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Abstract

Introduction: It is believed that an exaggerated blood pressure response (EBPR) to exercise stress test is
associated with a higher risk of cardiovascular events. It is also assumed that QT dispersion (QT-d), which was
originally proposed to measure the spatial dispersion of ventricular recovery times, may have a relationship to
cardiovascular events. The objective of this study was to examine the difference of changes in QT-d, Maxi-QT,
Mini-QT, and QT-c (corrected QT interval) of the electrocardiogram in two groups of patients with exaggerated
blood pressure responses (EBPR group) and normal responses (control group) to exercise testing. Also, the
diagnostic value of each of these criteria in the prediction of EBPR was studied.

Methods: This cross-sectional study was conducted from May 2015 to February 2016 on patients suspected of
coronary artery disease (CAD) undergoing exercise testing who had been referred to Ghaem and Imam Reza
hospitals in Mashhad (Iran). All patients underwent a treadmill exercise test with the 12-lead ECG, which was
optically scanned and digitized for analysis of QT-d, QT max, and QT min. Patients were divided into two groups
of normal and EBPR to exercise testing. QT changes of ECG were compared between the two groups, and the
diagnostic accuracy of QT variables for prediction of EBPR to exercise testing was studied. A multiple linear
regression analysis (MLR), Pearson Chi-qquare, independent samples t-test, and receiver operating characteristic
(ROC) curve were used as statistical methods in IBM SPSS version 19.

Results: Sixty patients (55% male) with a mean age of 50.48 + 10.89 years were studied in two groups of normal
(n=30) and exaggerated blood pressure response (n=30) to exercise testing. Maximum QT and QT dispersion
were statistically different in individuals’ exaggerated blood pressure response to exercise stress test (p < 0.05).
The logistic regression analysis revealed that none of our parameters predicted the EBPR. The ROC curve
showed that 50 and 345 milliseconds for QT dispersion and Maxi-QT were the optimal cut-off points for the
prediction of EBPR.

Conclusion: It seems that Maxi-QT and QT-d may be predictors of EBPR during exercise testing. Also, a
significant difference in maxi-QT and QT-d was observed between two groups of patients with normal and EBPR
during the exercise testing.

Keywords: Exaggerated blood pressure response, QT dispersion, Exercise stress test, EBPR exaggerated blood
pressure response, QT dispersion, Exercise stress test, EBPR

1. Introduction

High blood pressure is considered a major risk factor for myocardial infarction, stroke, and heart and renal failures
(1). According to the latest published data in 2014, the estimated prevalence of high blood pressure was 26.21% in
Iran; according to Mashhad’s study results of 9762 participants, a 35% prevalence for pre-hypertension and
hypertension was reported (1-3). In recent decades, increased awareness of high blood pressure has led to serious
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and effective efforts to control blood pressure in some European countries as well as America (1-3). Given the
importance of the association between blood pressure and cardiovascular disease, many efforts have been carried out
to properly screen and treat high blood pressure. Today, the measurement of blood pressure during exercise is used
as a rapid predictive test to evaluate cardiovascular changes as such a measurement is highly sensitive and specific
(4-6). An electrocardiogram (ECQG) is also one of the most accessible and inexpensive methods for screening and
checking for heart diseases; changing various parameters in this diagnostic modality can be an expression of many
heart problems, and criteria such as changes in QRS and T waves, changes in intervals such as PR and QT, and
criteria of QT dispersion (QT-d) and corrected QT interval (QT-c) can provide very valuable information about the
heart for physicians. QT dispersion calculated by subtracting the Mini-QT from the Maxi-QT can show the overall
duration of electrical activity and ventricular myocardium rest, and these criteria have been introduced in some
studies as independent risk factors for sudden death based on various mechanisms, such as an increased risk of
arrhythmias (4-6). The main objective of this project was, first, to examine the relationship between changes in QT -
d and other criteria, such as Maxi-QT, Mini-QT, and QT-c (corrected QT interval), within ECGs with exaggerated
blood pressure responses to exercise testing; in the next phase, the poroject evaluated the diagnostic value of each of
these criteria to predict the occurrence of exaggerated blood pressure response to exercise testing in patients
suspected of having coronary artery diseases.

2. Material and Methods

2.1. Research design and population

This cross-sectional study was conducted from May 2015 to February 2016 on patients suspected of having
coronary artery disecase (CAD) undergoing exercise testing who had been referred to Ghaem and Imam Reza
teaching hospitals in Mashhad, Iran. We chose Ghaem and Imam Reza hospitals because they are the main teaching
and referring hospitals for patients with high blood pressure in Mashhad.

2.2. Sampling

The sample size of the study was estimated to be 60 patients in two groups of 30 based on the results obtained in
Portas et al. (7) with respect to alpha = 5% and beta = 20%. Patients were selected in a non-random and purposive
manner from the primary statistical population and assigned to two EBPR and control groups according to blood
pressure response to exercise testing.

2.3. Selection criteria

Patients with a previous history of high blood pressure, who were taking medications for cardiovascular disease, and
who had electrocardiographic and pathologic findings, including ischemia, previous infarction, branch block, atrial
fibrillation (AF) arrhythmia, sick sinus syndrome (SSS), and ventricular pre-excitation, were excluded from the
study. The selection criteria were the same in both studied groups.

2.4. Exercise testing
Individuals with exaggerated blood pressure response (EBPR) during exercise testing were considered as the EBPR
group, and those with normal blood pressure response to exercise testing were assigned to the control group. Age,
gender, body mass index, history of smoking, dyslipidemia, and diabetes of patients were recorded at the beginning
of the study. In the present study, exercise testing was carried out using a treadmill equipped with an
electrocardiogram, and standard Bruce protocol was used for EST. The tests continued to gain maximum heart rate
adjusted for age. The average systolic and diastolic blood pressures were recorded noninvasively using a digital
sphygmomanometer before the start of testing in a sitting position, during the last 30 seconds of each stage of three
minutes of exercise, and in the third minute of recovery phase in a sitting position. In this study, EBPR was defined
based on one of the following three conditions during exercise testing:

1) Systolic blood pressure over 200 mm Hg

2) Increased diastolic blood pressure to the amount of over 100 mm Hg

3) Diastolic blood pressure increasing to over 10 mm Hg

2.5. Electrocardiogram

During the exercise, the standard 12-lead electrocardiogram of four variables, including Maxi-QT, Mini-QT, QT-
dispersion (QT-d), and corrected QT interval (QT-c), was recorded at the peak of exercise testing. The recording
process for each of the four variables was as follows. Maxi-QT and Mini-QT were considered based on the
maximum and minimum QT intervals measured in the standard 12-lead ECG, respectively. QT-d was also achieved
based on the difference between the minimum and maximum values of QT-c in the standard 12-lead ECG. QT-c was
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obtained based on the division of QT by the square root of the interval between two R waves. All measurements
were performed by two separate observers (specialists in heart diseases) who were unaware of the other results. In
some inconsistent cases, a third observer was used as well.

2.6. Data analysis

Relevant statistical tables and indicators (e.g., means) were used to describe data. Continuous variables were
presented as mean + SD, and categorical variables were expressed as numbers and percentages. The normality of the
data was analyzed using one-sample Kolmogorov-Smirnov test with modified Lilliefors, appropriate parametric
methods such as an independent samples t-test were used for confirmed normality, and Mann-Whitney and
Wilcoxon tests were used in the event of non-normal results. The Pearson Chi-square was used to analyze the data
usng a nominal scale, and Fisher’s exact test was used in cases where more than 20% of the expected frequencies in
the tables were less than 5 (Cochran). Cut-off values for assessing hypertensive response to exercise and associated
sensitivity and specificity were evaluated using the receiver operating characteristic (ROC) curve analysis. In
addition, a multiple linear regression analysis was used to model the relationship between variables and the EBPR
variable. IBM SPSS Statistics version 19 (IBM Corp., Armonk, NY, USA) was used in this study, and the
significance level for all tests was less than 5%.

2.7. Ethical considerations

Ongoing research was explained to the patient, and written consents were then obtained; information was recorded
without a name using a stored code. The present study was an observational study; as there was no intervention
carried out on patients, the additional risk did not cause any disease. This project was conducted under the
supervision of Mashhad University of Medical Sciences (reference number 931580).

3. Results

3.1. Baseline characteristics

This study was conducted on 60 patients with suspected coronary artery disease undergoing exercise testing. Of the
60 patients under study, 33 cases were male (55%) with a mean age of 50.48 + 10.89 years. All patients underwent
exercise testing and electrocardiography. Average systolic and diastolic blood pressures were measured in three
steps: before exercising, at the peak of exercise, and during recovery. Based on the results, 30 patients were
categorized in the EBPR group and 30 patients in the control group. The two groups had no statistically significant
differences in terms of gender, but the EBPR group had a higher average age and BMI than the control group (Table
1). No statistically significant difference emerged between the two groups in terms of risk factors for smoking,
diabetes, and dyslipidemia (Table 1).

3.2. Exercise testing

A statistically significant difference in mean systolic blood pressure occurred between the two groups in three
stages: before exercising, at the peak of exercise, and during recovery. The values were higher in the EBPR group
than the control group. For diastolic blood pressure, the only significant difference occurred at the peak of exercise
testing, with the EBPR groups being more than the control group (Table 2).

Table 1. Comparison of demographic findings between the two groups with or without exaggerated blood pressure
responses during the exercise testing

Variables, Unit Group of exaggerated blood Group of normal blood pressure p-value
pressure responses during responses during exercise testing
exercise testing (n = 30) (n=30)
Male gender, n (%) 18 (60.0%) 15 (50.0%) 0.436
Age, Mean + SD 54.13 £8.29 46.83 +12.04 0.008
Body mass index, Mean = SD | 26.23 £ 3.50 23.96 +3.39 0.014
History of smoking, n (%) 12 (40%) 7 (23.3%) 0.165
Diabetes, n (%) 9 (30.0%) 10 (33.3%) 0.891
Dyslipidemia, n (%) 13 (43.3%) 14 (46.6%) 0.902
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Table 2. Systolic and diastolic blood pressure in three phases of exercise testing

Variables, Mean + SD Group of exaggerated blood Group of normal blood pressure p-value
pressure responses during responses during exercise testing
exercise testing (n = 30) (n=30)
Systolic blood pressure 126.0 £ 12.1 111.5+16.4 0.000
(before exercise testing)
Diastolic blood pressure 73.6+£5.5 72.1+£6.3 0.432
(before exercise testing)
Systolic blood pressure (at the | 181.0 = 19.8 149.00 £ 19.92 0.000
peak of exercise testing)
Diastolic blood pressure (at 90.8+ 7.6 80.3+1.8 0.000
the peak of exercise testing)
Systolic blood pressure 169.16 £28.16 139.00 £ 17.87 0.000
(recovery)
Diastolic blood pressure 83.6+ 14.4 80.0+0.8 0.999
(recovery)

3.3. Electrocardiogram

The data analysis showed that the mean variables of maxi-QT and QT-d in electrocardiogram were more in the
EBPR group than the control group. This difference was statistically significant (p-value=0.001). The differences in
mean variables for Mini-QT and QT-c were not statistically significant between the two groups (Table 3).

Table 3. Electrocardiographic findings in patients with or without exaggerated blood pressure responses during the
exercise testing

Variables, Mean + Group of exaggerated blood pressure Group of normal blood pressure | p-value
SD responses during exercise testing (n = 30) responses during exercise testing

(n=30)
Maxi -QT 366.6 +24.4 342.6 £29.8 0.001
Mini-QT 302.0+£25.2 293.1+40.6 0.661
QT-d 65.3+22.2 20.4 +46.0 0.001
QT-c 383.3+£50.1 383.3 +£50.1 0.204

3.4. Cut-off points of Maxi-QT and QT-d in the prediction of exaggerated blood pressure responses to stress test
A ROC curve analysis determined the cut-off point to predict the EBPR to stress test based on the Mini-QT and QT-
¢ variables. The QT-d parameter, with a value of 50 ms (CI: 95% (0.61-0.87)) as the cut-off point, showed the
highest sensitivity (80%) and specificity (60%) (Figure 1). The Maxi-QT parameter with a value of 345 ms (CI: 95%
(0.60-0.86)) as the cut-off point had the highest sensitivity (73%) and specificity (64%) (Figure 2).
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Figure 1. Investigation of cut-off point with the highest sensitivity and specificity in QT dispersion measure as a
predictive factor for hypertensive response to exercise stress testing using ROC curve analysis
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Figure 2. Investigation of cut-off point with the highest sensitivity and specificity in Maxi-QT measure as a
predictive factor for hypertensive response to exercise stress testing using ROC curve analysis

3.5. Predictive factors of exaggerated blood pressure responses to exercise testing

The logistic regression of data demonstrated that EBPR to exercise testing are not predictable by using any of the
Maxi-QT, Mini-QT, QT-d, or QT-c electrocardiographic variables or other factors such as BMI and smoking (p-
value>0.05).

4. Discussion

In general, research has shown that EBPR to exercise testing in people with no history of high blood pressure can
increase the risk of blood pressure by 2 to 3 times (8-11). Some studies have also reported associations between
EBPR to exercise testing and mortality as well as cardiovascular problems, albeit generally with no described
mechanism (12). Campbell Rekindle, in the late 1980s, presented the concept that the QT interval probably varied
from one lead to another; in normal subjects, the QT interval may differ by 65 ms among varied leads (as QT
dispersion). Subsequent studies raised the hypothesis that an increase in the maximum amount of the interval is
likely associated with an electrical imbalance and the risk of ventricular arrhythmias (13). Few studies investigated
the relationship between EBPR to exercise testing and QT dispersion, and more works have been published on the
presence or absence of an association between the size of QT dispersion and risk of arrhythmia attacks (2, 14, 20). In
1990, Lee et al. studied two groups of patients: those with long QT along with a history of ventricular arrhythmias
and those taking the drug sotalol after myocardial infarction without a history of ventricular arrhythmias. The results
showed that QT dispersion size was not the same in the two groups. Indeed, those with a history of ventricular
arrhythmia had much more QT dispersion than the other group (14). Mantari also showed that increasing the size of
QT dispersion may be one of the risk factors and predictive factors for sudden death in people, but it is not an
acceptable factor in predicting a heart attack. For example, the blood pressure ratio or presence/absence of
hypertension ws not mentioned in the control group. As we know that high blood pressure is a risk factor for
cardiovascular events, it is possible that the difference in size of QT dispersion can result from a history of high
blood pressure (2). In contrast, other studies, such as the work of Zabul et al., have found no association between QT
dispersion with arrhythmias or cardiac events and mortality, but showed that other ECG criteria can have more
diagnostic value. Comparing the ratio of QT-d between patients with ischemic heart attacks and those who have not
experienced any such events showed that the difference was not significant between the two groups. Moreover, QT -
d was not a good measure to predict important events and fatal cardiac arrhythmia (6). In this study, the QT-c
parameter was calculated and compared between the two groups, but no significant difference was found. However,
the size of QT-d in the study was significantly different. Alia et al. also demonstrated that decreasing the height of
the segment ST during exercise testing to more than 1 mm, as well as correcting QT dispersion (QTDc) to over 70
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during the peak of exercise, can predict coronary problems as the independent variable (5). In comparison, our study
examined the variables of smoking history, BMI, systolic and diastolic blood pressure at the peak of exercise testing
and during recovery, QT-d size, QT-c size, and the maximum and minimum sizes of QT using logistic regression
and found that, although the size of two criteria (i.e., Maxi-QT and QT-d) in the EBPR and control groups was
significantly different, none could be predicted based on logistic regression. High blood pressure is considered one
of the most serious and important risk factors in the world, and blood pressure screening programs aim to reduce
cardiovascular events in many parts of the world. One searched databases to examine the relationship between QT
dispersion size and EBPR during exercise testing; our research was inspired by this study in many respects. In 2013,
Artas et al. studied 59 volunteer participants, 32 of whom had a history of referral to physicians due to suspected
coronary disease and 27 of whom had no history of heart disease or high blood pressure (i.e., control group). These
numbers are consistent with our study. Artas et al. found that EBPR to systolic blood pressure over 200 mmHg or
diastolic pressure over 100 mmHg occurred at the peak of activity in exercise testing. EBPR were observed at the
peak of exercise testing for in 32 of the 59 participants, despite having proper blood pressure in the resting position.
Blood pressure was significantly higher in the EBPR group than the control group at the peak of exercise testing and
during the recovery time. In addition, the maximum values of QT, QT-c, and QT-d were significantly different (p-
value= 0.001, p-value <0.001, and p-value <0.001, respectively). In our study, although the QT-d size in the EBPR
group was significantly higher than the normal response (p-value=0.001), no significant difference was evident in
QT-c size (p- value=0.20). One reason for this difference could be the small sample size as well as the accuracy of
recording in the ECG and exercise testing protocol. Many studies have used a multivariate logistic regression
analysis to find the relationship between the independent variables affecting the prediction (e.g., EBPR to exercise
testing in the current research). Artas et al. also used a logistic regression test to examine the predictive effects of
risk factors and found that QTd and QTc intervals were significantly meaningful in predicting EBPR (p-value=0.001
and 0.035, respectively). However, the logistic analysis of data in our study showed that EBPR to exercise testing
are not predictable with any ECG variables, including Maxi-QT, Mini-QT, QT-d, QT-c, and others such as BMI,
smoking, family history of high blood pressure (p-value>0.05). The ROC curve analysis also revealed that a QT-d
variable size greater than or equal to 40 can have the highest sensitivity (84%) and specificity (74%) as a diagnostic
test and criterion. According to data obtained from our study, the best cut-off point was at QT-d =50, when the
sensitivity and specificity were 80% and 60%, respectively. Another point of interest was the significant differences
based on age in both the EBPR and control groups. Unfortunately, we were not able to interpret this difference due
to the small sample size; although the age difference is statistically significant in both groups, both were adults with
no significant difference in the number of years. Although our data are generally very similar to the data obtained in
Artas et al.’s study, because of the limitations and technical differences, the results cannot be compared and
interpreted. However, it may be noted as a preliminary hypothesis that blood pressure problems due to serious long-
term effects on left ventricular health, such as hypertrophy, can raise the risk of cardiovascular events. Based on the
studies mentioned, most protocols and criteria varied, and other factors have been thoroughly examined; there were
also differences in the selected EBPR group and sampling method, and the reported criteria were not the same. All
these elements led to a few studies recommending that protocols with more similarity and a larger sample size
should be used in future research in order to further confirm and address shortcomings to achieve more certainty. An
electrocardiogram and thorough review of relevant quantitative variables can be used as one of the easiest, most
accessible, and most inexpensive screening methods, even confirming high sensitivity. One of the main limitations
of this study was using the minimum number for the estimated sample size. In addition, the non-measurement of
some other baseline questions in patients’ medical history and medical laboratory findings is another limitation of
this study.

5. Conclusions

According to the findings of the present research, we can benefit from ECG findings in screening patients with
EBPR during exercise testing. The findings als showed that the ratio of Maxi-QT and QT-d variables further
increased in the ECG of patients with EBPR during the exercise testing compared to those with normal responses,
and a statistically significant relationship occurred between the type of blood pressure response to the exercise
testing and ECG changes.
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