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Prevalence and factors associated with
inappropriate use of treadmill exercise stress test
for coronary artery disease: a cross-sectional study
Antônio M. L. Silva1*, Anderson C. Armstrong2, Fernando J. C. Silveira2, Marcelo D. Cavalcanti2, Fernando M. F. França2

and Luis C. L. Correia1

Abstract

Background: In some countries, the public health system has less availability when compared to the population
covered by health insurance. In addition, inappropriate referrals for treadmill exercise stress test increase spending
and lead to unnecessary interventions. We aim to determine the prevalence and characteristics of inappropriate
referrals for treadmill exercise stress tests in the assessment of coronary artery disease (CAD), considering public and
private health systems scenarios.

Methods: A cross-sectional design was used to describe the frequency of inappropriate use of exercise testing in
the diagnosis of CAD and to determine its predictors. We consecutively enrolled 191 patients from two outpatient
facilities in Northeast Brazil. For inclusion, the exercise testing should be referred for the assessment of CAD. We
performed logistic regression models to identify independent predictors of inappropriate use.

Results: Treadmill exercise stress tests were rated as inappropriate in 150 (78 %) patients. The majority of patients
had low or very low pre-test probability of CAD. Presence of hypertension, diabetes and dyslipidemia were more
frequent in the appropriate than inappropriate indications (71 %, 19 % and 29 % versus 43 %, 8 % and 16 %,
respectively). Tests performed both at the public and private system showed high prevalence of inappropriate
examinations, higher in the latter (57 % versus 87 %, P < 0.001). The private health system was the major independent
predictor of inappropriate referral, consistent in all regression models (when adjusting for clinical variables,
OR = 4.3; P < 0.001).

Conclusion: The vast majority of treadmill exercise stress test referrals in the assessment of CAD were inappropriate.
The availability of the method and not the estimate probability of CAD appear to be the underlying condition for a
treadmill test referral.
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Background
Evidence has failed to show that an aggressive screening
for coronary artery disease (CAD) may improve cardio-
vascular goals in primary prevention. Also, searches for
ischemic response in asymptomatic CAD patients are
not related to favorable outcomes [1]. The treadmill ex-
ercise stress test appears to be particularly vulnerable to
overuse in clinical settings, due to its wide availability
and affordability. The inappropriate use of the method,

however, may result in overdiagnosis and overtreatment
of coronary artery disease [2, 3].
Developing countries in which private and public

health systems coexist have limited funding for health.
In developed countries that also have universal health
care systems such as France and Germany, investment
in health was about five times higher [4]. The inappro-
priate use of procedures contributes to the waste of re-
sources that could enhance benefits to the population to
be assisted, if they were utilized rationally. Even in devel-
oped countries, the growing expenditure on health is a
major concern. At least 20 % of health spending in the
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US represent unnecessary expenses, where the inappro-
priate use of diagnostic evaluations contribute to this
number [5].
Studies that assess inappropriate use of exercise stress

tests and their impact remain scarce. This study aimed
to assess the frequency and the determinants of an in-
appropriate use of treadmill exercise stress tests for
CAD in outpatient public and private facilities.

Methods
Study population
Between November 2012 and April 2013, we consecu-
tively enrolled patients aged ≥18 years, who had been re-
ferred to treadmill exercise stress tests for evaluation of
CAD from two outpatient facilities in Northeast Brazil.
All patients underwent a clinical assessment by experi-
enced cardiologists to evaluate symptoms and risk factors.
The pretest probability for CAD was determined based on
Diamond-Forrester algorithm, which takes into account
chest pain characteristics, age, and sex [6]. The assessment
of cardiovascular risk (CV) was defined according to risk
prediction of the World Health Organization (WHO),
based on sex, age, blood pressure, presence of diabetes
and smoking status. Participants were then classified as
low if CV risk was estimated to be < 10 % in ten years,
intermediate if between 10 % and 20 %, and high cardio-
vascular risk if above 20 % [7].
We calculated a sample size of 189 participants, based

on an accuracy of ± 7 % and on an estimate of the in-
appropriate referrals in 60 % of the treadmill tests. The
project was approved by the Ethics Committee in Re-
search of Bahia Foundation for Science Development,
Brazil. The term informed consent was obtained from all
participants.

Definition of inappropriate use of treadmill exercise stress
test
There is no specific guideline on appropriate use criteria
for treadmill exercise stress test. However based on the
evidence of screening in asymptomatic and assessment
in those stable patients with CAD, but also the probabil-
istic concept of using the method according to the prob-
ability of coronary artery disease, we defined the
inappropriate diagnostic evaluation parameters. Tread-
mill exercise stress tests were then rated as inappropriate
if they presented one of the following two criteria: (1)
patients asymptomatic for CAD; (2) symptomatic pa-
tients with low or high pretest probability of CAD.
Treadmill exercise stress test in individuals above
70 years of age with chest pain was rated as appropriate,
as well as those patients symptomatic with known CAD.
Individuals younger than 30 years were classified as the
likelihood of CAD according to age group 30-39 years in
the criteria of Diamond-Forrester.

Statistical analysis
The prevalence of inappropriate use was described by
proportion and its accuracy estimated by a confidence
interval at 95 %. In univariate analysis, variables were
compared between inappropriate versus appropriate
tests by the chi-square test for categorical variables and
Student t test for numerical variables.
To identify independent predictors of inappropriate

use, variables with P <0.10 in the univariate analysis
were included in multivariate logistic regression models
using the backwards technique. Three logistic regression
models were used to represent the associating parame-
ters derived from the univariate analysis. These models
are also compared to clinical thinking in the diagnostic
evaluation request. The model 1 is adjusted for clinical
variables (hypertension, dyslipidemia and diabetes); model
2 for the number of risk factors and the model 3 is associ-
ated with cardiovascular risk. These associations were also
described by odds ratios and 95 % CI. Variables that
remained in the final model with P <0.05 were defined as
independent predictors. The calibration of the models was
assessed by testing Hosmer-Lemeshow. We used SPSS
software for statistical analysis (version 17.0, SPSS Inc.,
Chicago, USA).

Results
We consecutively enrolled 221 participants referred to
treadmill exercise stress tests. Thirty patients had re-
quests for evaluation of arrhythmia, systemic blood pres-
sure or functional assessment and were excluded from
the study. The research or DAC assessment was the in-
dication for treadmill exercise stress test in 191 subjects.
The mean age was 48 ± 14 years, 66 % were female and
half of the patients were asymptomatic. There was a pre-
dominance of subjects with pre-test probability for cor-
onary heart disease low or very low (29 % and 44 %,
respectively) and low cardiovascular risk (80 %), accord-
ing to the WHO risk prediction. Private health systems
diagnostic evaluations represented 71 % of the sample.
Other characteristics are described in Table 1.

Prevalence and associated variables of inappropriate
treadmill exercise stress tests
For 150 (78 %) participants that underwent treadmill ex-
ercise stress tests, the diagnostic evaluations were rated
as inappropriate. But both private and public health sys-
tems showed high frequencies of inappropriate treadmill
exercise stress tests, with higher rates in the private
health system (87 % and 57 % respectively; P < 0.001).
Participants undergoing inappropriate treadmill exer-

cise stress tests were significantly younger than those
who performed appropriate tests (45 ± 13 years vs 60 ±
12 years, P <0.001). Risk factors such as hypertension,
diabetes and dyslipidemia were less frequent when an
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inappropriate referral was identified, reflecting mostly
low cardiovascular risk profiles. Additional clinical char-
acteristics were similar between participants with appro-
priate and inappropriate treadmill exercise stress tests
(Table 2).

Independent predictors of inappropriate treadmill
exercise stress tests
Three logistic regression models were used to represent
the associating parameters derived from the univariate
analysis. Age was not included in the models because
this variable was part of the calculation of the pre-test
probability (used in the definition of inappropriate use
of treadmill exercise stress test). In model 1, among the
clinical variables only hypertension was shown to be in-
versely associated with inappropriate use of the treadmill

exercise stress test. In Model 2 and Model 3 revealed no
significant association between the number of risk fac-
tors or cardiovascular risk with inappropriate indications
for treadmill exercise stress test (Table 3). In second mo-
ment, we adjusted the model 1 for age, only in order to
verify that the inverse association of hypertension with
inappropriate testing was mediated by these patients be-
ing younger. In fact, hypertension lost statistical signifi-
cance in this model, while additional network of health
remained strongly associated (when adjusting for age,
OR = 3.5; P = 0.003). Therefore, patient being in the pri-
vate health care system was the only important signifi-
cant covariate in the models, with OR = 4.3 (P < 0.001),
according to the model adjusted for clinical conditions.
The P value of the Hosmer-Lemeshow test for all
models was > 0.05 indicating a good calibration.

Discussion
In a developing country, we describe the prevalence of
inappropriate use of treadmill exercise stress tests for
the diagnosis of CAD in public and private health

Table 1 Personal Characteristics of Study Sample

Parameters Values

n 191

Age (years) 48 ± 14

Male 85 (44 %)

Symptom of chest paina

Asymptomatic 97 (50.8 %)

Nonanginal 80 (41.9 %)

Atypical angina 9 (4.7 %)

Typical angina 5 (2.6 %)

Pre-test probability of CAD

Very low 84 (44 %)

Low 55 (28.8 %)

Intermediate 29 (15.2 %)

High 1 (0.5 %)

Not applicableb 22 (11.5 %)

Hypertension 93 (49 %)

Diabetes 20 (10 %)

Dyslipidemia 36 (19 %)

Obesity 48 (25 %)

Family history of CAD 41 (21 %)

Smoker 12 (6.3 %)

Known CAD 12 (6.3 %)

Previous myocardial infarction 8 (4.2 %)

Revascularization 11 (5.8 %)

Cardiovascular riskc

Low 151 (80 %)

Intermediate 20 (10 %)

High 19 (10 %)

Tests of public health system 56 (29 %)
aSymptom in the anamnesis; bAge ≥ 70 years or known CAD; cCardiovascular
Risk Estimation in 10 years, according to the WHO risk prediction (Low: <10 %,
Intermediate: between 10 and 20 %, High: ≥ 20 %)

Table 2 Patient Characteristics According to Treadmill Exercise
Stress Test Appropriateness Criteria

Parameter Appropriate Inappropriate P Value

(n = 41) (n = 150)

Male 21 (51 %) 64 (43 %) 0.32

Age 60 ± 12 45 ± 13 <0.001

Clinical conditions

Diabetes 8 (19 %) 12 (8,0.%) 0.03

Dyslipidemia 12 (29 %) 24 (16 %) 0.05

Hypertension 29 (71 %) 64 (43 %) 0.001

Obesity 12 (29 %) 36 (24 %) 0.49

Previous infarction 2 (4.9 %) 6 (4.0 %) 0.68

known CAD 4 (9.8 %) 8 (5.4 %) 0.29

Revascularization 4 (9.8 %) 7 (4.7 %) 0.25

Smoker 1 (2.4 %) 11 (7.3 %) 0.25

Family history of CAD 10 (24 %) 31 (21 %) 0.60

Risk factorsa 0.03

No risk factor 6 (14,6 %) 51 (34 %)

1 or 2 risk factors 25 (61 %) 79 (52,7 %)

>2 risk factors 10 (24,4 %) 20 (13,3 %)

Cardiovascular riskb 0.001

Low 24 (58.5 %) 127 (85.2 %)

Intermediate 10 (24.4 %) 10 (6.7 %)

High 7 (17.1 %) 12 (8.1 %)

Public health system 24 (58 %) 32 (22 %) <0.001
aNumber of risk factors (hypertension, diabetes, dyslipidemia, obesity, family
history of CAD, smoking)
bCardiovascular Risk Estimation in 10 years, according to the WHO risk prediction
(Low: <10 %, Intermediate: between 10 and 20 %, High: ≥ 20 %)
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system facilities. The vast majority of diagnostic evalua-
tions were rated as inappropriate. Being in the private
health system increased over 4.3 folds the odds of being
referred for an inappropriate treadmill exercise stress
test. Moreover, patients’ clinical characteristics appear to
have had little impact on treadmill referrals.
We showed a remarkably high proportion of inappro-

priate treadmill exercise stress test in our population,
which seems to be in line with other areas of the world.
An Italian study evaluated 960 referrals for non-invasive
cardiac testing, finding that only a third of the requests
were considered appropriate. Moreover, exercise testing
had only 27 % of appropriate referrals, showing the
worst results among non-invasive cardiac tests [8]. Stud-
ies evaluating appropriateness criteria in the use of
treadmill exercise stress tests for diagnosis of obstructive
CAD are still sparse in the literature. However, evidences
show that asymptomatic individuals do not benefit from
active screening for obstructive CAD [9–12]. Addition-
ally, mandatory myocardial stress testing in patients with
known CAD did not reduce major CV outcomes [1, 13,
14]. Similarly, individuals in both low and high pre-test
probability for obstructive CAD do not benefit from
treadmill test screening, as results may not substantially
affect the likelihood of disease. Therefore, the main util-
ity of the exercise test in the diagnosis of obstructive
CAD lies in symptomatic patients with intermediate pre-
test probability.
Although we found a high frequency of inappropriate

treadmill exercise stress tests among participants from
the public health system, inappropriate diagnostic

evaluations were even more frequent in patients from
the private health care system.
In Brazil two healthcare systems coexist: the public

and the private. The evident imbalance between the
funding expenses for private and public health in a de-
veloping country as Brazil leads to an unequal health
policy. In December 2013 there were 2109 offices spe-
cialized in the public system, while in the private net-
work had 8937 specialized consultation rooms [15]. It
reflects the higher availability of health services in the
private healthcare system, compared to the scarce re-
sources in the public system. Although covering only
24 % of the population, about 54 % of the spent in the
Brazilian healthcare in 2011 was in the private system.
The public health system covers the majority of the
Brazilian population, investing around 512 dollars per
person per year [4, 16]. Our multivariable models
showed that only being from the private health system
was an independent predictor of inappropriate use of
treadmill exercise stress test. Remarkably, neither the
cardiovascular risk nor the presence of comorbidities
tested in our logistic regression models remained sig-
nificant after adjusting for health system. Apparently,
the main variable when deciding to use a treadmill ex-
ercise stress test in the study was the availability of the
method. The prevalence of heart disease in the age
group between 35 and 49 years of age is approximately
3.7 % in Brazil [17]. Indeed, characteristics of the in-
appropriate sample (mean age of 45 and low cardiovas-
cular risk profiles) do not seem representative of a
usual treadmill referral population. These findings are an

Table 3 Predictors in Multivariable Logistic Regression for Inappropriate Use of Treadmill Exercise Stress Test for Coronary Artery Disease

Model 1 Model 2 Model 3

Predictors OR (95 % IC) P Value OR (95 % IC) P Value OR (95 % IC) P Value

Private health system 4.3 (2.0-9.1) <0.001 5.1 (2.4-10.6) <0.001 4.7 (2.2-10.3) <0.001

Clinical conditions 0.49 (0.17-1.5) 0.200 Not selected Not selected

Diabetes 0.505

0.74 (0.30-1.8) 0.013

Dyslipidemia 0.186

Hypertension 0.37 (0.17-0.81)

Obesity 0.54 (0.22-1.3)

Risk factors (reference: without risk factor) Not selected 3.2 (0.98-10.6) 0.054 Not selected

1.4 (0.56-3.7)1 or 2 risk 0.450

factors

>2 risk

factors

Cardiovascular risk (reference low risk) Not selected Not selected 1.9 (0.63-5.8) 0.247

Intermediate 0.161

High 0.37 (0.09-1.5)

OR: Odds Ratio
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emblem of health consumerism from people who have
health insurance and can get (unnecessary) testing.
Irrational use of diagnostic complementary methods

directly impacts healthcare spending. The cost of cardio-
vascular disease is significant in Brazil, with an expense
of about 1.74 % of Gross National Product [17]. In 2012,
497,242 treadmill exercise stress tests have been per-
formed in the Brazilian public health system, with a cost
of more than $ 7 million US dollars. With our results in
mind, nearly 243 thousand exams could be considered
inappropriate across Brazil, representing an unnecessary
expense of more than $ 3 million dollars in 2012 [18]. In
addition to that, inappropriate treadmill exercise stress
tests may lead to unnecessary additional procedures,
generating potential harm to patients and also increas-
ing costs in health systems. A Canadian study showed
that 42 % of 2,718 patients with suspected CAD had a
normal cardiac catheterization, although the majority
had a previous positive noninvasive stress test [19]. In a
US study with 397,954 patients, most elective catheteri-
zations showed no obstructive coronary disease, al-
though over 80 % of the patients underwent a previous
noninvasive test [20]. Furthermore, a normal treadmill
exercise stress test may negatively affect primary pre-
vention strategies, as the wrong perception of absent cor-
onary disease may prevent susceptible individuals from
reducing their modifiable risk factors and overall risk
profile.
There are limitations regarding the generalization of

our study. In fact, it is a small sample and the results
may represent the local reality of a center in Northeast-
ern Brazil. Further research assessing different popula-
tions in other health centers may reinforce our findings
and broaden the discussion of this important topic.

Conclusion
We found a high prevalence of inappropriate treadmill
exercise stress test referrals for the diagnosis of CAD.
This finding was consistent in both private and public
health systems, but higher in the private system. Ab-
sence of comorbidities such as hypertension, diabetes
and dyslipidemia, as well as judgment to estimate
cardiovascular risk were not associated with inappropri-
ate indication for use of treadmill exercise test in the
diagnosis of obstructive CAD. In fact, the private health
care system was the only predictor of inappropriate
indications. It is likely that the greater availability of
complementary method in that system, favoring its in-
appropriate use. Our findings may provide insights that
favor the judicious use of medical resources even when
largely available, focusing on the best evidence and
the appropriate use of the complementary method
diagnostic.
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