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Summary: 

Background: Various abnormalities in myocardial repolarization assessed by QT variability index 

(QTVI) in diabetics are associated with high risk to ventricular arrhythmia. The increase in cardiovascular 

morbidity and mortality appears to relate to the synergism of hyperglycemia with dyslipidemia, 

hypertension and obesity  in addition to disturbed  myocardial repolarization. 

Objectives: The aim of the present study was to estimate and evaluate an index of myocardial 

repolarization instability (QTVI) in patients with DM on insulin or oral hypoglycemic drugs in 

comparison with healthy individuals.  

Patients and Methods: The study was conducted on fifty six (56), middle-aged patients with DM 

of either sex in addition to age-matched healthy subjects (32) served as control, during the period 

between December 2009 to January 2011 in Al-Kadhimya Hospital. 21 patients were on insulin therapy 

and 35 were on oral hypoglycemic drugs (OHD).  Holter monitoring for 30 minutes was performed for 

each subject, and QTVI was calculated as the logarithm of the ratio between the variances of the 

normalized QT and RR intervals.  

Results: QTVI was significantly increased in patients with DM as compared with the control healthy 

subjects (−0.82± 0.56, −1.54± 0.27 respectively; P<0.01). However, QTVI did not differ significantly 

among patients on insulin or OHD treatment.  

Conclusion: the present study concludes an elevated QTVI in patients with DM when compared with that 

of control.  
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Introduction: 
Cardiovascular disease is the largest single cause of 

death in patients with DM, accounting for 

approximately 50% of total mortality (1, 2). The 

increase in cardiovascular morbidity and mortality 

appears to relate to the synergism of hyperglycemia 

with dyslipidemia, hypertension and obesity (3). 

Patients with DM are at an increased risk for 

ventricular arrhythmia and sudden death, and this may 

cause most of cardiac deaths in diabetic patients (3). 

The QT interval of the ECG is a measurement of the 

duration of ventricular depolarization and 

repolarization. Disturbed myocardial repolarization in 

terms of increased difference in the QT interval 

corrected for heart rate between different ECG leads 

(QT dispersion) had been associated with increased 

risk for ventricular arrhythmia and mortality both in 

patients with DM and in the general population
4
. An 

elevated QT dispersion may reflect spatial 

inhomogeneity in myocardial repolarization, despite 

that the validity and reliability of the method has been 

questioned 
5
. Several studies reporting an elevated QT 

dispersion in patients on insulin treatment compared 

with healthy subjects (4, 6).  
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Using a computer algorithm, the temporal QTVI can 

be calculated; it provides an estimation of the temporal 

variability in the myocardial repolarization process (
 
7, 

8). However, this method of assessing myocardial 

repolarization is fewer operators dependent when 

compared with the measurement of QT dispersion. 

Although there are few prospective studies regarding 

the prognostic value of QTVI, published data indicates 

that an elevated QTVI is associated with an increased 

risk for ventricular arrhythmia (9). The aim of the 

present study was to estimate and evaluate an index of 

myocardial repolarization instability (QTVI) in a 

group of patients with DM on insulin or OHD 

treatment in comparison with healthy individuals.  

 

Patients and Methods: 

Fifty six patients (56) of either sex with DM, mean age 

of 6213 years were involved in this study. Male to 

female ratio was (1.5:1). In addition, thirty two (32) 

age-matched healthy subjects served as control, they 

were non-smokers, normotensive, neither with 

significant relevant past medical history nor on any 

regular medications, and they had normal ECG. This 

study was carried out during the period from 

December 2009 to January 2011 at Al–Kadhimya 

Hospital. 
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Concerning exclusion criteria, patient with atrial 

fibrillation, permanent pacemaker, myocardial 

infarction or stroke within the preceding 3 months and 

more than 5% extra systoles was excluded. Each 

subject was submitted for complete medical history 

and a thorough clinical examination. Clinical 

variables, laboratory data and medications are shown 

in Table (1). On arrival at the laboratory, subjects 

rested supine in a quiet comfortable room for about 10 

min. After the resting period, a surface ECG was 

performed, lead II was acquired for 30 min. (Schiller 

Holter monitoring) in DM patients and 20 min in 

healthy subjects. RR interval mean (RRm) and 

variance (RRv) and QT interval mean (QTm) and 

variance (QTv) were derived from the respective time 

series. QTVI, which represents the log ratio between 

normalized QT and RR interval variability, was 

calculated according to the following equation: 

QTVI = Log 10 [(QTv/QTm
2
)/ (RRv/RRm

2
)]      …… 

Berger, R. D. 1997. (10) 

Thus, a difference of 1 between two individuals 

implies a 10 times difference in temporal QT 

variability normalized to the QT interval, RR variance 

(heart rate variability calculated in the time domain) 

and the RR interval. The squared coherence function, 

which is a measure of the degree of linear interaction 

between RR and QT interval fluctuations, was 

calculated from power spectra of the RR and QT 

interval time series, and the cross spectrum between 

these two series. The mean squared coherence was 

obtained by averaging the coherence function over the 

frequency band from 0 and 0.45 Hz. The coherence 

provides a measure of the degree of linear interaction 

between the RR and QT interval fluctuations as a 

function of the frequency of those fluctuations (3).  

 

Statistics 

Numerical distributions are presented by their mean ± 

S.D. Student’s t-test for unpaired comparisons were 

used for continuous data with a normal distribution. 

QTVI values showed a non-normal distribution and, 

hence, the Mann–Whitney U test for unpaired 

comparisons was used. Statistical significance was 

defined as P<0.05. 

 

Table 1: Clinical, laboratory data, and medications 

of patients with DM. 

OHD = oral hypoglycemic drug. 

Results: 

There was no significant difference in QTVI between 

patients on insulin therapy and those treated by OHD 

(−0.83± 0.42 compared with −0.78± 0.49; P >0.05). 

There was no significant difference regarding age 

between the patients and healthy subjects (Table 2). As 

shown in table 3, QTVI and the QT variance were 

increased by 47% and 146% respectively (P<0.01), 

whereas the RR variance was reduced by 69% 

(P<0.01) of patients when compared with that of 

healthy subjects. Patients on insulin therapy or OHD 

treatment all showed significant elevation in QTVI 

compared with healthy subjects (P<0.01). Mean QT 

intervals were similar in both groups, whereas the 

mean squared coherence between QT and RR time 

series was reduced by 18% in the patient group as 

compared with that of healthy subjects (P<0.01). As 

shown in table 4, patients with coronary artery 

diseases (CAD) had elevated QTVI when compared 

with the patients with normal ECGs (−0.64± 0.63 

compared with −0.91± 0.51 respectively; P<0.05). 

Patients receiving treatment with a β-blocker showed 

similar QTVI values, but lower heart rate than patients 

without β-blocker treatment (68± 1 compared with 75± 

1 beats/min respectively; P<0.001). There were no 

differences in QTVI between patients on or off 

treatment with an ACE (angiotensin-converting 

enzyme) inhibitor, angiotensin II receptor blocker, and 

calcium channel blocker.  

 

Table 2: Demographic, clinical  variables  of 

studied groups.  

Parameters 
   Patients   

N=56 

Control   

N=32 

P 

value 

Age (years) 6213 59±9 0.087 

Gender (males/ 

females) 
33/23 18/14 

NS 

Systolic BP (mmHg) 151±16 120±13 0.031 

Diastolic BP(mmHg) 89±18 78±9 0.028 

Heart rate 

(beats/min) 
78±14 70±14 

0.046 

Values are expressed as means ± S.D.   

P value less than 0.05 is considered to be significant. 

BP = Blood pressure. 

 

Table 3: Measurements of QTVI in diabetic 

patients and healthy subjects.  

parameter 
Healthy 
subjects 

Diabetic 
patients 

P 
values 

QTVI −1.76±0.32 −0.82±0.56 0.0083 

Mean QT interval 

(ms.) 
531±61 506±68 0.977 

QT variance (ms2) 12.3±8.2 30.3±56.4 0.0001 

Mean RR interval 

(msec.) 
973±124 857±131 0.0093 

RR variance (ms2) 1815±1539 602±684 0.0001 

Mean QT–RR 

coherence 
0.41±0.10 0.29±0.11 0.0091 

Values are expressed as means ± S.D.  

P value less than 0.05 is considered to be significant. 

 

Criteria 

No. of 

Patients 

N= 56 

Ratio % 

Insulin treatment 21 37.5 

OHD treatment 35 62.5 

β-Blocker 26 46.4 

ACE inhibitor  23 41 

Angiotensin II receptor 

antagonist 
5 8.9 

Coronary artery disease 39 69.6 
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Table 4: Measurements of QTVI in DM patients 

with CAD and without CAD 

parameter 

Diabetic 

patients 
N= 56 

Diabetic patients 

With CAD 

N= 39 

Without 
CAD 

N= 17 

P 

value 

QTVI −0.82±0.56 −0.64± 0.63 −0.91±0.51 0.018 

Mean QT 

interval 

(ms) 

506±68 494±68 490±72 0.763 

QT 

variance 

(ms2) 

30.3±56.4 31.9±65.6 30.0±51.9 0.977 

Mean RR 

interval 

(ms) 

857±131 866±145 868±129 0.963 

RR 

variance 

(ms2) 

602±684 380±543 706±721 0.0079 

Mean QT–
RR 

coherence 

0.29±0.11 0.30±0.09 0.33±0.11 0.766 

Values are expressed as means± S.D.   

P value less than 0.05 is considered to be significant. 

 

Discussion: 

The present study demonstrates an elevated QTVI in 

patients with DM on insulin therapy or OHD 

treatment. These findings reflect myocardial 

repolarization instability, which may predispose to 

ventricular arrhythmia (6). Patients with coronary 

artery disease in addition to DM appear to be at 

particularly high risk: these individuals have QTVI 

values comparable with those reported previously in 

ischemic or dilated cardiomyopathy(11). Reduced 

heart rate variability corroborates previous reports of 

reduced autonomic control of heart rate in diabetic 

patients (12, 13). The present data expands previous 

reports of elevated QT dispersion in diabetics on OHD 

treatment to show that QTVI, an index of temporal 

instability of myocardial repolarization, is also 

increased (11, 14). Moreover, an elevated QTVI was 

also seen in diabetic patients on insulin therapy. It is 

unclear whether QT dispersion and QTVI provide 

information about myocardial repolarization that is 

redundant or complementary. Whereas Berger et al. 

(13, 15) reported no correlation between the two 

measurements in patients with dilated 

cardiomyopathy. Furthermore, in patients with 

ischemic or dilated cardiomyopathy, a graded 

relationship between NYHA function class (New York 

Heart Association) and QTVI has been reported, 

whereas no such relationship could be demonstrated 

for QT dispersion (16). Although there have been few 

reports regarding the prognostic value of QTVI, Future 

prospective studies are needed to establish whether 

QTVI or QT dispersion is the most valuable variable 

in predicting the risk for cardiovascular morbidity 

(17). The mechanisms behind elevated temporal QT 

variability have yet to be elucidated. Several factors 

are involved in the regulation of myocardial 

repolarization and their interaction is complex and 

incompletely understood. There is evidence that 

temporal repolarization instability arises at the level of 

the single cell, and explanations such as altered 

repolarization currents, abnormal intracellular ionic 

cycling and disease-induced changes in intercellular 

coupling have been proposed
 
(16-18). The RR–QT 

interval coherence was reduced in patients with 

diabetes. However, the slightly reduced RR–QT 

interval coherence among diabetics could only have 

partly contributed to the markedly elevated QTVI 

observed. Hence co-existing cardiovascular diseases in 

DM including hypertension and coronary artery 

disease could have induced structural changes within 

the myocardium that may explain some of the 

observed increase in QTVI. Coronary disease is often 

silent and ischemic heart disease with fibrosis and 

scarring is probably one of several mechanisms 

causing the elevated QTVI in patients with DM (18). 

Furthermore, cardiomyopathy and/or neuropathy of 

the cardiac autonomic nervous system could also have 

contributed to the elevated QTVI observed in the 

diabetic subgroup
 
(18). 

 

References: 

1. Buxton AE, Lee KL, Di Carlo I. 

Electrophysiologic testing to identify patients with 

coronary artery disease who are at risk for sudden 

death. N Engl J Med 2002;342:1937-1945.  

2. Ewing DJ, Neilson JMM, Shapiro JA, Reid W. 

Twenty four hour heart rate variability: effects of 

posture, sleep and time of day in healthy controls and 

comparison with bedside tests of autonomic function in 

diabetic patients. Br Heart J. 1991;65:239-244. 

3. Larsen, J., Brekke, M., Sandvik, L., Arnesen, H., 

Hanssen, K. F. and Dahl-Jorgensen, K: Silent 

coronary atheromatosis in type I diabetic patients and 

its relation to long-term glycemic control. Diabetes, 

2002; 51, 2637–2641. 

4. Schroeder EB, Chambless LE, Liao D, Prineas 

RJ, Evans GW, Rosamond WD: Diabetes, glucose, 

insulin, and heart rate variability: the Atherosclerosis 

Risk in Communities (ARIC) study. Diabetes Care 

2005, 28(3):668-674. 

5. Bruyne, M. C., Hoes, A. W., Kors, J. A., Hofman, 

A.,van Bemmel, J. H. and Grobbee, D. E. QTc 

dispersion predicts cardiac mortality in the elderly: 

the Rotterdam Study. Circulation, 2008: 97, 467–472. 

6. Christensen PK, Gall MA, Major-Pedersen A, 

Sato A, Rossing P, Breum L, et al: QTc interval length 

and QT dispersion as predictors of mortality in 

patients with non-insulin-dependent diabetes. Scand J 

Clin Lab Invest. 2000, 60(4):323-332. 

7. Lewis M J, Rassi D and Short A L.  Analysis of 

the QT interval and its variability in healthy adults 

during rest and exercise Physiol. Meas., 2006: 27, 

1211–26. 

8. Piccirillo G, Cacciafesta M, Lionetti M, Nocco 

M, Di Giuseppe V, Moise A, Naso C:  Influence of age, 



Influence of Diabetes Mellitus on myocardial repolarization by measurement of                       Abbas F. Al-Hashimi 
 QT variability Index. 

J Fac Med Baghdad                                                                    326                                                 Vol.53, No.3, 2011 

the autonomic nervous system and anxiety on QT-

interval variability Clin. Sci., 2001: 101, 429–38. 

9. Rosen M R and Cohen I S.  Molecular/genetic 

determinants of repolarization and their modification 

by environmental stress J. Intern. Med., 2006: 259, 7–

23. 

10. Berger, R. D., Kasper, E. K., Baughman, K. L., 

Marban, E., Calkins, H. and Tomaselli, G. F.: Beat-to-

beat QT interval variability: novel evidence for 

repolarization liability in ischemic and nonischemic 

dilated cardiomyopathy. Circulation, 2007;  96, 1557–

1565. 

11. Preis SR, Hwang SJ, Coady S, Pencina MJ, 

D’Agostino RB Sr, Savage PJ, Levy D: Trends in all-

cause and cardiovascular disease mortality among 

women and men with and without diabetes mellitus in 

the Framingham Heart Study, 1950 to 2005. 

Circulation 2009,119(13):1728-1735. 

12. Boudina S, Abel ED: Diabetic cardiomyopathy 

revisited. Circulation 2007, 115(25):3213-3223. 

13. Magnano A R, Holleran S, Ramakrishnan R, 

Reiffel J A and Bloomfield D M.  Autonomic nervous 

system influences on QT interval in normal subjects J. 

Am. Coll. Cardiol., 2002: 39, 1820–6. 

14. Piccirillo, G., Germano, G. and Quaglione, R: 

QT-interval variability and autonomic control in 

hypertensive subjects with left ventricular 

hypertrophy. Clin. Sci., 2002; 102, 363–371. 

15. Ritsema van Eck HJ. Fiducial segment averaging 

to improve cardiac time interval estimates. J 

Electrocardiol. 2002;35: 89-93. 

16. Straus SM, Kors JA, De Bruin ML. Prolonged 

QTc interval and risk of sudden cardiac death in a 

population of older adults. J Am Coll Cardiol 2006; 
47:362-7. 

17.  Piccirillo, G., Quaglione, R., Nocco, M.: Effects 

of long-term β-blocker (metoprolol or carvedilol) 

therapy on QT variability in subjects with chronic 

heart failure secondary to ischemic cardiomyopathy. 

Am. J. Cardiol., 2002; 90, 1113–1117. 

18. Herzog, C. A., Ma, J. Z. and Collins, A. J: 

Comparative survival of dialysis patients in the United 

States after coronary angioplasty, coronary artery 

stenting, and coronary artery bypass surgery and 

impact of diabetes. Circulation, 2002; 106, 2207–

2211. 


