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Abstract 

This paper investigates the influence of psychological 
stress due to driving in city traffic condition on beat-to-
beat QT interval. Electrocardiogram (ECG) signal of 16 
subjects were analyzed from Physionet “drivedb” 
database. Total 32 segments of ECG signal was selected 
from all subjects. 16 of which were recorded during 
“Stressed” condition and rest 16 were in “Unstressed” 
states. Each segment was 5 minutes long and QT 
intervals were extracted using Berger’s template 
matching algorithm. Heart rate corrected QT (QTc) 
intervals was calculated using methods proposed by 
Bazett, Fridericia and Framingham. The mean and 
standard deviation of each QTc interval time series was 
calculated as a feature describing average length and 
variability of QTc interval. The results showed that the 
mean QTc was lower in “Stressed” condition than 
“Unstressed”, however none of the differences were 
statistically significant. In contrast, the variability of QTc 
intervals were higher in “Stressed” segments than the 
“Unstressed” ones and the difference was statistically 
significant. However, such difference was not present in 
RR intervals. In summary, QT was not prolonged due to 
stress but beat-to-beat QT variability increased in 
“Stressed” condition and this can be an effective marker 
to detect psychological stress. 

1. Introduction

 Psychological stress is neurologically related with 
cognitive functions and it increases in certain cognitive 
tasks like problem solving, decision making, playing 
games and driving. A recent definition asserts “stress 
should be restricted to conditions where an environmental 
demand exceeds the natural regulatory capacity of an 
organism” [1].  
 Stress affects different cardiovascular responses and 
stress induced autonomic nervous system activation 
might also trigger lethal arrhythmias through alterations 
of the neural transmissions to the heart [2]. Therefore 
electrocardiogram (ECG) derived heart rate variability 

(HRV) analysis is an obvious choice for detecting 
psychological stress [3-5]. Epidemiologic evidence 
suggests that there is a relationship between stress and 
cardiac morbidity and mortality in susceptible individuals 
[6]. 
 The QT interval of the resting ECG reflects the time 
between the onset of electrical activation and its recovery 
and called repolarization duration. QT is affected by a 
number of factors, both internal (genetic, physiologic, and 
pathophysiologic) and external (food, drugs, temperature) 
for a given individual.  The QT is strongly influenced by 
heart rate (i.e. RR or cardiac, cycle length), so heart rate 
correction is required in the analysis of repolarization 
duration and such heart rate corrected QT is termed as 
QTc. In general, women have a longer (~ 10 to 20 ms) 
QTc than men [7, 8] and it was reported that there is a 
positive correlation between age and QTc [8]. A mean 
lengthening of QTc by 13 ms and increased variability of 
QTc have been observed during sleep[7, 9]. 

Previous published reports provided conflicting data 
on the effect of mental stress on the QT-interval duration. 
It was reported that the QT interval prolonged when 
physicians got alarm calls and being awakened with bad 
news in the night [9, 10]. In contrast, laboratory-based 
studies reported QT-interval shortened during stressful 
interviews, Stroop color-word test and mental arithmetic 
as an effect of mental stress[11, 12].  Although these 
studies used raw QT intervals, Stroop color-word test 
with heart rate corrected QT and fixed rate ventricular 
pacing with high degree of atrioventricular block has also 
shown QTc shortening [16-17].   
 In order to explore the influence of psychological 
stress on QT interval, we prospectively examined the 
prolongation or shortening of repolarization as mean QT 
interval and variability of repolarization as QTVI as well 
as standard deviation of QT, in subjects with and without 
stress.   

2. Data & methods

2.1. Data 

ECGs were taken from Physionet Stress Recognition in 
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Automobile Drivers (drivedb) database From this 
database, a total of 16 healthy subjects’ data were taken 
out of 17 subjects’ recordings. One recording (drive01) 
was dropped from our study due to problem in T wave 
analysis. The detail of this study protocol i.e., driving 
protocol, driving period, stress measurement and 
validation of stress level assessment techniques etc. were 
described by Healy et al. [13].  

In this study, we have used 5 minutes ECG and 
respiration signal during resting and high stress (city 
driving) conditions. Recordings of resting condition were 
treated as stable physiological condition and grouped as 
“Unstressed”, whereas recordings of city driving 
condition were considered as stressed condition data and 
grouped as “Stressed”.  The ECG sampled at 496Hz was 
recorded with a modified lead II configuration for 
reducing the effect of motion artefact and for better 
detection of  waves.  

QT intervals were detected using a semi-automated 
template-matching algorithm proposed by Berger et al 
[14]. This algorithm is used in many clinical studies with 
reliable results describing ventricular repolarization 
variability [15]. The QT interval was calculated as the 
difference between Q wave onset and T wave end point 
(i.e. QTend interval). 

 
2.2. Heart Rate corrected QT (QTc) and 
beat-to-beat QT interval and variability 
measurement 

The most commonly used equation to correct the QT 
interval for heart rate is Bazett’s square root formula [16]:  

 

√
  (1) 

Contemporary to Bazett’s work, the study by Fridericia 
used a detailed mathematical evaluation of QT correction 
and approximated the formula as [17]: 

 

√
  (2) 

 

Another most commonly used linear formula derives 
from the Framingham Heart study, named Framingham or 
Sagie formula [18]:  

 
0.154 1   (3) 

 
Mean of raw , ,  and  time-series 

and termed as , ,  and  
respectively. Standard deviation of the same set of time-
series was measured and termed as , , 

 and  respectively. 
Temporal beat-to-beat QT variability was measured as 

previously described for surface ECG analysis [14].  The 

heart rate mean ( ) and variance ( ) and QT 
interval mean ( ) and variance ( ) were computed 
from the respective time series. A normalized QTVI was 
derived according to equation: 

 
⁄ ⁄⁄ (4) 

 
The  was measured for raw , ,  and 

 time-series and termed as , ,  
and  respectively.   

 
2.3. Heart rate variability (HRV) 
parameters and statistics 

Besides QT time-series based parameters, we have also 
calculated mRR (mean of RR time-series) and sdRR 
(standard deviation of RR time-series) as HRV measures. 

Non-parametric Mann-Whitney U-Test was carried out 
for statistical comparisons between ‘Stresssed’ and 
‘Unstressed’ group. A value of p < 0.05 was considered 
significant. All the statistical calculations were carried out 
in MATLAB R2012b.  

 
Table 1:  Mean ± SD (standard deviation) values of RR 
intervals (Mean RR, SDRR), QT intervals ( , , 

, , , ,  and ) and 
QTVI parameters ( , ,  and ). 

 
Parameter Unstressed Stressed p value 
mRR 833.54 ± 109.42 782.41 ± 109.58 0.28 

sdRR 53.91 ± 19.02 65.41 ± 16.40 0.09 

 339.94 ± 28.83 326.07 ± 30.52 0.20 

 373.17 ± 18.62 370.25 ±17.58 0.50 

 361.15 ± 20.21 354.63 ±20.47 0.40 

 365.60 ± 18.07 360.02 ±17.96 0.32 

 4.80 ± 2.90 10.13 ± 5.16* 0.003 

 12.22 ± 4.87 19.11 ± 4.83^ 2.59e-4 

 8.43 ± 3.73 14.60 ± 4.81^ 1.50e-4 

 8.78 ± 3.42 14.02 ± 4.10^ 2.59e-4 

 -3.01 ± 1.29 -2.03 ± 1.21* 0.01 

 -1.21 ± 0.65 -0.92 ± 0.48* 0.03 

 -1.88 ± 0.86 -1.37 ± 0.69* 0.02 

 -1.81 ± 0.77 -1.49 ± 0.53* 0.04 

* p<0.05; ^ p<0.001 
 
3. Results  

Mean and SD (standard deviation) values of mRR, 
sdRR, , , , , , , 

, , , ,  and ) are 
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shown in Table 1. mRR (i.e. Mean RR interval) decreased 
and  sdRR increased  in ‘Stressed’ group than 
‘Unstressed’ group subjects. Therefore, none of them 
showed any significant difference between two groups. 
Although, mean values of , ,  and 

 are higher in ‘Stressed’ group than ‘Unstressed’, 
none of them are significantly different between two 
groups.  

In contrast, mean values of , ,  
and  are higher in ‘Stressed’ group than 
‘Unstressed’ with statistical significance. However, the 
standard deviation of corrected QT ( ,  and 

) showed much higher statistical difference with 
p<0.001 between ‘Stressed’ and ‘Unstressed’ group than 
standard deviation of raw QT ( ) with p<0.05. 

Similar to standard deviation of QT intervals, mean 
values of beat-to-beat QT variability parameters of both 
raw and corrected QT time-series ( , ,  
and ) were found higher in ‘Stressed’ group with 
statistical significance (p<0.05) than ‘Unstressed’ group.  

The errorbars (Mean ± SD) of standard deviation of 
QT and QTVI parameters for both ‘Stressed’ and 
‘Unstressed’ group were shown in Figure 1.  

 
4. Discussions 

The main goal of the present study was to evaluate the 
influence of psychological stress on duration and 
variability of QT interval. In this study, we used the 
general QT correction approaches [16-18], however these 
methods are strongly criticized by another previous study 
due to complex inter-individual variation of QT-RR 
interaction [19]. On the other hand, the superior concept 
of subject specific QT correction is difficult to achieve for 
all study, since it requires a number of QT/RR data sets 
for each subject with adequately broad range of heart rate 
variation. Moreover, it has been reported that in resting 
conditions with heart rates in the 60–90 beats/min (i.e. 
RR intervals of 666ms to 1000ms) range, most formulae 
provide almost equivalent results for the diagnosis of QT 
prolongation. Since the mean RR intervals of both groups 
in this study were well within this range, we believe that 
the used QT correction approaches are valid for this 
study.   

In this study, we found insignificant shortening of QT 
interval duration in ‘Stressed’ group, which supports the 
results reported in various previous studies [11, 12, 22]. 
However, this finding contradicts with the study by 
Andrassy et. al. [20, 21], which reported significant QT-
interval prolongation in stress. Although stress induced 
due to driving is a type of active mental stress, the 
difference could be due to the moment of data collection. 
In contrast to their study, we collected the 5 minutes ECG 
segment from middle of stress event rather than at the 
launching. Another reason for the difference could be the 

use of global QT correction approach in place of 
individual QT correction approach. 

 
 

 
 
Figure 1. Errorbar (Mean ± SD) plots showing the trends 
in the variations SDQT ( , ,  and 

) and QTVI ( , ,  and ) 
parameters within ‘Unstressed’ and ‘Stressed’ groups. 

 
In this study, we found significantly increased QT 

variability in ‘Stressed’ group compared to ‘Unstressed’ 
group (using all QTVI parameters), which may be due to 
withdrawal of parasympathetic influence on the heart rate 
[24]. Subsequently, negative QTVI values were observed 
in both groups indicating a continuing dominance of RR 
variability over QT variability. The SDQT parameters 
also showed the similar trend of variation as QTVI in 
‘Stressed’ and ‘Unstressed’ groups. However, SDQT 
parameters of corrected QT intervals showed better 
statistical significance in differentiating ‘Stressed’ and 
‘Unstressed’ group than QTVI parameters. Since SDQTc 
measures the variability of QT series after rate correction, 
the autonomic effects on QT variability may be strongly 
pronounced in this measure compared to QTVI, which is 
an overall measure of RR and QT variability.  
 
5.  Conclusion 

In this study, we highlighted the influence of stress on 
duration and variability of QT interval. For variability, we 
have used both traditional QTVI analysis as well as 
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standard deviation of raw and corrected QTc time-series. 
The results show that stress affects mainly the QT 
variability but there is no significant impact on QT 
duration. Both standard deviation of QTc and QTVI 
measure reflects significant difference in variability 
between ‘Stressed’ and ‘Unstressed’ group. However, a 
better statistical significance is illustrated by standard 
deviation based variability measure than QTVI. So, 
variability of QTc could be a suitable parameter for 
detecting and evaluating this special state of humans (i.e. 
psychological stress) with short-length (5 minutes) ECG 
signal.  

 
Reference 

 
[1] Koolhaas JM, Bartolomucci A, Buwalda B, de Boer 

SF, Flugge G, Korte SM, et al. Stress revisited: a 
critical evaluation of the stress concept. Neurosci 
Biobehav Rev 2011;35:1291-301. 

[2] Eliot RS, Bull JC. Role of emotions and stress in the 
genesis of sudden death. Journal of the American 
College of Cardiology 1985;5(6s1):95B-8B. 

[3] Kumar M, Weippert M, Vilbrandt R, Kreuzfeld S, 
Stoll R. Fuzzy evaluation of heart rate signals for 
mental stress assessment. Fuzzy Systems, IEEE 
Transactions on 2007;15:791-808. 

[4] Bozhokin SV, Shchenkova IM. Analysis of the heart 
rate variability using stress tests. Human Physiology 
2008;34:461-7. 

[5] Schubert C, Lambertz M, Nelesen RA, Bardwell W, 
Choi JB, Dimsdale JE. Effects of stress on heart rate 
complexity--a comparison between short-term and 
chronic stress. Biol Psychol 2009;80:325-32. 

[6] Kamarck T, Jennings JR. Biobehavioral factors in 
sudden cardiac death. Psychol Bull. 1991;109:42-75. 

[7] Molnar J, Zhang F, Weiss J, Ehlert FA, Rosenthal JE. 
Diurnal pattern of QTc interval: how long is 
prolonged? Possible relation to circadian triggers of 
cardiovascular events. J Am Coll Cardiol 
1996;27:76-83. 

[8] de Bruyne MC, Hoes AW, Kors JA, Hofman A, van 
Bemmel JH, Grobbee DE. Prolonged QT interval 
predicts cardiac and all-cause mortality in the elderly. 
The Rotterdam Study. Eur Heart J 1999;20:278-84. 

[9] Toivonen L, Helenius K, Viitasalo M. 
Electrocardiographic repolarization during stress 
from awakening on alarm call. Journal of the 
American College of Cardiology 1997;30:774-9. 

[10] Merz CNB, Pardo Y. Mental versus physical stress, 
QT prolongation, and the autonomic nervous system. 
Circulation 2000;101:E213-2551. 

[11] Huang MH, Ebey J, Wolf S. Responses of the Qt 
Interval of the Electrocardiogram during Emotional-
Stress. Psychosomatic Medicine 1989;51:419-27. 

[12] Haapalahti P, Makijarvi M, Montonen J, Korhonen P, 
Salorinne Y, Oikarinen L, et al. Effects of 

cardiovascular autonomic function tests on QT 
dispersion in the 12-lead electrocardiogram of 
healthy patients. Journal of Electrocardiology 
2000;33:321-7. 

[13] Healey JA, Picard RW. Detecting stress during real-
world driving tasks using physiological sensors. Ieee 
T Intell Transp 2005;6:156-66. 

[14] Berger RD, Kasper EK, Baughman KL, Marban E, 
Calkins H, Tomaselli GF. Beat-to-beat QT interval 
variability: novel evidence for repolarization lability 
in ischemic and nonischemic dilated cardiomyopathy. 
Circulation 1997;96:1557-65. 

[15] Dobson CP, Kim A, Haigney M. QT Variability 
Index. Progress in cardiovascular diseases. 
2013;56:186-94. 

[16] Bazett HC. An analysis of the time-relations of 
electrocardiograms. Heart-J Stud Circ 1920;7:353-70. 

[17] Fridericia LS. Die Systolendauer im 
Elektrokardiogramm bei normalen Menschen und bei 
Herzkranken. Acta Medica Scandinavica 1921;54:17-
50. 

[18] Sagie A, Larson MG, Goldberg RJ, Bengtson JR, 
Levy D. An improved method for adjusting the QT 
interval for heart rate (the Framingham Heart Study). 
Am J Cardiol 1992;70:797-801. 

[19] Malik M, Camm AJ. Evaluation of drug-induced QT 
interval prolongation: implications for drug approval 
and labelling. Drug Saf 2001;24:323-51. 

[20] Andrassy G. [The effect of various stressors on the 
QT-interval and the T-wave]. Orvosi hetilap 
2009;150:447-57. 

[21] Andrassy G, Szabo A, Ferencz G, Trummer Z, Simon 
E, Tahy A. Mental stress may induce QT-interval 
prolongation and T-wave notching. Ann Noninvasive 
Electrocardiol 2007;12:251-9. 

[22] Paavonen KJ, Swan H, Piippo K, Hokkanen L, 
Laitinen P, Viitasalo M, et al. Response of the QT 
interval to mental and physical stress in types LQT1 
and LQT2 of the long QT syndrome. Heart 
2001;86:39-44. 

[23] Piccirillo G, Cacciafesta M, Lionetti M, Nocco M, Di 
Giuseppe V, Moise A, et al. Influence of age, the 
autonomic nervous system and anxiety on QT-
interval variability. Clin Sci (Lond) 2001;101:429-38. 

[24] Tulppo MP, Makikallio TH, Takala TE, Seppanen T, 
Huikuri HV. Quantitative beat-to-beat analysis of 
heart rate dynamics during exercise. Am J Physiol 
1996;271(1 Pt 2):H244-52. 

 
Address for Correspondence: 
 
Chandan Karmakar 
Research Fellow 
Department of Electrical & Electronic Engineering 
University of Melbourne, Melbourne, Australia 
Karmakar@unimelb.edu. 

1012




