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Abstract
Introduction

Long QT interval (QT) and abnormal QT dispersion (QTd) are associated with sudden death. The
relationship between cardiac autonomic neuropathy (CAN) and QT indices in diabetic patients were
investigated.

Methods

Totally 130 diabetic subjects (mean age 50.87 ± 13.9 years) were included (70 individuals with and 60
individuals without CAN). All participants had sinus cardiac rhythm. The patients who had diseases or
take drugs that cause orthostatic hypotension (OH), cardiac arrhythmia and QT prolongation were
excluded. After interview and examination, standard and continuous ECG was taken in supine position
with deep breathing and standing up position. CAN diagnosis was based on Ewing’s tests. QT, QT
corrected (QTc), minimum QT (QT min), maximum QT (QT max) and mean ± SD of QT (QT mean) and
QTd were assessed from standard ECG. QTc was calculated by Bazett’s formula. QTc > 440 msec in men
and QTc > 0.46 msec in women and QTd > 80 msec were considered abnormal.

Results

In patients with CAN, 13.7% were symptomatic and 51.2% were asymptomatic. The prevalence of
abnormal QTc and QTd was 11.3% and 28.7%, respectively. There was no signi�cant difference between
the patients with or without CAN in terms of long QTc and abnormal QTd. However, the mean ± SD of QT
max, QT mean and QTd was higher in the patients with CAN (P_Vlue = 0.008, 0.03, 0.02, respectively).

Conclusion

The prevalence of asymptomatic CAN was twice that of symptomatic CAN. In patients with CAN the QT
max, QT mean and QTd were higher than those without CAN.

Background
The QT interval (QT) indicates the time needed for ventricular myocardial depolarization and
repolarization 1 and several physiological factors in�uence the duration of QT, such as age and sex, and
more importantly, heart rate and autonomic system activity.2 Therefore QT should be corrected based on
heart rate, which is called QTc. The maximum minus the minimum QT interval between the various ECG
leads is called QT dispersion (QTd). QTd can be a sign of heterogeneity in the recovery of stimulation
phase, and this heterogeneity can be the cause of malignant ventricular arrhythmia.3 Cardiac autonomic
neuropathy (CAN) is prevalent in diabetic patients and increases the risk of cardiac arrhythmias and
events, such as sudden death and myocardial infarction .4 QTc prolongation has been associated with
severity of CAN in diabetic patients.5 The main causes of QTc prolongation are long-term diabetes,
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ischemic heart disease, and autonomic system insu�ciency; with less frequency, etiologies such as water
and electrolyte imbalance.6  Long QTc causes serious arrhythmias and sudden death, and, along with
nephropathy, increases the mortality rate of patients .7 Increased QTd is seen in patients who have recent
myocardial infarction, long QT syndrome, heart failure and diabetes mellitus with CAN. It can be a cause
of malignant ventricular arrhythmias and predict mortality in diabetic patients.8Concerning the effect of
CAN on QT, several clinical and experimental studies have shown different effects. Ukpabi OJ showed
that QTc is signi�cantly more affected by autoimmune neuropathy than other variables in diabetic
patients.9

Increased QTd is correlated with CAN. High QTd indicates a dysfunction of the autonomic system of heart
in patients with DM.10 But, QTd have not been associated with CAN even with Holter monitoring method
in some recent studies.11 In this study the relationship between cardiac autonomic neuropathy (CAN) and
QT indices in diabetic patients was investigated.

Material And Methods
This cross-sectional study was performed on type 2 diabetic patients (according to ADA criteria) referred
to the internal medicine or endocrine clinic of Loghman Hakim General Hospital in Tehran, Iran.12 From
582 diabetic patients who referred during one year, 130 patients (70 patients with autonomic cardiac
neuropathy, 60 patients without autonomic cardiac neuropathy) were selected by convenient sampling
according to inclusion and exclusion criteria (Figure-1).

 Inclusion criteria: Type 2 diabetic patients with cardiac sinus rhythm, normal vital sign and aged 18-75
years old.

Exclusion criteria: Pregnant women, Patients who have symptoms of anemia, hypoxia, hypovolaemia,
sepsis, kidney failure, or other diseases affecting the heart rhythm and orthopedic hypotension; taking
medications that affect the heart rhythm, QT intervals, and blood pressure. For example: Calcium channel
blockers and beta receptors, anti-hypertensives except angiotensin converting enzyme inhibitors and
angiotensin receptor blocking agents; anti-arrhythmic drugs and triangular anti-psychotic drugs,
Phenotyazine and abnormal difference in blood pressure or arterial pulse between the two arms of the
patient.

After receiving written consent, the participants were visited and examined by a physician of internal
medicine ward (Vasheghani M) in fasting state in the morning. A questionnaire was completed for
demographic information. The patient rests for 15 minutes and then was examined for blood pressure
and heart rate from the right hand in both sitting and standing conditions. Then standardized ECG was
taken from patients with at least 10 QRS waves per lead. The CAN was assessed based on heart rate
variation during physical examination (at rest tachycardia and orthostatic hypotension) and standard
Ewing's tests.13 The details of the research methodology have been published in our previous article.14
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The QT interval demonstrates the distance between the onset of electrical activity and its recovery, which
indicates the sympathetic and parasympathetic nervous systems harmony. The QT intervals were
calculated based on the standard ECG tape. The QT interval was calculated from the beginning of the Q
wave to the end of the T wave and expressed in milliseconds (msec). 15

QT Minimum (QT Min): The minimum QT interval between 12 standard ECG leads.

QT Maximum (QT Max): The maximum QT interval between 12 standard ECG leads.

QT Mean (QT Mean): The mean of all QT interval s between 12 standard ECG leads.

QT Mean =  QT intervals ÷ n; n = number of QT intervals

QT Corrected (QTc): QTc was calculated based on Bazett's formula. The QTc was considered long if it
was more than 460 msec in women and more than 440 msec in men.15

Bazett's formula: QTc = QT interval ÷ square root of the RR interval (in msec)

QT dispersion (QTd): QTd was calculated from the QT Max minus QT Min. QTd was considered abnormal
if it was more than 80 msec. 16

QTd = QT Max - QT Min

This study has been scrutinized at the Ethics Committee of the Faculty of Medicine of Shahid Beheshti
University of Medical Sciences and con�rmed in accordance with the Helsinki Declaration. The research
has been performed according to the opinions of that commission.

Statistical Analysis

All data was recorded in the questionnaires. To compare quantitative variables, independent t-test was
applied. Chi-square test was applied for qualitative variables. A simple regression analysis was applied to
determine the relationship between QT interval indices with each of the quantitative parameters of CAN.
For statistical analysis, IBM SPSS Statistic version 22 was used and P value less than 0.05 are
considered signi�cant.

Results
Totally, 130 type 2 diabetic patients (mean age 50.87 ± 13.9 years) were included (70 individuals with and
60 individuals without CAN). The participant selection is shown in Figure 1. In patients with CAN 65,3%
and in patients without CAN 75.5% were female (P-Value=0.9). In patients with CAN, 21.5 % were
symptomatic and 78.5% were asymptomatic. The prevalence of abnormal QTc and QTd was 11.3% and
28.7%, respectively. Patients with CAN had a longer duration of diabetes, higher BMI and LDL-cholesterol
level than those without CAN (Table 1). The Mean ± SD of QT max, QT means and QTd in Patients with
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CAN were higher than those without CAN (Table 2). Prolonged QTc and Abnormal QTd were more
prevalent in patients with CAN than those without CAN, but the difference is not signi�cant (Table 3).

Discussion
Cardiac autonomic neuropathy (CAN) is a common complication of diabetes. Long QT intervals are
associated with sudden death and short life-span in healthy people, and patients with diabetes or
nephropathy. Increased QTd has been reported in diabetic patients with autonomic cardiac neuropathy,
which has a role in its prognosis. In this study, the relationship between CAN and QT indices in type 2
diabetic patients was investigated.

About one-third of participants had abnormal QTd and about one-tenth of them had a long QTc. About
one-�fth of the subjects had clinical signs (symptomatic or clinical CAN), and the rest had no obvious
clinical symptoms (asymptomatic or subclinical CAN).

Patients with CAN had a longer duration of diabetes, higher BMI and LDL-cholesterol than those without
CAN. In patients with CAN the QT max, QT mean and QTd were longer than those without CAN. There
were no signi�cant differences in the Mean ± SD of age, sex, QT min and QTc between the two groups.
Although the prevalence of prolonged QTc and abnormal QTd was higher in patients with CAN than those
without CAN, but their differences were not statistically signi�cant.

CAN is one of the most common complications of diabetes. Its prevalence varies from 2% to 91% in type
1 diabetes (T1DM) and 25% to 75% in type 2 diabetes (T2DM). CAN is classi�ed as “early
involvement”,”de�nite involvement” and “severe involvement”. Other classi�cation is symptomatic and
asymptomatic CAN. In our study 21% of patients with CAN were symptomatic or have severe involvement
. Symptomatic CAN, with orthostatic hypotension presentation, is seen in 6% to 32% of patients with
DM.17

QT interval is longer in diabetic patients and long QT is more prevalent among them especially whom
have cardiac autonomic neuropathy. Patients with CAN have a longer QT interval than normal
individuals. It is not clear whether long QT is caused solely by diabetes or simply due to cardiac
autonomic neuropathy. Both diabetes and neuropathy may have a synergistic effect and together cause
long QT. In this study, because all patients were diabetic, it was not possible to compare diabetics with
non-diabetics.

Long QT and DM:

The prevalence of long QTc was 11.3% in this study. Its prevalence range from 12% in black patients of
Nigeria 9, 17.1% in yellow race of China 18 to 44.1% in Caucasian patients from Serbia 16. Large
multinational study such as EURODIAB showed 17% of diabetic patient have long QTc (>440 msec). 19

Diabetic patients have a longer QT interval than non-diabetics (433.89 ± 30.37 vs. 421.2± 24.6 ms,
p=0.03). In diabetic patients with CAN, QTc was signi�cantly higher than diabetic patients without CAN
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(442.4 +/- 32.69 vs. 424.48 +/- 23.45 ms, p) and Prolonged QTc had direct relation to the severity of
CAN.20,21 Long QT intervals are seen in both women ( 453.17 ± 8.53 vs. 436.79 ± 1.44, P=0.014) and men
(447.37 ± 14 vs. 420.60 ± 0.82, P=0.0109), even from the pre-diabetic stage.22 However, other researchers
have found different results in their studies. The QT interval in diabetic and pre-diabetic individuals was
no longer than normal individuals or if it was longer, this difference was not signi�cant.23,24

Long QT and CAN:

The relationship between QT interval and CAN is very complex. In this study the mean ± SD of QTc in
diabetic patients with CAN was longer than those without CAN (415±34 vs. 406±32 msec; P-Value=0.15)
but this difference was not signi�cant. Initially, the researchers only suggested the association of CAN
with the long QTc interval.25  In some studies, QTc prolongation has been linked to sympathetic and para-
sympathetic system activity, and the researchers have suggested that the index be used as a predictive or
diagnostic criterion for CAN. 26,27 Researchers have shown that long QTc intervals is more prevalent in
diabetic patients with CAN, but this has not been correlated with the severity of CAN.28Some studies have
suggested the long QTc interval as a risk factor for CAN29, while others consider long QTc interval as one
of the negative consequences of CAN.30 There are rare reports of short QTc intervals in diabetic patients
with abnormal heart rate variability.31

The relationship of long QT interval with CAN has been observed in non-diabetic patients including sickle
cell anemia. This may suggest a relationship between long QTc and CAN that is independent of diabetes.
In addition to the QTc, the QT dispersion (QTd) was also higher in these patients. 32

 Over time, researchers have used other measures, such as QTd, QT Min, QT Max, QT Mean and T wave
angle, to clarify the relationship between QT interval and CAN.

They consider other features of QTc interval, such as QT interval variability, as a diagnostic index and or
severity index for CAN. The ratio of QTc variation to heart rate variation determines a criterion that
provides the balance between QT variation and heart rate variation. QTc variation index was more
sensitive for the diagnosis of CAN and determining the degree of progression of the disease. 33,34

QTd and CAN in Diabetic Patients:

 In this study QTd was longer in patients with CAN than those without CAN ( 69 vs. 58 msec, p= 0.02
respectively). Statsenko et al. who compared QTd in patients with chronic heart failure and diabetic
cardiac autonomic neuropathy, also showed QTd was longer in diabetic patients with CAN than those
without CAN.35 Other researchers showed QTd is longer in patients with type 2 diabetes, but could not
�nd this relation with type 1 diabetes and CAN.36 In a study to compare QT interval between diabetic and
healthy individuals they found long QTd (>65 msec) in 0.9% of diabetic patients, but no cases were seen
in non-diabetic patients.37
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QTd increase with disorder in the sympathetic and parasympathetic branches of the autonomic system.38

In a study, those who had sensory neuropathy, QTd had a direct correlation with the severity of
neuropathy. QTd in diabetic patients was higher than control group and during the stand-up maneuver;
this difference will be greater.39 Other factors, such as high blood pressure, may affect the results and
cause differences in the results of studies. Each of the QT indices may be affected by a part of the
nervous autonomic system, such as the sympathetic or parasympathetic branch, and one index alone
may not show the full function of the autonomic system.

QT mean, QT max, QT min and CAN or DM:

The diabetic patients have signi�cantly higher QTc max and QTc mean than non-diabetic group (p <
0.001 for all). However, QTc min was longer in diabetic patient, but this difference was not signi�cant (p =
0.083). 37

Patients with CAN also have higher QTc max and QTc mean than those without CAN.38

Bankers and colleagues compared QT interval parameters in patients with none—ST elevation myocardial
infarction in two groups, patients with type 2 diabetes and non-diabetics. QTc and QTd were higher in the
diabetic group, especially those who needed coronary artery surgery or had ventricular arrhythmias. In
patients who died during hospitalization, QTd and QT max was higher.40

Other factors, such as high blood pressure, may affect the results and cause differences in the results of
studies. Each of the QT indices may be affected by a part of the nervous autonomic system, such as the
sympathetic or parasympathetic branch, and one index alone may not show the full function of the
autonomic system. For example, QTd is higher in patients with CAN and is more affected by the
parasympathetic branch and systolic blood pressure regardless of CAN.41

In this study, there was no difference in age and sex between the two groups with and without CAN. Heart
rate varies depending on the circadian cycle, so all measurements were done in the 9:00 AM- 4:00 PM and
two hours after waking up. These reduce the difference between precipitants.

The difference in the results of studies may be due to several aspects:

1. Sample size

2. Differences in the investigated groups

3. Differences in CAN identi�cation method and criteria for diagnosis. In some groups, precise methods
or a combination of different methods were used.

4. Differences in long QTc criteria or abnormal QTd. In some studies, QTc> 440 msec have been
considered long for both gender.

The limitations of our study are: First, the study was performed in a single center with a small number of
patients. Therefore, the external validity of the study is lower. Second, The QT interval was measured and
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calculated manually. Therefore, there is a possibility of operator error and the measurements are less
accurate than the measurements with computer software. Third, other factors which affect QT interval
such as electrolyte imbalance (hypo or hyper-kalemia, hypo or hyper-calcemia) were not evaluated.

This study has some strength: First, In order to increase the internal validity of the research, all
examinations and measurements were performed by an internal specialist and with one device in all
patients. All indexes that can be manually measured for QT distance have been evaluated.

The prevalence of CAN in different studies varies depending on the criteria used to de�ne the disease, the
diagnostic criteria, the population studied, diagnostic methods and their accuracy and whether or not it
depends on the operator, the duration of diabetes, the stage of diabetes and CAN and many other factors.
On the other hand, many factors also affect heart rate variability, cardiac repolarization-depolarization
and QT interval.

Regardless of the factors we mentioned as interfering and confounder factors affecting the relationship
between QT distance with neuropathy or diabetes, it is very di�cult to determine the relationship between
QT distance with neuropathy and diabetes, either alone or together.
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Recommendation

To better and more accurately understanding the relationship between QT distance with diabetes and
neuropathy, it is recommended that it is recommended that the study be performed with a larger sample
size in four groups: group I or control, individuals without diabetes and neuropathy; group II, individuals
with diabetes; group III, individuals with neuropathy; and group IV, individuals with both diabetes and
neuropathy.
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Tables
Table 1 - Basic characteristics of diabetic patients with and without CAN

Variables           

 (Mean ± SD)

Patients with CAN Patients without CAN P_Value

Age (Years) 51.73±13.24 50.41±14.43 0.5

Duration of DM (Month) 94.83±34.38 68.16 ± 35.15 0.01

FBS (mg/dl) 178.13±86.78 158.59±81.44 0.3

BS 2 Hours Post Prandial (mg/dl) 220.6±104.51 222.4±114.63 0.7

HbA1C (%) 8.14±2.09 7.74±10.77 0.2

BMI (kg/m2) 28.06±5.36 27.37±4.22 0.05

Total Cholesterol (mg/dl) 209±39.84 203.72±48.26 0.2

Triglyceride (mg/dl)            205.26±152.35 189.4±104.71 0.3

HDL (mg/dl) 44.56±13.52 51.77±30.44 0.5

LDL (mg/dl) 165.52±95.56 119.78±40.41 0.008

 

Table 2 - The QT intervals indices (Mean ± SD) in diabetic patients with and without CAN

Variables             (Mean ± SD, msec) Patients with CAN Patients without CAN P_Value

QT min 340±32 334.7±31 0.8

QT max 400.9±34 395±34 0.03

QT mean 375±29 365±32 0.05

QTc 415±34 406±32 0.15

QTd 69±24 58±19 0.02
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Table 3 – The prevalence of prolonged QTc and abnormal QTd in diabetic patients with and without CAN

Variables              Patients with CAN Patients without CAN P_Value

QTc 

Prolonged

(>440 msec in male; >460 msec in female)

Normal

 

12%

 

88%

 

10%

 

90%

1

QTd

Abnormal (>80msec)

Normal

 

20%

80%

 

15%

85%

0.13

Figures

Figure 1
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Study Design Diagram


