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Stress Echocardiography Positivity Predicts Cancer Death
Clara Carpeggiani, MD, Patrizia Landi, BSc, Claudio Michelassi, BSc, Maria Grazia Andreassi, MSc, PhD, Rosa Sicari, MD, PhD;
Eugenio Picano, MD, PhD

Background-—Stress echocardiography (SE) predicts cardiac death, but an increasing share of cardiac patients eventually die of
cancer. The aim of the study was to assess whether SE positivity predicts cancer death.
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Methods and Results-—In a retrospective analysis of prospectively acquired single-center, observational data, we evaluated 4673
consecutive patients who underwent SE from 1983 to 2009. All patients were cancer-free at index SE and were followed up for a
median of 131 months (interquartile range 134). We separately analyzed predetermined end points: cardiovascular, cancer, and
noncardiovascular, noncancer death, with and without competing risk. SE was positive in 1757 and negative in 2916 patients; 869
cardiovascular, 418 cancer, and 625 noncardiovascular, noncancer deaths were registered. The 25-year mortality was higher in SEpositive than in SE-negative patients, considering cardiovascular (40% versus 31%; P<0.001) and cancer mortality (26% versus 17%;
P<0.01). SE positivity was a strong predictor of cancer (cause-speciﬁc hazard ratio 1.19; 95% conﬁdence interval, 1.16–1.73;
P=0.05) and cardiovascular mortality (1.18; 95% conﬁdence interval, 1.03–1.35; P=0.02). Fine–Gray analysis to account for
competing risk gave similar results. Cancer risk diverged after 15 years, whereas differences were already signiﬁcant at 5 years for
cardiovascular risk.
Conclusions-—SE results predict cardiovascular and cancer mortality. SE may act as a proxy of the shared risk factor milieu for
cancer or cardiovascular death. ( J Am Heart Assoc. 2017;6:e007104. DOI: 10.1161/JAHA.117.007104.)
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S

tress echocardiography (SE) is an established and costeffective option for diagnosis and risk stratiﬁcation in
patients with known or suspected coronary artery disease
(CAD).1–4 The prognostic value of SE was shown initially for
cumulative end points, mainly consisting of soft end points
such as recurrence of angina or coronary revascularization,5–8
later for hard end points such as myocardial infarction (MI)9,10
and—as data matured—for all-cause death and cardiac
death.11–13 The clinical meaning of the prognostic stratiﬁcation is based not only on statistical but also on biological
plausibility.14 From the pathophysiological viewpoint, it is
consistent with our current knowledge of ischemic heart
disease that SE positivity mirrors the functional impact of
underlying CAD, which is the strongest predictor of future
cardiovascular events.15 With longer follow-up times of
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expanding cohorts becoming available, now additional, more
reﬁned analyses also can be made. Death is the hardest and
methodologically strongest of all end points,16 but there is
little apparent rationale for linking the SE results to cancer
death (for instance, because of lung cancer or leukemia) and
to noncancer death (such as Alzheimer’s or pneumonia).
Therefore, it seems statistically and biologically plausible to
explore the link between SE results and different types of
death, speciﬁcally separating cardiovascular, cancer, and
noncardiovascular, noncancer death. The study of predictors
of different cause-speciﬁc death in individuals referred to SE
in a cohort study is an example of competing risk analysis,
since the death because of the primary cause of interest such
as cardiac disease could be precluded by a death because of
another cause such as cancer. A comprehensive view of the
cumulative mortality dynamics can be provided with the use
of 2 regression approaches used to assess mortality risk
without competing risk (cause-speciﬁc hazard) or with competing risk (proportional subdistribution hazard).17 In an
epidemiological, retrospective, single-center, cohort study
we enrolled 4673 in-hospital patients evaluated with SE at
the time of admission from 1983 up to 2009 and enrolled in a
follow-up program, with the aim of assessing the association
between SE results and different broad classiﬁcations of
causes
of
death
(cardiovascular,
cancer,
and
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What Is New?
• A positive echocardiogram stress test predicts not only
cardiac death but also cancer death.
• Long-term follow-up data of patients with coronary artery
disease demonstrate an increasing incidence of cancer.

What Are the Clinical Implications?
• These results suggest shared risk factors for cancer or
cardiovascular death.
• In patients with stable, low-risk coronary artery disease, it
may be advantageous to minimize exposure to known
oncogenic risk factors.
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noncardiovascular noncancer), with and without competing
risks (proportional subdistribution hazard and cause-speciﬁc
hazard methods, respectively).

Methods
Study Population
The study included 4673 patients consecutively hospitalized
at the Institute of Clinical Physiology, National Research
Council of Italy, Pisa, Italy over a 27-year period (1983–2009)
who underwent at least 1 SE as a screening test for CAD. SE
was performed in all patients with an exercise electrocardiography test that was unfeasible, submaximal, or nondiagnostic, or patients in whom it was necessary to have a geographic
stratiﬁcation of ischemia or risk stratiﬁcation after acute MI or
revascularization procedure with angioplasty or coronary
artery bypass surgery (Table 1). Patients were referred to
the hospital for coronary angiography, often performed
independently of test results.
At discharge, all demographic, history, clinical, and instrumental data were collected in the Institute’s dedicated
cardiovascular database. For this study, data on risk factors,
type of symptoms, diagnosis, and SE results were considered.

Patients referred to SE were excluded if they met one of the
following criteria: current evidence or recent history of cancer,
diagnosed in the 5 years before index-SE (n=111); or patients
lost to follow-up (n=200; Figure 1).
Current smoking status was deﬁned as having smoked
cigarettes within the past 6 months, and a former smoker
was deﬁned as having smoked in the past but quit >6 months
ago. A history of high cholesterol was deﬁned as having a
total cholesterol value >240 mg/dL or on drug therapy.
Diabetes mellitus was deﬁned as a documented diagnosis
requiring treatment with medication or diet. Hypertension was
deﬁned as a documented history or treatment with medication. Coronary artery disease was deﬁned as ≥1 major
coronary artery with at least 50% stenosis.

SE Protocol
Each patient performed at least 1 SE. A second SE using
different stressor was performed when the diagnostic end
point for the detection of myocardial ischemia (ie, the
induction of a transient change in regional function during
stress) was not induced. Out of 4673 patients, 280 (6%)
performed more than 1 SE test; in these cases, we considered
the second one with diagnostic results (up to wall motion
positivity or maximal drug dose or maximal predetermined
heart rate during exercise). In Table 2, for the sake of clarity
we report the result of only 1 SE for each patient (number of
SE=number of patients).
Exercise SE was conducted using a semisupine bicycle
ergometer with 25W incremental loading every 2 minutes.
Dipyridamole (up to 0.84 mg/kg over 10 min with coadministration of atropine up to 1 mg, or up to 0.84 mg/kg over

Table 1. Indications for Testing
Indication

Patients, N

Asymptomatic

599

Stable angina

2408

Nonspecific chest pain

1021

After ACS

379

After revascularization

266

Figure 1. Study selection process. SE indicates stress echocarACS indicates acute coronary syndrome.
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Table 2. Clinical Characteristics of Population Stratiﬁed by SE Results
Total

Positive

Negative

Patients, N (%)

4673

1751 (37)

2922 (63)

Age, y (meanSD)

6211

6312

6111

P Value

<0.001

Male sex, N (%)

3394 (73)

1241 (71)

2153 (74)

0.018

History of MI, N (%)

2010 (43)

991 (56)

1019 (35)

<0.001

Risk factors, N (%)
Family history

2161 (46)

836 (48)

1325 (46)

0.173

Diabetes mellitus

855 (18)

344 (20)

511 (18)

0.086

Hypertension

2284 (49)

786 (45)

1498 (52)

<0.001

Hypercholesterolemia

2266 (49)

LDL cholesterol, mg/dL

897 (51)

1369 (47)

0.008

120

116

0.09

Hypertriglyceridemia

1097 (24)

477 (27)

620 (21)

<0.001

Smoking

2408 (52)

1033 (59)

1375 (47)

<0.001
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Obesity

1351 (29)

528 (30)

823 (28)

0.183

Angiography

3384 (72)

1651 (94)

1733 (59)

<0.001

1.811.012

0.991.018

<0.001

Normal vessels

8

38

<0.001

1 vessel

33

34

0.07

2 vessels

32

18

<0.001
<0.001

No. of vessels, meanSD

27

10

SE results

3 vessels

1813

3140

Follow-up PCI

760 (55)

616 (45)

<0.001

Follow-up CABG

641 (66)

326 (34)

<0.001

Medications, N %
Statins

1108 (39)

416

48

692

35

<0.001

b-Blockers

1416 (30)

503

29

913

31

0.05

ACE inhibitors

999 (21)

295

17

704

24

<0.001

Nitrates

2662 (57)

1314

75

1348

46

<0.001

Calcium-channel blockers

1993 (43)

1066

61

927

32

<0.001

Antiplatelet agents

3249 (70)

1390

79

1859

64

<0.001

ACE indicates angiotensin converting enzyme; CABG, coronary artery bypass graft; LDL, low-density lipoprotein; MI, myocardial infarction; PCI, percutaneous coronary intervention; SE,
stress echocardiography.

6 minutes) and dobutamine (up to 40 lg/kg per minute with
coadministration of atropine up to 1 mg) SE were performed
according to well-established protocols.1,2
Echocardiographic images were semiquantitatively
assessed using a 17-segment, 4-point score model of the
left ventricle (from 1=normal/hyperkinetic, to 4=dyskinetic).
A wall motion score index was derived by dividing the sum of
individual segment scores by the number of interpretable
segments. Ischemia was deﬁned as stress-induced new or
worsening of pore-existing wall motion abnormality or biphasic response (ie, low-dose improvement followed by high-dose
deterioration). A test was considered positive when at least 2
DOI: 10.1161/JAHA.117.007104

adjacent segments of the same vascular territory showed a
regional wall motion abnormality (absent or of a lesser degree
at rest) at peak stress.1,2 Subjects gave informed consent.

Follow-Up
For each patient, follow-up began at discharge and was
planned for a maximum period of 40 years. It was concluded
in December 2013. In total 200 patients were lost to followup. Follow-up data were obtained routinely every year in at
least one of the following ways: from the patient’s hospital
record; by contacting the patient’s physician; by telephone
Journal of the American Heart Association
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Statistical Analysis
Continuous variables were summarized as meanSD and
were compared using the unpaired 2-tailed Student t test.
Categorical variables were expressed as percentages and
were compared using v2 test with Yates correction. Kaplan–
Meier estimates were used to summarize event rates for allcause, cancer, and cardiac mortality, with the log-rank test
used for group comparisons. The mortality risk with
competing risk (proportional subdistribution hazard) was
used to estimate the cumulative incidence of cause-speciﬁc
modes of death and was assessed by the Fine–Gray
regressions. It considers as a single cause of death both
the association of SE with a single cause of death and the
contribution of another competing event by actively maintaining individuals in the risk sets (ie, divides the probability
of death into the probability corresponding to each competing event). The Cox proportional hazards model was used to
explore the cause-speciﬁc hazard, and the possible association between SE results and risk of deaths of various
origins (cancer, cardiovascular, or other causes). Deaths
DOI: 10.1161/JAHA.117.007104

from cardiovascular and other causes were considered
censored at the time of death when the cancer death was
analyzed. The regression model included known potential
confounders such as baseline age, sex, diabetes mellitus,
smoking habit, history of MI, and rest and peak wall motion
score index. Only the variables predictive at univariate
analysis were included in the multivariable model. SE result
was included in the regression models as categorized
variable. Hazards ratios (HR) and their 95% conﬁdence
intervals (CI) were calculated on the entire population for
cancer death after adjusting for the same confounders listed
above. Two-sided P values 0.05 were considered statistically
signiﬁcant. Analyses were performed with the following
statistical packages: SPSS (version 20) and the “cmprsk” R
package.17

Ethical Committee
The study was approved by the Pisa Ethical Committee on
November 11, 2014 (Study Protocol n. 335/2014).

Results
Population
The characteristics of the population at study entry stratiﬁed
by SE results are shown in Table 2. Positive SE patients were
slightly older, with prevalence of atherosclerotic risk factors
except hypertension. In 56% of SE-positive patients, a history
of MI was reported. About 72% of patients underwent the
angiographic procedure, and SE-positive patients showed a
signiﬁcant prevalence of coronary stenosis.

SE Results
A pharmacological stress SE was performed in 3741 (80%)
patients (dipyridamole in 3337, dobutamine in 404), and
exercise SE in 932 (20%) patients. The percentages of SE
positivity in dipyridamole, dobutamine, and exercise SE
groups were 38%, 32%, and 33%, respectively (Table 3).

Prognostic Data
We observed 1912 deaths (41%), including 869 cardiovascular
deaths (761 cardiac and 108 vascular deaths) (40%) and 418
cancer deaths, with an average follow-up time of 127 years.
The remaining 625 deaths occurred because of noncardiovascular, noncancer causes (sepsis, dementia, chronic
obstructive pulmonary disease, renal disease, accident,
suicide, surgery, etc). Major causes of cardiac deaths were
47% heart failure, 28% myocardial infarction, 10% sudden, and
4% cardiac arrest.
Journal of the American Heart Association
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interview conducted by trained personnel; and during periodic
scheduled visits at the outpatient clinic. The end points
considered were death that included all-cause, primary cancer
onset, and new MI. Cause of death was based on medical
records or death certiﬁcates. The cause of death was
classiﬁed as cardiovascular or noncardiovascular cause.
Cardiovascular death was classiﬁed as either cardiac or
noncardiac. The diagnosis of cardiac death required documented life-threatening arrhythmias, cardiac arrest, and death
attributable to congestive heart failure or MI in the absence of
any other precipitating factor. Sudden unexpected death was
classiﬁed as a cardiac death when an obvious noncardiac
explanation was excluded. Cardiovascular noncardiac death
included the following: hemorrhagic stroke, ischemic or
undeﬁned stroke, abdominal aortic aneurysm rupture, pulmonary embolus, and other vascular. Noncardiac death
included cancer, infectious, chronic diseases such as neurological, pulmonary, renal failure, liver/multiorgan failure,
noncardiac surgery, trauma (accident/trauma, suicide), other
noncardiac; and unknown or unobtainable. When the only
information was the death certiﬁcate and when primary cause
was stated as ischemic heart disease, this was classiﬁed as
other cardiac death. Fatal valvular heart disease was classiﬁed as congestive heart failure. When there were competing
noncardiac and cardiac causes of death, we favored cardiac
classiﬁcation. The diagnosis of cancer was based on medical
records or death certiﬁcates. Cancer diagnosis was identiﬁed
also on the basis of codes from the International Classiﬁcation
of Diseases 9th and 10th revisions reported as ﬁrst or
secondary diagnosis.
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Table 3. SE Results and Events
SE Modality

Dipyridamole

Dobutamine

Exercise

Number of tests

3337

404

932

Number of patients

3337

404

932

Positive/negative (%)

1315/2022 (38/62)

110/294 (32/68)

326/606 (33/67)

Median follow-up, mo

16489

11270

8341

12/10

11/8

5/3

28/17

26/25

4/7

16/14

24/18

6/6

% Cancer deaths
Positive/negative SE
% Cardiovascular deaths
Positive/negative SE
% Noncancer, non-Cardiovascular
Positive/negative SE
SE indicates stress echocardiography.
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The top cancer sites were lung (24% of all cancer deaths),
prostate (12% in men), colon (11%), leukemia and lymphoma
(10%), breast (8% in women), and liver (7%). Site of cancer with
a frequency of at least 3% is reported in Table 4.
Patients who died of other causes were older (6710
versus 6411 years, cardiovascular death, and 649 years,
cancer death, P≤0.001) with more females in the group (28%,
versus 21% cardiovascular death, 19% cancer death,
P≤0.001).
The mortality was signiﬁcantly higher in subjects with SE
positivity than in those with SE negativity, considering the
overall mortality (70% versus 60%; P=0.003), cardiovascular
mortality (40% versus 31%; P<0.001), and cancer mortality
(26% versus 17%; P<0.01). Noncancer, noncardiovascular
mortality was not signiﬁcantly associated with SE result (32
versus 30%, P=0.399). The cumulative mortality function was
obtained (Figure 2) and a major long-term appearance of

cancer death was observed over the 25 years of follow-up. At
multivariable cause-speciﬁc hazard approach, SE positivity
was a predictor of cancer (HR 1.19; 95% CI, 1.16–1.73;
P=0.05), and cardiovascular mortality (HR 1.18, 95% CI, 1.03–
1.35; P=0.02) after adjusting for age, smoking status,
diabetes mellitus, and sex but it was not a predictor of
noncancer, noncardiovascular death (Table 5).
The interaction term between smoking and SE result added
to the model was not statistically signiﬁcant (P=0.93),
showing that the relationship between SE and cancer was

Table 4. Site of Cancer With a Frequency of at Least 3%
Type

N (%)

Lung

101 (24)

Colon

46 (11)

Bone marrow

42 (10)

Prostate

49 (12)

Breast

34 (8)

Liver

33 (7)

Stomach

30 (7)

Pancreas

30 (7)

Bladder

18 (4)

Kidney

11 (3)

Brain

13 (3)

DOI: 10.1161/JAHA.117.007104

Figure 2. The cumulative mortality functions for the 3 types of
deaths, attributable to cardiovascular (red lines), cancer (blue
lines), and noncardiovascular, noncancer causes (green lines).
Dotted lines: events in negative stress echocardiography test;
solid lines: events in positive stress echocardiography test. SE
indicates stress echocardiography.
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Table 5. HR for Deaths Estimated by Cox and Fine–Gray Regression Model, After Adjustment for the Potential Risk Factors
Fine–Gray Regression Multivariable Model

Cox Regression Multivariable Model

HR (95% CI)

P Value

HR (95% CI)

P Value

Sex

1.40 (1.06–1.84)

0.02

1.57 (1.21–2.04)

<0.001

SE positivity

1.28 (1.05–1.55)

0.01

1.19 (1.16–1.73)

0.05

Smoking habit

1.36 (1.08–1.70)

0.007

1.37 (1.10–1.73)

0.004

Age

1.04 (1.06–1.84)

<0.001

1.07 (1.06–1.08)

<0.001

Diabetes mellitus

0.76 (0.58–1.01)

0.63

1.01 (0.80–1.33)

0.93

Diabetes mellitus

1.56 (1.33–1.84)

<0.001

1.78 (1.52–2.09)

<0.001

Sex

1.47 (1.24–1.75)

<0.001

1.60 (1.34–1.91)

<0.001

SE positive

1.28 (1.11–1.46)

0.0004

1.18 (1.03–1.35)

0.02

Age

1.04 (1.03–1.04)

<0.001

1.06 (1.05–1.07)

<0.001

Smoking habit

1.06 (0.92–1.23)

0.41

1.09 (0.94–1.26)

0.26

Diabetes mellitus

1.38 (1.14–1.68)

0.001

1.91 (1.58–2.31)

<0.001

SE positive

1.01 (0.86–1.20)

0.82

0.89 (0.76–1.05)

0.19

Age

1.07 (1.06–1.08)

<0.001

1.12 (1.11–1.13)

<0.001

Sex

0.9 (0.82–1.02)

0.94

1.23 (1.01–1.49)

0.03

Smoking habit

1.06 (0.89–1.27)

0.47

1.12 (0.94–1.33)

0.18

Cancer death

Cardiovascular death
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Noncancer–noncardiovascular death

CI indicates conﬁdence interval; HR, hazard ratio; SE, stress echocardiography.

signiﬁcant both in nonsmoker and in smoker patients.
However, the limited number of never smokers did not allow
a signiﬁcant analysis (P=0.14, HR 1.26, 95% CI, 0.15–1.46).
At univariate analysis, peak wall motion score index
predicted cardiovascular (HR 3.44, CI, 2.90–4.06, P<0.001),
cancer (HR 1.44, CI, 1.08–1.92, P=0.01), and noncardiac,
noncancer death (HR 1.79, CI, 1.42–2.25, P<0.001). At
multivariate analysis, peak wall motion score index predicted
only cardiovascular (HR 2.91, CI, 2.46–3.43, P<0.001) and
noncardiac, noncancer death (HR 1.54, CI, 1.22–1.93,
P<0.001). Angiographically assessed CAD and history of MI
were not predictive of cancer death at univariate analysis.
They predicted cardiovascular death at univariate, but only
history of MI was predictive of cardiovascular death at
multivariable model (HR 1.73, CI, 1.51–1.98, P<0.001).
History of MI also predicted noncardiac, noncancer death
(HR 1.30, CI, 1.11–1.51, P=0.001).
The estimates performed with the Fine–Gray method gave
similar results (Table 5).

Discussion
SE results predict overall mortality, cardiovascular death, and
also cancer death whereas they are unable to predict
DOI: 10.1161/JAHA.117.007104

noncardiovascular, noncancer death. This might reﬂect common epidemiological and biological roots between atherosclerosis and cancer and/or the possibility of competing risk with
a death attributable to the primary cause of interest such as
cardiovascular disease precluded by a death attributable to
another cause such as cancer. We cannot exclude an
asymmetric effect of therapeutic or diagnostic interventions,
which may limit chances of cardiac death and simultaneously
favor the chances of cancer death, for instance, with
lifesaving diagnostic and therapeutic cardiologic interventions
based on ionizing radiation.

Elusive Pathogenetic Link Between SE Results
and Cancer Death
As shown in the past by several groups with physical and
pharmacological stresses, functional testing with SE predicts
all-cause death and in particular, cardiac death.11–14 A less
expected and less obvious ﬁnding of the present study is that
SE results also predict cancer death, but with a different
temporal trend compared with cardiovascular death. SE
results and cancer death overlap at 5, 10, and 15 years;
they signiﬁcantly diverge at 20 years and even more clearly,
at 25 years of follow-up. On the contrary, SE results and
cardiovascular death probability already diverge at 5 years of
Journal of the American Heart Association
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Comparison With Previous Studies
To our knowledge, there are no studies evaluating the
changing trends in causes of death after SE testing, although
emerging data from coronary angiography24 or myocardial
perfusion stress imaging25 data suggest that the coronary
atherosclerotic burden assessed by functional (stress-induced
perfusion defects) or anatomical (CAD by coronary angiography) proxies predict noncardiac and especially cancer death
more than cardiac death. Recently, Poulin et al have shown
that the use of adenosine stress for perfusion imaging is
associated with higher risk of death than exercise testing, and
this difference in mortality is mainly driven by noncardiac
death. The positivity for perfusion criteria was predictive of
noncardiac death at univariable, but not multivariable analysis.24 This is different from our ﬁndings but can be explained
by different patient selection criteria and sample sizes. First,
for decades in our population, pharmacological SE has been
the only, and is still in many cases the preferred, mode of
stress imaging since pharmacological SE has similar accuracy
but provides substantially better image quality, lower
DOI: 10.1161/JAHA.117.007104

technical difﬁculty, and higher potential for dual imaging (wall
motion and coronary ﬂow velocity reserve) than exercise SE
imaging. Second, the lack of independent predictive value of
inducible ischemia by perfusion imaging in the study by Poulin
et al may be because of sample size limitations. With a
sample size of 1511 patients and a follow-up of 4.0 years,
only 50 noncardiac and 18 cardiac deaths occurred, with a
high risk of collinearity (between stress mode and perfusion
defect presence) and overﬁtting of the Cox model, leading to a
signiﬁcant type II (not seeing an existing difference) error.24
Third, the study clustered together all causes of noncardiac
death, whereas we could separate cancer causes, where most
of the difference was found. Previous studies have evaluated
the changing trends in causes of death after percutaneous
coronary interventions (PCIs), which is a more direct index of
anatomic coronary artery disease, of which SE results are only
a proxy. In a retrospective analysis of >19 000 patients
surviving an index PCI, Spoon et al found a 33% decline in
cardiac death at 5 years after PCI, but a 57% increase in
noncardiac death, primary attributable to cancer, which
accounted for 26.2% of deaths (4.3% from hematologic
malignancies) during 5 years of follow-up after PCI.24 For
men and women aged at least 60 years at the time of the ﬁrst
PCI, excess risk of potentially fatal cancers attributable to
radiation ranged from 0.4% to 4%.26,27 The number of PCIs is a
risk factor for subsequent development of lung cancer28 and
leukemia,23 and contributes to the majority of the signiﬁcant
radiological exposure of the adult cardiology patient.29 In a
previous study in a much larger population of 16 311 inhospital cardiac patients admitted to our institution over the
past 40 years, we showed that the cumulative estimated
effective radiation dose from cardiologic testing was a
signiﬁcant predictor of cancer death and for (fatal and
nonfatal) cancer onset.28

Clinical Implications
As expected and in keeping with previous extensive evidences,6–13 a negative SE was associated with a signiﬁcantly
lower death rate compared with patients with positive SE.
However, the 25-year mortality difference between patients
with SE positive versus those with SE negative results, albeit
signiﬁcant because of the large sample size, was modest: 70%
versus 60% for all-cause death and 40% versus 31% for
cardiovascular death. This ﬁnding may recognize several
different explanations. First, the snapshot assessment with a
cardiac stress testing of any kind has a limited warranty
period, and coverage usually expires within a few years.
Second, the difference in natural history is diluted by effective
interventions changing, hopefully for the better, the outcome
in positive SE patients. Third, the conventional SE testing is
based on regional wall motion analysis and detection of
Journal of the American Heart Association
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follow-up. This ﬁnding is apparently counterintuitive but not
totally unexpected for several reasons. Cancer and ischemic
heart disease share many risk factors (eg, obesity and
diabetes mellitus),18 underlying biology (eg, chronic inﬂammation, somatic DNA instability),19,20 and possibly iatrogenic
links (since radiation widely used in CAD diagnosis and
treatment is also a risk factor for cancer, in the same way—
conceptually—as radiation and drugs used for diagnosis and
treatment of cancer are an established risk factor for ischemic
heart disease).21–23 The interaction analysis established that
the relationship between SE result and cancer risk was valid
both in smokers and in nonsmoker patients, which ruled out
the smoking history inﬂuence on the relation between SE
result and cancer.
Whether it is the efﬁcacy of preventive and curative
measures in ischemic heart disease, and/or the vulnerability
to potential long-term effects of oncogenic or cardiological
interventions, as a result, the initially cardiological patient is
increasingly at risk to die of cancer as time goes by.
A possible interpretation of our ﬁndings is that with indexSE, we are indirectly measuring the common risk factor milieu
of degenerative diseases such as cardiovascular disease and
cancer. This vulnerability is mirrored in the functional
signiﬁcance of an epicardial coronary artery stenosis in SE,
but affects a variety of different degenerative diseases, which
will eventually produce either cancer or cardiovascular death,
the latter more likely to be slowed—and the former more
likely to be unaffected or perhaps accelerated—by the
cascade of interventions triggered by (or associated with)
SE positivity.
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Study Limitations
Medical therapy could not be controlled in our study, but only
recorded, since it was left to the clinical judgment of the
referring physician-cardiologist. Patients with positive SE
compared with those with negative SE received more therapy
with statins (48% versus 35%, P<0.001) and antiplatelet
agents (79% versus 64%, P<0.001), and also much more
nitrates (75% versus 46%, P<0.001) and calcium-channel
blockers (61% versus 32%, P<0.001). They received less
angiotensin converting enzyme inhibitors (17% versus 24%,
P<0.001) and slightly less b-blockers (29 versus 31%, P=0.05)
possibly because of lower incidence of arterial hypertension
(45 versus 52%, P<0.001). The observed differences in
medical therapy might have introduced a bias both in the
acute determination of SE result and in the long-term
outcome data. At the time of testing, ongoing therapy with
calcium antagonists, b-blockers, and nitrates can substantially reduce the positivity rate of SE performed offtherapy.31,32 In addition, some long-term medical therapy
might be associated with a reduced risk of speciﬁc types of
cancer, such as aspirin for colorectal cancer33 or statins for
gastric cancer.34 Immediate-release calcium antagonists (now
abandoned for sustained-release forms) have been possibly
associated with slightly increased risk of breast cancer.35 The
long-term use of b-blockers and angiotensin-converting
enzyme inhibitors has shown a neutral effect on liver cancer
risk.36 In general, the effects of cardiovascular drugs, if any,
DOI: 10.1161/JAHA.117.007104

are likely to be of small size and limited to speciﬁc cancer
types, and the medical therapy asymmetry observed in our
population between SE-positive and SE-negative population is
unlikely to affect the observed results.
Lifestyle information (physical activity, nutrition, psychosocial aspects) comprises the most important etiopathogenetic
factors on both CAD and cancer, but they are also the most
difﬁcult to identify and quantify, and were not available in our
database, which was structured in the 1980s.
Although we have adjusted the model for classes of age,
age might have affected asymmetrically the different causes
of death, because of the known greater cancer mortality in the
elderly and the lower effect on some of the causes of
noncardiovascular, noncancer death. However, the HR of age
was similar for the 3 causes of death at univariate and
multivariate analysis (HR =1.07 for cancer; 1.06 for cardiovascular; 1.12 for noncancer, noncardiovascular death).
We did not use time-dependent covariates in the Cox
model and we cannot exclude the effect of changes in
lifestyle, such as smoking cessation, on mortality curves.
The data were prospectively collected by different teams of
scientists for SE and prognostic data, with causes of death
collected by a dedicated team, unaware of SE results and
study hypothesis, through scheduled surveillance. The cause
of death was usually veriﬁed by multiple sources: direct
perusal of in-hospital records, interview of the closest relative,
report of the family physician. Nevertheless, there are
limitations inherent to the retrospective design, single-center
approach with possibility of referral bias, and the unavoidable
inaccuracy of classifying the mode of death, especially in
patients with multiple morbidities evaluated many years after
the initial study enrollment, with potential of some misclassiﬁcation.16
We lost 200 patients to follow-up. This is 4% of the initially
considered cohort and is a very reasonable percentage in a
longitudinal study performed in a tertiary care referral center
with patients coming from across the entire nation, at least
until the year 2000. The patients lost to follow-up also
included foreign, non-Italian patients admitted on an emergency basis during their Tuscany visit. In general, it is
considered that a follow-up study can have a signiﬁcant bias
when the dropout rate exceeds 20%, and our 4% for a largescale study with a median follow-up of 131 months is of little
concern as a possible source of bias, since loss to follow-up is
unavoidable, and increases with time.37

Conclusion
Although a confounding effect of age (acting asymmetrically in
the long term on cancer, cardiovascular, and noncardiac,
noncardiovascular causes of death) cannot be ruled out, we
found that in the long term, SE results predict not only—as
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ischemia-producing coronary artery stenosis, but other variables (from coronary microcirculation to coronary vasospasm
to neural and blood vulnerability) may contribute to cardiac
events and are in the blind spot of any form of cardiac stress
testing.
What we can say from our data is that a negative SE test
is associated with a low cardiovascular and cancer risk,
which can be a clinically relevant information. What we
cannot say is that we can reassure a cancer patient with
negative SE that they will do ﬁne, since a previous history or
current evidence of cancer were exclusion criteria in our
study. Nevertheless, cardiovascular complications are often
the limiting prognostic problem in patients effectively cured
of cancer, because of the efﬁcacy of anticancer cures and of
the known cardiotoxic effects of radiotherapy and
chemotherapy, and a systematic assessment of SE in known
cancer patients at low risk of recurrence might be a rational
method for early detection and risk stratiﬁcation in cancer
patients, especially considering that the new generation of
SE allows integrated testing of coronary arteries, left
ventricular contractile reserve, coronary microcirculation,
and valvular and diastolic function, all of which are targets
of effective anticancer treatment.30
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