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Abstract

Objective: To assess the relative predictors of mortality risk in a contemporary cohort of patients
referred for stress single-photon emission computed tomography myocardial perfusion imaging in
whom all relevant risk factors and cardiac-related comorbidities were evaluated at the time of cardiac
stress testing.
Methods: We evaluated 15,662 patients undergoing stress single-photon emission computed to-
mography myocardial perfusion imaging between 2008 and 2017. Patients were observed for a median
of 6.7 years for all-cause mortality. Patients were assessed for their mode of stress testing (exercise vs
pharmacologic testing), myocardial ischemia, coronary artery disease risk factors, and cardiac-related
comorbidities, such as chronic kidney disease.
Results: Age and pharmacologic stress testing, which was performed in 48.1% of our patients, were
the most potent predictors of mortality. Moderate to severe myocardial ischemia, a traditional driver of
mortality, was present in only 3.6% of patients. There was a stepwise increase in annualized mortality
according to patients’ number of risk factors (P < .001) or comorbidities (P < .001). After stratifi-
cation of patients according to their mode of stress testing, this stepwise relationship of multi-
morbidity to mortality was noted only in pharmacologically tested patients. By contrast, the
annualized mortality risk of patients undergoing treadmill exercise not only was low (<1%/year) but
remained so even for patients with a high degree of multimorbidity.
Conclusion:

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
https://doi.org/10.1016/j.mayocp.2024.09.019
http://www.mayoclinicproceedings.org


https://doi.org/10.1016/j.mayocp.2024.09.019
http://www.mayoclinicproceedings.org


TABLE 1. Clinical Characteristics of the Patients

Variable
All patients
(N¼11,256)

Exercise patients
(n¼5419)

Pharmacologically
tested patients
(n¼5837) P value

Age, years 61.3�13.2 56.9�11.7 65.3�13.2 <.001

Male 6414 (57.0) 3410 (62.9) 3004 (51.5) <.001

Symptoms
Asymptomatic 1920 (17.1) 941 (17.4) 979 (16.8)
Nonanginal pain 369 (3.3) 132 (2.4) 237 (4.1)
Atypical angina 7193 (63.9) 3636 (67.1) 3557 (61.0)
Typical angina 386 (3.4) 225 (4.2) 161 (2.8)
Dyspnea only 1382 (12.3) 483 (8.9) 899 (15.4) <.001

CAD risk factors
Hypertension 6892 (61.2) 2569 (47.4) 4323 (74.1) <.001
Hypercholesterolemia 6359 (56.5) 2980 (55.0) 3379 (57.9) .002
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Patients undergoing pharmacologic testing
with vasodilator agents were asked to
perform low-level exercise with a slow
manual protocol when able and were divided
into “no walk” and “walk” subgroups.

Stress-rest SPECT imaging was per-
formed according to the guidelines of the
American Society of Nuclear Cardiology.19

Semiquantitative visual interpretation of
SPECT myocardial perfusion images was
performed by experienced observers by a 5-
point score (0, normal to 4, absence of tracer
uptake) for each of 17 myocardial segments.
Summed stress scores (not considering the
rest defect) and stress minus rest scores (ie,
summed difference scores) were generated
and converted to percentage abnormal and
ischemic myocardium by dividing summed
scores by 68 and then multiplying by 100.
A summed difference score of 5% or more
defined the presence of inducible myocardial
ischemia. Moderate to severe myocardial
ischemia was defined as a summed differ-
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hazard ratios, adjusting predictors for age,
sex, chest pain symptom, hypertension,
high cholesterol concentration, smoking,
and diabetes, where the proportional hazards
assumption was assessed with Schoenfeld re-
siduals. Multivariable predictors of all-cause
mortality were assessed by the likelihood ra-
tio c2 test of the full model compared with
the model minus each predictor. Two-tailed
P values of less than .05 were considered sta-
tistically significant.

RESULTS
The clinical characteristics of our cohort,
further divided into the 5419 (48.1%) pa-
tients who exercised vs 5837 (51.9%) who
underwent pharmacologic testing, are shown
in Table 1. The mean age of the patients was
61.3 years, and 57% were male. Hyperten-
sion, hypercholesterolemia, diabetes, and
obesity (body mass index �30 kg/m2) were
common, and 1 or more comorbidities
(from among known CAD, PVD, prior
stroke, CKD, or atrial fibrillation) occurred
in 34.5% of patients. Myocardial ischemia
was present in 8.6% of patients. Pharmaco-
logically tested patients had more CAD risk
factors, comorbidities, and ischemia vs exer-
cise patients and a higher rate of mortality.
Early coronary revascularization was per-
formed in 4.7% of our patients, and its use
increased in stepwise fashion with increasing
myocardial ischemia during baseline testing.

Table 2 shows the risk-adjusted hazard
ratio for mortality for each clinical factor.
Diabetes, hypertension, and smoking were
each associated with an increased hazard ra-
tio for mortality, but hypercholesterolemia
and obesity were associated with lower mor-
tality. The presence of moderate to severe
myocardial ischemia was not associated
with increased mortality.

As shown in Table 3, the most potent
predictors of mortality according to c2 anal-
ysis were age and whether patients per-
formed exercise testing or required
pharmacologic testing. Pharmacologically
tested patients who performed low-level ex-
ercise had higher survival than those phar-
macologically tested patients who did not
perform low-level exercise. Age and CKD
were the next most potent predictors of
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radionuclide stress testing. Within our
cohort, the adjusted hazard ratios for mortal-
ity were elevated for patients with hyperten-
sion, diabetes, and smoking, and there was a
synergistic decline in survival if 2 or more of
these 3 risk factors were present. By contrast,
neither obesity nor hypercholesterolemia
was associated with decreased survival. The
presence of an “obesity paradox” among car-
diac stress test patients has been described in
many prior cohorts20-23 and appears to be
due to the presence of confounding risk fac-
tors.23 The higher rather than lower survival
of patients with a history of hypercholester-
olemia is also a paradoxical finding, but it
has previously been described in recent large
cardiac registries, including patients within
the multicenter CAC Consortium and the
Coronary CT Angiography Evaluation for
Clinical Outcomes: An International Multi-
center (CONFIRM) registry.24

Besides CAD risk factors, each of the
comorbidities assessed in our study was
associated with a heightened risk-adjusted
mortality risk, and there was a stepwise in-
crease in mortality with increasing number
of comorbidities. When considered together,
there was a synergistic increase in mortality
according to patients’ combined burden of
CAD risk factors and concomitant
comorbidities.

However, the relationship between CAD
risk factors and comorbidities was highly
influenced by patients’ mode of stress testing
(exercise vs pharmacologic). For the patients
who performed treadmill exercise, the annu-
alized mortality rate was less than 1% per
year, regardless of patients’ burden of CAD
risk factors and comorbidities. By contrast,
the annualized rate of mortality was mark-
edly higher for pharmacologically tested pa-
tients, and within this subgroup, mortality
increased synergistically with a higher
burden of CAD risk factors and
comorbidities.

An absence of a linear relationship be-
tween CAD risk factors and comorbidities
was also observed for older patients (ie,
�65 years) who performed treadmill exer-
cise. In this subgroup, the annualized rate
of mortality varied only between 0.5% and
1.6% per year for the exercising patients
manifesting different combinations of CAD
risk factors and comorbidities. By contrast,
for older patients undergoing pharmacologic
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mortality rate of 2.7% per year for patients
with no observed multimorbidity to 8.2%
per year for patients with multiple CAD
risk factors and multiple comorbidities.

Myocardial Ischemia and Mortality Risk
In our study, inducible myocardial ischemia
was not a significant predictor of mortality
risk. In part, this surprising finding may be
due to a tendency to treat patients with
inducible myocardial ischemia with optimal
aggressive medical means and more active
surveillance compared with patients without
inducible myocardial ischemia. However, the
most likely reason that inducible myocardial
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its benefi
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among clinical laboratories. The uniform
collection of such data could aid our under-
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