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Objectives. The aim of this study was to evaluate the prevalence and the risk factors of prolonged QTc interval among Chinese
patients with type 2 diabetes. Methods. The retrospective study included 3156 outpatients from the Diabetes Centre, the 306th
Hospital of PLA, during the period from September 2003 to June 2010. QT interval was measured manually in the 12-lead
conventional electrocardiogram. The QT interval corrected for heart rate (QTc) was calculated using Bazett’s formula. Additional
demographic and laboratory data were also collected. Potential risk factors of prolonged QTc interval were assessed using
multivariable regression. Results. The prevalence of prolonged QTc interval among Chinese patients with type 2 diabetes was
30.1%. Height (OR 0.156, 95% CI 0.032~0.748), waist circumference (OR 1.025, 95% CI 1.010~1.040), diastolic blood pressure
(OR 1.016, 95% CI 1.007~1.026), postprandial glucose (OR 1.040, 95% CI 1.022~1.059), fasting insulin (OR 1.014, 95% CI
1.003~1.025), and presence of microalbuminuria (OR 1.266, 95% CI 1.033~1.551) were significant risk factors. Conclusions. The
prevalence of prolonged QTc¢ interval among Chinese patients with type 2 diabetes is high. Risk factors for prolongation of QTc
interval were low height, high waist circumference, increasing diastolic blood pressure levels, high postprandial glucose levels, high

fasting insulin levels, and presence of microalbuminuria.

1. Introduction

Cardiac autonomic neuropathy (CAN) is a serious and
common complication of diabetes. It is associated with a
variety of adverse outcomes including cardiovascular death
[1, 2]. However, it is often overlooked by the physicians
due to its insidious onset and not routinely tested in most
diabetic clinics. Although several noninvasive tests, such as
a battery of cardiac autonomic reflex tests [3], twenty-four-
hour heart rate variability (HRV), spontaneous baroreflex
sensitivity, and cardiac radionuclide imaging are currently
used for the diagnosis of CAN [4], these tests are laborious
and time consuming. Therefore, they are not practical
screening methods for the large number of patients with
diabetes mellitus.

The QT interval reflects the duration of the ventricular
myocardial depolarization and repolarization. Prolongation
of the corrected QT interval (QTc) has been demonstrated
to be a specific indicator of CAN in most studies [5-7].
Moreover, it is predictive of all-cause and cardiovascular

mortality in both healthy population [8] and patients with
diabetes [9-12]. Thus, QTc prolongation could be utilized
as a rapid objective method to target the people at high risk
of cardiovascular events. In spite of the reported prevalence
of QT prolongation as high as 26% in patients with type 2
diabetes [13], little is known about the problem in China.
In this study, we retrospectively examined the patients with
type 2 diabetes attending the diabetic clinic of the 306th
Hospital from 2003 to 2009 to determine the prevalence and
the potential risk factors for prolonged QTc¢ interval.

2. Subjects and Methods

2.1. Subjects. A total of 3156 patients with type 2 diabetes
who had standard ECGs record from September 2003 to
June 2010 were recruited. Type 2 diabetes was diagnosed
according to the 1999 WHO criteria [14]. Inclusion criteria
required that patients with type 2 diabetes were free of clini-
cally apparent macrovascular and heart disease, chronic renal
failure, and hypoglycemia or acute illness in the previous
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24 h, had normal serum creatinine and electrolyte levels, and
had not been treated with medications that may affect QT
interval.

2.2. Baseline Methods. Medical documentations of all the
patients were systematically reviewed with respect to age, sex,
body weight, height, waist circumference, hip circumference,
smoking habits, diabetes duration, and presence of dia-
betic complications including retinopathy, nephropathy, and
peripheral neuropathy. Baseline laboratory data including
fasting and postprandial blood glucose and plasma insulin,
HbAlc, creatinine, lipids (total cholesterol, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and triglycerides), and urine albumin-
to-creatinine ratio (UACR) were also collected.

Blood pressure was measured two consecutive times
I min apart in the sitting position using an appropriate
cuff size. The mean value of the two measurements was
used in the statistical analysis. Hypertension was diagnosed
as systolic blood pressure (SBP) =140 mmHg or diastolic
blood pressure (DBP) =90 mmHg or the current use of
antihypertensive drugs.

Diabetic retinopathy was evaluated by an ophthalmol-
ogist; normoalbuminuria was defined as UACR <30 mg/g,
microalbuminuria as UACR between 30 and 300 mg/g, and
macroalbuminuria as UACR >300 mg/g. Clinical nephropa-
thy was diagnosed as the patient had persistent proteinuria
of 500 mg/24 h, serum creatinine above 1.5 mg/dL, or UACR
above 300 mg/g for at least twice. Peripheral neuropathy was
diagnosed on the basis of neuropathic symptoms and signs or
objectively abnormal results including insensitivity to a 10 g
monofilament and abnormal vibration perception threshold
based on the biothesiometer and without other significant
disease.

QT intervals and the preceding RR intervals were mea-
sured on the resting ECG tracing in lead II. The QT interval
was measured manually from the starting point of QRS
complex to the terminal point of the downslope of the T
wave. QTc was calculated according to Bazett’s formula [15]:
QTc = QT/ (RR)I/ 2. The QTc interval >0.44 s was considered
abnormally prolonged.

2.3. Statistical Analysis. The normality of the distribu-
tion of each continuous variable was assessed using the
Kolmogorov-Smirnov test. If normality was established,
continuous variables are presented as means + SD and
student’s t-test was used to assess the differences. Data with
skewed distribution were expressed as median (quartile) and
Mann-Whitney U test was used. Categorical variables were
presented as number and percentage and Chi-square test
was used to test for group difference. Variables that were
found to have a significant association in univariate analyses
were entered in the multivariate analyses models (stepwise
backward method). Entry and removal probabilities for
stepwise were 0.05 and 0.1, respectively. All analyses were
performed using SPSS 17.0 software (Windows version 17.0,
SPSS Inc., Chicago, IL, USA). P values less than 0.05 were
considered significant.
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3. Results

3.1. Baseline Characteristics of the Study Population. The
3156 patients with type 2 diabetes included 1425 (45.2%)
females and 1731 (54.8%) males. The mean age (SD) was
54.9 (10.8) years. The median duration of diabetes was 3.0
years (0.75, 8). Of the study population, 1121 (35.5%) were
smokers; 2035 (38.5%) had hypertension. Retinopathy, neu-
ropathy, and microalbuminuria were present in 422 (13.4%),
1159 (36.7%), and 718 (22.8%) patients, respectively.

3.2. Prevalence of QTc Interval Prolongation and Clinical
Characteristics according to QTc Interval. A prolonged QTc
interval was found in 30.1% (n = 951) of patients. Sex
difference was evident, with higher prevalence in females
than in males. Patients with prolonged QTc interval had
more often lower height, higher waist and hip circumfer-
ences, higher systolic and diastolic blood pressure levels,
longer diabetes duration, worse glycemic control (higher
postprandial glucose and HbAlc levels), worse lipid profile
(higher serum concentrations of total cholesterol and LDL
cholesterol levels), and higher UACR. Additionally, patients
with prolonged QTc interval had microalbuminuria more
often than patients with normal QTc interval. No differences
in prevalence of either retinopathy or neuropathy were
observed between the two groups (Table 1).

3.3. Prolonged QTc Interval Risk Factors. In multivariate
regression analysis, after controlling for age and gender, the
odds of prolonged QTc¢ interval increased significantly with a
lower height, higher waist circumference, increasing diastolic
blood pressure levels, higher postprandial glucose levels,
higher fasting insulin levels, and presence of microalbumin-
uria (Table 2).

4. Discussions

QTc interval represents an index of myocardial refractoriness
and electrical stability. Its prolongation was associated with
ventricular fibrillation and cardiac sudden death [16]. Preva-
lence of prolonged QT interval is higher in patients with
type 1 or type 2 diabetes as compared to patients without
diabetes [5, 13, 17]. The prevalence of QT prolongation has
been reported to be as high as 16% in type 1 [5] and 26% in
type 2 diabetes [13]. Here we report that the prevalence of
prolonged QTc interval was 30.1% in Chinese patients with
type 2 diabetes.

Several risk factors of prolonged QTc interval among
patients with diabetes have been cited in the literature
including age [17, 18], gender [19], components of insulin
resistance syndrome such as BMI [20, 21], hypertension [5,
17-20, 22], insulin concentration [21, 23, 24], hyperglycemia
[16, 25], diabetic microvascular complications such as
diabetic retinopathy [19], neuropathy [19] and microalbu-
minuria, and preexisting coronary heart disease [18, 20].
Although there are inconsistencies among studies regarding
all the various risk factors, hypertension was identified by
most studies as an independent risk factor. In our analysis,
the presence of hypertension, especially increasing diastolic



Experimental Diabetes Research 3
TasLE 1: Baseline characteristics of the study population.
Factors QTc > 0.44s QTc £0.445 P value
(n=951) (n = 2205)
Age (years)? 554+ 11.0 54.7 £ 10.7 0.070
Sex (male/female) 457/494 1274/931 <0.000
Height (m)* 1.64 = 0.08 1.65 + 0.08 <0.001
Body weight (kg)" 70.0 = 12.5 70.1 + 12.0 0.175
BMI (kg/m?)* 26.1 +3.7 259 +3.2 0.106
Waist circumference? 89.6 +9.7 88.4+9.5 0.001
Hip circumference? 953+7.4 94.5 = 6.6 0.003
WHRT 0.94 = 0.07 0.93 = 0.07 0.072
Smoking (%) 33.4 36.4 0.109
Duration of diabetes (years)* 4(1,8) 3(0.5,7) 0.001
HbAlc (%)* 8.1+2.1 7.6 £1.8 <0.001
Systolic blood pressure (mmHg)* 134.0 + 20.0 130.0 + 18.8 <0.001
Diastolic blood pressure (mmHg)* 76.8 = 10.1 74.5+9.5 <0.001
Fasting blood glucose (mmol/L)* 8.6+29 8.6 3.1 0.778
Postprandial blood glucose (mmol/L)* 13.8 5.1 12.7 = 4.7 <0.001
Fasting plasma insulin (uIU/mL)* 7.61 (4.59,11.99) 7.30 (4.05, 10.31) <0.001
Postprandial plasma insulin (IU/mL)* 25.16 (14.81, 46.4) 25.87 (13.73, 45.64) 0.427
Cholesterol (mmol/L)* 514 + 1.11 5.02 + 1.06 0.005
LDL-C (mmol/L)* 3.10 = 1.82 3.00 = 0.84 0.037
HDL-C (mmol/L)* 1.27 = 0.29 1.26 = 0.30 0.826
Triglycerides (mg/L)* 1.71 (1.20, 2.3) 1.54 (1.05, 2.30) <0.001
Microalbuminuria (%) 28.3 20.4 <0.001
Retinopathy (%) 14.1 13.1 0.436
Neuropathy (%) 36.7 36.7 0.984

BMI: body weight index, WHR: waist hip ratio, HbAlc: glycated hemoglobin, TC: total cholesterol, LDL-C: low density lipoprotein cholesterol, and HDL-C:

high density lipoprotein cholesterol.
TData are mean = SD.
*Data are median (quartile).

TABLE 2: Multivariate regression analysis for risk factors of prolonged QTc¢ interval.

Regression coefficient OR 95% CI P value
Height -1.858 0.156 0.032~0.748 0.020
Waist circumference 0.025 1.025 1.010~1.040 0.001
Diastolic blood pressure 0.016 1.016 1.007~1.026 0.000
Postprandial blood glucose 0.040 1.040 1.022~1.059 0.000
Fasting plasma insulin 0.014 1.014 1.003~1.025 0.010
Microalbuminuria 0.236 1.266 1.033~1.551 0.023

blood pressure, led to a significant higher rate of prolonged
QTc interval, which was in accordance with previous studies.

Hypertension is frequently associated with left ventric-
ular hypertrophy and also associated with sympathovagal
imbalance characterized by vagal withdrawal and relative
sympathetic dominance [26, 27]. Structural changes in the
hypertrophied myocardium, altered ion channels operating
during the early repolarization phase, and fibrotic changes
in the myocardium due to left ventricular hypertrophy may
lead to the prolongation of QTc interval [28, 29]. Studies
also have shown that sympathetic activation results in QTc
interval prolongation, whereas parasympathetic activation
protects against prolongation of the QTc interval [30]. Thus,

the sympathovagal imbalance in hypertensive patients could
also contribute to prolongation of QTc interval.

Acute hyperglycemia has been shown to increase QT
interval in newly diagnosed type 2 diabetic patients [31].
In this study, postprandial glucose level was also found
to be an independent risk factor for prolongation of QTc
interval. The mechanisms involved in the prolongation
of QTc interval during hyperglycemia were increased in
intracellular calcium concentration and the impairment of
the sympathovagal balance. Hyperglycemia increases the
free radical production and reduces the nitric oxide (NO)
production [32, 33]. The NO reduction could cause the
inhibition of Ca?'-ATPase and K'/Na® ATPase activity,



leading to an increase of cytosolic free calcium and a
prolongation of myocardial repolarization [16]. Moreover,
hyperglycemia has been demonstrated to produce an increase
of sympathetic activity as evident by increased plasma
catecholamine concentrations [31, 34, 35]. Sympathetic
stimulation unopposed by vagal activity may also induce
ventricular electrical instability.

A significant positive correlation between QTc and
fasting insulin level was also found in our study. This finding
is in keeping with the findings of Kazumi et al. [24]. In
the study of Takebayashi et al. [36], insulin therapy was
also demonstrated to significantly increase QTc interval.
Interestingly, in the ACCORD study [37], as compared with
the standard-therapy group, patients who received intensive
glucose lowering therapy (a higher percentage of insulin
therapy and a higher dose of insulin) had a relative increase
in mortality of 22%. Thus, prolongation of QTc¢ interval may
be one of the factors contributing to the high rate of death in
the intensity-therapy group.

The detailed mechanism of induction of QTc¢ prolon-
gation by insulin is unknown; however, several factors
have been suggested. Stimulation of cellular potassium
uptake is the common mechanism for both insulin-induced
hyperpolarization and insulin-induced hypokalemia [38].
Hyperpolarization prolongs the repolarization phase either
by increasing the temporal dispersion of action potential
recovery or through early after depolarization, which leads
to prolongation of QT interval. Hypokalemia could mediate
adrenergic activation and sympathetic overactivity would
also lead to prolongation of QTc interval. Furthermore,
in nondiabetic elderly, van Noord et al. showed that the
prolongation of QTc interval is due to shortening of RR
interval associated with hyperinsulinemia [39].

Our data also showed a strong independent relationship
between microalbuminuria and QTc interval prolongation.
The relationship between QTc¢ interval and microalbumin-
uria has been described both in type 1 diabetes [5, 40, 41]
and type 2 diabetes [42]. However, the pathophysiological
basis for the association is unclear. Although the presence
of microalbuminuria was associated with QT prolonga-
tion in the study of Rutter et al., QT prolongation was
not strongly linked to albumin excretion rate but more
strongly to other factors such as systolic blood pressure
and factor XIla [43]. These findings support the hypothesis
that microalbuminuria and QT prolongation have common
determinants. Meanwhile, patients with proteinuria have
a higher prevalence of coronary heart disease [44] and
autonomic neuropathy [45], which, in turn, are both related
to prolongation of QTc¢ interval.

It has been shown that high BMI is associated with QTc
interval prolongation [18, 46]. However, in the current study,
it was not high BMI, but low height and high waist cir-
cumference were significantly associated with prolongation
of QTc interval. This was in accordance with the findings of
Takebayashi et al. [36] who observed that QTc showed no
correlation with BMI before insulin therapy and the change
in QTc was not correlated with the change in BMI from
before to after insulin therapy. Visceral obesity has been
shown to be a more powerful predictor of obesity-related
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risk and mortality [47], and waist circumference provides a
convenient measure of visceral obesity, which could partly
explain the result of our study that waist circumference, not
BMI, was associated with QTc interval.

The study has several limitations. First, due to its
retrospective cross-sectional design, we could not deter-
mine temporal or causal relationships between risk factors
and prolongation of QTc interval. Second, compared with
population-based studies, our study notoriously has a poten-
tial for a selection bias. Patients from only one diabetes center
were included in the study. Thus, this limits the strength
of the study. Third, in the current study, we only measured
the QT interval. We did not analysis other QT parameters
such as QT dispersion. QT dispersion also has been shown
to have a predictive role in all-cause and cardiovascular
mortality in type 2 diabetes. Fourthly, since QTc interval was
measured before euglycemia was fully achieved, the relatively
high plasma glucose value may influence the QTc¢ interval.
Ideally, we should have measured them after euglycemia had
been achieved completely. Finally, we do not follow up all the
subjects to examine the association between prolonged QTc
intervals and prevalence of clinical vascular events.

In conclusion, the current study has shown that the
prevalence of prolonged QTc interval among Chinese
patients with type 2 diabetes is considerably high (30.1%),
and that prolongation of QTc interval is associated with
height, waist circumference, diastolic blood pressure, post-
prandial glucose levels, fasting insulin levels and presence
of microalbuminuria. These findings have both epidemio-
logical and clinical relevances. They support that patients
with type 2 diabetes and prolonged QTc¢ intervals have excess
cardiovascular risk and should be treated to reduce the
mortality risk.
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