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Abstract 

Major depressive disorder (MDD) is associated with a 
number of comorbidities including cardiovascular 
disease (CVD), with an increased risk of death after 
myocardial. The aim of this study was to investigate if 
parameters for ventricular repolarization variability and 
dynamics in ECG signals are different in MDD patients 
with/without suicidal ideation and healthy volunteers. 
Sixty-one ECG recordings (10 minutes) were acquired 
and analysed from control subjects (44 CONT), 20 MDD 
subjects with (MDDSI+) and 21 without suicidal ideation 
[SI] (MDDSI-) for a case-control analysis at a 
psychiatric clinic in the UAE.  The Mini-International 
Neuropsychiatric Interview (MINI) made diagnoses of 
MDD and the subscale for was used to evaluate the 
patients’ suicidal intensions [0 to 38].  The subscale for 
SI consists of 19 items, which was used to evaluate the 
patients’ suicidal intensions [0 to 38]. Then heart rate-
corrected QT interval (QTc), QT/RR slope, QT variability 
(QTV), Median T-wave amplitudes and T-wave variability 
were estimated. MDD patients with suicidal ideation 
displayed increased QT/RR slope and reduced QTV, 
which may reflect abnormal ventricular repolarization 
liability and lead to higher risk of cardiac arrhythmia and 
future cardiovascular diseases. 

1. Introduction

CVD and depression appear to have bidirectional 
relationship [1]. Taking into account and controlling for 
pre-existing cardiovascular risk factors, a recent 
systematic meta-analysis estimated a combined overall 
relative risk of 1.54 for the contribution of depression to 
the onset of CAD [2]. Patients are diagnosed with acute 
myocardial infarction run an increased mortality risk even 

when they suffered from low levels of depression, 
compared to their non-depressed cohorts [3]. Some 
reports suggest that the cardiac autonomic dysfunction in 
depressed patients may increase the risk of arrhythmia; 
which itself is a risk factor for coronary and other 
cardiovascular disorders [2]. Another study reported a 
higher prevalence of arrhythmia in depressed patients 
compared with controls [4].  That people with depression 
are more vulnerable to arrhythmias, especially 
supraventricular arrhythmias, such as single atrial 
premature beats, paired atrial premature beats and single 
ventricular premature beats [5]. Increased sympathetic 
nervous system activity in depressed patients might cause 
the relationship between arrhythmia and emotional 
turbulence [5, 6]. 

Fifteen percent of clinically depressed patients die by 
suicide [7]. Patients with suicidal tendencies exhibited 
significant and more pronounced cardiac vagal 
withdrawal compared to healthy counterparts, as well as 
MDD patients without suicidal ideation [8].  Another 
study suggested that suicidal ideation is related to altered 
serotonergic functions [9]. We hypothesize that suicidal 
ideation in depression may be associated with altered 
ventricular repolarization heterogeneity as measured by 
QT interval and T-wave amplitudes variability. Therefore, 
the aim of this study was to investigate if parameters for 
ventricular repolarization variability and dynamics in 
ECG signals are different in MDD patients with/without 
suicidal ideation and healthy volunteers. 

2. Methods

2.1.   Data 
Sixty-one ECG recordings (10 minutes) were acquired 

and analysed from control subjects (44 CONT), 20 MDD 
subjects with (MDDSI+) and 21 without suicidal ideation 
[SI] (MDDSI-) for a case-control analysis at a psychiatric 
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clinic in the UAE. Participants were recruited from the 
outpatient clinic at American Center for Psychiatry and 
Neurology in Abu Dhabi. The study was approved by Al 
Ain District Ethics Committee, and all participants 
provided written informed consent. Diagnoses including 
history of suicidal ideation were made by a consultant 
Psychiatrist (Veena Luthra) using the Mini-International 
Neuropsychiatric Interview (MINI) [9]) and the severity 
of clinical depression was assessed using the structured 
interview guide for the Hamilton Depression Rating Scale 
(HAM-D) [10]. The scale of suicidal ideation consists of 
19 items which was used to evaluate a patient's suicidal 
intention [11] . The minimum score was zero and 
maximum score was 38. Higher scores indicate greater 
suicidal ideation. All participants completed the 
Depression Anxiety and Stress Scales (GAD 7 and PHQ 
9), a reliable and valid self-report measure of depression, 
anxiety, and stress severity (Table 1). 

Table 1: Patients’ demographics and psychiatric scores 

 Abbreviations: WC=waist circumference; BMI=body 
mass index; SBP= systolic blood pressure; DBP= 
diastolic blood pressure; BDI= beck depression 
inventory; GAD7= general anxiety disorder; PHQ= 
patients health questionnaire 

All patients underwent a supine resting recording of 
ECG, respiration (Powerlab ADInstruments) and arterial 
pulse blood pressure by Finometer MIDI (Finapres, 
Amsterdam). Physiological signals were recorded over 10 
minutes using a lead II configuration (Powerlab 
ADInstruments, Australia) and captured on Labchart 7.1 
with a sampling rate set at 1000 Hz and a notch filter at 
50 Hz. Table 1 summarizes the clinical variables of the 
patient group.  

2.2. Feature extraction from ECG signals 

A typical example of ECG signals with different 
features that can be extracted from the signal is shown in 
Figure 1. 

Fig. 1: ECG and arterial pulse signals 

In this study, we used template-matching algorithm, 
which was introduced by Berger and his co-workers [12]. 
Here, the operator defines a template of the QT interval 
by selecting the starting point of Q-wave and ending point 
of T-wave for one beat of ECG [12]. Then the algorithm 
finds the QT interval of all other beats by determining 
how much each T-wave must be stretched or compressed 
in time to best match with the template [12]. We have 
also calculated the rate-corrected QT interval (QTc) by 
following the Bazett’s formula [13]. The QT/RR relation 
was analyzed using a linear regression line for each 
subject ([QT] = α[RR] + β; where α is the slope and β is 
the y-intercept).  To determine the QTV, we computed 
the standard deviation of QT intervals. In addition, the 
QT variability index, QTVI was computed according to 
the equation given by (Berger et al 1997, [1]) 

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 =  𝑙𝑙𝑙𝑙𝑙𝑙10[𝑄𝑄𝑄𝑄𝑣𝑣/𝑄𝑄𝑄𝑄𝑚𝑚2)/(𝑅𝑅𝑅𝑅𝑣𝑣/𝑅𝑅𝑅𝑅𝑚𝑚  2)] 

where the numerator contains the variance of all QT 
intervals (QTv) divided by the square of the mean QT 
interval (QTm),  The denominator contains the variance 
of all RR intervals (RRv) divided by the square of the 
mean RR interval (RRm). 

Moreover, we have also measured the amplitude of the 
T-waves for each beat by following the same procedure 
that has been described earlier articles [14, 15]. Here, the 
T-wave for each beat was obtained by considering the 
peak of the voltage deflection within the ST segment of 
ECG signal. The median of absolute values of the T-wave 
amplitudes was obtained and used in the subsequent 
analysis. Finally, the standard deviation of T-wave 
amplitude was calculated for computing the TWV [16].  

 

 

  



2.3.  Statistics 

In this study the nonparametric Kruskall-Wallis 
Tukey–Kramer post hoc examination were carried out to 
determine differences of ventricular repolarization 
dynamical features among three groups (MDDSI+, 
MDDSI- and CONT). p<0.05 was set for significance.  

. 

3. Results

Table 1: Mean ± SD values of parameters of 
Ventricular repolarization variability and dynamics in 
ECG signals of MDD patients with/without Suicidal 
Ideation and Control groups. * means significant (p<0.05) 
difference between CONT and MDDSI- and § means 
significant (p<0.05 ) between CONT and MDDSI+. 

QTc values are prolonged and QTV values are reduced 
in both MDDSI+ and MDDSI- groups as compared to 
CONT group. On the other hand, QT-RR Slope of 
MDDSI+ was found to be higher than that of CONT 
group. Interestingly, mean RR intervals were not found to 
be significantly different among three groups. SDNN and 
RMSSD of HRV of MDDSI- group were significantly 
reduced as compared to CONT group. However, none of 
HRV features of MDDSI+ group were significantly 

different from MDDSI- and CONT groups. 

4. Discussion

    Reduced QTV and elevated QT-RR slope were found 
in MDDSI+ group.  Increased QT/RR slopes were 
observed in patients at risk of cardiac death including 
postinfarction patients, long-QT syndrome patients, 
patients with dilated cardiomyopathy and/or heart failure 
[23]. QT/RR slopes quantify the links between ventricular 
repolarization and autonomic nervous system, and, thus, 
increased QT/RR may reflect increased vulnerability of 
myocardium to its modulation by autonomic nervous 
system in MDDSI+ patients group. Previous research 
showed an association between carriage of the s allele of 
the serotonin transporter polymorphism (5-HTTLPR) and 
elevated urinary norepinephrine levels which is related to 
sympathetic nervous activation [17]. Sympathetic 
activation to the heart occurs in patients unexpectedly 
developing ventricular tachycardia and ventricular 
fibrillation [18]. Another study reported the follow up of 
selective serotonin reuptake inhibitor therapy that 
sympathetic nervous activity was significantly reduced 
only in those patients with excessively elevated 
sympathetic tone [19]. 

Since the QTV is elevated in CHF [12](2), and 
sympathetic tone is also elevated in heart failure [20], it 
was postulated that QT variability is a measure of cardiac 
sympathetic tone. However, our study showed that QTV 
are reduced in MDD groups.  Baumert et al. [21] recently 
found that QT variability measures did not correlate with 
norepinephrine levels in blood sampled from the coronary 
sinus in 17 subjects with depression and panic disorder, 
challenging the notion that beat-to-beat QT variability 
measurement provides an assessment of cardiac 
autonomic activity [22]. Features used in our study did 
not find any significant difference between MDDSI+ and 
MDDSI- groups, however, it could provide the usefulness 
of QT/RR slope and QTV to identify MDD patients who 
are at risk of ventricular arrhythmia.  
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