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OBJECTIVE

Heart rate–corrected QT (QTc) interval is associated with mortality in the general
population, but this association is less clear in individuals with type 2 diabetes. We
assessed the association of QTc interval with all-cause and cardiovascular disease
(CVD) mortality in the Diabetes Heart Study.

CARDIOVASCULAR AND METABOLIC RISK

RESEARCH DESIGN AND METHODS

We studied 1,020 participants with type 2 diabetes (83% European Americans;
55% women; mean age 61.4 years) who were free of atrial ﬁbrillation, major
ventricular conduction defects, and antiarrhythmic therapy at baseline. QT duration was automatically calculated from a standard 12-lead electrocardiogram
(ECG). Following American Heart Association/American College of Cardiology
Foundation recommendations, a linear scale was used to correct the QT for heart
rate. Using Cox regression, risk was estimated per 1-SD increase in QTc interval as
well as prolonged QTc interval (>450 ms) vs. normal QTc interval for mortality.
RESULTS

At baseline, the mean (SD) QTc duration was 414.9 ms (18.1), and 3.0% of participants had prolonged QTc. After a median follow-up time of 8.5 years (maximum follow-up time 13.9 years), 204 participants were deceased. In adjusted
multivariate models, a 1-SD increase in QTc interval was associated with an 18%
higher risk for all-cause mortality (hazard ratio 1.18 [95% CI 1.03–1.36]) and 29%
increased risk for CVD mortality (1.29 [1.05–1.59]). Similar results were obtained
when QTc interval was used as a categorical variable (prolonged vs. normal) (allcause mortality 1.73 [0.95–3.15]; CVD mortality 2.86 [1.35–6.08]).
CONCLUSIONS

Heart rate QTc interval is an independent predictor of all-cause and CVD mortality
in this population with type 2 diabetes, suggesting that additional prognostic information may be available from this simple ECG measure.
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The electrocardiogram (ECG) is a simple
noninvasive diagnostic test that is
recommended by American Heart
Association (AHA) and American College
of Cardiology Foundation (ACCF) for
CVD risk stratiﬁcation in patients with
hypertension and diabetes (6). Various
ECG markers have been evaluated for
their prognostic signiﬁcance, with QT
interval (expressed in milliseconds),
deﬁned as the interval from the
beginning of ventricular depolarization
(QRS) to the end of ventricular
repolarization (T wave) (7), being the
most relevant. For clinical purposes, QT
interval represents the electrical
repolarization of myocardium, unless
QRS is abnormally wide (7). Prolonged
QT interval reﬂects the lengthening of
the vulnerable period and thus may
increase the risk of dangerous
arrhythmias. Many studies (8–10), but
not all (11–13), have suggested an
association of prolonged QT interval
with all-cause and CVD mortality in the
general population. This association is
less well-understood in high-risk
populations such as those with type 2
diabetes. Previous studies involving
participants with type 2 diabetes
examined relatively small samples of
diverse ethnicity, mostly used nonlinear
formulas to correct QT interval for heart
rate, and produced mixed results (14–
19). Prolonged QT interval has also been

shown to be correlated with increased
risk of incident nonfatal CVD (20,21).
Therefore, readily available ECG markers
may be useful for further characterizing
the risk for adverse outcome in patients
with type 2 diabetes.
To build on existing data and to address
some of the limitations of previous
studies, we sought to examine the
hypothesis that heart rate–corrected QT
(QTc) interval predicts all-cause and CVD
mortality in individuals with type 2
diabetes in the Diabetes Heart Study
(DHS).
RESEARCH DESIGN AND METHODS
Study Population

The objectives and design of the DHS
have been described previously (22).
Brieﬂy, the DHS includes 1,443
participants (84.6% European
Americans and 15.4% African
Americans) from 564 families with a
predominance of type 2 diabetes
(84.5%). Participants were recruited
predominantly from the community and
outpatient internal medicine and
endocrinology clinics from 1998 through
2005 in western North Carolina. Letters
describing the study were sent to
patients receiving care in the Wake
Forest Baptist Hospital health system.
These letters contained a telephone
number for individuals to call if they
were interested in participating.
Potential participants were ﬁrst
interviewed by telephone for potential
eligibility and then, if appropriate,
scheduled for the examination visit,
where informed consent documents
were reviewed and signed. Prior to the
examination visit, questionnaires and a
copy of the informed consent form were
sent to the subjects for review. A similar
study ﬂow was implemented with
people recruited from presentations at
health fairs, community outreach
programs, and referrals by physicians.
All participants provided written
informed consent prior to participation,
and the study was approved by the
Institutional Review Board of Wake
Forest School of Medicine. Individuals
represent a cross-section of diabetic
patients living independently in our
community.
For the present investigation, and for
the appropriate interpretation of QTc,
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we included participants (N = 1,020)
with type 2 diabetes who were free of
atrial ﬁbrillation and did not have major
ventricular conduction defects (deﬁned
as QRS duration $120 ms) (7). We also
excluded participants who were taking
antiarrhythmic therapy (procainamide
[n = 1], ﬂecainide [n = 1], sotalol [n = 2],
amiodarone [n = 4]) at baseline. For the
current analyses, the follow-up period
ended in 2011 after a median time of
8.5 years (maximum 13.9 years).
Data Collection

Participant visits were conducted in the
General Clinical Research Center at
Wake Forest Baptist Medical Center.
Upon enrollment, participants were
interviewed by trained personnel for
demographic information (age, sex, and
race), medical history, medication use,
and health behaviors. Type 2 diabetes
was deﬁned as a history of doctordiagnosed diabetes after the age of
35 years that was treated with diet and
exercise or oral antihyperglycemic
medications. Individuals reporting
treatment with insulin alone for more
than the ﬁrst year after diagnosis were
excluded from the study. Baseline CVD
was deﬁned as a composite of selfreported history of heart attack,
coronary artery bypass graft, stroke,
coronary angioplasty, or carotid
endarterectomy. Anthropometric
measurements including height, weight,
and waist circumference were
measured, and BMI was calculated as
weight (in kilograms) divided by height
(in square meters). Resting blood
pressure was recorded; hypertension
was deﬁned as the use of hypertensive
medications or a mean resting systolic
blood pressure (SBP) $140 mmHg or
diastolic blood pressure $90 mmHg.
Fasting blood samples were collected
for various biochemical assays, as per
the study protocol. These assays
included the determination of total
cholesterol, HDL cholesterol and LDL
cholesterol levels, as estimated by the
Friedewald equation (23). Fasting blood
glucose (serum) level was measured by
the glucose oxidase method on a
Vitros analyzer (Johnson & Johnson
Ortho Clinical Diagnostics, Rochester,
NY). Hemoglobin A1c (HbA1c) was
measured by high-performance liquid
chromatography. Estimated glomerular
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Diabetes is a major health problem
affecting almost 8.3% (25.8 million) of
the U.S. population (1,2). It is associated
with signiﬁcant morbidity and mortality,
and is a major risk factor for
cardiovascular disease (CVD) (1,2). Type 2
diabetes accounts for 90–95% of all
diagnosed cases of diabetes, with higher
prevalence among older adults and
minority populations (3). Despite the
overall increased risk of adverse
outcomes associated with type 2
diabetes (4), the risk is not uniform in all
affected individuals (5). Thus, evaluation
of clinical and laboratory data, imaging,
and novel biomarkers may aid in the
development of prediction models that
can improve our ability to identify
diabetes-affected individuals who are
at a higher risk. This information, in
addition, may be useful for the
implementation of cost-effective
preventive interventions.

Cox and Associates
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ﬁltration rate (eGFR) was calculated by
using the Modiﬁcation of Diet in Renal
Disease equation.
QT Interval

Ascertainment of Outcomes

For all participants, vital status was
determined from the National Social
Security Death Index maintained by the
U.S. Social Security Administration. For
those participants conﬁrmed as
deceased, the length of follow-up was
determined from the date of the initial
study visit to the date of death. For
deceased participants, copies of death
certiﬁcates were obtained from relevant
county vital records ofﬁces to conﬁrm
the cause of death. For all other
participants, the length of follow-up was

determined from the date of the initial
study visit to the end of 2011. Cause of
death was categorized based on
information contained in death
certiﬁcates as CVD mortality
(myocardial infarction, congestive heart
failure, cardiac arrhythmia, sudden
cardiac death, peripheral vascular
disease, and stroke), or cancer,
infection, end-stage renal disease,
accidental, or other (including
obstructive pulmonary disease,
pulmonary ﬁbrosis, liver failure and
Alzheimer’s dementia).

time for the two strata for any given
values of predictor variable) was
assessed by introducing time-dependent
covariates in the full model. For
comparability with previous studies, we
also determined the QTc-Baz interval
and repeated these models. All analyses
described above were repeated for the
outcome of CVD mortality. We tested for
interaction between QTc and sex and
ethnicity. Statistical signiﬁcance was
accepted at a two-sided P value ,0.05.
All analyses were performed using SAS
software, version 9.2 (SAS Institute,
Cary, NC).

Statistical Analysis

Baseline characteristics were described
as the mean (SD) for continuous
variables and frequency (percentage)
for categorical variables. Unadjusted
analysis for between-group
comparisons was performed by
unpaired t test for continuous variables
and x2 test for categorical variables.
Incidence rates (IRs) of mortality were
calculated for the entire cohort and
separately for groups with prolonged
and normal QTc intervals. Relative risk
(RR) was calculated for prolonged vs.
normal QTc interval, and statistical
signiﬁcance was calculated by using the
Wald x2 procedure. Kaplan-Meier
analysis was performed to examine
survival between groups with prolonged
vs. normal QTc intervals; survival
estimates were compared using a logrank test. Using QTc as a continuous
variable, mortality risk was estimated
per 1-SD increase in QTc. Cox regression
was used to examine the association of
QTc interval with mortality. When the
end point is all-cause mortality,
censoring may occur if one is alive.
When the end point is CVD mortality,
censoring may occur if one is alive or the
death is due to other causes.
Incremental models were constructed
as follows: model 1, unadjusted; model 2,
adjusted for age, sex, and ethnicity;
model 3, additionally adjusted for BMI,
HbA1c, diabetes duration, SBP,
antihypertensive medications, total
cholesterol, triglyceride, current
smoking, and eGFR; and model 4,
additionally adjusted for history of CVD.
In addition, we repeated all models with
QTc as a categorical variable (prolonged
vs. normal). Proportionality assumption
(hazard function is proportional over

RESULTS
Baseline Characteristics

At baseline, mean age, diabetes
duration, QTc interval, and heart rate
were 61.4 years, 10.2 years, 414.9 ms,
71 bpm, respectively (Table 1). There
were more women (55.8%) in the study,
and the majority of participants were
European Americans (83.2%). Three
percent of participants had a
prolonged QTc interval .450 ms, as
opposed to 8.6% for QTc-Baz interval
(Supplementary Table 1). Groups with
normal vs. prolonged QTc intervals were
comparable except for diabetes
duration and SBP, both of which were
higher in participants with prolonged
QTc intervals.
Heart Rate QTc Interval and All-Cause
Mortality

After a median follow-up time of
8.5 years (maximum follow-up time
13.9 years), 204 participants (20%) were
deceased. The IRs and RRs of all-cause
mortality are shown in Table 2. The RR
was much greater with prolonged QTc
when compared with normal QTc (RR =
1.99; P = 0.003). In the Cox regression
model, each 1-SD increase in QTc was
associated with an 18% increase in risk
for all-cause mortality (HR 1.18 [95% CI
1.03–1.36]; P = 0.02] after controlling for
ethnicity, sex, hypertension,
antihypertensive medications, BMI,
diabetes duration, HbA1c level, current
smoking status, total cholesterol level,
triglyceride level, eGFR, and baseline
CVD status in the fully adjusted model
(Table 3). In Kaplan-Meier analysis, we
observed worse survival for participants
with prolonged QTc intervals (log-rank
test, P = 0.005) when compared with
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A standard, resting 12-lead ECG was
obtained using a GE Marquette
(Milwaukee, WI) MAC 5000 ECG
instrument following a standardized
protocol. All ECGs were recorded in the
General Clinical Research Center at
Wake Forest Baptist Medical Center and
were electronically transmitted to a
central ECG core laboratory, located at
the Epidemiological Cardiology
Research Center at Wake Forest School
of Medicine, for reading and coding. The
QT duration was automatically
measured using the GE Marquette 12-SL
2001 interpretive algorithm. The
current AHA, ACCF, and Heart Rhythm
Society guidelines (7) for ECG
interpretation recommend using
methods that are based on linear
regression function to calculate the
heart rate QTc interval. Therefore, we
used a sex-speciﬁc method described by
Rautaharju and Zhang (24), as follows:
QTc = QT + k1*(1 2 RRk2), where RR =
60/heart rate, k2 = 0.5, k1 = 0.360 for
male participants and 0.353 for female
participants. We deﬁned prolonged QTc
as any value above the cut point of 450
ms based on the recommendations by
Rautaharju and Zhang (24) for using 450
ms as a practical upper 5% rate-invariant
normal limit when linear rather than
proportional scaling of the adjusted QT
values if applied (24). In addition, for
comparability with previous studies, we
also corrected QT for heart rate using
Bazett’s formula (QTc-Baz) [QTc-Baz =
QT (heart rate/60)1/2] (20,25), again
using a cut point of 450 ms.
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Table 1—Baseline characteristics: DHS
All
(N = 1,020)

Normal QTc interval Prolonged QTc
(n = 989)
interval (n = 31) P value

Demographic characteristics
Ethnicity
Caucasian
African American
Women
Age (years)
BMI (kg/m2)
Current smoker
Ex-smokers
Diabetes duration (years)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Hypertension
Prior CVD

849 (83.2%)
171 (16.8%)
569 (55.8%)
61.4 (8.9)
32.6 (6.6)
185 (18.1%)
426 (41.7%)
10.2 (6.9)
140.0 (19.3)
73.3 (10.4)
893 (87.5%)
317 (31.1%)

827 (83.6%)
162 (16.8%)
548 (55.4%)
61.4 (8.9)
32.6 (6.6)
180 (18.2%)
417 (42.2%)
10.1 (6.9)
139.6 (19.0)
73.2 (10.2)
863 (87.3%)
304 (30.7%)

22 (70.9%)
9 (29.0%)
21 (67.7%)
63.5 (8.8)
32.5 (6.8)
5 (16.1%)
9 (29.0%)
13.2 (7.0)
152.8 (70.1)
74.7 (15.9)
30 (96.7%)
13 (41.9%)

0.18
0.97
0.77
0.09
0.01
,0.001
0.45
0.11
0.18

Laboratory measures
HbA1c (%)
Glucose (mg/dL)
Total cholesterol (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Triglycerides (mg/dL)
eGFR (mL/min 3 1.73 m2)

7.7 (1.9)
149.9 (59.9)
182.8 (47.5)
42.9 (13.8)
102.0 (36.5)
191.4 (128.4)
68.0 (21.0)

7.7 (1.9)
149.8 (59.6)
182.7 (47.6)
42.8 (13.8)
102.0 (36.5)
191.4 (128.0)
67.9 (20.3)

8.2 (2.3)
152.8 (70.1)
184.5 (44.4)
44.6 (12.3)
103.4 (36.7)
193.5 (142.6)
69.7 (36.6)

0.12
0.78
0.83
0.47
0.84
0.93
0.63

ECG measures
Heart rate (bpm)
QTc (ms)

70.8 (12.2)
414.9 (18.1)

70.7 (12.2)
413.6 (16.4)

72.7 (12.3)
459.1 (15.3)

0.36
,0.001

Values are given as mean (SD) or n (%), unless otherwise stated. The heart rate QTc interval was
calculated using a sex-speciﬁc linear scale method described by Rautaharju and Zhang (24) (see text).

normal QTc intervals (Fig. 1). When used
as a categorical variable, prolonged QTc
interval was associated with a 73%
increase risk of all-cause mortality (1.73
[0.95–3.15]; P = 0.07] after adjusting
for covariates, although the 95% CI
overlapped the null slightly (Table 3).
The interaction between QTc interval
and sex was not signiﬁcant (P = 0.43);
nor was the interaction between QTc
interval and ethnicity (P = 0.65). Similar
results were obtained when QTc
interval was used as a categorical
variable (P = 0.65 and P = 0.77,

respectively, for interaction with sex
and ethnicity).
When QTc-Baz interval was used as a
predictor (Supplementary Table 2), we
found similar associations of every 1-SD
increase in QTc-Baz with all-cause
mortality (HR 1.21 [95% CI 1.05–1.39];
P = 0.008]. However, the results were
not signiﬁcant when QTc-Baz was used
as a categorical variable (1.09 [0.67–
1.76]; P = 0.72].
In the sensitivity analysis, we did not
exclude participants with prolonged

QRS duration (n = 86) and repeated Cox
regression models in the total cohort
(n = 1,106) to examine the association of
QTc (continuous variable) with all-cause
mortality (total number of deaths 239).
We found that the results were
statistically signiﬁcant in all models
(Supplementary Table 3).
Heart Rate QTc Interval and CVD
Mortality

After the same follow-up period
(median follow-up 8.5 years; maximum
follow-up 13.9 years), 88 participants
(43% of total deceased participants)
died as a result of CVD causes.
Prolonged QTc duration carried a higher
RR for CVD mortality when compared
with normal QTc duration (RR = 3.19; P =
0.0003; Table 2). Each 1-SD increase in
QTc duration was associated with a 31%
increased risk of CVD mortality (HR 1.29
[95% CI 1.05–1.59]; P = 0.02) after
controlling for age, sex, ethnicity,
diabetes duration, HbA1c level, BMI,
total cholesterol level, triglyceride level,
hypertension, antihypertensive
medications, current smoking status,
eGFR, and history of CVD (Table 3).
Kaplan-Meier analysis showed worse
survival for participants with prolonged
QTc duration (log-rank test, P = 0.0003)
when compared with normal QTc
duration (Fig. 1). In addition, in the fully
adjusted Cox regression model, we
found a stronger association between
prolonged QTc duration and CVD death
(2.86 [1.35–6.08]; P = 0.006) (Table 3).
We did not ﬁnd any signiﬁcant
interaction between sex and QTc
duration as a continuous variable (P =
0.76) or a categorical variable (P = 0.19).
Similarly, interaction with ethnicity was
also not signiﬁcant (P = 0.73 for QTc as a

Table 2—IRs of mortality: DHS
RR
Variables

Total cohort (N)

Events (n)

PY

IR (per 1,000 PYs)

RR

95% CI

P value

All-cause mortality
Entire cohort
Prolonged QTc
Normal QTc

1,020
31
989

204
12
192

8,428
233
8,195

24.2
51.5
23.4

1.99

1.26–3.16

0.003

CVD mortality
Entire cohort
Prolonged QTc
Normal QTc

1,020
31
989

88
8
80

8,428
233
8,195

10.4
34.3
9.8

3.19

1.69–6.01

0.0003

PY, person-years. For explanation of QTc calculation, see text. Absolute risk excess for all-cause mortality: AR = [(12/31) 2 (192/989)] 3 100 = 19.3%;
absolute risk excess for CVD mortality: AR = [(8/31) 2 (80/989)] 3 100 = 17.7%.
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Table 3—Association of heart rate QTc interval with mortality: DHS
QTc interval* (per 1-SD increase) QTc interval (prolonged† vs. normal)
Models

HR

95% CI

P value

HR

95% CI

P value

All-cause mortality
Model 1
Model 2
Model 3
Model 4

1.22
1.24
1.20
1.18

1.06–1.40
1.08–1.42
1.04–1.37
1.03–1.36

0.006
0.002
0.01
0.02

2.23
2.01
1.77
1.73

1.25–4.03
1.12–3.62
0.97–3.22
0.95–3.15

0.006
0.02
0.06
0.07

CVD mortality
Model 1
Model 2
Model 3
Model 4

1.32
1.34
1.30
1.29

1.07–1.63
1.08–1.65
1.06–1.61
1.05–1.59

0.01
0.006
0.01
0.02

3.55
3.17
2.98
2.86

1.71–7.34
1.53–6.60
1.41–6.23
1.35–6.08

0.0006
0.002
0.004
0.006

the association of QTc with CVD
mortality (number of deaths due to
CVD = 104) (Supplementary Table 3).
CONCLUSIONS

continuous variable; P = 0.60 for QTc
as a categorical variable).
Using QTc-Baz duration as a continuous
variable, we obtained similar results
(Supplementary Table 2); every 1-SD
increase in QTc-Baz duration was
associated with a 31% increase in CVD

mortality (P = 0.01). However, the
results were not signiﬁcant when QTcBaz was used as a categorical variable
(HR 1.33 [95% CI 0.68–2.61]; P = 0.40).
In sensitivity analysis without excluding
participants with prolonged QRS
duration, we observed similar results for

Diabetes is a risk factor for incident CVD
and CVD mortality, and is considered a

Figure 1—Mortality risk associated with prolonged (.450 ms) vs. normal heart rate QTc interval: DHS.
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*For explanation of QTc interval calculation, see text. †QTc .450 ms.

In this study of mostly European
American adults with type 2 diabetes
living in the community, we found that
QTc interval was an independently
associated predictor of all-cause and
CVD mortality after a maximum of
13.9 years of follow-up. This ﬁnding
suggests that this simple ECG marker
may provide additional prognostic
information in patients with type 2
diabetes. This risk association with QTc
interval adds to previous reports from
the DHS that have identiﬁed coronary
artery calcium level (26) and C-reactive
protein level (27) as predictors of
mortality in this high-risk cohort.

care.diabetesjournals.org

A number of studies have assessed the
role of QTc as a prognostic marker in the
general population with mixed results,
although the results have been
somewhat more consistent in patients
with underlying coronary artery disease
(10,11,21,32,33). QTc interval was not
associated with total mortality, sudden
cardiac death, or fatal CAD events over
30 years in the Framingham Heart Study
(13) or with all-cause and CVD mortality
over 9 years in a large Finnish
population-based Health 2000 Study (12).
In contrast, a QTc interval of .450 ms
was signiﬁcantly associated with

all-cause and coronary heart disease
mortality in the Cardiovascular Heart
Study (8), and in a meta-analysis
including multiple studies, Zhang et al.
(10) demonstrated a positive association
of prolonged QTc interval with mortality
outcomes in the general population
despite methodological heterogeneity
across studies. From a preventative
medical point of view, if prolonged QTc
interval can prognosticate adverse
cardiovascular outcomes in individuals
with type 2 diabetes, increased emphasis
can be given to primary and secondary
prevention strategies to mitigate this
cardiovascular risk.
In patients with type 2 diabetes, the
patterns of association are similarly
mixed. While some of the previous
studies including participants with type
2 diabetes report the QTc interval to be
predictive of outcome, they were based
on small sample sizes (15,19,34), were
conducted in ethnic minority groups
(16,35), and used nonlinear formulas
(mostly Bazett’s formula) to correct the
QT interval for heart rate, which is now
discouraged by the current guidelines.
In contrast to the studies mentioned
above, our study has a well-deﬁned
prospective cohort of nonhospitalized
American individuals with type 2
diabetes and high-quality ECG data.
Furthermore, we have used a linear
formula for heart rate correction as
suggested by current guidelines.
The QT interval is affected by heart rate
in an inverse relationship, and a number
of formulas have been developed to
calculate heart rate QTc interval. Almost
all of these formulas have certain
limitations and do not perform very well
at very high or low heart rates (36). At
present, the AHA/ACCF/Heart Rhythm
Society recommend using a linear
regression function for heart rate
correction, and the use of nonlinear
formulas, especially Bazett’s formula,
which overcorrects QT interval at fast
heart rates and undercorrects it at low
heart rates, is discouraged (7). In this
study, we used a sex-speciﬁc linear
scaling method to adjust QT interval for
heart rate as per guidelines using the
method described by Rautaharju and
Zhang (24). However, to compare our
results with previous studies, we also
used Bazett’s formula for heart rate

correction. We observed that the results
were similar when QTc and QTc-Baz
intervals were used as continuous
variables in the Cox regression models.
However, when a cut point was used to
categorize heart rate QTc interval into
prolonged vs. normal interval, the
results became inconsistent; the
association between prolonged QTc-Baz
interval and mortality failed to reach
statistical signiﬁcance in any of the
models for all-cause and CVD mortality
(Supplementary Table 2), suggesting
that here QTc-Baz was not useful for
detecting individuals at increased risk of
adverse outcome. Our ﬁndings are
similar to existing reports and
underscore the problems with using cut
points for QTc-Baz interval (7), including
the potential for spurious estimation of
QTc interval using Bazett’s formula and
subsequent misclassiﬁcation of
prolonged QTc interval using the 450 ms
cut point (20).
Previous studies have reported much
higher prevalences of prolonged
QTc interval compared with our
observations in the DHS. In a study of
.3,000 Chinese individuals with type 2
diabetes, 30% of the sample had
prolonged QTc intervals (37), close to
26% in an Italian cohort with type 2
diabetes (38), and .65% in a small
Caucasian cohort (15). However, in our
study of individuals with type 2
diabetes, the prevalence of prolonged
QTc was 3% (8.6% with QTc-Baz;
Supplementary Table 1). This low
prevalence is clearly a limitation in our
analyses of normal vs. prolonged QTc
interval. The reasons for these
variations are not entirely clear,
although technical, methodological, and
varying patient characteristics may
partly explain these variations. In a
similar way, the exact mechanism for
abnormalities of QTc interval remains
unclear. Numerous pathophysiologic
processes affecting the myocardium
have been suggested to alter myocardial
electrical properties. These include
aging, microvascular and macrovascular
ischemic heart disease, hyperglycemia,
cardiac autonomic neuropathy,
formation of advanced glycation end
products, oxidative stress,
inﬂammation, myocardial ﬁbrosis, left
ventricular hypertrophy, and
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coronary heart disease risk equivalent
(4,28). However, excess risk of mortality
in persons with type 2 diabetes cannot
be fully explained by CVD or known CVD
risk factors (29,30), thereby providing an
opportunity to identify additional
markers for better risk assessment. It is
suggested that individuals with diabetes
do not form a homogeneous group, and
there is wide variation in individual risk
proﬁle for outcomes (31). Stratiﬁcation
of type 2 diabetes–affected individuals
based on key clinical indicators and a
risk factor proﬁle is essential for
effective patient management. In this
study, the association of QTc interval
with mortality persisted even after
controlling for traditional cardiovascular
risk factors and baseline CVD,
suggesting that QTc interval is an
additional tool for examining risk in
high-risk type 2 diabetes cohorts. We
acknowledge that the ﬁnding of an
association between prolonged QTc
interval and all-cause and CVD mortality
does not establish a causal relationship.
Likewise, the hypothesis that QTc
interval is a therapeutic target needs
conﬁrmation in future studies.
However, it is possible that prolonged
QTc interval is merely a surrogate
biomarker representing complex
underlying pathophysiological
processes including subclinical
atherosclerosis and diabetic
cardiomyopathy. Further, as the
duration of diabetes is associated with
prolonged QTc here, future research
examining the effects of diabetes
duration, severity, and treatment on
QTc duration may help to further resolve
the pathophysiology of QTc prolongation
in individuals with diabetes.
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endothelial dysfunction (39). Clearly, in
individuals with type 2 diabetes many of
these processes are likely to be at play,
and could be considered as
underpinning the relationships between
QTc and outcome that we observed.
However, further research is warranted
to clarify these mechanisms.

The main strength of our study is the
fact that DHS is a cohort study of
community-based diabetic patients
with long follow-up times. Therefore,
the results are likely representative of
ongoing processes in a general
population of patients with type 2
diabetes. In addition, our study supports
the utility of an easily available clinical
measure in the risk assessment of
individuals with a highly prevalent and
important medical condition who are at
increased risk of mortality.
In conclusion, in this longitudinal study
of a population with type 2 diabetes,

heart rate QTc interval is independently
associated with all-cause and CVD
mortality after adjusting for traditional
risk markers and after a maximum
follow-up time of 13.9 years,
suggesting that additional prognostic
information may be available from this
simple ECG measure. This information
may provide a clinical basis for
further diagnostic testing in selected
individuals; this hypothesis, however,
requires conﬁrmation. Additional work
is also warranted to examine the role of
targeted interventions to lower this risk.
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