

cardiac testing (exercise electrocardiography [ECG], stress nuclear single-photon emission 

computed tomography, stress echocardiography) has been the traditional way (> 4 million 

patients each year in the United States) to assess stable outpatients with suspected but not 

previously diagnosed CAD.1,2 However, major changes in referral patterns, improvements in 

lifestyle, and preventive medical therapy over the last 40 years have contributed to decreasing 

rates of functional tests positive for myocardial ischemia,3 and lower cardiovascular event 

rates.4,5 With fewer patients demonstrating classical findings of myocardial ischemia indicating 

the need for interventional therapy, the latest American Heart Association/American College of 

Cardiology guidelines recommend stress ECG or stress imaging for patients with intermediate to 

high likelihood of CAD and emphasize the importance of prognostic assessment by 

cardiovascular imaging to predict future cardiovascular events and to guide medical therapy.6

Observational studies and registries provide ample evidence that traditional assessment 

with functional testing, especially the detection of myocardial ischemia using echocardiography 

and myocardial perfusion imaging, provides excellent prognostic value to predict future 

cardiovascular events. Historically such findings were associated with a 5-10-fold increase in 

computed tomography, stress echocardiography) has been the traditional way (> 44 mmmilililliiiononon 

patients each year in the United States) to assess stable outpatients with suspected but not 

previouslyy diagnosed CAD.1,2 However, major changes in referral patterns, improvements in 

ifestststyyyle, and prprp evevevenenentiveveve mmmedededicicicalalal tttheheherapypy over thththe laast 444000 yeyeyeararars hahaavevev  conontribbbutututededed tttooo decrcrcreaeaeasisiingngng

ateees of functiooonnan ll ttesttss posiiitititive for myoyocardiaaal ischchemmmiaiaia,333 anndd loowew r cacardrddioioiovascularara eevvent 
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risk for cardiovascular events.5,7-18 Coronary computed tomography angiography (CTA) is a 

relatively new test that enables direct and noninvasive visualization of the presence and extent of 

coronary plaque and stenosis. Consistent with previous studies in invasive coronary angiography, 

a finding of obstructive CAD in coronary CTA is associated with a significant (6-12-fold) 

increase in risk of future cardiovascular events, independent of traditional cardiovascular risk 

factors.19,20 In addition, the absence of CAD carries a nearly perfect negative predictive value 

(>99%).21-25 These data suggest that both anatomic (coronary CTA) and functional assessment 

provide excellent risk prediction for cardiovascular events. However, the number of diagnostic 

tests that are positive for myocardial ischemia or obstructive CAD is relatively low in 

contemporary practice (10-15%).3 Instead, the detection of nonobstructive CAD defined as 

coronary atherosclerosis causing between 1 and 69% luminal narrowing has emerged as a 

significant and frequent finding that while often not associated with myocardial ischemia carries 

a substantial risk for major adverse cardiovascular events (MACE) as compared to patients

without any CAD.19,26  

Moreover, a randomized comparison of the ability of anatomic and functional testing to 

correctly classify risk in symptomatic patients has not been performed. To accomplish this, we 

performed a prespecified secondary analysis of the Prospective Multicenter Imaging Study for 

Evaluation of Chest Pain (PROMISE) trial, comparing the prognostic value of an anatomic 

versus a functional testing strategy in stable symptomatic patients with suspected CAD. 

Methods

Study Design and Population

PROMISE (ClinicalTrials.gov # NCT01174550) is a pragmatic comparative effectiveness trial 

contemporary practice (10-15%).3 Instead, the detection of nonobstructive CAD dedefififinenen d d d asasas f

coronary atherosclerosis causing between 1 and 69% luminal narrowing has emerged as a 

ignificant and frequent finding that while often not associated with myocardial ischemia carries

a suubsbsbstantial riiisksksk ffforoo  mamamajojojorr adddveveversrsseee cac rdrdiovasccculuu arr eeveentntnts s s (((MAMAM CECEE) ) ) asa ccomo papaparerered d d tototo paaatitit enenentstst

withthhoouo t any CAAAD.D.D 199,266  

MoM reover, a randomized compariison off thhe ability of anatomic and functional testing to 
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that enrolled 10,003 patients at 193 sites in North America with expertise in the fields of 

cardiology, primary care, radiology, and anesthesia and representing both community practices 

and academic medical centers. Details regarding the PROMISE study population, selection 

criteria, design, and primary results have been described elsewhere.27,28 Briefly, the study 

participants were stable symptomatic outpatients without known CAD who were referred to

noninvasive cardiovascular testing for further evaluation. Local or central institutional review 

boards approved the study at the coordinating centers and each of the 193 enrolling sites in North 

America.

For this analysis we included patients who received the initial diagnostic test as 

randomized. We excluded subjects who received other tests as their first test, did not undergo 

any diagnostic test, or received non-contrast CTA only. In addition, we excluded patients whose 

test results could not be assigned to prespecified test strata due to indeterminate test results, 

including patients who underwent functional testing with exercise but achieved less than 75% of 

maximum predicted heart rate. The flow of patients is described in Figure 1.

Study Procedures

After providing written informed consent, participants were randomly assigned to either the CTA 

group or the functional testing group, with stratification according to study site and according to 

the choice, as indicated before randomization by the site clinician, of the intended functional test 

if the patient were to be assigned to that study group.28 Enrollment began July 27, 2010, and was 

completed on September 19, 2013. Tests were performed and interpreted by local physicians 

who made all subsequent clinical decisions. Appropriate medical therapy was encouraged, and 

guideline-based educational materials were provided to patients and providers. Follow-up visits 

were performed at 60 days at the study sites and centrally by means of telephone or mail at 6-

andomized. We excluded subjects who received other tests as their first test, did nnototot uuundndndererergogogo 

any diagnostic test, or received non-contrast CTA only. In addition, we excluded patients whose 

est results could not be assigned to prespecified test strata due to indeterminate test results, 

nclludududing patienenents wwwhooo uuundndndererwewewentntnt fffunuu ctctioi nal tetet sts inngg wiwiwiththth eeexexexercisisee e bubut acachievevevededed lllesese s thhhanann 7775%5%5% of 

maxixiximum m predddicicicteedd hheart raaattet . The flow w of paata iienntss isss dededescscriiribbed inin Figugureee 111.

Study PrP ocedures
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month intervals after randomization, for a minimum of 1 year until October 31, 2014. Diagnostic 

testing was performed in compliance with professional society guidelines. Functional testing 

included exercise ECG, exercise or pharmacologic nuclear myocardial perfusion imaging, and

exercise or pharmacologic stress echocardiography. Coronary CTA was performed with at least

64-slice multidetector computed tomographic technology.  

Diagnostic Test Results

Site-reported test results were prospectively classified as normal or mildly, moderately, or 

severely abnormal. Broadly, for coronary CTA, we defined nonobstructive CAD (stenosis of 1-

69% for primary and 1-49% for secondary analysis) as mildly abnormal, single-vessel 

obstructive CAD as moderately abnormal (stenosis of >70% for primary and >50% for 

secondary analysis), and multivessel or proximal left anterior descending (>70%), or left main 

obstructive CAD >50% as severely abnormal. For functional testing, late positive treadmill or 

abnormal ECG in the absence of reversible ischemia was defined as mildly abnormal, inducible 

ischemia or mixed defect with perfusion or wall motion in one coronary territory for myocardial 

perfusion imaging and stress echocardiography, respectively, or early positive treadmill was 

defined as moderately abnormal, and multivessel, large territory inducible ischemia or mixed 

defect was defined as severe. A more detailed description of the classification of test results can 

be found in Table 1.  

Cardiovascular Risk Factors

Patient demographics and traditional cardiovascular risk factors were assessed and documented 

in a standard fashion at the time of enrollment into the PROMISE trial.27

Study Endpoints

The primary endpoint was a composite of time to MACE including death from any cause, 

obstructive CAD as moderately abnormal (stenosis of >70% for primary and >50%0%  fofofor r

econdary analysis), and multivessel or proximal left anterior descending (>70%), or left main 

obstructive CAD >50% as severely abnormal. For functional testing, late positive treadmill or 

abnononorrrmal ECGGG iiin thththe abababsesesencn eee ofofof rrreveveversisible ischchchemmiia wwwasasas dddefefefini ededd aaass mimildl lyy abababnononormrmrmal,, ininndududuciciciblbb e 

schhhememe ia or miiixxex dd ddefefect wwwittth perfusioonn or waala l momotiiononon iiinn onnee coorronaryry terererritory ffforro mmyocarddiial 

perfusion imaging and d stress echocardiography, respectively, or early positive treadmilll was
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myocardial infarction, or hospitalization for unstable angina. The secondary endpoint was 

defined as a composite of cardiovascular death, myocardial infarction, or hospitalization for 

unstable angina, and the tertiary endpoint was a composite of cardiovascular death or myocardial 

infarction. An independent clinical events committee adjudicated all primary and secondary 

endpoint events in a blinded fashion on the basis of standard, prospectively determined 

definitions.27,28

Statistical Analysis

Descriptive statistics are presented as mean and standard deviation for continuous variables and 

frequencies and percentages of patients for categorical variables. The Cox proportional hazards 

regression model was used to assess the relationship of test results to the time to the first clinical 

event (or censoring) for each composite endpoint.29 To appropriately account for heterogeneity 

among the subjects, analyses were adjusted for a prespecified set of baseline covariates, 

including age, sex, CAD risk equivalent (history of either diabetes, peripheral artery disease, or 

cerebrovascular disease), and the prespecification of the intended functional test (if randomized 

to the functional testing arm). For each testing strategy, adjusted hazard ratios (HRs) and 95% 

confidence intervals were computed using Cox models to characterize the relative risks of 

patients with normal versus mildly, moderately and severely abnormal test results.29 For 

secondary analyses, we reclassified patients with at least intermediate Framingham Risk Score  

(>10%) who had a normal functional test as mildly abnormal. In addition, we compared the 

predictive value of the absence (normal and mildly abnormal) and presence (moderately and 

severely abnormal) of obstructive CAD and myocardial ischemia. Cumulative event rates based 

on test results were computed for each testing strategy (CTA and functional testing) using the 

method of Kaplan and Meier.30 Based on the test results, the ability of each testing strategy to 

egression model was used to assess the relationship of test results to the time to ththeee fififirsrsst t t clclclinininicicical 

event (or censoring) for each composite endpoint.29 To appropriately account for heterogeneity 

among the subjects, analyses were adjusted for a prespecified set of baseline covariates,

nclludududing age, ssexexex, CAAADDD ririr sksksk eeequququivivivalaa ennt t (histoooryry ooff eithththererer dddiaiaiabebetetees,,s pep ririphp errralalal aaartrtrterere y dddisisseaeaeasesee, oroo

cereeebbrb ovasculaaar r diiseassee), andndnd the presppeecificatttioon oof ttthehehe iiintntenendedd ffunctitionnnaala  test (iif f raranndomizzeed 

o the functional testing arm). For each testing strategy, addjusted hah zardd ratios (HHRs) and 95% %
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discriminate between patients who subsequently suffered an event versus those who did not was 

assessed using the c-statistic.31 The c-statistic was calculated based on the predicted probability 

of 26-month risk from the Cox regression model. Data from each testing strategy were analyzed 

separately using the Cox model. A c-statistic comparison between the 2 testing strategies

(anatomic vs. functional) was based on z-statistics. Analyses were performed for the primary 

endpoint and for the secondary and tertiary endpoints. All p-values are 2-sided, and were 

considered significant if < 0.05. All analyses were performed using SAS software, version 9.4 

(SAS Institute, Cary NC).

Results

Study Population

Overall, 91% of all patients enrolled in the PROMISE trial were eligible for this analysis

(n=9102/10003). Major reasons for exclusion were receiving no test or a test other than the 

randomized test (Figure 1). The demographics, cardiovascular risk factors, and cardiovascular 

event rates were similar between patients included in this analysis and those excluded 

(Supplemental Table 1). Of the patients included, 4500 were randomized to and received 

coronary CTA, and 4602 were randomized to functional testing. There were no clinically 

meaningful differences in baseline patient demographics, cardiovascular risk, medication, or 

clinical presentation between coronary CTA and functional testing (Table 2). Overall, patients 

were on average 61 years of age, 53% were women, 78% were white, >90% had an intermediate

or high Framingham Risk Score, about half were on at least one preventive medication, and the 

majority had atypical chest pain at presentation.  

Results

Study Population

Overall, 91% of all patients enrolled in the PROMISE trial were eligible for this analysis

n=9=9911102/100003)3)3). MaMM jooor r rerereasa onononsss fofoforr r exclclusion wew rre recececeivivivininng g g noo tttesese tt orr aa teststst otototheheher rr thananan ttthehehe 

andddoomo ized tessst tt (FFiiguuree 1). TThT e demogrgraphicsss, caarddiooovavavascscs llularar risskk facttoorss,s  and carrrddiovovasculaar 

event rates were simi illar between patients includdedd iin this analysis and thhose exclludedd 
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Outcomes

During the median follow-up of 26.1 months (interquartile range: 18.0, 34.4), event rates were 

similar in the anatomic and functional arms: overall, 137 (3.1%) versus 132 (3.0%); death, 62 

(1.4%) versus 66 (1.4%); myocardial infarction, 26 (0.6%) versus 31 (0.7%); and unstable 

angina, 52 (1.2%) versus 41 (0.9%).  

Test Results

The distribution of test results was significantly different between coronary CTA and functional 

testing. There were twice as many patients who had completely normal functional testing as 

compared to a normal coronary CTA (78.0% vs. 33.4%; P<0.001).  

HRs for events increased proportionally for mildly, moderately, and severely abnormal 

CTA results as compared to normal CTA tests (HRs: 2.94, 7.67, 10.13; all P<0.001) (Table 3). In 

contrast, the increase in risk for functional testing is only significant in moderately and severely 

abnormal categories (HRs: 2.65 [P=0.001], 3.88 [P<0.001]), with no difference in risk between 

normal and mildly abnormal test results (HR, 0.94 [P=0.87]). The discriminatory ability of CTA 

in predicting events was significantly better than functional testing (c-index, 0.72 [95% CI, 0.68–

0.76] vs. 0.64 [95% CI, 0.59–0.69]; P=0.04) (Figure 2). The results were similar for secondary 

analyses in which nonobstructive CAD was defined as 1-49% (Supplemental Table 2; c-index, 

0.73 [95% CI, 0.69–0.78]; P=0.01). The better discrimination of events by coronary CTA was 

the result of the ability to define a very low risk group using a normal CTA which nearly 

excluded events (14 out of 137 events; 10.2% of all events), corresponding to an incidence rate 

of 0.93% over 2 years. In contrast, the majority of events in the functional arm (75 out of 132 

events; 56.8% of all events), corresponding to an incidence rate of 2.09%, occurred in those with 

completely normal functional tests (including no reversible or irreversible ischemia, normal 

HRs for events increased proportionally for mildly, moderately, and severererelylyly aaabnbnbnororormamamal ll

CTA results as compared to normal CTA tests (HRs: 2.94, 7.67, 10.13; all P<0.001) (Table 3). In

contrast, , the increase in risk for functional testing is only significant in moderately and severely 

abnononorrrmal categggooorieieies ss (HHHRsRsRs::: 2...656565 [[[P=P=P=0.0000001], 3.888888 [P<P 0..0000001]1]1]),),), wwwititithhh nonono dddifififfereeencncnce e e ininin risk k k bebebetwtwtweeeeeen 

normrmrmal and miiildldldlyyy aabnnnoormaaal test resultts (HR, 0.944 [P=P=P=0.0.0.878787])])]). Theee discccriimmim nnnatory aaabbbiliiityy of CTCCTA 

nn ppreredidictctiningg evevenentsts wwasas ssigigninifificacantntlyly bbetetteterr ththanan ffununctctioionanall teteststiningg (c(c-i-indndexex, 00.7272 [[9595%% CICI, 00.6868––
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ECG, normal duration of exercise without symptoms). A second reason was that detection of 

nonobstructive CAD by coronary CTA identified an at-risk group of patients (62.1% of CTAs; 

n=2461/3966), in which the majority of events in the CTA arm occurred (54%, n=74/137; 3.0% 

event rate). If nonobstructive CAD was defined as 1-49% luminal stenosis, a still significant 

33.6% of the events (n=46/137) occurred in this group (Supplemental Table 2). In contrast, very 

few patients had mildly abnormal tests in the functional arm (9.4%, n=432/4602). Similar results 

were seen for the secondary endpoints of cardiovascular death/myocardial infarction/unstable 

angina and tertiary end points of cardiovascular death and myocardial infarction (Table 2 and 

Supplemental Table 2).  

Important from a clinical management standpoint, when we compared anatomic versus 

functional binary test results—

versus presence or absence of reversible myocardial ischemia in any segment—we found that 

both the prevalence (obstructive CAD: 11.9% [n=534/4500] vs. myocardial ischemia: 12.6%

[n=582/4602]; p=0.257) and the event rates (9.2% vs. 8.2%, respectively; p=0.58) were similar. 

Thus, obstructive CAD and reversible myocardial ischemia were each associated with a similarly 

significantly increased relative risk for cardiovascular events for the primary endpoint (HR, 3.74 

[95% CI, 2.60–5.39] vs. HR, 3.47 [95% CI, 2.42–4.99]; p<0.0001 for both) (Table 4) as well as 

with a similar discriminatory ability in predicting the primary endpoint (c-index, 0.65 [95% CI, 

0.60–0.69] vs. 0.65 [95% CI, 0.60–0.69], respectively; p=0.946; Supplemental Figure 1). 

Functional Testing Stratified by Modality 

Supplemental Table 3 lists the distribution of test results and events among the 4602 patients 

randomized in the functional arm by modality. The data demonstrate that only 10.1% of patients 

underwent exercise treadmill testing while the vast majority (67.8%) underwent nuclear 

Important from a clinical management standpoint, when we compared anatatatomomomicicic vvvererersusususss 

functional binary test results—

versus presence or absence of reversible myocardial ischemia in any segment—we found that tt

boththh ttthe prevaaalelelenccce ee (ooobsbsbstrtrtrucuu tititiveveve CCCADAA : 1111 .9% [n[n[ =5=534/4/4/45050500]0]0] vvvs.. mmmyoyoyocaaardrr ial l l isisischchchemememia::: 121212.6.6.6%%%

n=5=5=58288 /4602];;; ppp=0.00.255577) anddd tthe event raaates (99.9 2%22% vvs... 888 22.2%%%, resppecctiveleelyy; ppp=0.58) wwweree similallar. 
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perfusion stress testing. The observed event rate was much lower in the patients undergoing ETT

(n=6/467; 1.3%) as compared to those undergoing either stress echo (n=20/1019; 2%) or stress 

nuclear (n=106/3116; 3.4%), most likely reflecting the fact that physicians very appropriately 

referred patients at lowest risk to ETT and those at highest to stress nuclear testing. Lastly, only a 

minority of events occurred in those with normal or mildly abnormal ETT (n=4, 3, and 2 for the 

primary, secondary, and tertiary endpoints, respectively).  

Stress Nuclear Perfusion Testing vs. Coronary CTA

Although we used an aggregate of the functional tests as the primary approach to compare the 

prognostic value of an anatomical vs. a functional strategy, Supplemental Table 4 provides a

comparison of nuclear stress testing with coronary CTA based on the pre-randomization intended 

functional test. In that analysis, only patients whose pre-randomization intended functional test 

was nuclear were included in the analysis in both arms. Briefly, the data demonstrate that the 

HRs for coronary CTA are higher than for functional testing across test result categories and 

endpoints with differences being higher as compared to the overall cohort.

Functional Testing plus Risk Factors

Given the large number of normal functional tests and the importance of pre-test probability in 

interpreting test results, we performed a secondary analysis in which we reclassified patients 

with at least intermediate Framingham Risk Score  (>10%) who had a normal functional test as 

being mildly abnormal. As a result, 2714 patients were reclassified from normal to a mildly 

abnormal functional test, while only 874 patients remained in the normal category. This 

reclassification resulted in stronger association of functional test strata with clinical outcomes as 

compared to test results only, although there was still no significant difference in event rates 

between normal and mildly abnormal test results with the new classification for functional 

comparison of nuclear stress testing with coronary CTA based on the pre-randommizizatatatioion n n ininintetetendndnded

functional test. In that analysis, only patients whose pre-randomization intended functional test 

was nuclear were included in the analysis in both arms. Briefly, the data demonstrate that the 

HRRRsss fffor coronanaarryr CCCTAAA aaarerere higigigheheher r r thththann ffor funnnctc ioonnal tetetestststininng g g accroroossss tet stst resululultt t cacacatttegeegorieiei sss ananand d d

endpdpdpoioo nts withhh dddifffeereennces bbbeeie ng higggheer as commmpaarered tototo ttthehhe oovveraalll cohhoortt.t
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imaging (HR, 1.61 [95% CI, 0.75–3.45]; p=0.22) (Supplemental Table 5 and Table 5). The 

discriminatory value of functional testing strata improved from a c-index of 0.64 (95% CI, 0.59–

0.69) using test data only to a c-index of 0.69 (95% CI, 0.64–0.74) using the Framingham Risk 

Score for reclassification. The inclusion of Framingham Risk Score to stratify functional testing 

results rendered no significant difference in discriminatory capacity between anatomic and 

functional testing (c-index for CTA, 0.72 [95% CI, 0.68–0.76]; vs. c-index for functional testing 

including the Framingham Risk Score, 0.69 [95% CI, 0.64–0.74]; P=0.29) (Figure 2C). 

Discussion 

Overall, our study provides comparative evidence on the prognostic value of findings of the most 

commonly performed diagnostic tests, including presence and extent of myocardial ischemia and 

CAD and the associated absolute and relative risks for future cardiovascular events in a 

contemporary patient stable chest pain population at intermediate risk for CAD using the 

PROMISE randomized trial data from 193 North American sites. Our results may contribute to a 

better understanding of how to use information from these tests to guide management of this 

large group of patients. We found that anatomic assessment with coronary CTA provided 

significantly better prognostic information compared to functional testing (c-index: 0.72 vs. 0.64; 

P=0.04), which was a result of the detection of an at-risk group of patients with nonobstructive 

CAD by coronary CTA and the indiscriminatory nature of a normal functional test. Adding the 

Framingham Risk Score to functional test results significantly improved the prognostic value of 

functional testing.  

The strengths of this study include 1) this is the first large (N > 9000) prospective 

randomized comparison of the prognostic value of anatomic imaging by coronary CTA with 

Overall, our study provides comparative evidence on the prognostic value of finddiningsgsgs ooof f f thththee mmom s

commonly performed diagnostic tests, including presence and extent of myocardial ischemia and

CAD and the associated absolute and relative risks for future cardiovascular events in a 

contnteeemporary pppataa ieieient sstataablblb e e chchchesesest t t papapain ppopulatttioii nn aat intntntererermememedidd atatee e ririr sks fforo CCCADADAD uuusisising tthehehe 

PROMOMOMISE randndndomomomiizedeed trialll ddad ta from 193 Nooro tth AAmememeririricacac n sisites.. OOur reesululults may conontrribute too a

better understanding of f how to use informatiion from these tests to guide management of this 
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functional exercise- or stress-based testing results in patients with stable chest pain, 2) this 

uniquely allows for a direct comparison of test findings of anatomic and functional testing, and 

the understanding of which particular diagnostic findings are differential between the strategies 

in their ability to identify patients at risk for MACE, and 3) the multicenter nature of this study 

recruiting patients at 193 North American sites, which provides generalizable data from a

contemporary stable chest pain population. One of the insights from the data is the low 

prevalence of obstructive CAD (11.9%) and myocardial ischemia (12.6%), which only 2 decades 

ago was between 30% and 40% in patients undergoing nuclear stress perfusion imaging.3 A

related important observation is that the majority of clinical events over a 2-year follow-up 

occurred in patients without obstructive CAD or myocardial ischemia, indicating a significant 

risk burden undetected by conventional measures of test positivity. For coronary CTA, our data 

demonstrate that a finding of nonobstructive CAD identifies a large additional group of “at-risk” 

patients, in which the majority of events occurred (n=74/137, 54.0%) with similar observations 

made in smaller studies from Japan.16,19,32-35 In contrast, parameters from the exercise portion of 

functional tests (symptoms and duration of exercise as well as ECG changes) and imaging 

findings, such as fixed defects without ischemia, did not identify patients at risk for events. 

Mechanistically, these data corroborate many years of research in interventional cardiology, 

suggesting that at least one-third, in the context of aggressive medical therapy, or up to two-

thirds of future cardiovascular events occur at locations in the coronary artery tree where 

previously no obstructive CAD was present.34-36 Thus, in an era of imaging patients with a 

relatively low burden of demonstrable myocardial ischemia or obstructive CAD, the relative 

importance of detecting subclinical atherosclerotic disease becomes substantially greater and is 

an important consideration for test choice.37

occurred in patients without obstructive CAD or myocardial ischemia, indicating aaa sisisigngngnififificicicananantt t

isk burden undetected by conventional measures of test positivity. For coronary CTA, our data 
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Our results further emphasize the importance of cardiovascular risk profile in 

contemporary populations with stable chest pain, especially in those patients with completely 

normal functional testing. We demonstrate that addition of the Framingham Risk Score, as an 

accepted global risk estimation tool, improved the discriminatory capacity of functional 

assessment (c-index, 0.64–0.69), which rendered the comparison to anatomic testing 

nonsignificant (p=0.29). 

Another important implication of our study is that a normal CTA, in contrast to a 

completely normal functional test, is highly unlikely to be associated with MACE for at least 2 

years. As similar findings have been reported in the acute chest pain setting,38 this determination 

of a “warranty period” is an important additional benefit of coronary CTA for patients and 

providers.

Our results confirm evidence from observational studies that both findings of obstructive 

CAD and reversible myocardial ischemia are associated with significantly increased relative risk 

for future MACE,14,16-18,32,33 but we extend these studies by demonstrating that the prognostic 

power of both findings is essentially equivalent in identifying patients with a substrate that can 

explain symptoms (HR, 3.74 [95% CI, 2.60–5.39] vs. HR, 3.47 [95% CI, 2.42–4.99]). The

primary results of the PROMISE trial demonstrated that the aggregate of actions taken by 

physicians and patients based on a strategy of either initial anatomic or functional testing did not 

yield a difference in clinical outcomes.28 In contrast, this prespecified secondary analysis is the 

first to report on the ability of diagnostic test results to accurately distinguish patients who 

subsequently experience a clinical event from patients who do not. Although this is presumably 

related to events, it represents a different, relevant clinical question. 

of a “warranty period” is an important additional benefit of coronary CTA for patttieieientntnts s s ananand d d

providers.
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Our study has limitations. While the PROMISE trial was designed to compare two 

fundamentally different approaches to management of stable chest pain patients—anatomic 

versus functional testing—we acknowledge that the sensitivities, specificities, predictive values,

and prognostic values can vary between different functional testing modalities and by age, sex, 

and other patient characteristics (e.g., BMI). We further acknowledge that the choice of 

functional test was dictated by physician preferences and patient presentation, and thus will vary 

by individual clinician choices. However, because physicians in the PROMISE trial had to 

prespecify before randomization their preference for which functional test the patient should 

undergo if he or she were randomized to the functional arm, we were able to perform a matched 

comparison of CTA with nuclear testing, which demonstrated similar results as seen for the 

entire population. Unfortunately, the much smaller numbers of patients receiving treadmill 

exercise or stress echo precluded a valid subanalysis for these two modalities.

It is further important to note that treatments based on imaging results were not accounted 

for in our analysis but may have affected the CV outcomes assessed. However, one could argue 

that based on the intention of the trial as a strategy comparison, it may be desirable to include the 

effects of medical treatments or interventions and their effect on prognosis as a result of the 

study. Indeed, in keeping with the results of this analysis, it has been shown that the prognostic 

importance of coronary anatomic information is maintained and that of functional testing is lost 

or markedly attenuated when aggressive medical therapy and either elective or as-needed 

revascularization is pursued.39  

Our study had a relatively small number of events and a short median follow-up of 26 

months. In addition, we stratified test results for functional testing and coronary CTA based on 

site reads collected on case report forms to identify abnormal and normal tests. Further, the study 

comparison of CTA with nuclear testing, which demonstrated similar results as seeeeennn fofofor r r thththee

entire population. Unfortunately, the much smaller numbers of patients receiving treadmill

exercise or stress echo precluded a valid subanalysis for these two modalities.
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excluded patients with abnormal left ventricular function or a history of myocardial infarction, 

and hence the prognostic value of diagnostic hallmarks of functional testing such as left 

ventricular function or fixed perfusion defects could not be assessed.   

Conclusions

Contemporary stable chest pain populations present with a low prevalence of myocardial 

ischemia and obstructive CAD. In this population, the detection of nonobstructive CAD 

identifies additional at-risk patients while consideration of the Framingham Risk Score is 

important for proper risk stratification of patients with normal stress testing. These results may 

contribute to a better understanding of how to use this information to guide management of these 

patients.
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Table 1. Prospective Risk Stratification of Noninvasive Imaging Test Results in the Anatomic (Coronary Computed Tomographic 
Angiography [CTA]) and Functional (Exercise Treadmill Test, Stress Myocardial Perfusion Imaging [MPI], and Stress 
Echocardiography) Testing Arms of the Study.   

Anatomic Functional
Test Strata Coronary CTA Exercise Treadmill Test Stress MPI Stress Echo
Severely 
abnormal

High Risk CAD
2 or more vess

50% left main stenosis or 

Ischemic ECG
ST changes consistent with 
ischemia during stress + either 
severe ventricular arrhythmia 
OR Hypotension 

Large territory inducible 
Ischemia or mixed defect 
Septal/anterior/apical territory or 
other single territory with 
transient ischemic dilatation or 2 
or more coronary territories with 
ischemia

Large territory inducible Ischemia 
or mixed defect
Wall motion abnormality or mixed 
abnormality (infarct and ischemia) 
Isolated Septal/anterior/apical or 
other single territ
during stress or
2 or more coronary territories

Moderately 
abnormal

Obstructive CAD
70% stenosis in one major 

vessels/branch

Early positive TM 
Failure to reach stage 2 (<3:00 
min) with ST changes OR 
symptoms reproduced 
OR any arrhythmia or 
hypotension  

Inducible Ischemia or mixed 
defect
Perfusion abnormality in one 
coronary territory (Lateral or 
Inferior/posterior)
OR 
Normal imaging but Early 
positive TM 
Failure to reach stage 2 (<3:00 
min) with ST changes OR 
symptoms reproduced 
OR any arrhythmia or 
hypotension

Inducible Ischemia or mixed defect
Wall motion abnormality or mixed 
abnormality (infarct and ischemia) in 
one coronary territory (Lateral or 
Inferior/posterior) 
OR Normal imaging but Early 
positive TM 
Failure to reach stage 2 (<3:00 min) 
with ST changes OR symptoms 
reproduced 
OR any arrhythmia or hypotension  

Mildly 
abnormal

Non-obstructive CAD*
1-69% stenosis in any major 
vessels/branch OR
<50% left main stenosis  

Late positive TM
More than stage 2 (>3:00 min) 
but failure to finish protocol or 
target heart rate achieved due 
to  ST changes OR symptoms 
reproduced 
OR any arrhythmia or 
hypotension 

Positive ECG
Normal perfusion or fixed 
perfusion defect (Scar)
OR 
Normal imaging but Late 
positive TM 
More than stage 2 (>3:00 min) 
but failure to finish protocol or 
target heart rate achieved due to  

Positive ECG but normal wall motion 
or resting wall motion abnormality 
without inducible ischemia 
OR 
Normal imaging but Late positive 
TM 
More than stage 2 (>3:00 min) but 
failure to finish protocol or target 
heart rate achieved due to  ST 

OR Hypotension transient ischemic dilatation or 2 
or more coronary territories with
ischemia

Isolateddd SSSepepe taaal/l/l anananteteteririr ororr/a/ pi
otherr siiingnglee terere rrritit
duringg ssstrtrtresese s ororor
2 or more coronary territor

rately 
rmal

Obstructive CAD
70% stenosis in one major 

vessels/branch

Early positive TM
Failure to reach stage 2 (<3:00 
min) with ST changes OR 
symptoms reproduced 
OR any arrhythmia or 
hyhyhypopopotetetensn ionn

Inducible Ischemia or mixed 
defect
Perfusion abnormality in one
coronary territoryy (Laterarall or 
Inferior/posterioor)
OROROR 
NoNoNormal imamaagingg but Earrlyy 
posisiititit veveve TTTMM 
FaFaFailililure to reeach staage 2 (<<3:000000
mmim n) wittth h h SST chananges OROR 
sysymptoomsmsm rrreppprorodududuced d
OR any arrhythmia or R

Inducible Ischemia or mixe
Wall motion abnormality o
abnormality (infarct and isc
one coronary territory (Lat
Inferior/posterior)
OROROR NoNNormalll iiimamamagigig ngngng bbbutu  Ea
positititiveveve TMM 
Failuree e totot reaeach stage 2 (<3
with SSTTT chananges OR ssyympt
reprodododuucu edd 
OROROR aaanyny aarrrrrhyhyyththmimiaa ororr hhhypypoo
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ST changes OR symptoms 
reproduced 
OR any arrhythmia or 
hypotension

changes OR symptoms reproduced 
OR any arrhythmia or hypotension  

Normal Absence of coronary 
atherosclerosis

Normal ECG, absence of 
symptoms during exercise, and 
normal exercise duration†

Normal ECG, absence of 
symptoms during exercise, 
normal exercise duration, and 
normal imaging (absence of any 
findings suggesting myocardial 
abnormalities including fixed 
perfusion defects)†

Normal ECG, absence of symptoms 
during exercise, normal exercise 
duration, and normal imaging 
(absence of any findings suggesting 
myocardial abnormalities including 
fixed wall motion abnormalities)†

To standardize test reporting, site-reported test results were abstracted by a cardiology faculty or senior fellow physician using a prospectively 
designed protocol to deal with ambiguous test results, thereby standardizing interpretation of ambiguous test reports and harmonizing data across 
imaging modalities. CAD indicates coronary artery disease; ECG, electrocardiography; LAD, left anterior descending; and TM, treadmill test. 
*For secondary risk stratification, nonobstructive CAD was defined as 1-49% luminal narrowing. †For secondary risk stratification, normal
functional testing was defined as normal imaging PLUS a Framingham Risk Score >10%

perfusion defects)†
andardize test reporting, site-reported test results were abstracted by a cardiology faculty or senior fellow physiciaann n usususininingg g a aa prprp ososo pepepectctctivi el
ned protocol to deal with ambiguous test results, thereby standardizing interpretation of ambiguous test reports and d d haarmmom ninin zizizingngng dddatata a aca
ng modalities. CAD indicates coronary artery disease; ECG, electrocardiography; LAD, left anterior descending; and dd TTTM, treadddmilillll test
secondary risk stratification, nonobstructive CAD was defined as 1-49% luminal narrowing. †For secondary risk stratification, normal
onal testing was defined as normal imaging PLUS a Framingham Risk Score >10%
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Table 2. Characteristics of the Trial Participants at Baseline, According to Study Group* 

Variable Anatomic Testing 
(N=4500)

Functional Testing 
(N=4602)

Demographics
Age (yrs) 60.4 ± 8.2 61.0 ± 8.3
Female sex 2332 (51.8%) 2458 (53.4%)
Racial or ethnic minority† 1018 (22.8%) 983 (21.5%)

Cardiac risk factors

BMI (kg/m2)‡ 30.4 ± 5.9 30.5 ± 6.1
Hypertension 2893 (64.3%) 2999 (65.2%)
Diabetes 936 (20.8%) 999 (21.7%)
Dyslipidemia 3029 (67.3%) 3127 (67.9%)
Family history of premature CAD§ 1460 (32.6%) 1426 (31.1%)
Peripheral or cerebrovascular disease 228 (5.1%) 264 (5.7%)
CAD equivalent 1097 (24.4%) 1189 (25.8%)
History of heart failure 163 (3.6%) 176 (3.8%)
Metabolic syndrome# 1673 (37.2%) 1763 (38.3%)
Current or past tobacco use 2292 (50.9%) 2367 (51.4%)
Sedentary lifestyle** 2179 (48.5%) 2229 (48.5%)
History of depression 885 (19.7%) 992 (21.6%)

Risk factor burden and risk score††

No risk factors 116 (2.6%) 130 (2.8%)
Risk factor burden 2.4 ± 1.1 2.4 ± 1.1
Combined Diamond-Forrester and 
Coronary Artery Surgery risk score‡‡

53.2 ± 21.3 53.3 ± 21.2

Framingham risk score

Low risk (<10%) 1028 (22.9%) 1036 (22.5%)
Intermediate risk (10-20%) 1632 (36.3%) 1591 (34.6%)
High risk (>20%) 1832 (40.8%) 1971 (42.9%)

ASCVD pooled cohort risk prediction (2013)

Low risk (<7.5%) 1471 (33.0%) 1444 (31.7%)
Elevated risk (>=7.5%) 2980 (67.0%) 3118 (68.3%)

Relevant medications
Beta blocker 1065 (24.8%) 1095 (24.9%)
ACE or ARB 1860 (43.2%) 1952 (44.3%)
Statin 1973 (45.9%) 2008 (45.6%)
Aspirin 1945 (45.2%) 1941 (44.1%)
Clopidogrel 56 (1.3%) 69 (1.6%)
Prasugrel 1 (<0.1%) 1 (<0.1%)
Warfarin 68 (1.6%) 82 (1.9%)

Primary presenting symptom and anginal type

Chest pain 3322 (73.9%) 3299 (71.7%)
Dyspnea on exertion 633 (14.1%) 734 (16.0%)

Metabolic syndrome# 1673 (37.2%) 1763 (388.3.3%)%)%)
Current or past tobacco use 2292 (50.9%) 2367 (5111.4.4.4%)%%)
Sedentary lifestyle** 2179 (48.5%) 2229 (48.5%%)
History of depression 885 (19.7%) 992 (21.6%)

Risk factor burden and risk score††

NoNoNo risisiskkk fafafactorors 11116 (2.6%) 130 (2.8%)
Risk factototor bububurddenenen 22.44 ± 1.1.1 111 2...44 4 ±±± 1.1.1.111
Combined DDiammoonnnd-Fooorrrr ester ananand 
Coronaryryry AAArrteeryy SSurgererery yy risk scoree‡‡‡

5353.2 ±± 21.3 535353.3 ± 211.1 222

FrFrFramamamininghghghamamam rissk k scorore

Low risk (<10%) 1028 (22 9%) 1036 (22 5%)
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Anginal type - site-reported
Typical 521 (11.6%) 521 (11.3%)
Atypical 3501 (77.8%) 3595 (78.1%)
Non-anginal 478 (10.6%) 486 (10.6%)

ACE indicates angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; ASCVD,
atherosclerotic cardiovascular disease; BMI, body mass index; CAD, coronary artery disease; 
and CTA, computed tomographic angiography. 
* Plus–minus values are means ± standard deviation. There were no significant between-group 
differences at baseline, except with respect to racial or ethnic minority group and history of 
depression.  
† Racial or ethnic minority group was self-reported, with the status of “minority” being defined 
by the patient.
‡ Body-mass index is the weight in kilograms divided by the square of the height in meters.
§ A family history of premature CAD was defined as diagnosis of the disease in a male first-
degree relative before 55 years of age or in a female first-degree relative before 65 years of age.

CAD risk equivalent was defined as diabetes, peripheral vascular disease, or cerebrovascular 
disease.
# The metabolic syndrome was defined according to consensus criteria of the American Heart 
Association and the National Heart, Lung, and Blood Institute.
** Sedentary lifestyle was defined by the patient as not participating in regular physical activities 
at least one time per week over the previous month. 
†† Risk factors included hypertension, diabetes, dyslipidemia, family history of premature CAD, 
and tobacco use. 
‡‡ Combined Diamond and Forrester and Coronary Artery Surgery Study risk scores range from 
0 to 100, with higher scores indicating a greater likelihood of obstructive CAD. 

# The metabolic syndrome was defined according to consensus criteria of the American Heart 
Association and the National Heart, Lung, and Blood Institute.
** Sedentary lifestyle was defined by the patient as not participating in regular phhhysysysicici alalal aaactctctivivivitititieieiess
at least one time per week over the previous month. 
†† Risk factors included hypertension, diabetes, dyslipidemia, family history of premature CAD,
and tobacco use. 
‡‡ CComomombibbinenened d d DiDD ammond and Forrester and Coronaryry Artery Surgerery y Stududy risk scores range from
0 tooo 11100, with hhhigii heheher scscs orororesese iindndndicicicatatatinii g a a greateeer r likek lihohohoododod ooof ff obbssts rurur ctc ivive CAAAD.D.D. 
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Table 3. Frequency of Test Findings and Association with Clinical Events for Anatomic and Functional Testing.* 

Anatomic Testing
(N=4500)

Functional Testing
(N=4602)

Initial Test Results
Frequency
n/N(%)

Event Rate
n/N(%) HR (95% CI) P-value

Frequency
n/N(%)

Event Rate
n/N(%) HR (95% CI) P-value

All cause death/MI/UA 
Severely Abnormal 266/4500 (5.91) 28/266 (10.53) 10.13 (5.15–19.92) <.0001 365/4602 (7.93) 35/365 (9.59) 3.88 (2.58–5.85) <.0001
Moderately Abnormal 268/4500 (5.96) 21/268 (7.84) 7.67 (3.83–15.37) <.0001 217/4602 (4.72) 13/217 (5.99) 2.65 (1.46–4.83) 0.0014
Mildly Abnormal 2461/4500 (54.69) 74/2461 (3.01) 2.94 (1.64–5.26) 0.0003 432/4602 (9.39) 9/432 (2.08) 0.94 (0.47–1.89) 0.8666
Normal 1505/4500 (33.44) 14/1505 (0.93) 3588/4602 (77.97) 75/3588 (2.09)
CV death/MI/UA 
Severely Abnormal 266/4500 (5.91) 26/266 (9.77) 17.26 (7.55–39.46) <.0001 365/4602 (7.93) 31/365 (8.49) 4.59 (2.93–7.19) <.0001
Moderately Abnormal 268/4500 (5.96) 18/268 (6.72) 12.03 (5.14–28.19) <.0001 217/4602 (4.72) 13/217 (5.99) 3.50 (1.89–6.48) <.0001
Mildly Abnormal 2461/4500 (54.69) 57/2461 (2.32) 4.08 (1.93–8.66) 0.0002 432/4602 (9.39) 8/432 (1.85) 1.11 (0.53–2.34) 0.7834
Normal 1505/4500 (33.44) 8/1505 (0.53) 3588/4602 (77.97) 56/3588 (1.56)
CV death/MI 
Severely Abnormal 266/4500 (5.91) 9/266 (3.38) 4.87 (1.72–13.75) 0.0028 365/4602 (7.93) 14/365 (3.84) 2.13 (1.16–3.91) 0.0141
Moderately Abnormal 268/4500 (5.96) 5/268 (1.87) 3.09 (0.96–9.97) 0.0594 217/4602 (4.72) 5/217 (2.30) 1.53 (0.60–3.90) 0.3681
Mildly Abnormal 2461/4500 (54.69) 39/2461 (1.58) 2.73 (1.20–6.25) 0.0170 432/4602 (9.39) 5/432 (1.16) 0.81 (0.32–2.04) 0.6542
Normal 1505/4500 (33.44) 7/1505 (0.47) 3588/4602 (77.97) 48/3588 (1.34)

*Secondary test result stratification sets CTA threshold for moderate abnormality to 70%.
CV indicates cardiovascular; MI, myocardial infarction; and UA, unstable angina. Nonobstructive CAD is defined as 1-69% of stenosis.

( ) ( ) ( ) ( )
eath/MI/UA 
ely Abnormal 266/4500 (5.91) 26/266 (9.77) 17.26 (7.55–39.46) <.0001 365/4602 (7.93) 31/365 (8.44949)) 444.595959 (((2.2.939393–––7.19)
rately Abnormal 268/4500 (5.96) 18/268 (6.72) 12.03 (5.14–28.19) <.0001 217/4602 (4.72) 13/217 (5.99)9)9) 33.505050 (((1.1.1 898989––6.6.6.484848)))
y Abnormal 2461/4500 (54.69) 57/2461 (2.32) 4.08 (1.93–8.66) 0.0002 432/4602 (9.39) 8/432 (1.85) 1.11 (0.53–2.34)
al 1505/4500 (33.44) 8/1505 (0.53) 3588/4602 (77.97) 56/3588 (1.56)
eath/MI 
ely Abnormal 266/4500 (5.91) 9/266 (3.38) 4.87 (1.72–13.75) 0.0028 365/4602 (7.93) 14/365 (3.84) 2.13 (1.16–3.91)
rately Abnormamaal 268/4500 (5.96) 5/268 (1.87) 3.09 (0.96–9.97))) 0.0594 217/4602 (4.72)) 5/217 (2.30) 1.53 (0.60–3.90)
y Abnororormamamalll 24611/44500 (54.69) 39/2461 (1.58) 2.73 (1.20–6.225)) 0.0170 432/4660202 (9.399) 5/432 (1.16) 0.81 (0.32–2.04)
al 1511 05/4500 (33.44) 7/1505 (0.47) 3588/446002 (77.97) 48/3588 (1.34)
ndarrryyy tttest result stratififficationon setss CTCTCTAAA ththreshshshooolddld fofoorrr mmmoderratte abnormmalllity tto 70%.%.
dicaaatess cardiovascular; MI, mmyoccardididial infffaararcctc ion; andd d UUUA, unnstable anngiina. Nonooobsbsbsttructive CCAAAD iss defined  ass 1-69696 %% % of stenonoosisisis.
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Table 4. Frequency of Obstructive Coronary Artery Disease and Myocardial Ischemia  and Association With Clinical Events.

Anatomic Testing
(N=4500)

Functional Testing
(N=4602)

Initial Test Results
Frequency
n/N (%)

Event Rate
n/N (%) HR (95% CI) P-value

Frequency
n/N (%)

Event Rate
n/N (%) HR (95% CI) P-value

All-cause death/MI/UA 
Abnormal 534/4500 (11.87) 49/534 (9.18) 3.74 (2.60–5.39) <0.0001 582/4602 (12.65) 48/582 (8.25) 3.47 (2.42–4.99) <0.0001
Normal 3966/4500 (88.13) 88/3966 (2.22) 4020/4602 (87.35) 84/4020 (2.09)
Cardiovascular
death/MI/UA 
Abnormal 534/4500 (11.87) 44/534 (8.24) 4.63 (3.10–6.92) <0.0001 582/4602 (12.65) 44/582 (7.56) 4.15 (2.80–6.14) <0.0001
Normal 3966/4500 (88.13) 65/3966 (1.64) 4020/4602 (87.35) 64/4020 (1.59)
Cardiovascular death/MI 
Abnormal 534/4500 (11.87) 14/534 (2.62) 1.76 (0.95–3.25) 0.0730 582/4602 (12.65) 19/582 (3.26) 1.98 (1.16–3.37) 0.0120
Normal 3966/4500 (88.13) 46/3966 (1.16) 4020/4602 (87.35) 53/4020 (1.32)
MI indicates myocardial infarction; UA, unstable angina. Obstructive CAD is defined as >50% stenosis in the left main coronary artery and >70% 
stenosis elsewhere. 

mal 534/4500 (11.87) 44/534 (8.24) 4.63 (3.10–6.92) <0.0001 582/4602 (12.65) 44/582 (7.56) 4.4.4 1151 ((2.2.2 80800–6.6.6.1414))) <
al 3966/4500 (88.13) 65/3966 (1.64) 4020/4602 (87.35) 64/4020 (1.599)9
ovascular death/MI 
mal 534/4500 (11.87) 14/534 (2.62) 1.76 (0.95–3.25) 0.0730 582/4602 (12.65) 19/582 (3.26) 11.98 (1.16–3.37) 0.

al 3966/4500 (88.13) 46/3966 (1.16) 4020/4602 (87.35) 53/4020 (1.32)
dicates myocardial infarction; UA, unstable angina. Obstructive CAD is defined as >50% stenosis in the left main coronary artery and >
sis elsewhere.
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Table 5. Frequency of Test Findings and Association with Clinical Events for Anatomic Test Strata and for Functional Test Strata 
including the Framingham Risk Score. 

Anatomic Testing
(N=4500)

Functional Testing*
(N=4602)

Initial Test Results
Frequency
n/N(%)

Event Rate
n/N(%) HR (95% CI) P-value

Frequency
n/N(%)

Event Rate
n/N(%) HR (95% CI) P-value

All cause death/MI/UA 
Severely Abnormal 266/4500 (5.91) 28/266 (10.53) 10.13 (5.15–19.92) <.0001 365/4602 (7.93) 35/365 (9.59) 6.01 (2.68–13.51) <.0001
Moderately Abnormal 268/4500 (5.96) 21/268 (7.84) 7.67 (3.83–15.37) <.0001 217/4602 (4.72) 13/217 (5.99) 4.14 (1.64–10.45) 0.0026
Mildly Abnormal 2461/4500 (54.69) 74/2461 (3.01) 2.94 (1.64–5.26) 0.0003 3146/4602 (68.36) 76/3146 (2.42) 1.61 (0.75–3.45) 0.2219
Normal 1505/4500 (33.44) 14/1505 (0.93) 874/4602 (18.99) 8/874 (0.92)
CV death/MI/UA 
Severely Abnormal 266/4500 (5.91) 26/266 (9.77) 17.26 (7.55–39.46) <.0001 365/4602 (7.93) 31/365 (8.49) 6.05 (2.54–14.41) <.0001
Moderately Abnormal 268/4500 (5.96) 18/268 (6.72) 12.03 (5.14–28.19) <.0001 217/4602 (4.72) 13/217 (5.99) 4.63 (1.76–12.24) 0.0020
Mildly Abnormal 2461/4500 (54.69) 57/2461 (2.32) 4.08 (1.93–8.66) 0.0002 3146/4602 (68.36) 57/3146 (1.81) 1.38 (0.61–3.15) 0.4433
Normal 1505/4500 (33.44) 8/1505 (0.53) 874/4602 (18.99) 7/874 (0.80)
CV death/MI 
Severely Abnormal 266/4500 (5.91) 9/266 (3.38) 4.87 (1.72–13.75) 0.0028 365/4602 (7.93) 14/365 (3.84) 2.22 (0.83–5.88) 0.1103
Moderately Abnormal 268/4500 (5.96) 5/268 (1.87) 3.09 (0.96–9.97) 0.0594 217/4602 (4.72) 5/217 (2.30) 1.60 (0.47–5.38) 0.4490
Mildly Abnormal 2461/4500 (54.69) 39/2461 (1.58) 2.73 (1.20–6.25) 0.0170 3146/4602 (68.36) 46/3146 (1.46) 1.02 (0.43–2.39) 0.9678
Normal 1505/4500 (33.44) 7/1505 (0.47) 874/4602 (18.99) 7/874 (0.80)

CV indicates cardiovascular; MI, myocardial infarction; and UA, unstable angina. Nonobstructive CAD is defined as 1-69% of stenosis. * Normal Functional Testing 
is defined as completely normal functional testing and a Framingham Risk Score of <10%

normal 2461/4500 (54.69) 74/2461 (3.01) 2.94 (1.64–5.26) 0.0003 3146/4602 (68.36) 76/3146 (2.42)) 1.1.1 6616 ((0.0.0 75755––3.3.3.45454 ))) 0
1505/4500 (33.44) 14/1505 (0.93) 874/4602 (18.99) 8/874 (0.92)

/MI/UA 
Abnormal 266/4500 (5.91) 26/266 (9.77) 17.26 (7.55–39.46) <.0001 365/4602 (7.93) 31/365 (8.49) 6.05 (2.54–14.41) <
y Abnormal 268/4500 (5.96) 18/268 (6.72) 12.03 (5.14–28.19) <.0001 217/4602 (4.72) 13/217 (5.99) 4.63 (1.76–12.24) 0
normal 2461/4500 (54.69) 57/2461 (2.32) 4.08 (1.93–8.66) 0.0002 3146/4602 (68.36) 57/3146 (1.81) 1.38 (0.61–3.15) 0

1511 05/450505 0 00 (33.44) 8/1505 (0.53) 874/4602 ((18.99)) 7/874 (0.80)
/MI 

Abnooro mmam l 26666/6/6/454 00000  (5.91919 ))) 9/2626266 6 6 (3((3.33.38)8)8) 4.4 87 (1.72––1311 .755) 0.000000282828 3636365/55 466022 (((7.939 ) 14/36363655 5 (3(3(3.88.84)4)4) 2.2222 (((0.0.0.838383–5.5.5.888888))) 0
y AAAbnnormal 268/45000 (5.996))) 55/5 2262 8 (1.87))) 3.09 (0.96––9.97)) 0.00 000594 2177/7 46022 ((4.72) 5/2212177 7 (2.30) 1.600 (((00.0 47–5.388)) 0
normamamal 244616161/455000 (544.669) 3993 /2461 (1.58) 2.73 (1.20––6.25)) 0.0.010101707070 31313 446/46002  (68.366) 4666/33146 (1.46) 111.022 ((0.43–2.399) 0

151515050505/455000 (333.444) 77/7 15151 05 (0.4777)) 8878 44/46022 ((18.99)) 7/8787874 44 (0.80)
es cardioioiovavav scscsculululararar; MIMIMI, myyoocaardiaal infarctionnn;;; ananndd d UAUAUA, unstababablelele aaangnggininina.a NNonnobbstrucucuctititiveveve CCCADADAD iiss dedd fiinnen dd d asa  1-69% ofofof sstetetenononosisisis.s.. *** Norrmamal Functioonaal T
as completely normal functional testing and a Framingham Risk Score of <10%

 by guest on A
pril 12, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.116.024360

30

Figure Legends

Figure 1. Patient flow and analytical population.

Figure 2. Kaplan-Meier curves demonstrating cumulative event rates for the primary 

endpoint based on test results (normal or mildly, moderately, or severely abnormal) for 

anatomic testing (using 1-69% criterion for nonobstructive CAD on CTA) (A), functional 

testing (B), and functional testing including the Framingham Risk Score (C). 
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Supplemental Table 1. Baseline characteristics of the population for prognostic analysis vs. the patients 

enrolled but not included.*  

Variable 

Patients included 
in the Prognostic 

Analysis (N=9118)
Excluded Patients 

(N=885) P Value
Demographics       

Mean age — yr 60.7 ± 8.2 61.1 ± 8.9 0.742 
Female sex — no. (%) 4796 (52.6%) 474 (53.6%) 0.585 
Racial or ethnic minority — no. (%) 2006 (22.1%) 242 (27.5%) <0.001 

Cardiac risk factors       
Mean body mass index (kg/m2) 30.4 ± 6.0 31.1 ± 7.1 0.214 
Hypertension — no. (%) 5904 (64.8%) 597 (67.5%) 0.098 
Diabetes — no. (%) 1940 (21.3%) 204 (23.1%) 0.213 
Dyslipidemia — no. (%) 6169 (67.7%) 598 (67.6%) 0.995 
Family history of premature CAD — no. (%) 2891 (31.8%) 311 (35.3%) 0.034 
Peripheral or cerebrovascular disease — no. 
(%) 

495 (5.4%) 57 (6.4%) 0.205 

CAD equivalent — no. (%) 2293 (25.1%) 238 (26.9%) 0.254 
History of heart failure — no. (%) 339 (3.7%) 26 (2.9%) 0.239 
Metabolic syndrome — no. (%) 3441 (37.7%) 331 (37.4%) 0.843 
Current or past tobacco use — no. (%) 4672 (51.3%) 432 (48.9%) 0.176 
Sedentary lifestyle — no. (%) 4419 (48.6%) 447 (50.7%) 0.216 
History of depression — no. (%) 1878 (20.6%) 180 (20.4%) 0.881 

Risk factor burden       
No major risk factors — no. (%) 246 (2.7%) 17 (1.9%) 0.168 
Mean number of risk factors per patient 2.4 ± 1.1 2.4 ± 1.0 0.149 
Mean combined Diamond and Forrester and 
Coronary Artery Surgery Study risk score 

53.2 ± 21.3 53.6 ± 22.5 0.378 

Framingham risk score — no. (%)       
Low risk (<6%) 620 (6.8%) 66 (7.5%) 0.668 
Intermediate risk (6-20%) 4672 (51.3%) 442 (50.1%)  
High risk (>20%) 3814 (41.9%) 374 (42.4%)  

ASCVD pooled cohort risk prediction (2013) — 
no. (%) 

      

Low risk (<7.5%) 2919 (32.3%) 285 (32.7%) 0.831 
Elevated risk (≥7.5%) 6110 (67.7%) 587 (67.3%)  

Relevant medications — no. (%)       
Beta-blocker 2166 (24.8%) 233 (27.6%) 0.079 
ACE inhibitor or ARB 3823 (43.8%) 371 (43.9%) 0.963 
Statin 3994 (45.8%) 395 (46.7%) 0.591 
Aspirin 3896 (44.7%) 384 (45.4%) 0.661 

Primary presenting symptom and anginal type 
— no. (%) 

      

Chest pain 6630 (72.8%) 642 (72.6%) 0.931 
Dyspnea on exertion 1369 (15.0%) 121 (13.7%) 0.287 
Anginal type — site-reported       
Typical 1044 (11.4%) 122 (13.8%) 0.099 
Atypical 7107 (77.9%) 666 (75.3%)  
Non-anginal 967 (10.6%) 97 (11.0%)  

* Plus-minus values are means ±SD. ACE indicates angiotensin-converting enzyme; ARB, angiotensin-receptor 
blocker; and CAD, coronary artery disease.  
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Supplemental Table 2. Frequency of test findings and association with clinical events for anatomic and functional testing for a definition of 

nonobstructive coronary artery disease from 1-49%.  

 
Anatomic Testing 

(N=4516) 
Functional Testing 

(N=4602) 

Test Results 

Results 
Frequency— 

no./N (%) 
Event Rate— 

no./N (%) 
Hazard Ratio 

(95% CI) P Value 

Results 
Frequency— 

no./N (%) 
Event Rate—

no./N (%) 
Hazard Ratio 

(95% CI) P Value 
All-cause 
death/MI/UA  

        

Severely 
Abnormal 

632/4516 (14.0) 56/632 (8.9) 8.55  
(4.62–15.83) 

<0.0001 365/4602 (7.9) 35/365 (9.6) 3.88  
(2.58–5.85) 

<0.0001 

Moderately 
Abnormal 

449/4516 (9.9) 21/449 (4.7) 4.82  
(2.42–9.63) 

<0.0001 217/4602 (4.7) 13/217 (6.0) 2.65  
(1.46–4.83) 

0.0014 

Mildly Abnormal 1930/4516 (42.7) 46/1930 (2.4) 2.38  
(1.30–4.38) 

0.0051 432/4602 (9.4) 9/432 (2.1) 0.94  
(0.47–1.89) 

0.8666 

Normal 1505/4516 (33.3) 14/1505 (0.9) REF  3588/4602 (78.0) 75/3588 (2.1) REF  
CV death/MI/UA          
Severely 
Abnormal 

632/4516 (14.0) 50/632 (7.9) 14.11  
(6.50–30.65) 

<0.0001 365/4602 (7.9) 31/365 (8.5) 4.59  
(2.93–7.19) 

<0.0001 

Moderately 
Abnormal 

449/4516 (9.9) 19/449 (4.2) 7.97  
(3.44–18.47) 

<0.0001 217/4602 (4.7) 13/217 (6.0) 3.50  
(1.89–6.48) 

<0.0001 

Mildly Abnormal 1930/4516 (42.7) 32/1930 (1.7) 2.99  
(1.37–6.56) 

0.0061 432/4602 (9.4) 8/432 (1.9) 1.11  
(0.53–2.34) 

0.7834 

Normal 1505/4516 (33.3) 8/1505 (0.5) REF  3588/4602 (78.0) 56/3588 (1.6) REF  
CV death/MI          
Severely 
Abnormal 

632/4516 (14.0) 20/632 (3.2) 4.85  
(1.96–12.04) 

0.0007 365/4602 (7.9) 14/365 (3.9) 2.13  
(1.16–3.91) 

0.0141 

Moderately 
Abnormal 

449/4516 (9.9) 9/449 (2.0) 3.65  
(1.33–10.04) 

0.0122 217/4602 (4.7) 5/217 (2.3) 1.53  
(0.60–3.90) 

0.3681 

Mildly Abnormal 1930/4516 (42.7) 24/1930 (1.2) 2.23  
(0.94–5.27) 

0.0671 432/4602 (9.4) 5/432 (1.2) 0.81  
(0.32–2.04) 

0.6542 

Normal 1505/4516 (33.3) 7/1505 (0.5) REF  3588/4602 (78.0) 48/3588 (1.3) REF  
CV indicates cardiovascular; MI, myocardial infarction; and UA, unstable angina. 
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Supplemental Table 3. Test findings and clinical events in 4602 patients randomized to the functional arm of PROMISE according to the 

functional test performed. 
 Exercise Treadmill 

N=467 (10.1%) 
Stress Echocardiography 

 N=1019 (22.1%)  
Stress Nuclear Perfusion 

N=3116 (67.8%) 
 No. of Patients No. of Events No. of Patients No. of Events No. of patients No. of Events 
All cause death/MI/UA       

Severely Abnormal 0 0 66 4 299 31 
Moderately Abnormal 59 2 16 0 142 11 
Mildly Abnormal 316 3 696 14 2134 59 
Normal 92 1 241 2 541 5 

CV death/MI/UA       
Severely Abnormal 0 0 66 4 299 27 
Moderately Abnormal 59 2 16 0 142 11 
Mildly Abnormal 316 2 696 8 2134 47 
Normal 92 1 241 1 541 5 

CV death/MI       
Severely Abnormal 0 0 66 2 299 12 
Moderately Abnormal 59 0 16 0 142 5 
Mildly Abnormal 316 1 696 5 2134 40 
Normal 92 1 241 1 541 5 

CV indicates cardiovascular; MI, myocardial infarction; and UA, unstable angina. 
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Supplemental Table 4. Frequency of test findings and association with clinical events for anatomic and functional testing in patients prespecified 

to receive stress nuclear perfusion imaging. 

 
Anatomical Testing 

(N=3050) 
Functional Testing 

(N=3136) 

Initial Test Results 
Frequency 

n/N (%) 
Event Rate 

n/N (%) 
Hazard Ratio 

(95% CI) P-value
Frequency 

n/N (%) 
Event Rate 

n/N (%) 
Hazard Ratio 

(95% CI) 
P-

value 
All cause 
death/MI/UA  

        

Severely Abnormal 199/3050 (6.52) 21/199 (10.55) 14.49  
(5.67, 37.04) 

<.0001 299/3136 (9.53) 31/299 (10.37) 8.26  
(3.09, 22.08) 

<.0001

Moderately 
Abnormal 

191/3050 (6.26) 16/191 (8.38) 12.07  
(4.63, 31.48) 

<.0001 146/3136 (4.66) 12/146 (8.22) 6.04  
(2.03, 17.96) 

0.0012

Mildly Abnormal 1699/3050 
(55.70) 

52/1699 (3.06) 4.33  
(1.84, 10.21) 

0.0008 2145/3136 
(68.40) 

56/2145 (2.61) 1.98  
(0.77, 5.12) 

0.1571

Normal 961/3050 (31.51) 6/961 (0.62) REF  546/3136 (17.41) 5/546 (0.92) REF  
CV death/MI/UA          
Severely Abnormal 199/3050 (6.52) 19/199 (9.55) 19.59  

(6.45, 59.50) 
<.0001 299/3136 (9.53) 27/299 (9.03) 7.59  

(2.80, 20.57) 
<.0001

Moderately 
Abnormal 

191/3050 (6.26) 13/191 (6.81) 14.81  
(4.73, 46.39) 

<.0001 146/3136 (4.66) 12/146 (8.22) 6.44  
(2.15, 19.25) 

0.0009

Mildly Abnormal 1699/3050 
(55.70) 

40/1699 (2.35) 5.03  
(1.78, 14.22) 

0.0023 2145/3136 
(68.40) 

45/2145 (2.10) 1.68  
(0.64, 4.38) 

0.2933

Normal 961/3050 (31.51) 4/961 (0.42) REF  546/3136 (17.41) 5/546 (0.92) REF  
CV death/MI          
Severely Abnormal 199/3050 (6.52) 8/199 (4.02) 6.90  

(1.74, 27.34) 
0.0060 299/3136 (9.53) 12/299 (4.01) 2.76  

(0.91, 8.36) 
0.0730

Moderately 
Abnormal 

191/3050 (6.26) 4/191 (2.09) 4.36  
(0.95, 20.11) 

0.0588 146/3136 (4.66) 5/146 (3.42) 2.33  
(0.63, 8.62) 

0.2061

Mildly Abnormal 1699/3050 
(55.70) 

27/1699 (1.59) 3.51  
(1.04, 11.83) 

0.0429 2145/3136 
(68.40) 

38/2145 (1.77) 1.28  
(0.47, 3.43) 

0.6306

Normal 961/3050 (31.51) 3/961 (0.31) REF  546/3136 (17.41) 5/546 (0.92) REF  
CV indicates cardiovascular; MI, myocardial infarction; and UA, unstable angina. 
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Supplemental Table 5. Sensitivity analysis of the association of the definition of normal functional testing with and without consideration of the 

cardiovascular risk factors (Framingham Risk Score). 

 
Functional Testing – original definition 

(N=4602) 
Functional Testing – New mildly abnormal definition 

(N=4602) 

Initial Test Results 
Frequency 

n/N (%) 
Event Rate 

n/N (%) 
Hazard Ratio 

(95% CI) P-value
Frequency 

n/N (%) 
Event Rate 

n/N (%) 
Hazard Ratio 

(95% CI) P-value
All cause death/MI/UA          
Severely Abnormal 365/4602 (7.93) 35/365 (9.59) 3.88  

(2.58, 5.85) 
<.0001 365/4602 (7.93) 35/365 (9.59) 6.01  

(2.68, 13.51) 
<.0001 

Moderately Abnormal 217/4602 (4.72) 13/217 (5.99) 2.65  
(1.46, 4.83) 

0.0014 217/4602 (4.72) 13/217 (5.99) 4.14  
(1.64, 10.45) 

0.0026 

Mildly Abnormal 432/4602 (9.39) 9/432 (2.08) 0.94  
(0.47, 1.89) 

0.8666 3146/4602 (68.36) 76/3146 (2.42) 1.61  
(0.75, 3.45) 

0.2219 

Normal 3588/4602 (77.97) 75/3588 (2.09) REF  874/4602 (18.99) 8/874 (0.92) REF  
CV death/MI/UA          
Severely Abnormal 365/4602 (7.93) 31/365 (8.49) 4.59  

(2.93, 7.19) 
<.0001 365/4602 (7.93) 31/365 (8.49) 6.05  

(2.54, 14.41) 
<.0001 

Moderately Abnormal 217/4602 (4.72) 13/217 (5.99) 3.50  
(1.89, 6.48) 

<.0001 217/4602 (4.72) 13/217 (5.99) 4.63  
(1.76, 12.24) 

0.0020 

Mildly Abnormal 432/4602 (9.39) 8/432 (1.85) 1.11  
(0.53, 2.34) 

0.7834 3146/4602 (68.36) 57/3146 (1.81) 1.38  
(0.61, 3.15) 

0.4433 

Normal 3588/4602 (77.97) 56/3588 (1.56) REF  874/4602 (18.99) 7/874 (0.80) REF  
CV death/MI          
Severely Abnormal 365/4602 (7.93) 14/365 (3.84) 2.13  

(1.16, 3.91) 
0.0141 365/4602 (7.93) 14/365 (3.84) 2.22  

(0.83, 5.88) 
0.1103 

Moderately Abnormal 217/4602 (4.72) 5/217 (2.30) 1.53  
(0.60, 3.90) 

0.3681 217/4602 (4.72) 5/217 (2.30) 1.60  
(0.47, 5.38) 

0.4490 

Mildly Abnormal 432/4602 (9.39) 5/432 (1.16) 0.81  
(0.32, 2.04) 

0.6542 3146/4602 (68.36) 46/3146 (1.46) 1.02  
(0.43, 2.39) 

0.9678 

Normal 3588/4602 (77.97) 48/3588 (1.34) REF  874/4602 (18.99) 7/874 (0.80) REF  
CV indicates cardiovascular; MI, myocardial infarction; and UA, unstable angina. 
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Supplemental Figure 1. Kaplan-Meier curves demonstrating cumulative event rates based on the presence of myocardial ischemia and 

obstructive CAD for anatomic testing (A) and functional testing (B).  

 

 

 
 




