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ORIGINAL RESEARCH

Clinical Effectiveness of Cardiac 
Noninvasive Diagnostic Testing in 
Outpatients Evaluated for Stable Coronary 
Artery Disease
Idan Roifman , MD, MSc; Atul Sivaswamy, MSc; Anna Chu, MHSc; Peter C. Austin, PhD; Dennis T. Ko, MD, MSc; 
Pamela S. Douglas, MD; Harindra C. Wijeysundera, MD, PhD

BACKGROUND: Despite more than 4  million cardiac noninvasive diagnostic tests (NIT) being performed annually for stable 
coronary artery disease in the United States, it is unclear whether they are associated with downstream improvements in 
outcomes when compared with no testing. We sought to determine whether NIT was associated with reduced downstream 
major adverse cardiovascular events when compared with not testing.

METHODS AND RESULTS: We conducted a population- based study of ≈1.5 million patients undergoing chest pain evaluation 
in Ontario, Canada. Patients were categorized into NIT and no- testing groups. Cause- specific proportional hazards mod-
els were used to compare the rate of major adverse cardiovascular events (composite outcome of unstable angina, acute 
myocardial infarction or cardiovascular mortality and each constituent) between the 2 groups after adjusting for clinically 
relevant covariates. The rate of the composite outcome was ≈25% lower for patients undergoing noninvasive testing (haz-
ard ratio [HR], 0.77; 95% CI, 0.75–0.79). The benefits of testing were consistent for all 3 constituents of the composite; 
unstable angina (HR, 0.87; 95% CI, 0.82–0.93 for the NIT versus the no- testing group), myocardial infarction (HR, 0.83; 
95% CI, 0.79–0.86 for the NIT versus the no- testing group) and cardiovascular mortality (HR, 0.68; 95% CI, 0.65–0.72 for 
the NIT versus the no- testing group).

CONCLUSIONS: Our large population- based study reports an ≈25% reduction in major adverse cardiovascular events that was 
independently associated with NIT in outpatients being evaluated for stable angina. This study demonstrates the prognostic 
importance of NIT versus no testing on the health of contemporary populations.
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Stable coronary artery disease or stable angina is 
one of the most common presentations of pa-
tients with cardiovascular disease and leads to 

the performance of more than 4 million cardiac non-
invasive diagnostic tests (NIT) annually in the United 
States.1–3 However, despite widespread use, ques-
tions remain regarding the association between 
NIT and downstream outcomes.3–8 The PROMISE 
(Prospective Multicenter Imaging Study for Evaluation 

of Chest Pain) and SCOT-HEART (Scottish Computed 
Tomography of the HEART) trials reported very low 
incidence of major adverse cardiovascular events 
(MACE) in patients undergoing different types of 
NIT.2,9,10 Given the very low number of events in con-
temporary cohorts being evaluated for chest pain, 
it is unclear if NIT can lead to downstream improve-
ments in outcomes when compared with no testing 
in contemporary populations. Unfortunately, neither 
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the PROMISE nor SCOT- HEART trials included dis-
tinct “no testing” arms, although the latter may have 
included some untested patients in their “usual care” 
arm. As such, neither could address this important 
gap in knowledge regarding the comparison of out-
comes between strategies of any NIT versus no test-
ing in order to help shed light onto this question. Given 
the lack of proven effectiveness and the great costs 
conferred by NIT, researchers and policymakers have 
questioned the utility of NIT in the evaluation of pa-
tients for stable coronary artery disease (CAD).2

In order to explore the utility of NIT in patients evalu-
ated for chest pain, we sought to evaluate whether any 
testing was associated with lower MACE when com-
pared with no testing. In order to address this objec-
tive, we utilized a cohort comprising outpatients who 
were evaluated by physicians for chest pain. Based on 
the low number of events reported from the PROMISE 
and SCOT- HEART clinical trials, we hypothesized that 
there would be no significant difference in MACE be-
tween those patients undergoing NIT when compared 
with those who were not tested. Our cohort was ≈150- 
fold larger than that used in the PROMISE trial and we 
therefore believed that we would be extremely well 
positioned to detect differences between the NIT and 
no- testing groups.

METHODS
The data set from this study is held securely in coded 
form at the Institute for Clinical Evaluative Sciences 
(ICES). While data- sharing agreements prohibit ICES 
from making the data set publicly available, access 
may be granted to those who meet prespecified cri-
teria for confidential access, available at www.ices.
on.ca/DAS. The full data set creation plan and un-
derlying analytic code are available from the authors 
upon request, understanding that the computer pro-
grams may rely upon coding templates or macros 
that are unique to ICES and are therefore either in-
accessible or may require modification. ICES is an 
independent, nonprofit research institute whose legal 
status under Ontario’s health information privacy law 
allows it to collect and analyze healthcare and de-
mographic data, without consent, for health system 
evaluation and improvement. Thus, patients enrolled 
in this study were exempt from providing informed 
consent.

Design
We conducted a retrospective cohort study of patients 
undergoing evaluation for chest pain (the index event) 
in Ontario, Canada between January 1, 2011 and 
September 30, 2015.

Derivation of the Cohort
Inclusion criteria included age ≥20 years and evalu-
ation by a physician in Ontario for chest pain using 1 
of 3 possible diagnostic codes (785: chest pain not 
yet diagnosed; 412: chest pain suggestive of CAD; 
and 413: angina). These are the only possible diag-
nostic codes that physicians in Ontario can use for 
the evaluation of chest pain. After inclusion in the 
cohort, patients were followed for 3 months to evalu-
ate whether they received 1 of 4 noninvasive cardiac 
diagnostic tests for CAD available in Ontario (graded 

CLINICAL PERSPECTIVE

What Is New?
• Despite >4  million cardiac noninvasive diag-

nostic tests (NIT) performed annually for stable 
coronary artery disease in the United States, it 
is unclear whether they are associated with im-
provements in downstream outcomes.

• Our real-world, population-based study of 
≈1.5 million patients reported that the composite 
outcome (unstable angina, myocardial infarction, 
or cardiovascular mortality) was ≈25% lower for 
patients undergoing NIT compared with no test-
ing (hazard ratio [HR], 0.77; 95% CI, 0.75–0.79).

• The benefits of testing were consistent for all 3 
composite constituents; unstable angina (HR, 
0.87; 95% CI, 0.82–0.93), MI (HR, 0.83; 95% CI, 
0.79–0.86) and cardiovascular mortality (HR, 
0.68; 95% CI, 0.65–0.72).

What Are the Clinical Implications?
• This study demonstrates the prognostic impor-

tance of NIT versus no testing on the health of 
contemporary populations.

• Our results suggest that outpatients presenting 
with chest pain and being evaluated for stable 
angina may benefit significantly from NIT in the 
real world.

• Our results therefore support current guide-
lines that advocate for NIT for outpatients being 
evaluated for stable coronary artery disease and 
argue against the notion that NIT in this popula-
tion confers no discernable benefits when com-
pared with no testing.

Nonstandard Abbreviations and Acronyms

CCTA  coronary computed tomography 
angiography

GXT graded exercise stress test
NIT noninvasive testing
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exercise stress test [GXT], stress echocardiography, 
myocardial perfusion imaging, or coronary com-
puted tomography angiography [CCTA]). Those who 
underwent one of these tests were categorized in the 
NIT (testing) group and the others were categorized 
in the no- testing group. As this was an inception co-
hort, we were interested in excluding those patients 
with a previous diagnosis of coronary artery disease. 
We therefore excluded those with a history of car-
diovascular disease in the preceding 20 years using 
a previously validated algorithm that has been uti-
lized in prior work.11–15 Furthermore, we implemented 
a 1- year washout period whereby those who had a 
NIT in the year prior to evaluation for chest pain were 
excluded. Because our goal was to evaluate stable 
outpatients, and in the recognition that those evalu-
ated in the emergency department or admitted to 
the hospital represent different populations, we ex-
cluded those patients who were evaluated for chest 
pain in the emergency department or while they were 
hospitalized.

Data Sources
Patient evaluation for chest pain as well as re-
ceipt of NIT was ascertained by the Ontario Health 
Insurance Plan Physician Billing Database as pre-
viously described.16–19 The Registered Persons 
Database, a registry of Ontario residents who are 
registered for Ontario Health insurance coverage, 
was used to obtain demographic information. The 
presence of diabetes mellitus and hypertension 
were determined through the Ontario Diabetes and 
Ontario Hypertension databases, respectively. Total 
cholesterol values were determined via the Ontario 
Laboratories Information System. Smoking status 
was determined via the Canadian Community Health 
Survey. Hospitalizations were determined by the 
Canadian Institutes for Health Information Discharge 
Abstract database. Emergency Department visits 
were determined through the National Ambulatory 
Care Reporting System database. History of chronic 
obstructive pulmonary disease and cancer were de-
termined via the Ontario COPD and Ontario Cancer 
Registry, respectively. The Immigration, Refugees 
and Citizenship Canada Permanent Resident 
Database and the Ontario Visible Minority data-
base were utilized to determine ethnicity and im-
migration status. The Ontario Registrar General 
Death Register File was utilized to determine cause 
of death. The Ontario Drug Benefit Database was 
used to determine medication use among patients 
aged 65 years and older. We did not have data re-
garding medication use in those patients under the 
age of 65  years. The above- listed databases were 
linked using unique encoded identifiers based on 

individual, de- identified healthcare numbers and 
analyzed at ICES. ICES is an independent, nonprofit 
research institute funded by an annual grant from 
the Ontario Ministry of Health and Long- Term Care. 
As a prescribed entity under Ontario’s privacy legis-
lation, ICES is authorized to collect and use health-
care data for the purposes of health system analysis, 
evaluation, and decision support. Secure access to 
these data is governed by policies and procedures 
that are approved by the Information and Privacy 
Commissioner of Ontario. Given Canada’s single- 
payer government- funded healthcare system, we 
were able to extract patient information with virtually 
100% coverage of the population of Ontario.

Exposure
The exposure was receipt of NIT within 90 days of the 
evaluation for chest pain.

Outcomes
In order to mitigate issues caused by immortal time 
bias/survivorship bias, we performed landmark analy-
ses for which time zero for follow- up was at 90 days 
post initial chest pain evaluation. Patients were then 
followed up to December 31, 2016 for outcomes. This 
is the latest date that we can use in our database to as-
certain cardiovascular mortality. The primary outcome 
was a composite of time to hospitalization for unstable 
angina, myocardial infarction, or cardiovascular mor-
tality. Secondary outcomes were receipt of invasive 
angiography and coronary revascularization (percuta-
neous coronary intervention or coronary artery bypass 
grafting).

Covariates
Covariates were selected a priori based on clinical im-
portance.12,20–26 The following covariates were utilized 
in our statistical models: Cardiovascular risk factors: 
Age, sex, hypertension, dyslipidemia, diabetes mellitus, 
smoking status, income strata, and ethnicity. Measures 
of comorbidity: Chronic obstructive pulmonary dis-
ease, The Johns Hopkins Aggregated Diagnostic 
Groups, active cancer. Cardiac medications (in those 
aged 65 years and older): Use of aspirin, statins, beta- 
blockers, nitrates, and angiotensin- converting enzyme 
inhibitors.

Statistical Analysis
Descriptive Statistics

Characteristics of patients undergoing testing were 
compared with those not undergoing testing using 
the Pearson’s χ2 test for categorical variables and the 
t test for continuous variables. Because of the large 
size of the cohort, we assessed for balance between 
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the testing and nontesting arms using standardized 
differences. Standardized differences of <0.10 were 
considered to reflect adequate balance between the 
2 groups. McNemar’s test was used to compare 
medication use before and after NIT in those patients 
who underwent NIT and who were aged 65  years 
and older.

Unadjusted analyses
Grey’s test was utilized to compare the cumulative 
incidence of the outcomes between the NIT and no- 
testing groups, after accounting for the competing risk 
of noncardiovascular death.

Time to event- adjusted analyses
We utilized a 90- day landmark analysis with a cause- 
specific proportional hazards model to compare the 
rate of the composite outcome between the NIT and 
no- testing groups after adjusting for the clinically rel-
evant covariates listed above. This cause- specific 
model was used to account for the competing risk of 
noncardiovascular death.

Where neighborhood income, rurality, smoking 
status, or total cholesterol results were missing, we 
assumed that variables were missing at random and 
performed multiple imputation, creating 5 imputation 
data sets. Variables used in the imputation models were 
age on index date, sex, ethnic group, rurality, income 
quintile, baseline hypertension, baseline diabetes mel-
litus, baseline chronic obstructive lung disease, history 
of cancer, number of adjusted diagnostic groups, test-
ing in 90 days, incidence of main composite outcome, 
and years of follow- up. These variables were chosen 
for the imputation models for 1 of 3 reasons: (1) they 
have been shown to be either predictive of cholesterol 
levels or smoking status; (2) they were included in the 
final analytical model, or (3) they were an event in the 
final analytic model. Our imputation methods were 
similar to those previously utilized by our group in other 
projects and used a form of fully conditional specifica-
tion (known as Multivariate Imputation using Chained 
Equations).13,14

Sensitivity and Subanalyses
We performed sensitivity and subanalyses in order 
to evaluate the robustness of our results. First, we 
performed stratified analyses for both those < and 
≥65 years of age. Second, we performed an analysis 
stratified by the different diagnostic codes that physi-
cians used when evaluating patients with chest pain. 
Finally, we performed a propensity score matched anal-
ysis as a sensitivity analysis. The propensity score was 
estimated using a logistic regression model. Using this 
model, we regressed receipt of testing within 90 days 
of the index diagnosis of chest pain (versus no testing 

within 90 days) on the baseline covariates listed above 
in the covariates section. Propensity score match-
ing was used to match NIT and nontested subjects. 
Subjects were matched on the logit of the propensity 
score using calipers with a width of 0.2 of the standard 
deviation of the logit of the propensity score.27 Exact 
matching was performed on sex and neighborhood in-
come quintile. Standardized differences were used in 
the unmatched and the matched sample to assess for 
balance of baseline covariates between the testing and 
nontesting groups. A standardized difference of <0.10 
was deemed to be acceptable. After matching was 
complete, outcomes were compared between the NIT 
and nontesting groups. Given the presence of com-
peting risks (eg, noncardiovascular death), a cause- 
specific hazards model was used to compare the rate 
of our composite outcome of time to myocardial infarc-
tion and/or cardiovascular death between the testing 
and no- testing groups.28 A robust variance estimator 
was used to account for the matched nature of the 
sample.27 This model allows for a comparison of the 
cause- specific hazard of cardiovascular death or myo-
cardial infarction between the 2 groups. It is equivalent 
to the Cox proportional hazards model in the setting 
without competing risks. Propensity score matching 
analysis was performed separately in each imputed 
data set. The parameter estimates were pooled using 
Rubin’s rules. All analyses were performed with SAS 
version 9.3. This study was approved by the research 
ethics board at Sunnybrook Health Sciences Centre.

RESULTS
Derivation of the Study Cohort
During the study period, 2 494 173 subjects without 
coronary artery disease underwent evaluation for 
chest pain in Ontario, Canada. Of these, 189 032 sub-
jects were excluded because of having a NIT in the 
preceding year. Also, 73 618 patients were excluded 
for having a hospitalization for cardiovascular dis-
ease before the index date. As part of the landmark 
analysis, 81 849 patients were excluded because of 
experiencing a primary or secondary outcome within 
90  days of the index physician visit. An additional 
658 032 patients were excluded because of being 
evaluated for chest pain while they were hospitalized 
or during an emergency department visit (Figure 1). 
Finally, 1 491 642 patients remained in our final cohort.

Baseline Patient Characteristics
Of the 317 056 patients who underwent NIT, 186 223 
(58.7%) underwent a GXT, 85 128 (26.9%) underwent 
a myocardial perfusion imaging scan, 44 926 (14.2%) 
underwent a stress echocardiography, and 779 (0.3%) 
underwent a CCTA.
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Baseline patient characteristics are summarized in 
Table  1. Overall, the NIT and no- testing groups were 
similar (standardized differences <0.10) in the majority of 

our measured variables in the categories of demograph-
ics, cardiovascular risk factors, comorbidities, cardio-
vascular medications, and ethnicity/immigration status. 

Figure 1. Derivation of the patient population.
NIT indicates noninvasive testing.



J Am Heart Assoc. 2020;9:e015724. DOI: 10.1161/JAHA.119.015724 6

Roifman et al NIT for Stable CAD

Subjects undergoing NIT were significantly less likely 
to be female (49.6% versus 57.7%, respectively, stan-
dardized difference=0.16) and to be prescribed beta- 
blocking medications (among the elderly) (16.4%, versus 
20.5%, respectively, standardized difference=0.11).

Outcomes
Patients were followed for a median of 4.1  years 
 (interquartile range: 2.8–5.2 years) for ascertainment of 
outcomes.

Unadjusted Outcomes
Among those who did not undergo NIT testing, 26 756 
(≈1.5%) underwent invasive coronary angiography within 
the 90- day landmark period. Over 5 years of follow- up 
after the landmark period, the incidence of downstream 
invasive angiography (3.8% versus 4.0%, P=0.01) and 
revascularization (1.5% versus 1.7%, P<0.01) via percu-
taneous coronary intervention or coronary artery by-
pass grafting was statistically lower in those undergoing 
NIT compared with those not undergoing testing. Given 

Table 1. Baseline Patient Characteristics

No Testing (N=1 174 586) Noninvasive Testing (N=317 056) Standardized Difference

Demographics

Age, y, mean±SD 55.74±16.54 56.11±13.18 0.02

Female sex (%) 677 905 (57.7%) 157 381 (49.6%) 0.16

Patient evaluated in a rural location 103 994 (8.9%) 31 449 (9.9%) 0.04

Recent immigrants/ethnicities

Long- term resident 941 590 (80.2%) 250 329 (79.0%) 0.03

Black 25 336 (2.2%) 5865 (1.8%) 0.02

East Asian 38 766 (3.3%) 8731 (2.8%) 0.03

Latin American 15 929 (1.4%) 4526 (1.4%) 0.01

South Asian 64 694 (5.5%) 21 210 (6.7%) 0.05

South East Asian 21 276 (1.8%) 5001 (1.6%) 0.02

West Asian 24 815 (2.1%) 7328 (2.3%) 0.01

White: Eastern European 26 979 (2.3%) 9543 (3.0%) 0.04

White: Western European 12 992 (1.1%) 3774 (1.2%) 0.01

Cardiovascular risk factors

Total cholesterol, mean±SD 4.84±1.07 4.92±1.09 0.07

Active smoker 1842 (19.6%) 462 (17.6%) 0.05

Hypertension 488 754 (41.6%) 137 981 (43.5%) 0.04

Diabetes mellitus 197 429 (16.8%) 60 207 (19.0%) 0.06

Income quintile

1 225 011 (19.2%) 56 670 (17.9%) 0.03

2 240 503 (20.5%) 63 576 (20.1%) 0.01

3 240 086 (20.5%) 64 560 (20.4%) <0.01

4 240 681 (20.6%) 66 913 (21.2%) 0.02

5 224 777 (19.2%) 64 440 (20.4%) 0.03

Comorbidities

COPD 141 701 (12.1%) 35 966 (11.3%) 0.02

Cancer 94 337 (8.0%) 20 779 (6.6%) 0.06

Adjusted diagnosis group, mean±SD 10.64±4.0 10.24±3.9 0.09

Medications (in subjects aged 65 y and older)

Angiotensin- converting enzyme 
inhibitor/angiotensin II receptor 
blocker

161 979 (45.4%) 37 527 (45.1%) 0.01

Statin 148 663 (41.6%) 36 453 (43.8%) 0.04

Aspirin 10 038 (2.8%) 1961 (2.4%) 0.03

Beta- blocker 73 237 (20.5%) 13 634 (16.4%) 0.11

Nitrate 9920 (2.8%) 2587 (3.1%) 0.02

COPD indicates chronic obstructive pulmonary disease.
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the small absolute difference between the NIT and no 
testing groups with respect to invasive angiography and 
revascularization; however, it is questionable whether or 
not these statistical differences are meaningful. Those 
undergoing NIT were significantly less likely to experi-
ence the primary composite outcome of unstable an-
gina, acute myocardial infarction, or cardiovascular 
mortality (1.7% versus 2.8%, P<0.01). The same rela-
tionship was observed for each of the constituents of 
the primary outcome (Table 2, P<0.01).

Adjusted Outcomes
After adjustment for clinically relevant covariates, the 
rate of the composite outcome of unstable angina, 
acute myocardial infarction, or cardiovascular mortal-
ity was ≈25% lower in patients undergoing NIT (haz-
ard ratio [HR], 0.77; 95% CI, 0.75–0.79; Figure  2). 
Moreover, the benefits of testing were consistent for 
all 3 constituents of the composite outcome; unstable 
angina (HR, 0.87; 95% CI, 0.82–0.93 for the NIT versus 
the no- testing group), myocardial infarction (HR, 0.83; 
95% CI, 0.79–0.86 for the NIT versus the no- testing 
group), and cardiovascular mortality (HR, 0.68; 95% 
CI, 0.65–0.72 for the NIT versus the no- testing group).

Medication Use After Testing
Patients undergoing NIT were significantly more likely 
to be on an angiotensin- converting enzyme inhibitor/
angiotensin II receptor blocker (50.8% versus 47.7%, 
P<0.01), a statin (51.7% versus 47.0%, P<0.01), and a 
beta- blocker (22.3% versus 18.9%, P<0.01) after test-
ing compared with before testing. However, they were 
slightly less likely to be on Aspirin (ASA) (2.4% versus 
2.5%, P<0.01).

Sensitivity and Subanalyses
We performed multiple sensitivity and subanalyses in 
order to evaluate the robustness of our results. First, in 
both those patients <65 years of age (HR, 0.75; 95% 
CI, 0.72–0.79) and aged 65 years and older (HR, 0.80; 
95% CI, 0.76–0.83) the results were similar to the over-
all group. Second, we repeated our analyses on those 
patients undergoing testing stratified by the different 
physician diagnostic codes. Our results were consist-
ent across the different diagnostic codes (HR, 0.70; 
95% CI, 0.74–0.78 for those undergoing testing after 
being evaluated by a physician for the diagnostic codes 
for angina/CAD and HR, 0.77; 95% CI, 0.74–0.80 for 
those undergoing testing after being evaluated by a 
physician for chest pain not yet diagnosed [Figure 2]).

Propensity Score Matched Analysis

Covariates were well matched between the testing and 
nontesting groups with standardized differences <0.10 
for each covariate. The results of our matched analy-
sis were consistent with our primary overall results as 
well as those of our other subanalyses, with patients 
undergoing NIT being significantly less likely to experi-
ence the composite main outcome (HR, 0.60; 95% CI, 
0.58–0.63) when compared with those not undergoing 
NIT.

DISCUSSION
In a large, population- based study of outpatients with 
chest pain in Ontario, Canada, we observed a ≈25% 
reduction in the hazard of the composite outcome of 
unstable angina, acute myocardial infarction, or car-
diovascular mortality associated with NIT. Our find-
ings were consistent among all 3 constituents of the 
composite outcome and were robust across different 
physician diagnostic codes and in those patients aged 
65 years and older.

Despite recent advances in care, CAD remains 
a major public health problem. The 2010 American 
Heart Association Heart Disease and Stroke Statistics 
Update reported that there are ≈18 million people in 
the United States who have been diagnosed with 
CAD.29 CAD is the second leading cause of death 

Table 2. Unadjusted Outcomes Comparing the NIT and 
No- Testing Groups

No Testing Noninvasive Testing

Invasive angiography 46 666 (4.0%) 11 950 (3.8%)

Coronary revascularization 
(%)

19 569 (1.7%) 4833 (1.5%)

Unstable angina, acute 
myocardial infarction, or 
cardiovascular mortality (%)

32 853 (2.8%) 5428 (1.7%)

Acute myocardial infarction 
(%)

15 021 (1.3%) 2979 (0.9%)

Unstable angina (%) 5276 (0.5%) 1123 (0.4%)

Cardiovascular mortality (%) 15 941 (1.4%) 1829 (0.6%)

NIT indicates noninvasive diagnostic tests.

Figure 2. Major adverse cardiovascular events compared 
between the NIT and no- testing groups in the overall cohort, 
in patients <65 years of age, in patients aged 65 years and 
older, and stratified by different physician diagnostic codes.
CAD indicates coronary artery disease; NIT, noninvasive 
diagnostic tests; and NYD, not yet diagnosed.
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in Canada and is responsible for ≈30% of all deaths 
worldwide in people aged 35 and above and ≈17% of 
total deaths.30–32 A common presentation for CAD is 
stable angina, also known as stable CAD, which af-
fects more than 8 million people in the United States 
each year.33,34 Two large randomized controlled tri-
als evaluated the efficacy of different NIT options 
among patients being assessed for stable CAD. The 
PROMISE trial randomly assigned 10 003 outpatients 
being evaluated for suspected stable CAD to either 
CCTA or functional stress testing. The primary end 
point of MACE (all- cause mortality, myocardial in-
farction, hospitalization for unstable angina, or major 
cardiovascular procedural complication) did not sig-
nificantly differ between the 2 groups.9 The SCOT- 
HEART trial enrolled 4146 patients with stable chest 
pain to “usual care” (including a GXT) or “usual care” 
plus CCTA. While the initial results, based on me-
dian follow- up of 1.7 years, reported that there was 
no significant difference between the 2 arms in terms 
of the clinical composite outcome of cardiovascu-
lar death or myocardial infarction, the subsequently 
published 5- year results reported a reduction in the 
composite outcome associated with usual care plus 
CCTA.2,10,35 Interestingly, the event rates were lower 
than originally expected in both the anatomical and 
functional arms of the PROMISE and SCOT- HEART 
trials. For example, the annual rate of all- cause mor-
tality and nonfatal myocardial infarction averaged 
between both studies was ≈1.4%.2,9,10 Given the low 
event rate, experts in the field have raised a further 
question of whether any testing leads to improved 
clinical outcomes when compared with no testing 
in real- world populations.2 As far as we are aware, 
there are currently no data comparing outcomes with 
and without testing among outpatients being eval-
uated for stable CAD. The utility of cardiac NIT for 
chest pain is also questioned in other, related patient 
populations. For example, Natsui et al recently con-
ducted a retrospective study of 24 459 patients who 
presented with chest pain to the emergency depart-
ment of 13 sites across southern California and were 
subsequently discharged. They reported that there 
were very low rates of MACE, and there was no sig-
nificant difference in MACE between those undergo-
ing testing and those who did not. Specifically, there 
were no deaths and only ≈1.3% of all patients in their 
cohort developed either unstable angina or acute 
myocardial infarction within their follow- up period.36

Similar to the Natsui and colleagues’ study, which 
focused on patients with chest pain discharged from 
the emergency department, we report low overall 
event rates in patients undergoing evaluation for chest 
pain in the outpatient setting. However, in contrast 
to the Natsui et al’s findings, we report a significant 
reduction in MACE of ≈25% associated with testing 

when compared with those who were not tested. 
We speculate that the difference that we observed 
when compared with the Natsui article may be re-
lated to the different patient populations examined. 
While both our study and the Natsui article examined 
patients evaluated for chest pain and possible CAD, 
ours focused on outpatients evaluated for stable CAD 
while the latter focused on those patients present-
ing to the emergency department for chest pain who 
were discharged home, presumably in the absence 
of any high- risk features (otherwise they likely would 
have been admitted to the hospital for further evalua-
tion of the chest pain). As a result, the overall cohort 
utilized by Natsui et al was likely of significantly lower 
risk than ours. In this low- risk cohort, it is conceivable 
that NIT did not confer any significant benefit.

Clinical Importance and Significance
Our results are important because they report a 
significant reduction in downstream MACE after 
NIT when compared with no testing in a large, con-
temporary, population- based cohort. Interestingly, 
this reduction in MACE was observed despite the 
absence of increased rates of invasive angiogra-
phy and/or revascularization associated with NIT. 
Thus, the lower MACE associated with NIT cannot 
be attributed to an increase in invasive/revasculari-
zation procedures. Our study was not designed to 
elucidate the possible mechanism for the observed 
lower MACE in the NIT group. We speculate that 1 
possibility is that NIT may have triggered a series of 
events that ultimately led to better downstream medi-
cal management. Unfortunately, we were unable to 
evaluate medication use in the majority of our co-
hort (those aged 65 years and under), nor were we 
able to evaluate lifestyle interventions. Both of these 
factors may have contributed to our findings if they 
occurred preferentially in those patients undergo-
ing NIT. Indeed, in those patients aged 65 years and 
older, use of some guideline- recommended medi-
cations, shown to improve survival in patients with 
CAD, such as angiotensin- converting enzyme inhibi-
tors/angiotensin II receptor blockers and statins, was 
significantly higher after NIT when compared with 
before it. Similar to our study, the 5- year follow- up of 
the SCOT- HEART study reported that patient receipt 
of NIT led to an escalation in downstream medication 
use. Specifically, the SCOT- HEART study reported 
that CCTA led to an escalation of cardiovascular 
medications (“preventative therapies”) when com-
pared with usual care, comprising mostly GXT. This 
was postulated as a potential mechanism leading 
to the reduction in the composite outcome associ-
ated with the usual care plus CCTA arm of the study. 
Unlike SCOT- HEART where 50% of the study patients 
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were randomized to receive CCTA, in our study, only 
a small percentage of patients (0.3%) received CCTA, 
with the majority receiving a GXT (58.7%). The small 
number of patients in our cohort receiving CCTA led 
to our decision not to compare outcomes between 
functional and anatomical groups because we felt 
that our ability to make valid comparisons between 
the 2 was extremely limited. The low percentage of 
patients receiving CCTA in our cohort is a reflec-
tion of the limited access and restricted capacity for 
CCTA in Ontario at present. Despite this fact, utiliza-
tion of CCTA has been increasing in Ontario in recent 
years.16,37 Based on the SCOT- HEART 5- year results, 
it is conceivable that NIT may have been associated 
with both a greater impact on downstream medica-
tion utilization, and a further reduction in MACE if 
CCTA played a more prominent role in testing. Given 
the trends of increasing utilization of CCTA in Ontario, 
this premise should be explored in a future study.

Our results suggest that outpatients presenting 
with chest pain and being evaluated for stable angina 
in the real world may significantly benefit from NIT. 
Furthermore, our results support current guidelines 
that advocate for NIT for outpatients being evaluated 
for stable CAD and argue against the notion that NIT in 
this population confers no discernable benefits when 
compared with no testing.38–40

Limitations
This study must be interpreted in the context of its 
limitations. First, because this is an observational 
study, there is the potential for selection bias in terms 
of who does and does not get tested. To address 
this limitation, we used a well- defined outpatient 
population and utilized Cox regression analyses to 
account for observed differences between those 
tested and those who were not—allowing for ad-
justment for clinically important covariates. We also 
performed a propensity score matched analysis as a 
sensitivity analysis that supported our initial results 
and enhanced the robustness of our data. Second, 
our databases lacked granularity in a number of do-
mains. For example, we lacked data on chest pain 
characteristics. We therefore could not account for 
the traditional pretest likelihood of obstructive CAD 
based on chest pain characteristics in our cohort. 
We also lacked data that would have allowed us to ei-
ther measure testing for noncardiac causes of chest 
pain, or reliably determine whether empirical medical 
therapy was started, targeted at the presumed cause 
of the chest pain. Third, these results reflect pat-
terns of care and outcomes in Ontario and may not 
necessarily be generalizable to other jurisdictions. 
With that said, Ontario is a large and diverse prov-
ince consisting of ≈14 million people, similar in nature 

to many diverse populations around the world. The 
population- level analyses that we performed (ie, hav-
ing virtually 100% coverage of the population) further 
enhance the generalizability of our findings.

CONCLUSIONS
Our large, population- based, real- world study re-
ported an ≈25% reduction in the rate of the com-
posite outcome of cardiovascular mortality, acute 
myocardial infarction, or unstable angina that is inde-
pendently associated with NIT in outpatients being 
evaluated for stable angina. As far as we are aware, 
ours is the first study to highlight the prognostic im-
portance of NIT versus no testing on the health of 
populations.
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