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ABSTRACT
Introduction: Coronary artery disease (CAD) is one of the most common causes of death
worldwide. Twenty-five percent of people suffering the disease eventually die from sudden
death or acute myocardial infarction. This study was established to determine the correlation
between CAD and abnormal exercise electrocardiogram (ECG) testing, hypertension, and other
associated risk factors. Methods: This cross-sectional study was performed on 384 hypertensive patients referred to Isfahan Shariati Hospital Exercise ECG Testing Center in 2011 and
2012. Patients who had irregularities in exercise ECG tests and also had a history of hypertension were selected. Patients with abnormal angiography findings were considered as patients
with CAD. Sensitivity and false Positivity of exercise testing compared to angiography were
calculated and the data were analyzed using SPSS software. Results: In this study of 384 hypertensive patients, angiography was suggestive of CAD in 310 patients. Among these patients
who underwent exercise testing and angiography in order to diagnose ischemic heart disease
or CAD, the most common risk factors were family history (56%), diabetes (54.2%), dyslipidemia (41.7%), smoking (40.9%), obesity (38.3%), alcohol (13%), addiction (13%), and anxiety
(10.9%). The sensitivity and specificity of ECG exercise testing compared to angiography were
calculated as 79% and 64%. Conclusion: According to the results obtained; a detailed history
taking and assessing the known risks can assist clinicians to establish the most proper approach
to CAD. Also depending on the assessed risk, patients with CAD can benefit from ECG exercise
testing much more than strategies using cardiac computed tomography angiography primarily in
order to minimize the costs and radiation exposure.
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INTRODUCTION
Coronary artery disease (CAD) is one of the most common
causes of death worldwide accounting for 40% of all the deaths
occurring (1). Twenty-five percent of people with this disease
die from sudden death or acute myocardial infarction (2). If
mortality rates from CAD continue to rise, it is estimated that
23.4 million people would die from it in the year 2030 (3). The
lasting, progressive, and disabling complications of the disease
not only affect the patients but also is a huge burden on the
whole community economically (4). Following symptoms such
as weakness, shortness of breath, and chest pain are the more
typical alarms for coronary artery disease and are seen mostly
in men (5). Instead, women are more likely to be presented
with non-typical symptoms. These symptoms include nausea,
vomiting, abdominal pain, shortness of breath, back pain, and
pain in the neck and jaw (6). Since it is not possible to make
a definite diagnosis of the disease based on solely the clinical

presentations, determining the risk factors and estimating the
chance of coronary artery disease in each individual, especially
those with a positive family history, is the first step to discover
future patients and prevent or at least delay the occurrence of
cardiovascular complications (7). The most important risk factors known for CAD are age, smoking, hypertension, diabetes,
dyslipidemia, and obesity (4, 8). With its variant demonstrations
and high rates of mortality, further evaluation for proper diagnosis of CAD is a crucial but also a challenging matter. Further
diagnostic evaluations are also depended on the assessment of
these risk factors. For example, the proportion of abnormal exercise Electrocardiogram (ECG) testing among asymptomatic
people is as low as 5 to 10 percent. So low-risk individuals are
usually not recommended to be tested for exercise ECG since
there is also a high probability of false positivity (9) On the
other hand, exercise ECG testing is a non-invasive, inexpensive, and convenient method with fewer side effects than other
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comparable invasive techniques (10). Therefore, if used at a
proper time and be performed correctly, exercise ECG testing
can be a great diagnostic factor in the evaluation of ischemic
heart disease (11). Cardiac computed tomography angiography
(CCTA) is also another non-invasive diagnostic test for CAD
with more reliable findings because of its 97% of sensitivity,
90% of specificity, the positive predictive value of 93%, and
the negative predictive value of 96% in the detection of CAD.
But this method is costlier and the injection of contrast needed
could result in some unwanted side effects (12, 13).
In order to determine the role of risk factors in CAD and more
importantly to find out if exercise ECG testing can be a better diagnostic method for CAD in certain patients, this study
was conducted to determine the correlation between coronary
artery disease and abnormal exercise ECG testing in hypertensive patients. The results taken from this study can give us
more information about CAD and may help in trying to prevent
and reduce the costs of this devastating disease.
MATERIAL AND METHODS
This descriptive cross-sectional study was performed after being approved by the Research Committee of Islamic Azad University, Najafabad branch of Medical Sciences on all the 384
hypertensive patients referred to the Shariati Hospital Exercise
ECG Testing Center in 2011 and 2012.
Inclusion criteria for this study was an abnormal exercise
ECG test in patients with a prior history of hypertension. Taking into account the Helsinki statement, after the study goals
were described for each patient and they were assured that their
information would remain confidential, their informed written
consent was obtained. 24 to 48 hours prior to the exercise ECG
test, a series of drugs that could impair the test results such
as Atenolol, Metoprolol, Propranolol, Nitrates, Diltiazem, and
Verapamil was discontinued. The patients were fasting at least
for 3 hours before the test, their chest hair was shaved and their
skin got cleansed in order to prevent chest hair or greasiness of
skin interfering in the results. After taking a full personal and
familial medical history, individuals were placed on a treadmill with small electrocardiogram electrodes attached to their
chest, abdomen, and arms. Then, patients were told to walk for
3 minutes on a treadmill while their cardiac electrical function
and blood pressure were recorded simultaneously. The patients
were demanded to walk faster as the test went on. Also, they
were asked to inform the operator if they got bothered by any
sort of pain especially in the chest any time during the exercise.
After each session, their pulse rate was recorded and possible
cardiac electrocardiogram changes were monitored. The test
would be seized for the patients if they become severely tired
or felt any sort of chest pain or if severe changes in the electrocardiogram were recorded. Eventually, the ECGs recorded
from the patients were interpreted by a physician in detail and
those who had a positive (abnormal) test and also had a history
of hypertension were selected. Subsequent coronary angiography was the next diagnostic measurement in those patients
who had electrocardiogram changes during exercise suggestive
of coronary stenosis. Patients with impaired angiography were
considered to have coronary artery disease. In order to calculate the false positivity and sensitivity of the exercise test, all
the data were analyzed using SPSS software (IBM statistics for
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windows, version 22). Mean and standard deviation for quantitative variables and the absolute and relative ratio of qualitative
variables were calculated. The Chi-square test was used for the
statistical analysis of variables and the significance level was
set at 0.05.
RESULTS
384 patients with hypertension who had a positive exercise
ECG test for coronary artery disease were taken into the study.
Then angiography was performed on each of those individuals.
Angiography results suggesting CAD were seen in 310 of those
patients.
The mean age of all the patients was 59.9 ± 7.94. The mean
age of patients with abnormal angiography was 60 ± 7.83 and
the mean age of patients who had normal angiography was 59.3
± 8 years. No significant differences were observed between
the ages of these study groups.
64.3% of all the participated patients were males and 35.7%
of them were females. Of those who tested positive in angiography and therefore considered as coronary artery disease
patients, 64.2% were males and 35.8% were females. Although
in patients with normal angiography findings 64.9% of the patients were males. As a result, based on the Chi-square test,
there was a significant difference in gender of the patients and
the incidence of hypertension and coronary artery disease,
which was higher in males than in females.
Among the hypertensive patients who underwent exercise
ECG testing and angiography to diagnose coronary ischemia or
coronary artery disease, the most frequent related risk factors
Table 1. Ratio of relative and absolute risk factors by sexuality in
patients who went under exercise test.
Men

Women

Risk Factor

Yes

No

Yes

No

diabetic

38.1%(92)

61.9%(153)

83.2%(114)

16.8%(23)

fatness

37.7%(93)

63.3%(154)

39.4%(54)

60.6%(83)

dyslipidemia

42.1%(104)

57.9%(143)

40.9%(56)

59.1%(81)

Family
history

45.3%(112)

54.7%(135)

75.2%(103)

24.8%(34)

Use alcohol

13.4%(33)

86.6%(214)

12.4%(17)

87.6%(120)

Use cigarette

56.7%(140)

43.3%(107)

12.4%(17)

87.6%(120)

addiction

13.4%(33)

86.6%(214)

12.4%(17)

87.6%(120)

anxiety

13.4%(33)

86.6%(214)

6.6%(9)

93.4%(128)

were family history, diabetes, obesity, dyslipidemia, smoking,
stress, alcohol use, and addiction, respectively (Table 1 and 2).
To establish the efficacy and diagnostic value of the exercise
ECG testing, considering the 384 patients who had abnormal
results of exercise ECG testing and the 310 patients whose
CAD was confirmed by angiography findings, the sensitivity
and specificity of exercise testing compared to angiography
were 79% and 64%.
DISCUSSION
This study aimed to evaluate the sensitivity and accuracy of
diagnostic methods of exercise testing in comparison with an-

The Association Between CAD and Abnormal ECG Exercise Testing
Table 2. Ratio of relative and absolute risk factors by sexuality in
patients with abnormal findings in angiography.
Men

Women

Risk Factor

Yes

No

Yes

No

diabetic

17.8%(44)

82.2%(203)

22.6%(31)

77.4%(106)

fatness

35.6%(88)

64.4%(159)

40.1%(55)

59.9%(82)

dyslipidemia

17.8%(44)

82.2%(203)

43.1%(59)

56.9%(78)

Family
history

17.8%(44)

82.2%(203)

62%(85)

38%(52)

Use alcohol

6.1%(15)

93.9%(232)

8.8%(12)

92.2%(125)

Use cigarette

45.7%(113)

54.3%(134)

8.8%(12)

91.2%(125)

addiction

6.1%(15)

93.9%(232)

8.8%(12)

91.2%(125)

anxiety

17.8%(44)

82.2%(203)

8.8%(12)

91.2%(125)

giography among hypertensive patients suffering from CAD
and also to evaluate the risk factors related to CAD. According to the findings, there was no statistical difference between
the mean ages of our study groups. But there was a significant difference between the genders, in which CAD was more
common in men. The most common risk factor in patients with
CAD was a positive family or personal history of obesity and
smoking.
In a study conducted by Nader Agha-Khani and colleagues in
2014, the results conducted on 500 patients showed a significant relationship between cardiovascular risk factors (including diabetes, hypertension, age, high fat, smoking, and family history of cardiovascular disease) and abnormal exercise
ECG testing. But there was no relationship between sex and
the CAD (14). These results are compatible with our findings
gathered on risk factors except for the relationship between sex
and CAD. We believe it is due to the fact that women refer
to clinics with angina pectoris more often with less extensive
CAD, and less severe ischemia than men (15).
Moreover, it was shown in our study that sensitivity and specificity of the diagnostic method of exercise test compared to
angiography were 79% and 64%, respectively.
In other studies by using horizontal exercise ST-depression at
least 0.1 mV or 1 mm at 60–80 ms after the J-point to indicate
a positive test, the reported sensitivities and specificities for
the detection of CAD range between 23–100% (mean 68%)
and 17–100% (mean 77%), respectively. These statistics are in
coherence with the study we conducted (16).
In Mohammad pour’s study in 2011, the study was done on
patients who were tested by exercise ECG test and coronary
angiography. Of 125 patients with positive ECG results, 24
(19.2%) had normal coronary angiography and 101 (80.8%)
had one to three veins with stenosis above 50%. Apart from
variable ECG findings in exercise tests, the age and sex of the
patients were also studied. The mean age of the subjects was
not significantly different between the groups, but the ratio of
normal patients to patients with coronary artery disease was
different in both sexes. The most important exercise ECG test
findings that had the greatest impact on patient classification
for disease severity were ST-segment depression, ST/HR, HRr
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index, and maximum exercise test time (17). In comparison to
the results of our study, 310 out of 384 (81.5%) had also abnormal angiography findings after the indication of abnormal ECG
exercise tests. There was no significant difference between the
two groups in mean age but the difference was seen between
both sexes. The findings of our study are completely consistent
with the above study’s findings.
In another study conducted by Barth S et al. between 2009
and 2014, in a total population of 1352 patients of the German
Cardiac Computed Tomography Registry who had previously
undergone stress tests, cardiac computed tomography angiography (CCTA) was carried out on the coronary arteries with
suspected CAD. According to stress test results, there was no
difference in the incidence of an obstructive CAD in patients
with and without ischemia in the stress test. By combining our
studies, we can conduct that exercise testing and angiography
could play an important role in the diagnostics of CAD (18).
SG Kozlov et al. in a study including 390 patients aged 70
years old and more, with suspected stable ischemic heart disease, who underwent coronary artery angiography. Among 72
patients with atypical angina and non-angina pain who underwent exercise treadmill testing and had unequivocal results,
38 (53 %) had obstructive CAD. exercise treadmill testing for
detection of obstructive CAD had a sensitivity of 79 %, a specificity of 82 % which is not far from the results we demonstrated
in our study (19).
Adrián I Löffler and colleagues also performed a retrospective
study on 412 patients who underwent exercise stress testing
for the evaluation of chest pain and underwent diagnostic coronary angiography. They found that positive stress ECG test,
abnormal stress imaging, left ventricular ejection fraction, and
male gender were independent predictors of high-risk (more
than 70% stenosis) CAD. The strongest predictor was positive
stress ECG (20).
In a meta-analysis composed of 13 trials on 10,315 patients,
compared with functional stress testing, CCTA was associated with a reduced incidence of myocardial infarction but an
increased incidence of invasive coronary angiography, revascularization, CAD diagnoses, and prescriptions for statins and
aspirin. Despite these differences, CCTA is not associated with
a reduction in mortality or hospitalizations (21).
Also, in the article conducted by James K. Min and colleagues, it is concluded that Initial exercise testing followed
by imaging wherein exercise testing was equivocal or unable
to be performed appeared more cost-effective than any strategy
employing initial testing by imaging. And, as the pre-test likelihood of CAD varies, different modalities have been improved
to reduce costs and enhanced effectiveness (22).
By comparing the results of our study and the above studies
we can conclude that provisional use of myocardial perfusion
imaging in patients with low functional capacity or abnormal
stress ECG can be much more beneficial to minimize cost and
radiation exposure.
CONCLUSION
Based on the results of these studies, it can be concluded that
other than a significant positive correlation between blood
pressure and coronary artery stenosis; there is a statistically
significant difference between the genders too. And the most
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common risk factors in patients with CAD are a positive family
history of diabetes, obesity, and smoking. As a result, obtaining
a detailed history can be a good predictor for coronary artery
disease as a first-step diagnostic method. The sensitivity and
specificity of the diagnostic method of exercise test compared
to angiography were 79% and 64%, respectively. Therefore,
depending on the severity of the disease, diagnosis of coronary
artery stenosis by using exercise ECG testing combined with
taking the history of patients into consideration has a trustworthy sensitivity and diagnostic accuracy.
In order to reduce the costs burdening the whole society and
also improve the effectiveness of the approach to patients with
suspected CAD, we suggest that more extensive studies should
be performed to compare the numbers of coronary stenosis
diagnosed by angiography with those diagnosed by exercise
testing and also more studies must be established in developing
strategies to find the most reliable and cost-benefit diagnostic
procedures for cardiovascular disease, especially coronary artery disease.
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