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The effect of type 2 diabetes on electrocardiographic
markers of significant cardiac events
Fatih Kuzu

ABSTRACT

Background & Objectives: In diabetics, cardiac microvascular circulation disorder increases the risk of
arrhythmia and sudden cardiac death. Tpeak-Tend (Tp-e) interval, Tp-e dispersion, and Tp-e/QT and Tp-e/
QTc ratios measured by surface electrocardiogram (ECG) are new parameters used to evaluate ventricular
arrhythmogenity. We aimed to compare QT dispersion (QTd), corrected QT dispersion (QTcd), P dispersion
(Pd), Tp-e interval, Tp-e dispersion, and Tp-e/QT and Tp-e/QTc ratios in patients with type-2 diabetes
(T2D) with healthy population.

Methods: Electrocardiographic parameters of a total of 100 patients diagnosed with T2D were retrospectively
analyzed and compared with the ECG results of 100 healthy age-, sex-, and body weight and height-
matched controls.

Results: The Pd, QT interval, QTc interval, QTd, QTcd, Tp-e/QT, Tp-e/QT ratios were higher in the patients.
A statistically significant correlation was found only between hemoglobin A1c and Tp-e dispersion, QTd,
QTcd, Pd, Tp-e/QT and Tp-e/QTc parameters, in linear regression analysis. There was also a statistically
significant positive correlation between the values of low-density lipoprotein, systolic blood pressure, and
Tp-e dispersion.

Conclusion: The risk of arrhythmia can be predicted by evaluating Tp-e interval, Tp-e dispersion, Tp-e/
QT, and Tp-e/QTc ratio, suggesting heterogeneity of ventricular repolarization and P wave and Pd showing
heterogeneity of atrial repolarization in diabetic patients.
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INTRODUCTION and mortality associated with diabetes.! Type-2 dia-
betes (T2D) creates a prothrombotic state, leading
to acute coronary syndromes by both endothelial
damage and reducing antiaggregant factors, such
as nitric oxide and prostacyclin and also increasing

thrombotic substances such as fibrinogen, factor

Patients with diabetes mellitus have a high risk
of cardiovascular disease and the cardiovascular
complications are the leading cause of morbidity
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VII, and suppressing fibrinolysis by factors such as
plasminogen activator inhibitors.? Another impor-
tant physiopathological process in diabetic patients
is the glycosylation of low-density lipoprotein (LDL)
particles. Along with glycosylation, LDL particles
become more atherogenic. Dyslipidemia also con-
tributes to the endothelial dysfunction. In addition,
the expression of proinflammatory cytokines, such
as serum interleukin-6, C-reactive protein and tu-
mor necrosis factor-a is increased in T2D, leading
to a proinflammatory condition. Coronary artery
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disease and arrhythmias caused by rapid develop-
ing atherosclerosis are major complications in this
patients.>?

In diabetic patients, the blood circulationin cardiac
microvascular bed was disturbed by depending
on autonomic neuropathy, prothrombotic, and
proinflammatory state. This process increases the
risk of arrhythmia, silent infarction and sudden
cardiac death.*

Thesurfaceelectrocardiogram (ECG)isoftenused
in the evaluation of an increased arrhythmia risk.
The measurements such as corrected QT interval
(QTc), QTc dispersion (QTcd) and QT dispersion
(QTd) in the surface ECG reveal the heterogeneity
of cardiac repolarization. Also, these parameters
are used to identify the risky patients which are
associated with the increased risk of ventricular
arrhythmia.>® Studies have also shown that the
prolongation of QT interval and the increase in QTd
are prognostic factors for the cardiac mortality in
diabetic patients.® The P dispersion (Pd) has been
shown to be an independent risk factor for atrial
fibrillation and atrial flutter.”® Tpeak-Tend (Tp-e)
interval, Tp-e dispersion, Tp-e/QT and Tp-e/QTc
measured in the surface ECG have recently played
a part in the articles of the literature, and these
are new parameters used to evaluate ventricular
arrhythmogenity in many diseases. In studies in
which the aforementioned parameters compared
with those such as QTd, QTc, and QTcd, which
were used for a relatively long time, they were
shown to give as reliable results as at least these
measurements for detecting impaired ventricular
repolarization.” The parameters considered to be
markers for the risk of sudden cardiac death, such
as QTd, QTc and QTcd are often affected by the
heart rate.® It has been shown that Tp-e interval,
Tp-e/QT, and Tp-e/QTc rates can be used as a
new marker in assessing ventricular repolarization
and these parameters are even more reliable for
evaluating the ventricular repolarization, as they
are not affected by the changes of heart rate '

In this study, we aimed to compare QTd, QTcd
and Pd with Tp-e, Tp-e dispersion, Tp-e/QT and
Tp-e/QTc as new markers in surface ECGs of T2D
patients with those of healthy individuals.

METHODS

Between June 2015 and June 2017, ECG results
of 100 patients with T2D (60 females, 40 males,
mean age 46.5£6.2 years; range: 29 to 58 years)
who were followed in the endocrinology and
metabolism diseases outpatient clinic of our
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hospital for T2D were retrospectively analyzed
and compared with the ECG results of 100 healthy
age-, sex-, and body weight and height-matched
controls (66 females, 34 males, mean age 45.6+8.3
years; range: 19 to 68 years). Patients with the
history of coronary artery disease, cerebrovascular
disease and peripheral artery disease, valvular
heart disease, atrial and ventricular arrhythmia,
and those with cardiomyopathy, hypertension,
chronic pulmonary disease, chronic liver disease,
malignancies, acute or chronic renal insufficiency,
thyroid dysfunction, electrolyte disturbance,
anemia or other major disease were excluded
from the study. Only the patients who underwent
cardiac check-up during follow-up and those
whose echocardiographic (ECHO) evaluations did
not indicate valvular heart pathology and those
with normal ejection fractions were included in the
study. A written informed consent was obtained
from each participant. The study was approved
by the Ethics Committee for Clinical Researches of
Dumlupinar University, Faculty of Medicine and
conducted in accordance with the principles of the
Declaration of Helsinki.

Electrocardiography: All patients had sinus
rhythm in ECG. The patients with findings
suggesting ischemia on ECG, or branch block
and atrioventricular conduction abnormalities,
and those with the history of drug use which
might affect ECG were excluded. In the study,
12-lead ECGs with the rate of 25 mm/s and
voltage of 10 mm/mV were performed in the
supine position of the cases. The P wave duration
(PW) was determined as the intersection spot
of the point where the P deflection separated
from the isoelectric line and the isoelectric line
of the last part of the P wave. Pd was calculated
as the difference of the longest and shortest
P-wave (Pd=Pmax-Pmin). The QT interval was
determined the distance from the beginning of
the QRS complex to the descending part of the
T wave and the junction point of the isoelectric
line. The QTc value was calculated according
to the Bazett formula as QTc (milliseconds) =
measured QT/VRR(seconds). QTd was calculated
as the difference between the longest and shortest
QT intervals (QTd=QTmax - QTmin), while QTcd
was calculated as the difference between the
longest QTc and the shortest QTc (QTcd=QTc
max-QTc min). The Tp-e interval was determined
as the distance from the peak of T wave to the
descending part of the T wave and the junction
of the isoelectric line. The Tp-e dispersion
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was calculated as the difference between the
maximum and minimum Tp-e intervals. Tp-e/
QT and Tp-e/QTc ratios were calculated by using
these measurements.

Laboratory analysis: The fasting blood sugar fol-
lowing the 10-12 hour night starvation, glyco-
sylated hemoglobin (HbAlc), thyroid-stimulating
hormones (TSH), free T4, total cholesterol, high-
density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol, triglyceride, calcium,
sodium, potassium and complete blood count were
measured. Total cholesterol (TC), HDL cholesterol,
LDL cholesterol and triglycerides (TG) were meas-
ured by an automatic analyzer (Beckman Coulter
AU 2700). Fasting glucose level was determined
by using the glucose hexokinase method (Beck-
man Coulter AU 2700). HbAlc values were deter-
mined by the method of high-performance liquid
chromatography (TOSOH G7 device). TSH and free
T4 were determined by immunoenzymatic method
based on the principle of measuring chemilumines-
cence (Beckman Coulter DXI 600). Sodium, potas-
sium and calcium were detected by ion selective
electrode (Beckman Coulter AU 2700).

Statistical analysis: Statistical analysis was
performed using the SPSS version 18.0 program
(SPSS Inc., Chicago, IL, USA). Descriptive data

were expressed in mean * standard deviation.
The Kolmogorov-Smirnov test was used for
normality analysis of the distribution of the
numerical data. The Student’s t-test was used for
normally distributed data, while the Mann-Whitney
U test was used for the abnormally distributed data.
In addition, the chi-square test was used to compare
the categorical data. Stepwise multivariate linear
regression model, including significant variables
in univariate analyses was then used to determine
which determinants independently explained a
significant (p<0.05) fraction of the variance of the
dependent variables. The data were analyzed at a
95% confidence level and considered significant at
a p-value of less than 0.05.

RESULTS

In our study, a total of 100 patients with T2D were
compared with 100 healthy controls. The overall
characteristics of the participants are summarized in
Table-I. There was no significant difference between
the two groups in terms of age, sex, height, weight,
smoking, thyroid function tests, serum electrolytes,
and blood count parameters (Table-I). As expected,
HDL levels were significantly lower, while systolic
blood pressure, diastolic blood pressure, LDL,
total cholesterol, triglyceride, fasting glucose, and

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

Variables Patients (n=100) Controls (n=100) P
Age (years)" 46.5+6.2 45.6+8.3 0.37
Male/Female (n) 40/60 34/66 0.32
Height (cm)” 164.1+9.7 165.9+8.7 0.15
Weight (kg)" 82.5+15 80.8£17.5 0.47
Systolic blood pressure (mmHg)* 124+10.9 116.3+12 <0.001
Diastolic blood pressure (mmHg)” 73.7%9 69.718.7 0.002
Triglyceride (mg/dL)" 154(735-41) 122.5(398-36) <0.001
Cholesterol (mg/dL)" 209.8+42.5 189.9+29.7 <0.001
LDL (mg/dL)" 128.7+34.5 116.4+25 0.01
HDL (mg/dL)" 43.7+8.1 47.1£10.1 0.01
Fasting glucose (mg/dL)" 164.5(103-456) 93.5(78-100) <0.001
HbAlc (%) 8.4(5.2-13.5) 5.35(4.5-6.1) <0.001
TSH (ulU/mL)" 1.81+0.99 2.02+0.85 0.14
Free T4 (ng/dl )" 0.89+0.12 0.85+0.12 0.06
Hemoglobin (gr/dl)* 14.3+1.3 13.9+1.6 0.06
Hematocrit (%) 43+3.1 42.1+3.4 0.08
Sodium (mmol/L)" 138.8+2.4 139.3+1.9 0.14
Potassium (mmol/L)" 4.46+0.33 4.44+0.30 0.53
Calcium (mg/dl)" 9.48+0.33 9.44+0.35 0.39
Smoker/non-smoker (n) 25/75 35/65 0.11

"Variables are expressed in mean # standard deviation, *Variables are expressed in
median (min-max). HDL - high-density lipoprotein, LDL - low-density lipoprotein,
TSH - thyroid stimulating hormone, HbA1lc - Hemoglobin Alc.

Pak J Med Sci May - June 2018 Vol. 34 No.3  www.pjms.com.pk 628



Fatih Kuzu

Table-II: Comparison of the electrocardiographic
parameters of the groups.

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

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) 39544238 38744211  0.01

QTc interval (ms) 44914249  430.74253 <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+419.3  <0.001
Tp-e dispersion (ms) 48.8+18.1 32.7+16.7  <0.001
Tp-e/QT 0.25+0.04 0.22+0.04  <0.001
Tp-e/QTc 0.22+0.04 0.20+0.04 0.01

ms: milliseconds, bpm: beat per minute, Parameters are
expressed in mean + standard deviation.

Table-III: Multivariate linear regression analysis of

variable influencing electrocardiographic

parameters in the patient and control groups.

HbAlc values were significantly higher in the T2D
patient group (Table-I).

The electrocardiographic parameters of both
groups are shown in Table-II. The mean heart
rate was significantly higher in the patient group
(80.5£12.2 bpm) than in the healthy control group
(74.6£10.1) (p<0.001). The P wave and P dispersion
were significantly higher in the patient group than
those in the control group (p<0.001 and p<0.001,
respectively). QT interval, QTc interval, QTd and
QTcd were significantly higher in the T2D group
than those in the control group (p=0.01, p<0.001,

R? B 95 % P-value
Confidence Interval

Tp-e dispersion
HbA1lc 0.09 033 0.15-0.42 <0.001
LDL 0.12 -0.21 -0.02-0.003 0.01
Systolic 0.13 0.16 0.001-0.05 0.04

blood pressure
QT dispersion
HbA1lc 0.10 032 0.17-0.47 <0.001
QTc dispersion
HbA1lc 0.14 038 3.2-74 <0.001
P dispersion
HbA1lc 027 052 0.36-0.62 <0.001
Tp-¢/QT
HbAlc 0.06 025  0.002-0.009 0.001
Tp-¢/QTc
HbAlc 0.04 020 0.01-0.02 0.01

LDL: low-density lipoprotein, HbAlc: hemoglobin Alc.

p<0.001, p<0.001, respectively). Tp-e interval, Tp-e
dispersion, Tp-e/QT and Tp-e/QTc values were
significantly higher in diabetic patients than those
in the healthy control group (p<0.001, p<0.001,
p<0.001, p=0.01, respectively).

A statistically significant correlation was
observed between HbAlc and Tp-e dispersion,
QTd,QTcd, Pd, Tp-e/QT and Tp-e/ QTc parameters
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Fig.1: Correlation between hemoglobin Alec (HbAlc) and (A) P dispersion (B) QT dispersion
(C) QTc dispersion (D) Tp-e dispersion (E) Tp-e /QT ratio (F) Tp-e/QTec ratio.
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Fig.2: Correlation between low-density
lipoprotein (LDL) and Tp-e dispersion.

in multivariate linear regression analysis (Table-111
and Fig.1). There was also a statistically significant
positive correlation between LDL and systolic
blood pressure and Tp-e (Table-IlI, Fig.2, and
Fig.3).

DISCUSSION

In many cardiovascular and non-cardiovascular
diseases, QT interval, QTc, and QTd were shown
to be increased than those in healthy subjects.” It
is well-known that diabetic autonomic dysfunction
has important effects on the cardiovascular system
and many studies have shown that QT interval,
QTc and QTd were prolonged in these patients.>%'?
Furthermore, it was suggested that there might be
a relation between sudden cardiac deaths and QT
prolongation in patients with diabetic autonomic
neuropathy.”

In recent years, a number of studies have
been conducted on reliability of aforementioned
parameters in signaling ventricular
arrhythmogenesis. Moreover, Tp-e interval, Tp-e
dispersion, Tp-e/QT and Tp-e/QTc ratios as new
parameters for transmyocardial repolarization have
been shown to be superior to QT interval and QTd
in predicting arrhythmia. However, they were also
found to be more reliable in terms of being affected
by heart rate and body weight.”* Among the events
that cause the increase of atherosclerosis in diabetes
mellitus are endothelial dysfunction, diabetic
dyslipidemia, = hypercoagulability, impaired
fibrinolysis, increased platelet adhesion, oxidative
stress, autonomic neuropathy and toxic effects of
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Fig.3: Correlation between systolic blood
pressure (SBP) and Tp-e dispersion.

hyperglycemia.”® Although the pathophysiological
mechanism is not fully established in diabetic
patients, there is an increased risk of atrial
fibrillation and ventricular arrhythmia, possibly
due to structural abnormalities caused by prolonged
hyperglycemia and increased fibrosis in atrial and
ventricular myocardium.'*"”

The formation of ventricular arrhythmias is
explained by the presence of reentry circuits,
triggered activity, and increased autonomy.
Myocardial fibrosis, the cell loss in the living
myocardial tissue and myocardial conduction
pathways can create a favorable environment for
the formation of micro-reentry circuits. Ventricular
arrhythmias from simple ventricular extrasystole to
fatal ventricular tachycardia may be triggered by
the contribution of impaired electrical balance of the
heart and the increased sympathetic system.’®' In
light of this information, it is important to evaluate
the Tp-e interval, Tp-e dispersion, Tp-e/QT and
Tp-e/QTc ratios, which are known to be associated
with an increased risk of cardiac arrhythmia and
which are relatively newly defined parameters
of transmyocardial repolarization in diabetic
patients.””’® In this study, it was shown that Tp-e
interval, Tp-e dispersion, Tp-e/QT and Tp-e/QTc
ratios were longer in the T2D cases than those in
the control group. In addition, in multivariate linear
regression analysis there was a significant positive
correlation between HbAlc and P dispersion, QTd,
QTcd, Tp-e dispersion, Tp-e/QT and Tp-e/QTc
ratios, while LDL level and systolic blood pressure
were correlated with Tp-e dispersion.

In the study including fewer diabetic patients
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(n=43), Tokatli etal. showed that Tp-einterval, Tp-e/
QT, Tp-e/QTc was higher in the patient group than
those in the control group. In addition, there was
a positive correlation between HbAlc, glucose and
these parameters by Pearson correlation analysis.
In our larger study in which we also added Tp-e
dispersion, multivariate linear regression analysis
showed that only HbAlc was a risk predictor of
significant cardiac events. Besides, we investigated
differently from this study, we also found a positive
correlation between Tp-e dispersion, LDL and
systolic blood pressure. In the study conducted by
Clemente et al., only the Tp-e dispersion as new
markers was investigated and it was found that
this parameter was significantly higher in diabetic
patients, consistent with our study.*

Diabetes mellitus has been shown to be an
independent and potent risk factor for the
development of atrial fibrillation? Pd is an
important noninvasive indicator of intratrial
conduction heterogeneity that forms a substrate for
reentry, one of the pathophysiological mechanisms
of atrial fibrillation.?* Both in T1D and T2D
patients, it was detected that Pd was significantly
higher in diabetic patients than those in the control
group.?” In the study conducted by Dilaveris et al.,
the increase in Pmax and Pd was determined to be
a highly specific and independent predictor of atrial
fibrillation episodes.?* In our study, we found
that the duration of PW and Pd was significantly
increased in patients with T2D than those in the
control group. In addition, the positive correlation
between HbAlc and Pd was shown by multivariate
linear regression analysis. In other words, as the
HbAlc value increases, the Pd value increases
proportionally and the risk of atrial fibrillation also
increases.

Limitations of the study: First, the parameters
used in our study were measured manually.
Although manual measurement has been accepted
scientifically and many studies have been conducted
by this method, it has been recognized that the
measurement performed by a high resolution
monitor with digital ECG recording gives much
more accurate and standardized results in recent
years. Another limitation is that normotensive
patients with normal ECHO and ECG results were
included in the study. As coronary angiography
was not possible to perform for all patients in
practice, subclinical ischemic heart disease might
have been overlooked in the study group.
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CONCLUSION

Tp-e interval, Tp-e dispersion, Tp-e/QT
and Tp-e/QTc ratio showing heterogeneity
of ventricular repolarization with PW and Pd
indicating heterogeneity of atrial repolarization are
important electrocardiographic markers that should
be evaluated in diabetic patients. These markers can
be used to predict the risk of arrhythmia in diabetic
patients. In addition, since these markers have
significant correlation with HbAlc, the patients
with high HbAlc values during the follow-up
should be closely monitored in terms of important
life-threatening cardiac events. Cardiologists
should evaluate these patients in the early period
and the detailed evaluation for antithrombotic,
antihypertensive and antilipemic treatment should
be started. In each control of outpatient clinic, ECG
parameters showing the heterogeneity of cardiac
repolarization should be evaluated until the HbAlc
levels reach the target values.
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