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Abstract: 

Objectives:  Arrhythmia and unexpected cardiac death risk is increased in cardiac microvascular circulation and 

diabetic disorders. T p-e dispersion, T peak – T end (T p-e) interval & (T p-e / QT) & (T p-e / QTc) proportions 

which are measured through ECG (Electrocardiogram) are relatively new parameters for ventricular 

arrhythmogenesis evaluation. Our research was aimed on the comparison of QT dispersion (QTcd) corrected, QT 

(QTd) dispersion, T p-e interval, P dispersion (Pd), (T p-e / QT) & (T p-e / QTc) proportions and T p-e dispersion in 

T2DM (Type – II Diabetes Mellitus) cases in the healthy selected research population. 

Methods: We retrospectively analyzed the electrocardiographic parameters of one hundred T2DM cases and also 

made a comparison with the ECG outcomes of one hundred healthy controls (matched age, body weight, sex and 

height). 

Results: Higher proportions of QT dispersion (QTcd) corrected, QT (QTd) dispersion, T p-e interval, P dispersion 

(Pd), (T p-e / QT) & (T p-e / QTc) proportions and Tp-e dispersion were observed in the affected cases. There was a 

significant association in the hemoglobin (Hb) A1c & QTd, T p-e dispersion, Pd, QTcd, (T p-e / QTc) & (T p-e / QT) 

parameters as observed through “linear regression analysis”. Significant positive association as observed among 

systolic blood pressure, low-density lipoprotein and T p-e dispersion values. 

Conclusion: We can predict arrhythmia risk through the assessment of T p-e interval, T p-e / QT, T p-e dispersion 

and (T p-e / QTc) proportions, through the suggestion of ventricular repolarization heterogeneity, P-wave & Pd 

reflecting atrial repolarization heterogeneity in T2DM cases. 
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INTRODUCTION: 

High CVD risk is found in the T2DM patients which 

causes mortality and morbidity associated with 

diabetes [1]. Prothrombotic state is created by T2DM, 

which also leads to an acute state of coronary 

syndrome by reducing antiaggregant factors and 

endothelial damage like prostacyclin and nitric oxide 

enhance thrombotic substance like factor VII, 

fibrinogen and suppressing fibrinolysis with the 

factors of plasminogen activation inhibition [2]. 

Glycosylation of LDL (low-density lipoprotein) is 

also an important factor among these patients 

including glycosylation as the particles of LDL 

become even atherogenic. Dyslipidemia has its own 

contribution in endothelial dysfunction. Additionally, 

proinflammatory cytokines expression like tumor 

necrosis alpha factor, interleukin serum – 6 and C – 

reactive (protein) is enhanced in T2DM cases which 

leads to proinflammatory state. Arrhythmias and 

coronary artery disease which is caused by rapid 

atherosclerosis development is common complication 

[2, 3]. 

 

Blood circulation in diabetic cases in cardiac 

microvascular bed is disturbed on the basis of 

autonomic neuropathy, proinflammatory state and 

prothrombotic which increases the arrhythmia, 

sudden cardiac death and silent infarction risk [4]. 

 

For the increased arrhythmia risk, we often use 

surface ECG (Electrocardiogram). Measurements 

including QTc, QTcd and QTd reveal cardiac 

repolarization heterogeneity through surface ECG. 

These parameters are also used for the identification 

of associated risks with enhanced ventricular 

arrhythmia risk [5, 6]. It has been observed through 

QT interval prolongation and QTd increase are 

associated with cardiac mortality [6]. It has been also 

observed that (Pd) was sovereign risk for atrial flutter 

& atrial fibrillation [7, 8]. T p-e interval, T p-e / QT, 

T p-e dispersion & T p‑ e / QTc measured through 

ECG have been currently observed through literary 

efforts as new features for the ventricular 

arrhythmogenity evaluation in numerous disease 

incidences. Few studies also compared 

aforementioned parameters (QTd, QTcd and QTc) for 

longer durations and produced reliable outcomes for 

the detection of an impaired ventricular 

repolarization [9]. Sudden cardiac death can be 

associated with such parameters like (QTd, QTcd and 

QTc) as they are affected through rate of heart [6]. T 

p-e interval, T p-e / QTc rates and T p-e / QT can 

also be utilized as a parameter for the assessment of 

ventricular repolarization which are also reliable for 

the ventricular repolarization assessment which is 

also affected by the rate of heart [9, 10]. 

 

METHODS: 

Our research was carried out at Mayo Hospital, 

Lahore (June 2016 to May 2017). We assessed the 

ECG outcomes of 100 T2D cases (40 males and 60 

females) with mean age as (46.5 ± 6.2 years) in the 

age bracket of (29 – 58 years). These cases were 

followed because of metabolism and endocrinology 

disease. We also compared the ECG outcomes of 100 

T2D cases with healthy BMI, age and sex among (34 

males and 66 females) with mean age as (45.6 ± 8.3 

years) in the age bracket of (19 – 68 years). We did 

not include the cases with coronary artery disease 

history, peripheral arterial illness, cerebrovascular 

illness, ventricular & atrial arrhythmia, disease of 

valvular heart; cardiomyopathy, chronic pulmonary 

illness, hypertension, malignancies, chronic disease 

of liver, chronic and acute insufficiency of renal, 

electrolyte disturbance, anemia, thyroid dysfunction 

or related major illness cases. We included only 

cardiac check-up cases and all assessed for 

echocardiographic outcomes without an indication of 

normal ejection fractions and valvular heart 

pathology. Electrocardiography (pulse wave, Pd, QT 

interval, QTc, QTd, Tp-e etc.) and laboratory 

outcomes (Blood sugar fasting, HbA1c, TSH, LDL, 

TC, HDL etc.) were assessed after informed consent 

and ethical permission.  

 

SPSS was used for statistical analysis. Mean and SD 

were used for the descriptive data presentation. Chi-

Square and “Mann-Whitney U test” was also carried 

out with a P-value (< 0.05). Confidence level was 

taken as 95% with P-value as (<0.05). 

 

RESULTS: 

Higher proportions of QT dispersion (QTcd) 

corrected, QT (QTd) dispersion, T p-e interval, P 

dispersion (Pd), (T p-e / QT) & (T p-e / QTc) 

proportions and Tp-e dispersion were observed in the 

affected cases. There was a significant association in 

the hemoglobin (Hb) A1c & QTd, T p-e dispersion, 

Pd, QTcd, (T p-e / QTc) & (T p-e / QT) parameters 

as observed through “linear regression analysis”. 

Significant positive association as observed among 

systolic blood pressure, low-density lipoprotein and T 

p-e dispersion values. Detailed outcomes analysis has 

been made in the given tables with corresponding 

figures. 
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Table – I: Demographic, clinical, and laboratory characteristics of patients and controls 

Variables Patients (n=100)  Controls (n=100)  P-Value 

Age (years)
a
  46.5±6.2  45.6±8.3  0.37 

Male/Female (n)  40/60  34/66  0.32 

Height (cm)
a
  164.1±9.7  165.9±8.7  0.15 

Weight (kg)
a
  82.5±15  80.8±17.5  0.47 

Systolic blood pressure (mmHg)
a
  124±10.9  116.3±12  <0.001 

Diastolic blood pressure (mmHg)
a
  73.7±9  69.7±8.7  0.002 

Triglyceride (mg/dL)
b
  154(735-41)  122.5(398-36)  <0.001 

Cholesterol (mg/dL)
a
  209.8±42.5  189.9±29.7  <0.001 

LDL (mg/dL)
a
  128.7±34.5  116.4±25  0.01 

HDL (mg/dL)
a
  43.7±8.1  47.1±10.1  0.01 

Fasting glucose (mg/dL)
b
  164.5(103-456)  93.5(78-100)  <0.001 

HbA1c (%)
b
  8.4(5.2-13.5)  5.35(4.5-6.1)  <0.001 

TSH (uIU/mL)
a
  1.81±0.99  2.02±0.85  0.14 

Free T4 (ng/dl )
a
  0.89±0.12  0.85±0.12  0.06 

Hemoglobin (gr/dl)
a
  14.3±1.3  13.9±1.6  0.06 

Hematocrit (%)
a
  43±3.1  42.1±3.4  0.08 

Sodium (mmol/L)
a
  138.8±2.4  139.3±1.9  0.14 

Potassium (mmol/L)
a
  4.46±0.33  4.44±0.30  0.53 

Calcium (mg/dl)
a
  9.48±0.33  9.44±0.35  0.39 

Smoker/non-smoker (n)  25/75  35/65  0.11 

 

Table – II: Comparison of the electrocardiographic parameters of the groups 

Variables  
Patients  Controls  

P-value 
Mean ± SD Mean ± SD 

Heart rate, (bpm)  80.5 12.2 74.6 10.1 <0.001 

P wave (ms)  127.6 19.8 98.8 19.2 <0.001 

QT interval (ms)  395.4 23.8 387.4 21.1 0.01 

QTc interval (ms)  449.1 24.9 430.7 25.3 <0.001 

Tp-e interval (ms)  101 17.5 87.4 18.7 <0.001 

P dispersion (ms)  74.9 17.2 50.9 16.8 <0.001 

QT dispersion (ms)  72.4 19.5 47.8 15.8 <0.001 

QTc dispersion (ms)  89.4 29.8 53.2 19.3 <0.001 

Tp-e dispersion (ms)  48.8 18.1 32.7 16.3 <0.001 

Tp-e/QT  0.25 0.04 0.22 0.04 <0.001 

Tp-e/QTc  0.22 0.04 0.2 0.04 0.01 
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Table – III: Multivariate linear regression analysis of variable influencing electrocardiographic parameters in the 

patient and control groups 

Multivariate Linear Regression Analysis R
2
  Β  Confidence 

Interval (95%) 
P-value 

Tp-e dispersion 

HbA1c  0.09 0.33 0.15-0.42  <0.001 

LDL  0.12 -0.21 -0.02 - 0.03 0.01 

Systolic blood pressure 0.13 0.16 0.001-0.05  0.04 

QT dispersion HbA1c  0.1 0.32 0.17-0.47  <0.001 

QT dispersion HbA1c  0.14 0.38 3.2-7.4  <0.001 

P dispersion 
HbA1c Tp-e/QT 0.27 0.52 0.36-0.62  <0.001 

HbA1c  0.06 0.25 0.002-0.009  0.001 
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DISCUSSION: 

In numerous CVD & non – CVD illnesses, QTc, QTd 

& QT interval are increased in healthy patients [11]. 

About diabetic autonomic dysfunction it is known 

that it effects CVD system and research efforts have 

observed about QTc, QTd and QT interval were 

extended in such cases [5, 6 & 12]. Furthermore, the 

relation between QT prolongation and sudden cardiac 

deaths is associated to diabetic autonomic neuropathy 

[13]. 

 

Reliability of such parameters have been studies in 

the recent years which indicate ventricular 

arrhythmogenesis. Furthermore, T p-e dispersion, T 

p-e interval, T p-e/QTc and T p-e / QT proportions 

are novel markers of the trans-myocardial 

repolarization. However, the reliability is also 

affected by heart rate and body weight [9, 14]. 

Atherosclerosis increased is caused by endothelial 

dysfunction, hypercoagulability, diabetic 

dyslipidemia, enlarged platelet adhesion, impaired 

fibrinolysis, autonomic neuropathy, oxidative stress 

and hyperglycemia toxic effects in T2D cases [15]. 

Although pathophysiological mechanism in T2D 

cases is not completely established, risk of 

ventricular arrhythmia and atrial fibrillation is 

increased; that may be attributed to structural 

abnormalities due to increased fibrosis and prolonged 

hyper-glycemia in ventricular and atrial myocardium 

[16, 17]. 

 

Ventricular arrhythmias formation can be explained 

through reentry circuits, increased autonomy and 

triggered activity. Favorable environment about the 

micro-reentry circuits formation is caused by 

myocardial fibrosis (living myocardial tissue cell loss 

and myocardial conduction). Ventricular arrhythmias 

(simple ventricular extra systole to severe ventricular 

tachycardia) can be initiated by impaired electrical 

heart balance and because of an increased in the 

sympathetic system [18, 19]. We observed that Tp-e 

dispersion, Tp-e interval, Tp-e/QTc and Tp-e/QT 

ratios were prolonged in diabetic cases against 

control group. Positive association was observed 

through multivariate linear regression analysis 

between P dispersion and HbA1c, QTd, Tp-e 

dispersion, QTcd, Tp-e/QTc and Tp-e/QT ratios; 

whereas, systolic blood pressure and LDL level were 

linked with Tp-e dispersion. 

 

Tokatli et al. included 43 T2D cases and showed 

higher Tp-e/QT, Tp-e interval and Tp-e/QTc in 

patients than controls [20]. Moreover, positive 

correlation between glucose, HbA1c and these 

parameters was observed through Pearson correlation 

analysis. We also included Tp-e dispersion that 

showed cardiac risk predictor as (HbA1c). We also 

observed a positive association among LDL, systolic 

blood pressure and Tp-e dispersion. Clemente et al. 

observed Tp-e dispersion as a novel investigative 
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marker which was high in T2D cases that can be 

compared with our outcomes [21]. 

Atrial fibrillation can be caused by T2D incidence 

[22]. An important and noninvasive indicator is Pd 

for intra trial conduction heterogeneity which forms 

reentry substrate (atrial fibrillation 

pathophysiological mechanisms) [23, 24]. In Type I 

and II diabetes Pd was observed high in diabetic 

cases than controls [22, 25]. We observed increased 

Pd and PW duration in T2D cases than controls. 

Additionally, a positive association between Pd and 

HbA1c was also observed through “multivariate 

linear regression analysis”. We may also say that 

with an increase in HbA1c, Pd also increases with an 

increase in the atrial fibrillation risk. 

 

CONCLUSION:  

We can predict arrhythmia risk through the 

assessment of T p-e interval, T p-e / QT, T p-e 

dispersion and (T p-e / QTc) proportions, through the 

suggestion of ventricular repolarization 

heterogeneity, P-wave & Pd reflecting atrial 

repolarization heterogeneity in T2DM cases. 
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