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Abstract 
This study aimed to describe the epidemiology of repolarization dispersion (QT dispersion and 
Tpeak-Tend dispersion) and further describe their associated clinical correlates among uncon-
trolled arterial hypertension in type-2 Diabetics patient, in western region of the Republic of Ma-
cedonia. Abnormal ventricular repolarization is associated with increased cardiovascular risk. 
Data relating to the frequency of increased repolarization dispersion, among uncontrolled arterial 
hypertension in type-2 Diabetics patient in western region of the Republic of Macedonia, are 
scarce. A total of 600 patients were enrolled into this observation study. Study participans were 
selected among primary care patient, who were receiving ongoing care for diabetes mellitus and 
hypertension during 1 calendar year. Twelve lead resting electrocardiography, QT, QTc, Tpeak- 
Tend-intervals and dispersions, were determined manually, and were compared between groups. 
Patients with uncontrolled BP have greater frequency of: prolonged QTc.max.interval, (61.3% 
vs.33.6%; p = 0.0005), prolonged Tpeak-Tend interval (65.3% vs. 34.7%; p = 0.005), increased 
dispersion of QTc. interval (65.9% vs. 34.1%; p = 0.00), increased disperion of Tpeak-Tend 
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interval (65.5% vs. 34.5%; p = 0.002). Females with uncontrolled BP have greater frequency of: 
increased dispersion of QTc. interval (61.2% vs. 38%; p = 0.02), increased dispersion of Tpeak- 
Tend interval (63.1% vs. 31.5%; p = 0.008). Hypertensive diabetic patients with uncontrolled BP 
and abnormal ventricular repolarization have greater BMI (p = 0.000; 95%CI 3.849 - 7.871), long-
er duration of D.M (p = 0.000; 95%CI 1.600 - 1.981), longer duration of arterial hypertension (p = 
0.000; 95%CI 1.468 - 1.850) and less controlled glycemia (p = 0.000; 95%CI 1.556 - 3.004). Fre-
quency of increased set of electrophysiological parameters that indicate a prolonged and more 
heterogeneous repolarization among diabetic patients with uncontrolled BP, is considerable high 
and seems to be significantly associated with demographic and clinical parameters: gender, BMI, 
duration of diabetes, duration of BP and glycemic control. 

 
Keywords 
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1. Introduction 
Systematic arterial hypertension and diabetes mellitus type-2, are both common chronic contitions that frequently 
coexist. Patients with both disorders have a markely higher risk for cardiovascular complication [1]-[4]. 

Recently, reports of the Joint National Committee on prevention, detection, evaluation and treatment of high 
blood pressure (JNC 8), European Society of Hypertension (ESH), European Society of Cardiololgy (ESC), 
concluded that blood pressure measurement in diabetic patients should be less than 140/90 mmHg [5] [6]. 

Blood pressure is poorly controlled in most European countries and the control rate is even lower in high-risk 
patient such as diabetic patients [7]-[10]. 

In hypertensive patient, the severity of blood pressure and the level of blood pressure control affect the 
cardiovascular risk significantly. There is evidence that the arrhythmic and sudden cardiac death risk in 
hypertension increase with rises in blood pressure [4]. Diabetes is associated with greater regional heterogeneity 
of ventricular repolarization. QT-dispersion that reflects spatial inhomogeneity of ventricular repolarization and 
Tpeak-Tend dispersion that reflects transmural inhomogeneity of ventricular repolarization, are associated with 
increased risk of certain arrhythmias and sudden cardiac death in type 2 diabetic patients [11]-[13]. 

In patients with diabetes mellitus and hypertension, high risk of cardiovascular morbidity and mortality remains 
elevated even after normalization of conventional cardiovascular risk factors (hypertension, dyslipidemia, physical 
inactivity, smoking habit, etc.), which suggests the existence of other mechanisms. The ventricular electrical 
instability, manifested in changes in the QT parameters, appears to be another important mechanism [14]. 
Interlead variability of the QT interval, on the standard 12 lead- ECG defined as QT dispersion, reflects regional 
differences in ventricular repolarization. Abnormal QT intervals (both prolonged maximum QT interval and 
increased QT dispersion) are associated with increased cardiovascular risk [15]. 

Data relating to the frequency of increased repolarization dispersion, among uncontrolled arterial hyperten-
sion in type-2 diabetics patient in western region of the Republic of Macedonia are scarce.  

2. Objectives 
This study, aimed to describe the epidemiology of repolarization dispersion (QT interval, QT dispersion, Tpeak- 
Tend interval, Tpeak-Tend dispersion) and further describe their associated clinical correlates among uncon-
trolled arterial hypertension in type-2 Diabetics patient, in western region of the Republic of Macedonia. 

3. Material and Methods 
A total of 600 patients, was enrolled into this observational study.The study was conducted at outpatient in 
Ptrimary Health Care Clincs in 8 town,on west region Republic of Macedonija. Study participans were selectet 
among primary care patient,who were receiving ongoing care for diabetes mellitus and hypertension during 1 
calendar year (from February 2015 to February 2016).  

Inclusion criteria. Patient was eligible for inclusion in the study if they were between 45 and 79 years of age, 
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were under treatment for hypertension and diabetes mellitus, diagnosed in accordance with: the Joint National 
Committee on prevention, detection, evaluation and treatment of high blood pressure(JNC 8) [5] [6], the criteria 
of the American Diabetes Association [16]. 

Exclusion criteria included a diagnosis of dementia senilis, secondary hypertension,serum creatinine level > 2 
mg/dl, age under 45 and over 79. cardiac arrhythmias, congenital or acquired valvular heart disease, left/right 
bundle branch block, pre-excitation syndromes, patients with pacemakers, and those on hemodialysis and 
patients treated with drugs that prolong the QT interval, suggested by the ESC [17].  

Clinical and Demographic Characteristics: Detailed anamnesis and a complete physical examination of each 
patient were done.The clinical data included: age, sex, body weight and height, body mass index (BMI), the 
duration of diabetes and arterial hypertension. The values of glycaemia, serum electrolytes (Na+, K+), serum urea 
and creatinine were measured in all case and control subjects. Routine biochemical measurements were performed. 

Blood Pressure. Measuring of blood pressure according to standard protocol [5] [6]. The mean systolic and 
diastolic blood pressure, recording during the study period, were calculated. Patient were categorized according 
to their blood pressure (BP) levels as Group 1-patient with controlled BP (<140/90mmHg) or Group 2-patient 
with uncontrolled BP (>140/90mmHg).  

Electrocardiogram. A simple 12-lead ECG was recorded in all patients. The ECG was always performed with 
the patients lied down in supine position at rest, at a paper speed of 50 mm/s and voltage of 10 mm/mV. An 
electrocardiograph Cardio-line - Delta 1 Plus was used for ECG recording. Only patients with normal electro-
cardiogram were included on the study ECG measurements were performed manually using a digital caliper 
with measuring range of 0 - 150 mm, 0.01 mm resolution, and 0 - 100 ± 0.02 mm accuracy. The value obtained 
was converted to milliseconds (ms). QT interval measurement (the interval from the start of the QRS complex to 
the end of the T-wave) was performed in all 12 leads, and the longest and the shortest intervals measured were 
selected. QT interval dispersion was obtained by the difference between the maximum and the minimum QT in-
tervals found in the 12-lead electrocardiogram. The QT interval was corrected according to Bazett’s formula that 
consists in dividing the measured QT by the square root of the RR interval ( )QTc QT RR= , thus providing 
the QT interval value adjusted for heart rate. The QTc dispersion was obtained by the difference between the 
highest and the lowest values of QTc in the 12 leads of the ECG [18]. According to internationally accepted 
guidelines, the QTc interval was considered prolonged when greater than 440 ms for male patients, and greater 
than 460 ms for female patients [19]. The QT dispersion was considered prolonged when higher than 65 ms, 
according to other previously conducted studies [20]. Measurement of the Tpeak-Tend interval was done in 
standar lead II, and chest V2 and V5 leads. The Tpeak-Tend interval was obtained from the difference between 
QT interval and QTpeak interval. The Tpeak-Tend interval was considered prolonged when greater than 100 ms, 
and the Tpeak-Tend dispersion was considered prolonged when greater than 20 ms, as suggested by other stu-
dies [21] (Figure 1, Figure 2). The ECG was performed by the same operator, and the aforementioned mea-
surements were made by two independent observers. In case of disagreement on the values obtained, the mea-
surements were repeated by a third observer with expertise in electrocardiographic analysis.  

The study is in compliance with the Declaration of Helsinki. All patients that participated in this study were 
informed in detail and were asked to provide written accordance for their voluntary participation in the study. 

Statistical Analysis 
The distribution of variables was tested for normality using the Kolmogorov-Smirnov test, and the heterogeneity 
of variances was evaluated by Levene’s test. A simple descriptive analysis was performed for the general cha-
racterization of the sample and distribution of variables. Continuous variables were presented as mean ± stan-
dard deviation, and categorical variables were presented as frequency (%). Differences between groups were 
analyzed using the Student t test for independent samples. Categorical data were analyzed using the chi-square 
(X2) test. The logistical regressive analysis is used for testing the association between the categorized variables. 
A, p value < 0.05 was considered statistically significant for a confidence interval of 95%. The data are shown in 
tables and graphics. The collected data were analyzed with SPSS for Windows, version 20.0. 

4. Results 
A total of 600 hypertensive diabetic patients, (49.7% females and 50.3% males: mean age 62 ± 5.8 years) 
completed the survey and provided data for a one-year medical record review. A mean of 4.5 blood pressure re- 
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Figure 1. QT measurement. From top to bottom: threshold method applied to the original T wave (TH), or to its differential 
(DTH), tangent method with a tangent to the steepest point of the descending limb of the T wave (SI), tangent method with a 
line through the T wave peak and the maximum slope point (PSI). 
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Figure 2. Electrocardiographic (QT, Tp-Te) dispersion measurement examples, from measurements that were taken ma-
nually from the tracings at 25 mm/sec. 

 
cording was obtained for each patient. Table 1 & Table 2 present basic demographic, clinical and laboratory 
characteristics of studied population. 

It was observed that, a small percentage (37.5%) of hypertensive diabetic patients, had their blood pressure 
control according to evidence and current guidelines, while a high percentage (62.5%) of hypertensive diabetic 
patients, have uncontrolled their blood pressure, despite ongoing medical treatment.The difference was found to 
be statistically significant (Chi-square = 26.5; p = 0.000). There were statistically significant differences in BMI, 
between the study group {(patients with uncontrolled BP) and control group{(patients with controlled BP), (29.1 
± 4.5 vs. 27.6 ± 4.2, p < 0.0009, respectively)}. Participants with uncontrolled BP had longer duration of arterial 
hypertension (6.5 ± 1.7 year vs. 5.9 ± 1.6 year, p = 0.0003, respectively). 

Participants with uncontrolled BP had longer duration of D.M (5.9 ± 2.0 year vs. 5.07 ± 2.2 year, p = 0.0002, re-
spectively). There were statistically significant differences in glycemic control between the study group and control 
group (6.3 ± 0.6 vs. 5.9 ± 0.3; p = 0.0000, respectively). No significant changes were observed in relation to 
gender, between the study group and control group (49.7% females vs. 50.3% males, p = 0.7, respectively). There 
were not statistically significant differences in age, between the study group and control group (61.5 ± 5.1 years vs. 
60.6 ± 5.8 years, p = 0.7, respectively). No significant changes were observed in relation to number of visits 
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between the study group and control group (4.4 vs. 4.5. p = 0.7, respectively). No significant changes were 
observed in relation to electrolytes (Na+ 135.2 ± 4.5 vs. 136.3 ± 5.1, p = 0.24; K+ 3.9 ± 0.6 vs. 3.8 ± 0.7, p = 0.32, 
respectively). No significant changes were observed in relation to serum (urea, creatin) between the study group 
and control group (4.2 ± 2.2 vs. 2.1 ± 1.2, p = 0.31, respectively; 80.9 ± 7.5 vs. 80.4 ± 6.2, p = 0.7, respectively).  

We conducted a comparative analysis between the study group (patients with uncontrolled BP) and control 
group (patients with controlled BP), of the following parameters: QT and QTc intervals, QT and QTc dispersions, 
Tpeak-Tend intervals, and Tpeak-Tend dispersions. Data are shown in Tables 3-6 and Figure 1 & Figure 2).  

QT and QTc intervals: The results showed that, the only QTc. max. interval, were significantly greater in 
study group than in control (440.41 ± 18.2 ms vs. 437.02 ± 18.8 ms, p = 0.04, respectively). No significant differ-
ences were observed between groups in: others means QT. intervals and means of corrected for Heart rate QT.  

 
Table 1. Basic demographic, clinical and laboratory characteristics of study population (n = 600). 

Variables N Mean Stand.deviation ±95% Confid.interval 

Age (y) 600 61.05 ±5.8 60.5 - 62.4 

Females (n.%) 298 49.7%   

Males (n.%) 302 50.3%   

BW (kg) 600 76.28 ±11.8 75.3 - 77.2 

BH (cm) 600 168.88 ±6.5 168.3 - 169.4 

BMI (kg/m) 600 27.3 ±3.9 26.9 - 27.6 

BP-d (y) 600 6.3 ±1.7 6.2 - 6.5 

DM-d (y) 600 5.2 ±2.0 5.0 - 5.3 

No- of visits. 600 4.4 ±0.6 4.3 - 4.4 

Na+ (mmol/dl) 600 136.2 ±4.6 136.1 - 140.2 

K+ (mmol/dl) 600 3.9 ±0.5 3.9 - 4.0 

S.Urea (mmol/dl) 600 6.2 ±2.1 6.2 - 7.9 

S.Creat. (mmol/dl) 600 80.9 ±7.5 80.4 - 81.6 

Values are mean ± SD; y = year; No- of visits = number of measures of BP during 1-year; BW = body weight; BH = body height; BMI = body mass 
index; BP-d = blood pressure duration; D.M-d = diabetes mellitus duration in years; Glic = glicemia; S.urea = serum urea; S.creat = serum 
creatinin.electrolites (Na, K,). p < 0.05 = statistical significance. 

 
Table 2. Basic demographic, clinical and laboratory characteristics of study groups:diabetics with uncontrolled BP (Gr.1; 
n-375) and diabetics with controlled BP (Gr.2; n-225). 

Variables 
Gr.1. Uncontrolled B.P. (>140/90mmHg; n-375) Gr.2. Controlled B.P. (<140/90mm.Hg; n-225) 

P-Value 
Mean;(%) S.D. Mean(%) S.D. 

Age (year) 61.5 ±6.1 60.6 ±5.2 0.7 

Females (%) 49.1  48.4  0.9 

Males (%) 50.9  51.6  0.9 

BMI (kg/m) 29.2 ±4.5 27.6 ±4.2 0.009 

BP (%) 62.5  37.5%  0.000 

BP-d (year) 6.5 ±1.7 5.9 ±1.6 0.003 

DM-d (year) 5.9 ±2.0 5.1 ±2.2 0.002 

Glic. (mmol/dl) 6.3 ±0.6 5.9 ±0.3 0.000 

Na+ (mmEq) 136.2 ±4.6 135.7 ±3.5 0.23 
K+ (mmEq) 3.9 ±0.5 3.8 ±0.7 0.31 

S.Urea (mmol/dl) 6.2 ±2.1 6.3 ±1.8 0.3 
S.Creat (mmol/dl) 80.9 ±6.5 82.5 ±4.6 0.2 

Values are: %, n, mean ± SD; y = year; BP; bloood presure; No- of visits = number of measures of BP during 1-year; BW = body weight; BH = body 
height; BMI = body mass index; BP-d = blood pressure duration; D.M-d = diabetes mellitus duration in years; Glic = glicemia; S.urea = serum urea; 
S.creatin = serum creatinin. Electrolites (Na, K,). p < 0.05: staistical significance. 
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Table 3. Characteristics of abnormal QT and T wave-intervals in diabetic patients with uncontrolled BP and controlled BP. 

Electrocardiographic Variables Gr. 1: Uncontrolled B.P. 
(>140/90mmHg; n-375) 

Gr. 2: Controlled B.P. 
(<140/90mmHg; n-225) 

 
p-values 

QT-interval.(ms) 
QT-max. 398.28 ± 12.2 397.36 ± 12.1 0.75 
QT-mean. 383.40 ± 9.4 383.74 ± 9.8 0.67 
QT-min. 368.38 ± 26.4 366.06 ± 33.2 0.34 

QTc-interval.(ms) 
QTc.max. 440.41 ± 18.2 437.02 ± 18.8 0.03 
QTc.mean. 416.59 ± 8.8 415.81 ± 9.6 0.31 
QTc.min. 383.45 ± 20.4 382.52 ± 17.5 0.57 

QT-Dispersion.(ms) 27.05 ± 6.7 26.64 ± 7.05 0.47 
QTc-Dispersion.(ms) 47.61 ± 18.27 44.98 ± 18.78 0.000 

TPeak-Tend-interval(ms) 
Tpeak-Tend-iiininterval(ms) 

Intervals(ms) 

Lead II 70.68 ± 6.1 70.13 ± 7.1 0.33 
Lead V2 71.28 ± 4.1 71.10 ± 4.7 0.61 
Lead V5 81.55 ± 2.44 79.94 ± 8.07 0.13 

Tpeak-Tend-Dispersion(ms) 21.3 ± 7.7 12.1 ± 7.0 0.000 

QTc-max-QTc-maximal duration in ms; QT-min: minimal duration; QTc-dispers- QTc-dispersion in miliseconds; Tp-Te = duration of Tpeak-Tend 
interval in miliseconds; TpTe dispersion = duration of Tpeak-Tend dispersion in milliseconds. P-value < 0.05 staistical significance. 

 
Table 4. Frequency of observed characteristics of abnormal QT and T wave-intervals in diabetic patients with uncontrolled 
BP and controlled BP. 

Electrocardiographic Variables Gr. 1: Uncontrolled B.P.  
(>140/90mmHg; n-375). 

Gr. 2: Controlled B.P. 
(<140/90mmHg, n-225). 

 
Tot.(n-600) p-level 

Prolongation of QTc-max.-interval (n;%). 138 (61.4%) 76 (33.6%) 214 (35.6) 0.005 
Increased dispersion of QTc-inerval (n;%). 155 (65.9%) 80 (34.1%) 235 (39.1) 0.0001 

Prolongation of Tp-Te.interval (n;%). 81 (65.3%) 43 (34.7%) 124 (20.6) 0.005 
Increased dispersion of Tp-Te-interval (n;%). 95 (65.5%) 50 (24%) 145 (24.1) 0.002 

QTc-max-QTc-maximal duration in ms; QTc-dispers- duration of QTc-dispersion in ms; Tp-Te = duration of Tpeak- T end interval in ms;TpTe 
dispersion = duration of Tpeak-Tend dispersion in ms. F-females; M-males; P-value < 0.05 staistical significancy. 

 
Table 5. Clinical correlates of increased dispersion of QTc. interval.  

Explanatory variablesa B S.E. Wald df Sig. Exp(B) 
95%C.I. Exp(B) 

Lower Upper 

Uncontrolled high BP 0.127 0.174 0.533 1 0.046 1.136 0.807 1.598 
BMI 1.706 0.183 87.292 1 0.000 5.504 3.849 7.872 

High BP duration 0.501 0.060 70.387 1 0.000 1.037 1.468 1.850 
DM duration 0.577 0.55 111.720 1 0.000 1.781 1.600 1.982 

Female gender 0.747 0.171 19.121 1 0.000 2.11 1.510 2.950 
Uncontrolled hyperglycemia 0.777 0.171 20.612 1 0.000 2.176 1.556 3.004 

aVariable (s) entered on step 1: Uncontrolled blood pressure; BMI = body mass index; Dur of BP = duration of blood presure; D ur.of D.M. = duration 
of Diabetes Melitus(year); (f)Gender = Females; Unc.glic = uncontrolled glicemia. 

 
Table 6. Clinical correlates of increased dispersion of Tpeak-Tend interval.  

Explanatory variablesa B S.E. Wald df Sig. Exp(B) 
95% C.I. EXP(B) 

Lower Upper 

Female gender 0.756 0.199 14.461 1 0.000 2.130 1.442 3.114 

BMI 0.376 0.194 3.746 1 0.043 1.456 0.995 2.30 

DM duration 0.111 0.045 6.048 1 0.040 1.117 1.023 1.220 

Uncontrolled glycemia 0.880 0.196 18.387 1 0.000 2.317 1.578 3.401 
aVariable (s) entered on step 1: Uncontrolled blood pressure; BMI = body mass index; Dur of BP = duration of blood presure; D ur.of D.M. = duration 
of Diabetes Melitus (year); (F) Gender = Females; Unc.glic = uncontrolled glicemia. 
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intervals. QT max. (397.36 ± 12.15 ms. vs. 396.11 ± 12.28 ms. p = 0.94); QTmin. (368.39 ± 26.4 ms. vs. 366 ± 
33.18 ms. p = 0.34); QTmean. (383 ± 74 ms. vs. 383 ± 40 ms, p = 0.67); QTc.min. (383.45 ± 20.41 ms. vs. 
382.52 ± 52 p = 0.57); QTc.mean (416.59 ± 8.8 ms. vs. 415.71 ± 9.6 ms, p = 0.31, respectively). A prolonged 
QTC.max.interval: was found in 37.5% of total hypertensive diabetic patients. Patients with uncontrolled BP, 
have a significantly greater prolonged mean QTc.max.interval (61.3% vs. 33.6%) than patients with controlled 
BP. The differences were statistically significant (Chi-square: 12.30; p = 0.0005, respectively). 

Dispersion of QT and QTc intervals: The results showed that patients with uncontrolled BP, have a significantly 
greater mean dispersion of QTc.interval, than patients with controlled BP, (47.61 ± 18.27 ms vs. 40.68 ± 21.36 
ms, p = 0.007). No significant differences were observed between groups in mean dispersion of QT. interval. 
(27.05 ± 6.6 ms vs. 26.64 ± 7.0 ms, p = 0.47, respectively). 

A prolonged mean dispersion of QTc.interval, was found in 39.1% of total hypertensive diabetic patients. 
Patients with uncontrolled BP, have a significantly greater prolonged mean dispersion of QTc.interval (65.9% 
vs. 34.1%) than patients with controlled BP.The differences were statistically significant (Chi-square: 16.14; p = 
0.0001, respectively). There was observed greater frequency of prolonged dispersion of QTc.interval in females 
than males with uncontrolled BP (61.2% vs. 38.7%; Chi-square: 5.30; p = 0.02).  

Tpeak-Tend intervals: Regarding the comparison of Tpeak-Tend intervals, were no statistically significant 
differences in any of the comparisons made between study and control group. The mean Tpeak-Tend-intervals 
in: DII (70.68 ± 6.06 ms vs. 70.13 ± 7.11 ms, p = 0.33; V2 (71.28 ± 4.17 ms vs. 71.10 ± 4.15 ms, p = 0.61; V5 
(81.55 ± 13.48 ms vs. 79.94 ± 12.29 ms, p = 0.13, respectively). 

Comparing the frequency of subjects with a prolonged Tpeak-Tend interval: (above the cut-off limit determined 
for the study) prolonged Tpeak-Tend interval was found in 39.1% of total hypertensive diabetic patients. 
Patients with uncontrolled BP, have a significantly greater frequency of prolonged mean Tpeak-Tend interval 
(65.3% vs. 34.7%) than patients with controlled BP. The differences were statistically significant (Chi-square: 
7.85; p = 0.005, respectively). There was observed greater frequency of prolonged Tpeak-Tend interval in fe-
males than males with uncontrolled BP (40.3% vs. 20.2%; Chi-square: 5.76; p = 0.01).  

Dispersion of Tpeak-Tend interval: Regarding the comparison of Dispersion of Tpeak-Tend intervals, in 
group with uncontrolled BP and group with controlled BP, the results showed that patients in group with 
uncontrolled BP have a significant greater mean dispersion of Tpeak-Tend interval than patients in group with 
controlled BP (21.3 ± 7.7 ms vs.12.1 ± 7.0, p = 0.000). 

Comparing the frequency of subjects with a prolonged Dispersion of Tpeak-Tend interval: (above the cut-off 
limit determined for the study), prolonged dispersion of Tpeak-Tend interval was found in 24.1% of total 
hypertensive diabetic patients.Patients with uncontrolled BP, have a significantly greater frequency of prolonged 
mean dispersion of Tpeak-Tend interval (65.5% vs. 34.5%) than patients with controlled BP. The differences 
were statistically significant (Chi-square: 9.41; p = 0.002, respectively). There was observed greater frequency 
of prolonged dispersion of Tpeak-Tend interval in females than males with uncontrolled BP (Chi-square: 6.86; p 
= 0.008). 

Fitting logistic regression models including all study participants without missing values (N = 600), we found 
that: prolonged QTc.max. was associated with: uncontrolled BP (OR-1.345, 95%C.I. 0.951 - 1.09). Prolonged 
dispersion of QTc. interval was associated with: uncontrolled B.P. (OR = 1.136, 95%C.I 0.807 - 1.598), BMI 
(OR = 5.504, 95%C.I. 3.849 - 7.872), duration of arterial hypertension (OR = 1.650, 95%C.I. 1.468 - 1.850), 
duration of D.M (OR = 1.781, 95%C.I. 1.600 - 1.982), gender (OR = 2.11, 95%C.I. 1.510 - 2.950), uncontrolled 
glycemia, (OR = 2.176, 95%C.I 1.556 - 3.044). Prolonged dispersion of Tpeak-Tend interval was associated 
with: BMI (OR = 1.456, 95%CI. 0.995 - 2.130), duration of B.P. (OR = 1.037, 95%CI. 0.929 - 1.157), duration 
of D.M. (OR = 1.117, 95%C.I. 1.023 - 1.220), uncontrolled glycemia (OR = 2.317, 95%CI. 1.578 - 3.401). 

5. Discussion 
The QT interval is the most used parameter in the electrocardiographic assessment of repolarization and its 
prolongation is associated with increased risk of arrhythmogenesis [22]-[25]. Literature data report a higher 
incidence of ventricular arrhythmias in hypertensive versus normotensive patients. In the present study, we 
provide evidence that a significant proportion of hypertensive diabetic patients in Western Region of the 
Republic of Macedonia, are already at increased cardiovascular risk considering the fact that uncontrolled BP 
and abnormal QT interval ( prolonged maximum QTc interval, increased QTc dispersion, prolonged Tp-Te 
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interval and increased Tp-Te dispersion), are associated with increased cardiovascular risk [25]-[28]. In the 
present study, a small percentage (37.5%) of hypertensive diabetic patients, had their blood pressure control 
according to evidence and current guidelines [5] [6], while a high percentage (62.5%) of hypertensive diabetic 
patients, have uncontrolled their blood pressure, despite ongoing medical treatment. This indicated that more 
effort is needed to control blood pressure in diabetics. When comparing the QT intervals between group with 
uncontrolled BP and group with controlled BP, no significant differences were found; however, the QT interval 
does not take into account the heart rate and, therefore, these results had no clinical relevance. However, after 
correcting the QT interval for heart rate using the formula of Bazzet, we found significant differences between 
group with uncontrolled BP and group with controlled BP.The prevalence of prolonged QTc max.interval in the 
present study was 37.5%. Over 61% of diabetics with uncontrolled BP had prolonged QTc max.interval. This is 
similar to the report of other studies [28]-[31]. In our study, significant differences between groups, were observed 
in prevalence of prolonged dispersion of QTc interval. The prevalence of prolonged dispersion of QTc interval 
in the present study was 39.1%. Over 65.9% of diabetics with uncontrolled BP, had prolonged dispersion of QTc 
interval, indicating that the repolarization in diabetics with uncontrolled BP was more heterogeneous than that 
observed in diabetics with controlled BP.Several studies have associated this, to an increasing ventricular 
inhomogeneity of the myocardium and associated predisposition to cardiac arrhythmias [32]. Prolonged QTc 
max.interval and increased dispersion of QTc.interval, have been observed to be good predictors of arrhythmia 
and sudden cardiac death in such conditions as long QT syndrome, hypertrophic cardiomyopathy, hypertension, 
chronic heart failure, post myocardial infarction patients, and in diabetes mellitus patients [33] [34]. Diabetics 
with uncontrolled BP, prolonged QTc interval and prolonged dispersion of QTc.interval, are therefore at an 
increased cardiovascular risk compared to diabetics with controlled BP, normal QTc intervals and normal 
dispersion of QTc.interval [35] [36]. It is known a potential role of ECG indices,the Tpeak-Tend interval, is a 
parameter that reflects the transmural repolarization heterogeneity and has been associated with increased risk of 
mortality not oly in high-risk patient but also in general population [37]. In this study,when comparing the 
Tpeak-Tend intervals between group with uncontrolled BP and group with controlled BP, no significant 
differences were found. One of thereasons for these results may have been the use of only three leads (DII, V2 and 
V5), which although providing a substantially orthogonal assessment (XYZ). In the present study, significant 
differences were observed in prevalence of prolonged value of Tpeak-Tend dispersion, in diabetics with 
uncontrolled BP when compared with diabetics with controlled BP. Results that are similar to previous studies 
of Tpeak-Tend dispersions in hypertensive, diabetic patients [31] [38] [39]. The majority of previous studies have 
shown that gender demonstrate a complex interaction on indices of myocardial repolarization with different 
measures behaving differently [40] [41]. In the present study, significant gender differences were observed in 
prevalence of prolonged values Tpeak-Tend interval, QTc dispersion, Tpeak-Tend dispersion. Others have found 
similar results [40] [42]. Obesity and BMI have been found to be a strong predictor of sudden cardiac death (SCD) 
in the Framingham heart study. It has been suggested that sudden deaths and/or ventricular arrhythmias may be 
linked to abnormalities in ventricular repolarization, maybe associated with early electrocardiographic abnorma- 
lities even in the absence of clinical symptoms [43] [44]. In the present study, diabetic patients in group with 
uncontrolled BP, have a significantly higher BMI. Others have found similar results [29] [35], which led as to 
conclude that obesity and BMI had significant influence on the various repolarization parameters evaluated. 
Electrical repolarization abnormalities, have been shown to be associated with duration of DM and BP. In the 
present study, diabetic patients in group with uncontrolled BP, have a significantly longer duration of diseases 
(DM and BP). Others have found similar results [31] [35] [45]. Poor glycemic control, have been found to be 
associated with electrical repolarization abnormalities. In the present study, diabetic patients in group with un-
controlled BP, have a significantly poor glycemic control. This result is in accordance with results of others stu-
dies [46]. Another fact of great importance is the influence of medication on several electrocardiographic 
parameters, because there are numerous drugs that cause prolongation and/or dispersion of repolarization. This 
study excluded individuals receiving medications that are more frequently associated with repolarization changes; 
however, there was no absolute guarantee that all other medications had no influence on repolarization. In fact, a 
study by Costa et al. [47] evaluated the influence of metformin (a drug commonly used in diabetics to control 
blood glucose) on QT interval and QT dispersion in diabetic rats. The results showed that, with low and 
moderate doses of metformin, there were significant changes in electrocardiographic parameters, but this did not 
happen when the dose was high. Treatment with drugs such B-blockers, antidepressant and cisapride may cause 
QTc prolongation: in this study, theproportion of patients treated with these drugs, was relatively small and the 
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exclusion of this subgroup from the analysis, did not modify the relationship between prolonged QTc and 
diabetics patients. The consistency in the frequency of QTcd and prolonged QTc max suggests that there is a 
relationship between prolonged QTc max and increased QTcd in this study as both were well correlated to 
similar clinical and demographic factors.  

This study corroborates similar conclusions by other authors that, hypertensive subjects in developing nations 
(like Republic of Macedonia) are already more likely to have more target organ damage and excessive 
cardiovascular morbidity [26] [27] [48]. 

This study was not without limitations. A larger sample would certainly increase the statistical power of the 
study, and probably some differences would therefore become more expressive.Moreover, manual measurements 
of intervals without the support of any technology that could ensure a more precise measurement may also be an 
aspect to be taken into account. The accuracy and reproducibility of measurements of repolarization parameters 
problem encountered was the lack of a consensus on the values of several normal electrocardiographic parameters.  

Despite some methodological limitations,this study clearly demonstrated a relationship between uncontrolled 
BP and changes in a set of electrophysiological parameters that indicate a prolonged and more heterogeneous 
repolarization in these patients, when compared with diabetics patients with controlled BP. 

6. Conclusion 
Frequency of increased set of electrophysiological parameters that indicate a prolonged and more heterogeneous 
repolarization among diabetic patients with uncontrolled BP, in western region of the Republic of Macedonia is 
considerable high and seems to be significantly associated with demographic and clinical parameters: gender, 
BMI, duration of diabetes, duration of BP and glycemic control. These findings have both epidemiological and 
clinical relevance. This fact may be involved in the greater vulnerability of these patients to cardiac arrhythmias, 
and excess mortality risk of type 2 diabetic patients with uncontrolled BP. More efforts should be addressed to 
control the BP in diabetics. Therefore, the assessment of these markers for arrhythmogenic risk may be 
important for better risk stratification of hypertensive diabetic patients, a conclusion that needs confirmation in 
larger prospective studies. 
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Abbreviations 
AGE: Age 
BMI: Body mass index 
BP: Blood pressure 
JNC 8: Joint National Committee 
ESH: European Society of Hypertension 
ESC: European Society of Cardiology 
DM: Diabetes Mellitus 
T2D: Diabetes type-2 
GLYC: Glycaemia 
LV: Left ventricle (ventricular)  
BW: Body weight  
BH: Body height  
QT: The interval between the starting of the Q wave to the end of the T wave in the ECG QTc—QT corrected 
by heart rate (Bazet formula)  
Tpeak: The peak of the T wave in the ECG  
Tend: The end of T wave in the ECG 
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