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Abstract:

Background: The prolongation of the QT interval is a well-established marker of risk for developing ventricular
arrhythmias. In diabetes, it is frequently changes secondary to metabolic, autonomic and cardiovascular
perturbations. Poorly controlled type 2 diabetes may worsen any electrophysiological disarray.

Aim: The study aims to determine the presence of QTc prolongation and increased QT dispersion (QTd) in poorly
controlled diabetes, and to determine the clinical and metabolic predictors of QTc prolongation.

Method: This cross-sectional study was conducted with 200 adults with type 2 diabetes where HbAlc > 8%.
Demographics, clinical and metabolic variables were obtained. Standard 12-lead ecg's were analyzed for QTc and
QTd. Between group comparisons and logistic regression were used to identify predictors of QTc > 440 ms.
Results: QTc prolongation was found to be prevalent seen in 46% of patients while 3% of patients having QTc >
500 ms and QTd > 80 ms in 4% of patients. There were more females with QT prolongation. Prolonged QTc was
associated with older age, increased BMI, coronary heart disease, retinopathy, poor glycemic indices and high
triglycerides. Independent predictors of prolonged QTc included increased age, increased BMI, coronary heart
disease, retinopathy, use of sulphonyureas, HbAlc and triglycerides.

Conclusions: QT abnormalities are common in poorly controlled diabetes and are strongly related to metabolic
dysregulation and cardiovascular complications. Early identification and glycemic improved glycemic control
may reduce the risk of arrhythmias.

Keywords: QT interval, QTc prolongation, QT dispersion, type 2 diabetes, glycemic control, arrhythmia risk,
predictors.
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Introduction

The QT interval in the surface electrocardiogram
(ECQ) is the sum of all the ventricular depolariza-
tion and repolarization, which is an important non-
invasive measuring rod of cardiac electrophysiolog-
ical stability. Irregularities during this period espe-
cially its extension have always been known as pre-
dictors of higher risks of ventricular arrhythmias and
sudden cardiac death. The difference between the
maximum and minimum intervals of QT observed
on a variety of ECG leads, known as QT dispersion
(QTd), is another manifestation of the heterogeneity
of myocardial repolarization. Higher QTd implies
the presence of regional differences in myocardial
refractoriness and is thought to be the basis on which
reentrant circuits triggering malignant ventricular
arrhythmia may develop. Long QT interval and long
QTd have both become useful predictors in cardio-
vascular studies and human care [1].

There is a cumulative amount of literature docu-
menting that deviations of QT parameters are
closely linked to an increased risk of cardiovascular
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and overall mortality. As an example, QT prolonged
and prolonged QTd have been reported to indicate
poor patient outcomes in patients after acute myo-
cardial infarction, heart failure patients [2] and type
1 and type 2 diabetes mellitus patients. Previous
studies have demonstrated similar associations in
patients with idiopathic long QT syndrome, and in
seemingly normal populations, and these findings
underscore the general clinical implications of QT
interval measures in different populations of pa-
tients. The results highlight the importance of the ab-
normalities of ventricular repolarization as the pre-
cursors of electrophysiological evidence of underly-
ing cardiovascular pathology and as the instruments
of predicting high-risk groups.

Diabetes mellitus, especially type 2 diabetes, is well
known as a multisystem condition which has signif-
icant cardiovascular consequences. Poor glycaemic
control has been associated with the acceleration of
cardiovascular complications, which involve auto-
nomic neuropathy, microvascular ischemia,
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oxidative stress, and chronic inflammation of low
grade. Some of the less evident, but still clinically
significant, presentations of these complications in-
clude changes in myocardial repolarization that are
reported in QT prolongation and elevated QT disper-
sion [3]. Some of the studies have postulated that di-
abetic patients have subclinical cardiac autonomic
dysfunction which has contributed to impaired re-
polarization despite the absence of evident structural
heart disease. The electrophysiological changes
mentioned could increase the risk of arrhythmia and
sudden cardiac events over time, and QT interval
analysis is especially applicable to such population.

Sustained hyperglycemia, which is a sign of poor
glycaemic regulation, exerts increased metabolic
and electrophysiological loads on cardiac tissue. It
has been reported that chronic hyperglycemia is
linked to impairment of ion channel functionality,
advanced glycation end products, and microvascular
dysfunction, which could be the causes of long-term
myocardial repolarization. Moreover, another com-
plication that is prevalent and underdiagnosed, dia-
betic autonomic neuropathy can decrease vagal ac-
tivity and increase sympathetic dominance, increas-
ing the likelihood of individuals experiencing dis-
torted QT dynamics. Since a significant portion of
patients with type 2 diabetes are asymptomatic until
the onset of advanced cardiovascular disease, elec-
trophysiological indicators like QT prolongation can
be useful in terms of early cardiovascular risk pre-
diction and can be used as clinically significant
screening methods [4].

Although there was an increasing awareness of the
importance of the abnormality of QT interval in di-
abetes, the prevalence of the prolonged QT interval
and QT is highly diverse among the studies due to
the variations in the patient populations, glycaemic
control, comorbidity, medications, and methods
used. Moreover, the predictors of the abnormalities
of QT in the poorly controlled diabetes are not fully
comprehended. Determination of such predictors is
important in increasing risk stratification, therapeu-
tic decisions, and clinical monitoring strategies. The
continuous increase in the prevalence of type 2 dia-
betes around the world and the high proportion of
patients having poor glycaemic control despite med-
ication has made the electrophysiological effects of
diabetes an issue of growing significance to the pre-
vention of cardiovascular morbidity and mortality

[5].

QT prolongation may also be worsened by another
major comorbidity in patients with type 2 diabetes,
coronary heart disease (CHD). Such ischemic myo-
cardial injury alters ventricular repolarization and
may interact with complications of diabetes to in-
crease the risk of arrhythmias. Thus, it is clinically
pertinent to study the interplay between CHD and
QT interval abnormalities in patients with inade-
quate glycaemic control that might be associated
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with faster atherosclerosis and endothelial dysfunc-
tion. Likewise, other metabolic parameters like
dyslipidemia, hypertension, and obesity are typical
characteristic of the metabolic syndrome more apt to
significantly accompany type 2 diabetes and can
lead to electrophysiological changes. The interac-
tion of these factors highlights the significance of as-
sessment of QT abnormalities in the metabolic and
cardiovascular context of diabetes in general [6].

Along with clinical and metabolic parameters, QT
dynamics may depend on treatment modalities of di-
abetes. Some medications used to lower glucose lev-
els (insulin or oral anti-diabetic agents) can differ in
their impact on autonomic activity, electrolyte bal-
ance and cardiac ion channels. Knowledge of the ef-
fects of various treatment regimens on QT interval
and QTd will play a vital role in optimizing therapies
due not only to the glycaemic goal but also to the
reduction of cardiovascular risk factors [7]. An ex-
ample is that insulin- or insulin secretagogue-in-
duced hypoglycemic events can temporarily in-
crease the QT interval perhaps by counterregulatory
catecholamine spikes or changes in potassium ho-
meostasis. These mechanisms enable the necessity
of close attention to QT measurements in patients
who take intensive glucose-lowering treatments.

Nonetheless, the literature on the prevalence and
predictors of QT interval prolongation in a particular
population, namely those with inadequately man-
aged type 2 diabetes, which is a particularly high-
risk group with regard to cardiovascular complica-
tions, has a gap. The majority of the past studies
have considered mixed populations that have differ-
ent glycaemic control or have failed to effectively
provide the range of metabolic and treatment-related
variables that can affect QT dynamics. Targeted
evaluation of the diabetes that is poorly managed,
therefore, can be justified in order to further outline
the burden of electrophysiological abnormalities in
such a vulnerable group and recognise modifiable
predictors that can be used in clinical interventions.

It is on these gaps and the substantial amount of ev-
idence to support the linkage of QT abnormalities
with the adverse cardiovascular outcomes that this
research was formulated to test the prevalence of
prolonged QT interval and QT dispersion in patients
with type 2 diabetes. Additionally, it attempted to
examine correlations between QT parameters and
various clinical and metabolic variables, especially
being interested in coronary heart disease, glycae-
mic control, and type of diabetes treatment. This
study aims to further the current knowledge regard-
ing arrhythmic risk in diabetes that is not well-con-
trolled and add into the existing body of knowledge
on improving early disease detection, monitoring,
and prevention of cardiovascular events in this high-
risk cohort by identifying the major predictors of QT
prolongation.
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Methodology

Study Design: This was a cross-sectional observa-
tional study conducted to determine the prevalence
and predictors of QT interval prolongation among
patients with poorly controlled type 2 diabetes melli-
tus.

Study Area: The study was conducted in the De-
partment of Cardiology, Fortis Escorts Heart Insti-
tute, New Delhi, India.

Study Duration: The study was carried out over a
period of from December 2022 to November 2023

Sample Size: A total of 200 patients with poorly
controlled type 2 diabetes were included in the
study.

Study Population: The study population consisted
of adult patients with poorly controlled type 2 dia-
betes mellitus attending the cardiology department
for evaluation. Poor glycemic control was defined as
HbAlc > 8% (or the cutoff adopted by the research
protocol).

Inclusion Criteria

e  Adults aged > 30 years diagnosed with type 2
diabetes mellitus.

e HbAlc> 8% (poor glycemic control).

e Patients able and willing to provide written in-
formed consent.

e Patients in sinus rhythm at the time of ECG re-
cording.

Exclusion Criteria

e History or ECG evidence of myocardial hyper-
trophy or bundle branch block.

e  Current use of medications known to affect QT
interval (e.g., class I/III antiarrhythmics, digi-
talis, tricyclic antidepressants).

e Presence of electrolyte abnormalities (hypoka-
lemia, hypocalcemia, hypomagnesemia).

e  Documented cardiovascular autonomic neurop-
athy (e.g., orthostatic hypotension).

e History of congenital long QT syndrome.

e Hypoglycemia (<70 mg/dL) on the day of gly-
cemic profiling.

e Patients on pacemakers or with atrial fibrilla-
tion.

Data Collection

The demographic details, clinical history, cardiovas-
cular risk factors, and medication use were obtained
with the use of direct interviews and referred to the
hospital records. The anthropometric measurements
were recorded i.e. height, weight, and body mass in-
dex and systolic and diastolic blood pressure were
measured using standard procedures. The patient
was placed in the supine position, and a regular 12-
lead ECG was recorded and QT and RR intervals
were measured manually by two different blind

Dey et al.

e-ISSN: 0975-9506, p-ISSN: 2961-6093

observers who were not aware of the clinical infor-
mation. QT intervals were adjusted to heart rate with
the use of the Bazett formula, and the mean of QTc
values were taken in five heart cycles in lead V5.
The difference between the largest and smallest QTc
values of the six precordial leads was determined as
QT dispersion. Glycemic indices were assessed on
the same day of ECG recording by using standard-
ized laboratory techniques of fasting blood glucose,
postprandial glucose, mean blood glucose, glycated
hemoglobin (HbAlc), and mean amplitude of glyce-
mic excursion (MAGE). MAGE was computed on
the basis of absolute deviations between succeeding
peaks and nadirs more than one standard deviation
of the mean glucose value.

Procedure: The selection of eligible patients was
done in the course of their routine clinical visits at
the cardiology department. Demographic and clini-
cal data were recorded after an informed consent
was received and physical and laboratory evaluation
was performed. The ECG recordings were con-
ducted under rest regimes as per the institutional
guidelines. Two trained observers measured the QT
and RR intervals independently to reduce the possi-
bility of measurements bias and averaged the results
were analysed. Glycemic profiles were taken on the
same day and all the laboratory tests were taken in
the central laboratory of the hospital to maintain the
same. All the data were recorded in a structured
case, record form constructed specifically to suit the
study.

Statistical Analysis: The SPSS version 21.0 (IBM
Corp., Chicago, IL) was used in statistical analysis.
The Z-score and Mahala Nobis distance were used
to test the completeness, accuracy and outliers of the
data in the form of multivariate analysis to detect
outliers. The Kolmogorov-Smirnov test was used to
determine whether the continuous variables were
normal. Continuous variables were summarized us-
ing the means and standard deviation, and mean fre-
quencies and percentages were used to summarize
categorical variables. The independent t-test was
used to compare the normal versus prolonged QTc
and normal versus prolonged QT dispersion under
between-group comparisons to assess the signifi-
cance of the two variables being compared. Chi-
square test was to be used to assess the significance
of normal versus prolonged and normal versus pro-
longed under between-group comparisons. The in-
dependent predictors of QTc prolongation and QT
dispersion were addressed with the help of logistic
regression analysis; the variables were age, sex, du-
ration of diabetes, blood pressure, BMI, coronary ar-
tery disease, neuropathy, fasting glucose, postpran-
dial glucose, mean blood glucose, MAGE, HbAlc,
lipid profile, and estimated glomerular filtration
rate, which were added to the initial model. The var-
iables that were included in the final model were re-
tained because of their statistically significant
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features and their contribution to the model. The p-
value; less than 0.05 was deemed significant.”

Result

The demographic, clinical and metabolic features of
the 200 study participants (110 men and 90 women)
with the mean age of 58.2-9.1 years and average
years of diabetes duration 10.2-6.4 years are pre-
sented in Table 1. The cohort depicted a mean BMI
01 29.8 + and 5.0 kg/m? and a moderately high level
of blood pressure (136.1 + 16.8 mmHg systolic, 81.0
+ 7.2 mmHg diastolic). Cardiovascular comorbidi-
ties were widespread, with one-quarter having coro-
nary heart disease, and half of the patients having
retinopathy in 48.5% and polyneuropathy in 70. The
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majority of respondents were under antidiabetic
therapy, with three-quarters of them taking metfor-
min, forty percent taking sulphonyl Reas, or sixty-
five percent taking insulin. Glycemic indices were
indicative of poor control with a mean fasting glu-
cose of 9.2 mmol/L, 11.0 mmol/L postprandial glu-
cose, mean glucose of 10mmol/L, MAGE of
4.3mmol/L and HbAlc of 8.6mmol/L. Lipid-pro-
files revealed increased levels of total cholesterol
(5.7 £ 1.4 mmol/L) and triglycerides (2.2 + 1.3
mmol/L), but overall kidney-function was usually
normal with a mean eGFR of 92.1 + 23.8
mL/min/1.73 m2.

Table 1: Demographic, Clinical and Metabolic Characteristics of the Study Population (N = 200)
Variable Value
Male / Female (n) 110/90
Age (years) 582+9.1
Duration of diabetes (years) 102+ 6.4
BMI (kg/m?) 29.8£5.0
Systolic BP (mmHg) 136.1 £16.8
Diastolic BP (mmHg) 81.0+7.2
Coronary heart disease, n (%) 48 (24.0%)
History of stroke, n (%) 10 (5.0%)
Retinopathy, n (%) 97 (48.5%)
Polyneuropathy, n (%) 140 (70.0%)
Metformin therapy, n (%) 150 (75.0%)
Sulphonylurea therapy, n (%) 80 (40.0%)
Insulin therapy, n (%) 130 (65.0%)
Fasting glucose (mmol/L) 9.2+3.0
Mean postprandial glucose (mmol/L) 11.0+34
Mean blood glucose (mmol/L) 10.0+3.1
MAGE (mmol/L) 43+£2.2
HbAlc (%) 8.6+1.2
Total cholesterol (mmol/L) 5714
Triglycerides (mmol/L) 22+13
eGFR (mL/min/1.73 m?) 92.1 £23.8

Table 2 reveals that female abnormalities of QT
were more prevalent than the prevalence of male ab-
normalities. A QTc > 440 ms was found in 57.8 per-
cent of females and 36.4 percent of males and the
total prevalence rate was 46 percent. Significant QT
prolongation (QTc 500 ms and above) was also sig-
nificantly greater in females (5.66) than males

(0.97), and constituted 3% of the entire population.
Equally, a long QT dispersion (QTd > 80 ms) was
detected in 5.6% of females compared with 2.7% of
males with a general prevalence of 4-percent, and it
was evident that there is a sex predisposition to QT
abnormalities.

Table 2: Prevalence of Prolonged QTc¢ Duration and QT Dispersion by Sex
QT Abnormality Male (n =110) Female (n =90) Total (N =200)
QTc > 440 ms 40 (36.4%) 52 (57.8%) 92 (46.0%)
QTc >500 ms 1 (0.9%) 5 (5.6%) 6 (3.0%)
QTd > 80 ms 3 (2.7%) 5 (5.6%) 8 (4.0%)

Table 3 shows that patients with prolonged QTc (=
440 ms) had significantly worse clinical and meta-
bolic profiles than those with QTc < 440 ms, includ-
ing higher age (59.8 vs. 56.9 years, p = 0.03), higher
BMI (31.0 vs. 28.9 kg/m?, p = 0.01), and markedly
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higher rates of coronary heart disease (38% vs. 12%,
p = 0.001) and retinopathy (64.1% vs. 35.2%, p =
0.001). Poor glycemic control was evident in pro-
longed QTc cases, with significantly elevated fast-
ing glucose (10.0 vs. 8.6 mmol/L, p = 0.02),
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postprandial glucose (12.6 vs. 9.7 mmol/L, p <
0.001), mean blood glucose (11.1 vs. 9.1 mmol/L, p
= 0.001), MAGE (4.7 vs. 3.9 mmol/L, p = 0.04),
HbA1c (9.1% vs. 8.2%, p <0.001), and triglycerides
(2.5 vs. 2.0 mmol/L, p = 0.03), while sulphonylurea
use was also more frequent (47.8% vs. 33.3%, p =
0.03). For QT dispersion, patients with QTd > 80 ms
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had significantly more coronary heart disease (75%
vs. 22.9%, p = 0.001), were older (63.5 vs. 58.0
years, p = 0.05), and showed lower eGFR (71.2 vs.
92.8 mL/min/1.73 m?, p = 0.02), indicating a strong
association between abnormal QT metrics and car-
diovascular and renal dysfunction.

Table 3: Comparison of Clinical and Metabolic Characteristics According to QTc Duration and QT
Dispersion

Variable | QTc <440 ms n=108) | QTc>440 ms n=92) | p-value
QTc Duration Groups
Age (years) 56.9+8.7 59.84+£9.2 0.03
BMI (kg/m?) 28.9+4.9 31.0£ 5.0 0.01
Coronary heart disease, n (%) 13 (12.0%) 35 (38.0%) 0.001
Retinopathy, n (%) 38 (35.2%) 59 (64.1%) 0.001
Polyneuropathy, n (%) 72 (66.7%) 69 (74.5%) 0.21
Metformin therapy, n (%) 83 (76.9%) 68 (73.9%) 0.6
Sulphonylurea therapy, n (%) 36 (33.3%) 44 (47.8%) 0.03
Insulin therapy, n (%) 74 (68.5%) 56 (60.9%) 0.28
Fasting glucose (mmol/L) 8.6+25 10.0+3.2 0.02
Postprandial glucose (mmol/L) 9.7+£29 12.6 +£3.6 <0.001
Mean blood glucose (mmol/L) 9.1+£2.7 11.1+£3.5 0.001
MAGE (mmol/L) 39+2.0 47+£24 0.04
HbAlc (%) 82+1.0 9.1+13 <0.001
Triglycerides (mmol/L) 20+1.1 25+15 0.03
eGFR (mL/min/1.73 m?) 93.4+21.8 90.5 £25.7 0.4
Variable QTd <80 ms (n=192) QTd >80 ms (n=8) p-value
QT Dispersion Groups
Age (years) 58.0+9.0 63.5+10.1 0.05
Coronary heart disease, n (%) 44 (22.9%) 6 (75.0%) 0.001
Retinopathy, n (%) 91 (47.6%) 4 (50.0%) 0.88
Polyneuropathy, n (%) 134 (69.8%) 7 (87.5%) 0.2
Mean blood glucose (mmol/L) 9.9+3.0 11.4+3.8 0.1
eGFR (mL/min/1.73 m?) 92.8+234 71.2£28.8 0.02

Table 4 shows that several clinical variables signifi-
cantly predict prolonged QTc (=440 ms). Increasing
age and BMI were both independent predictors, with
each unit rise associated with a 4% and 8% increase
in odds, respectively. Coronary heart disease
emerged as a strong predictor, tripling the likelihood
of QTc prolongation (OR 3.06, p=0.001), while ret-
inopathy also doubled the risk (OR 2.66, p = 0.002).
Use of sulphonylurea therapy was associated with

nearly a twofold higher risk (OR 1.95, p = 0.02).
Higher HbAlc levels significantly increased the
odds (OR 1.55, p =0.004), indicating poor glycemic
control as an important factor. Elevated triglyceride
levels also contributed moderately to prolonged QTc
(OR 1.34, p = 0.02). Overall, the regression model
highlights metabolic, cardiovascular, and diabetes-
related factors as key determinants of QTc prolon-
gation.

Table 4: Logistic Regression Analysis for Predictors of Prolonged QTc (= 440 ms)
Predictor B Coefficient Odds Ratio (95% CI) p-value
Age (years) 0.04 1.04 (1.01-1.07) 0.01
BMI (kg/m?) 0.08 1.08 (1.02-1.14) 0.008
Coronary heart disease 1.12 3.06 (1.60-5.87) 0.001
Retinopathy 0.98 2.66 (1.47-4.83) 0.002
Sulphonylurea therapy 0.67 1.95 (1.10-3.45) 0.02
HbAlc (%) 0.44 1.55(1.20-2.16) 0.004
Triglycerides (mmol/L) 0.29 1.34 (1.05-1.75) 0.02
Dey et al. International Journal of Pharmaceutical Quality Assurance
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Discussion

The current research shows that the prevalence of
QTc prolongation is remarkably high among pa-
tients with poorly managed type 2 diabetes, with al-
most half the sample having QTc values greater than
440 ms and a smaller but still significant percentage
of patients having QTc values over 500 ms, the high-
risk level. Such results are in line with the large var-
iability of the previous studies with QTc prolonga-
tion reported to range between 15% and 67% in dia-
betic populations (Christensen et al., 2000; Veglio et
al., 2002) [8,9]. We are at the far right of this spec-
trum which probably indicates the poor glycemic
control and burdensome complications among our
cohort. Though only 2% of our sample had QTc
>500 ms, in line with Moss et al. (1991) [10] and
Priori et al. (2003) [11], this value is strongly asso-
ciated with the presence of malignant arrhythmias,
however, most of our sample is in the gray zone, in-
dicating that they have subclinical electrical instabil-
ity of the myocardium, not near arrhythmic risk.
There were also noted QT dispersion abnormalities
although at lesser rates as reported by Cardoso et al.
(2001) [12] where prevalence of QTd was found to
vary greatly in different definitions and ECG inter-
pretation techniques.”

One of the results of our research is the close rela-
tionship between hyperglycemia and QTc prolonga-
tion, which is consistent with the results of a series
of other studies that have also identified that both
acute and chronic hyperglycemia negatively
changes ventricular repolarization (Fiorentini et al.,
2010; Brown et al., 2001; Marfella et al., 2000)
[13,14,15] , . The mechanistic basis of hyperglyce-
mia can be described as follows: repolarization
could be affected by hyperglycemia via protein ki-
nase C activation and diminished nitric oxide, fi-
nally disrupting Na 3 /K + -ATPase and Ca 2 3 -
ATPase functions (Tesfamariam et al., 1991; Gupta
etal., 1992) [16,17]. These physiological paths were
supported by our finding that increased values of
both mean glucose and HbAlc levels alone pre-
dicted QTc prolongation. This is corroborated by
Lefrandt et al. (2000) [18] who demonstrated a pos-
itive relationship between fasting glucose and QTc
duration in a large non-diabetic cohort of patients
and supports the idea that glucose swings are also a
cause of electrical instability. Yet, unlike other stud-
ies that could not provide a definite association be-
tween glycemic status and QT dispersion (Cardoso
etal.,2001) [12], our findings indicate that there was
a tendency to be more glycemic in participants with
a higher dispersion, but the number of affected indi-
viduals was small to provide statistical significance.

Our results indicated that QT abnormalities are as-
sociated with cardiovascular disease. Patients that
had a long QTc and longer QTd demonstrated sig-
nificantly elevated occurrence rates of heart disease
involving the heart, which confirms the previous
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data that myocardial ischemia is a contributing fac-
tor to the effects of repolarization (Veglio et al.,
2002; Sakabe et al., 2008) [9,19]. Chronic ischemia
can cause heterogeneous repolarization where fibro-
sis, hypertrophy or autonomic imbalance is induced
as explained by Rana et al. (2002) [20]. These mech-
anisms are supported by our data that indicated that
coronary disease is a strong independent predictor of
both QTc prolongation and QTd. Additionally, re-
vascularization has proven to result in a decrease in
QT prolongation (Mirbolouk et al., 2014) [21] indi-
cating that ischemia has a modifiable impact on
these abnormalities. The more frequent occurrence
of retinopathy in those with the prolonged QTc in
our sample also supports the previous studies of the
association between microvascular complications
and repolarization disorders (Li et al., 2012) [22],
which might be because of a common pathway of
endothelial dysfunction.

The more frequent occurrence of long QTc in
women in our population is in accord with sex dif-
ferences that well established in cardiac electrophys-
iology, whereby the adult women usually have
longer QT intervals and are more rate dependent
(Merri et al., 1989) [23]. The fact that ion channels
may change in response to hormones may also con-
tribute to this pattern, but the exact mechanisms are
yet to be fully comprehended. Also, the correlation
of the effect of obesity on QT in our study is similar
to other previous studies that have observed that the
elevation of BMI can alter the autonomic tone, my-
ocardial workload, or electrolyte balance, and ulti-
mately alters ventricular repolarization.

The other interesting fact is that sulphonyl urea ther-
apy is independent of QTc prolongation. This sub-
stantiates the mechanistic hypothesis which claims
that sulfonylureas block cardiac KATP channels,
which lengthens action potentials. In line with our
findings is the mini study by Najeed et al. (2002)
[24] who found an augmentation of QTc and QTd
with glipalamides and not metformin therapy. Even
though we are not able to conduct larger studies, our
results support the idea that there should be a closer
therapeutic approach to high-risk patients, espe-
cially those who have other QT-prolonging factors.

However, unlike other previous studies, we have not
found a significant association between autonomic
neuropathy, which was measured indirectly with
polyneuropathy, and QT abnormalities. This is in
line with subsequent research that contests the use-
fulness of QT interval as a diagnostic entity of CAN
(Bravenboer et al., 1993) [25] as the possibility that
repolarization of abnormalities in diabetes is af-
fected more by metabolic and ischemic elements
than by autonomic activity.

In general, the fact that QTc abnormalities were very
high in our poorly managed diabetic group and
strongly correlated with age, BMI, hyperglycemia,
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triglycerides, and vascular complications supports
the idea that the assessment of the QT interval
should be implemented in the standard cardiovascu-
lar risk assessment package. Although most patients
can be defined as the intermediate-risk QT range, the
adverse metabolic and structural factors cluster indi-
cates that QT prolongation could be a useful subclin-
ical predictor of cardiovascular risk in type 2 diabe-
tes.

Conclusion

The research shows that abnormalities in QT inter-
val are widespread in patients with uncontrolled di-
abetes, and that the rates are higher in women. Long
QTc was linked to unfavorable clinical and meta-
bolic characteristics, such as an older age, increased
body mass index, increased cardiovascular disease,
and microvascular complications, including reti-
nopathy. The patients who had long-term QTc also
had worse glycemic measures, increased variability
in glucose levels, and atherogenic lipid profiles,
which indicated a close association between meta-
bolic instability and cardiac repolarization defects.
Logistic regression revealed that age, obesity, coro-
nary heart disease, retinopathy, taking of sulpho-
nylureas, high levels of HbAlc, and high levels of
triglycerides are important independent predictors of
QTc prolongation, and a combination of classic car-
diovascular risk factors and diabetes-related compli-
cations make a person vulnerable to electrical car-
diac conditions. In general, the results highlight the
significance of careful cardiovascular monitoring in
diabetes-affected patients with inadequate glycae-
mic regulation and indicate that enhancing the met-
abolic regulation and managing the modifiable risk
factors can potentially help to decrease the burden of
the QT-related arrhythmic risk among the popula-
tion in question.

References

1. Schwartz PJ, Wolf S (1978) QT interval prolon-
gation as predictor of sudden death in patients
with  myocardial infarction. Circulation
57:1074-1077

2. Barr CS, Naas A, Freeman M, Lang CC,
Struthers AD (1994) QT dispersion and sudden
unexpected death in chronic heart failure. Lan-
cet 343:327-329

3. Veglio M, Sivieri R, Chinaglia A, Scaglioni L,
Cavallo-Perin P (2000) QT interval prolonga-
tion and mortality in type 1 diabetic patients.
Diabetes Care 23:1381-1383

4. Naas AA, Davidson NC, Thompson C et al
(1998) QT and QTc dispersion are accurate pre-
dictors of cardiac death in newly diagnosed
non-insulin dependent diabetes: cohort study.
BMJ 316(7133):745-746

5. Schwartz PJ, Stramba-Badiale M, Segantini A
et al (1998) Prolongation of the QT interval and

Dey et al.

10.

12.

13.

14.

15.

16.

17.

e-ISSN: 0975-9506, p-ISSN: 2961-6093

the sudden infant death syndrome. N Engl J
Med 338:1709-1714

Schouten EG, Dekker JM, Meppelink P, Kok
FJ, Vandenbroucke JP, Pool J (1991) QT inter-
val prolongation predicts cardiovascular mor-
tality in an apparent healthy population. Circu-
lation 84:1516-1523

Elming H, Holm E, Jun L et al (1998) The prog-
nostic value of the QT interval and QT interval
dispersion in all-cause and cardiac mortality
and morbidity in a population of Danish citi-
zens. Eur Heart J 19:1391-1400

Christensen PK, Gall MA, Major-Pedersen A et
al (2000) QTc interval length and QT dispersion
as predictors of mortality in patients with non-
insulin-dependent diabetes. Scand J Clin Lab
Invest 60:323-332

Veglio M, Bruno G, Borra M et al (2002) Prev-
alence of increased QT interval duration and
dispersion in type 2 diabetic patients and its re-
lationship with coronary heart disease: a popu-
lationbased cohort. J Intern Med 251:317-324
Moss AlJ, Schwartz PJ, Crampton RS et al
(1991) The long QT syndrome. Prospective lon-
gitudinal study of 328 families. Circulation
84:1136-1144

. Priori SG, Schwartz PJ, Napolitano C et al

(2003) Risk stratification in the long-QT syn-
drome. N Engl ] Med 348:1866-1874

Cardoso C, Salles G, Bloch K, Deccache W, Si-
queira-Filho AG (2001) Clinical determinants
of increased QT dispersion in patients with dia-
betes mellitus. Int J Cardiol 79(2-3):253-262
Fiorentini A, Perciaccante R, Valente R, Paris
A, Serra P, Tubani L (2010) The correlation
among QTc interval, hyperglycaemia and the
impaired autonomic activity. Auton Neurosci
154(1-2):94-98

Brown DW, Giles WH, Greenlund KJ, Valdez
R, Croft JB (2001) Impaired fasting glucose, di-
abetes mellitus, and cardiovascular disease risk
factors are associated with prolonged QTc du-
ration. Results from the Third National Health
and Nutrition Examination Survey. J Cardio-
vasc Risk 8:227-233

Marfella R, Nappo F, De Angelis L, Siniscalchi
M, Rossi F, Giugliano D (2000) The effect of
acute hyperglycaemia on QTc duration in
healthy man. Diabetologia 43(5):571-575
Tesfamariam B, Brown ML, Cohen RA (1991)
Elevated glucose impairs endothelium-depend-
ent relaxation by activating protein kinase C. J
Clin Invest. 87:1647-1648

Gupta S, Sussman I, McArthur CS, Tomheim
K, Cohen RA, Ruderman NB (1992) Endothe-
lium-dependent Inhibition of Na?- K? ATPase
activity in rabbit aorta by hyperglicemia. Possi-
ble role of endothelium-derived nitric oxide. J
Clin Invest. 90:727-732

International Journal of Pharmaceutical Quality Assurance

504



International Journal of Pharmaceutical Quality Assurance

18.

19.

20.

21.

Dey et al.

Lefrandt JD, Diercks GF, van Boven AJ, Crijns
HJ, van Gilst WH, Gans RO (2000) High fast-
ing glucose and QTc duration in a large healthy
cohort. Diabetologia 43(10):1332—-1334
Sakabe K, Fukuda N, Fukuda Y et al (2008)
QT-interval dispersion in type 2 diabetic and
non-diabetic patients with postmyocardial in-
farction. Nutr Metab Cardiovasc Dis
18(2):121-126

Rana BS, Band MM, Ogston S, Morris AD,
Pringle SD, Struthers AD (2002) Relation of
QT interval dispersion to the number of differ-
ent cardiac abnormalities in diabetes mellitus.
Am J Cardiol 90:483-—487

Mirbolouk F, Arami S, Salari A, Shad B,
Kazemnejad E, Moladoust H (2014) Corrected
QT-interval and dispersion after revasculariza-
tion by percutaneous coronary intervention and
coronary artery bypass graft surgery in chronic
ischemia. J Invasive Cardiol 26(9):444-450

22.

23.

24.

25.

e-ISSN: 0975-9506, p-ISSN: 2961-6093

Li X, Ren H, Zhang-rong X, Liu Y-j, Yang X-
p, Liu J-q (2012) Prevalence and risk factors of
prolonged QTc interval among Chinese patients
with type 2 diabetes. Exp Diabet Res
2012:234084. doi:10.1155/2012/234084

Merri M, Benhorin J, Alberti M, Locati E, Moss
AJ (1989) Electrocardiographic quantitation of
ventricular repolarization. Circulation
80(5):1301-1308

Najeed SA, Khan IA, Molnar J, Somberg JC
(2002) Differential effect of glyburide
(glibenclamide) and metformin on QT disper-
sion: a potential adenosine triphosphate sensi-
tive K? channel effect. Am J Cardiol
90(10):1103-1106

Bravenboer B, Hendriksen PH, Oey LP, Gispen
WH, van Huffelen AC, Erkelens DW (1993) Is
the corrected QT interval a reliable indicator of
the severity of diabetic autonomic neuropathy?
Diabet Care 16(9):1249-1253

International Journal of Pharmaceutical Quality Assurance

505





