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Background: Subjects with microvolt-level T-wave alternans (TWA) in association with structural
heart disease have an increased risk for sudden cardiac death. The presence of diabetes (DM) is
associated with an increased risk of sudden death but there is limited data on the impact of DM and
previous myocardial infarction (MI) on TWA prevalence.

Methods: We performed a case-control cross-sectional study in 140 patients referred for routine
exercise testing within a large multispecialty clinic. All patients with a history of DM and MI status
within the past year were eligible: group 1 (no DM or MI), group 2 (DM only), group 3 (MI only),
group 4 (DM and MI). Patients performed a symptom-limited Bruce protocol exercise test with
assessment of TWA by the spectral method using commercially available equipment. We used
published criteria for the blinded interpretation of TWA; all tests not unequivocally negative were
considered abnormal.

Results: Age and gender were similar in all groups. The prevalence of abnormal TWA in groups 1–4
was 24%, 20%, 48%, and 62%, respectively (between group P = 0.002). Logistic regression analysis
in all patients showed that abnormal TWA was related to prior MI [OR (95% CI): 4.0 (1.8–8.9), P <
0.001] but not to prevalent DM [0.9 (0.4–1.8), P = 0.72]. In patients with DM, the prevalence of
abnormal TWA was related to reduced ejection fraction (P = 0.034) but not to BMI, DM duration,
glycemic control, insulin use, or the presence of microvascular complications.

Conclusion: The presence of DM alone does not increase risk of abnormal TWA. Prospective
studies are required to establish the prognostic value of TWA in patients with DM.
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Sudden cardiac death accounts for approximately
250,000 deaths annually in the United States and
is the mode of death in one in seven of the gen-
eral population. The presence of diabetes (DM) is
associated with an increased risk of sudden cardiac
death.1–5 Moreover, prognosis in patients with DM
is especially poor following myocardial infarction
(MI).6 Screening for cardiac disease may be espe-
cially useful in patients with DM because coronary
disease is more often asymptomatic in patients with
diabetes compared to those without DM.
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Recent advances in the noninvasive evaluation
of patients potentially at risk for life-threatening ar-
rhythmias include the development of a technique
to detect microvolt T-wave alternans (TWA). When
compared with other currently available noninva-
sive modalities, assessment of TWA appears to be
both sensitive and specific for risk stratification of
patients with cardiovascular disease and associated
left ventricular dysfunction who may be at risk
for sudden cardiac death.7 Recent studies of pa-
tients following MI have found that abnormal TWA
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can predict arrhythmic mortality in patients with
well-preserved ventricular function.8 Although di-
abetic patients without overt heart disease have
been reported to have approximately 25% preva-
lence of abnormal TWA, there has been only one
controlled study of TWA prevalence in patients
with DM,10 and no studies reporting the additional
influence of previous MI on TWA prevalence.9,10

Since TWA has only been evaluated in limited
patient populations, the present study sought to
evaluate its potential for risk assessment in patients
with and without DM and/or previous MI. The aim
of this study was to assess the prevalence of abnor-
mal TWA in patients with and without DM and/or
previous MI; our secondary aim was to determine
the clinical correlates of abnormal TWA in these
patients.

METHODS

We enrolled unselected patients referred by pri-
mary care and cardiovascular physicians to the
Lahey Clinic for exercise testing to screen for coro-
nary disease in asymptomatic subjects, or to eval-
uate symptoms suggestive of cardiac disease. Ex-
clusion criteria were: high frequency of ectopic
beats or atrial fibrillation at the time of the test,
bundle branch block, unstable angina, severe hy-
pertension, inability to exercise, and severe aortic
stenosis. Patients were also excluded if testing was
performed in the first 60 days after MI since ab-
normal TWA may not be present early after MI.
Assessment of DM and MI status using standard
diagnostic criteria11,12 was based on questionnaire
responses at enrollment and review of medical
case-note data within 1 year of study entry. Pa-
tients were classified into one of four groups based
on the presence of DM and/or previous MI: group
1 (no DM or MI), group 2 (DM only), group 3 (MI
only) group 4 (DM and MI). Hypertension was de-
fined by patient’s report and medical record review
of physician diagnosis. Retinopathy, neuropathy,
and nephropathy were defined by standard criteria
based upon questionnaire responses and review of
medical record.

Patients performed a symptom-limited treadmill
exercise test with assessment of TWA by the spec-
tral method using commercially available equip-
ment (Cambridge Heart Inc., Bedford, MA, USA).
The exercise was performed according to either
standard or modified Bruce protocols as deter-
mined by patient factors with the intent of achiev-

ing a stable heart rate >105 bpm for at least 3
minutes. Use of beta-blocker and other medica-
tions at the time of testing was determined by the
clinician ordering the test. A single author (DTM)
used published criteria for the blinded interpreta-
tion of TWA; all tests not unequivocally negative
were considered abnormal.13,14 All patients gave
informed consent as approved by the Lahey Clinic
Institutional Review Board.

Statistical Analysis

Categorical variables were assessed using the
chi-square or Fisher’s exact test. Continuous vari-
ables were compared using the Student’s t-test or
Mann-Whitney rank-sum test depending on data
distribution. Logistic regression analysis with TWA
as the outcome variable included age, gender, body
mass index (BMI), DM (categorical), previous MI
(categorical), and ejection fraction as predictor vari-
ables. In a separate analysis in patients with DM,
the logistic model included duration of DM, glyco-
sylated hemoglobin concentration, presence of mi-
crovascular complications, resting heart rate, and
use of insulin as predictor variables. Sample size
calculations indicated that 46 patients in groups 1
and 2 were required to show a significant between-
group difference in the prevalence of TWA positiv-
ity (power 80%, 2-tailed P < 0.05) assuming that
the prevalence of abnormal TWA would be 3% in
group 1 and 25% in group 2. Analysis was per-
formed using SigmaStat for Windows (Systat Soft-
ware Inc., San Jose, CA). Two-tailed P < 0.05 was
considered statistically significant.

RESULTS

Table 1 shows the clinical and exercise test char-
acteristics of the four study groups. A total of 140
patients were enrolled in this study and of these
135 completed the exercise test and provided ana-
lyzable data. Age, gender, and the prevalence of ST
segment depression during exercise were similar
between groups. Patients with DM (groups 2 and
4) had higher BMI (P = 0.03); patients with history
of MI (groups 3 and 4) exhibited blunted heart rates
at peak exercise (P < 0.001) compared with those
without a history of MI (groups 1 and 2).

There were 94 negative tests for TWA and 41
abnormal tests. The indeterminacy rate was 32/135
(24%) with almost all indeterminate tests related
to patient factors such as inadequately low heart
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Table 1. Clinical and Exercise Characteristics of the Study Groups

Group 1 Group 2 Group 3 Group 4
No MI, no DM DM, no MI MI, no DM DM and MI

Clinical (N = 54) (N = 47) (N = 26) (N = 13)

Age 53 ± 13 60 ± 10 58 ± 9 60 ± 8
Gender: female [no. (%)] 10 (19) 12 (26) 4 (15) 1 (8)
BMI 27 ± 4 29 ± 6 27 ± 4 31 ± 5
Insulin use [no. (%)] NA 11 (23) NA 4 (31)
HbA1c (%) NA 7.2 ± 1.4 NA 7.7 ± 1.5
Microvascular complications [no. (%)] NA 9 (19) NA 3 (23)
LV Ejection fraction (%) 61 ± 6 63 ± 7 53 ± 16 44 ± 11
Total cholesterol (mg/dL) 209 ± 45 175 ± 36 155 ± 32 167 ± 36
Triglycerides (mg/dL) 132 ± 77 121 ± 66 131 ± 70 140 ± 65
High density lipoprotein (mg/dL) 57 ± 16 45 ± 11 44 ± 9 40 ± 7
Current smoker [no. (%)] 4 (7) 5 (11) 1 (4) 1 (8)
Hypertension [no. (%)] 17 (31) 30 (64) 11 (42) 11 (85)
Beta-blocker use [no. (%)] 12 (22) 7 (15) 21 (81) 12 (92)
Statin use [no. (%)] 11 (20) 17 (36) 23 (89) 7 (54)
Exercise test data
Duration (seconds) 760 ± 169 652 ± 178 659 ± 201 582 ± 148
Resting HR (bpm) 75 ± 12 80 ± 13 65 ± 11 71 ± 13
Peak HR (bpm) 155 ± 23 141 ± 21 128 ± 21 128 ± 25
HR 1 m post (bpm) 126 ± 23 122 ± 19 104 ± 20 111 ± 21
Resting sBP (mmHg) 127 ± 17 126 ± 17 121 ± 19 137 ± 21
Resting dBP (mmHg) 79 ± 11 76 ± 10 73 ± 8 79 ± 8
Peak sBP (mmHg) 171 ± 23 175 ± 26 159 ± 20 180 ± 28
Peak dBP (mmHg) 80 ± 11 76 ± 9 75 ± 7 84 ± 15
STD [no. (%)] 5 (9) 6 (13) 3 (12) 3 (23)

Data are number (%), or mean ± SD unless stated.
Microvascular complications—includes any combination of neuropathy, nephropathy, and/or retinopathy.
BMI = body mass index (wt in Kg/square of height in meters); HR = heart rate; LV = left ventricle; sBP = systolic blood pressure;
dBP = diastolic blood pressure; STD = ischemic ST segment depression during exercise.

rate or frequent ventricular ectopy during exercise.
The definitively positive tests were distributed as
follows: 1 in group 1, 2 in group 2, and 3 each in
groups 3 and 4. The proportions of abnormal tests
between the four groups were statistically different
(ANOVA, P = 0.002). Between-group differences
related more to the presence of prior MI than the
presence of known DM (Fig. 1). The proportion
of abnormal tests was not significantly different
between groups 1 and 2 or between groups 3 and
4 (both P > 0.5).

Assessment of left ventricular ejection fraction
was available for 92 (64%) of patients. Median (IQR
and range) values are shown in Figure 2. Logistic re-
gression in all patients showed that abnormal TWA
was associated with history of MI and with left
ventricular dysfunction but not with known DM.
In patients with DM (groups 2 and 4), there was no
relationship between abnormal TWA and duration
of diabetes, glycemic control (HbA1c level), pres-

ence of microvascular complications, resting heart
rate, or use of insulin (Table 2).

DISCUSSION

The main finding of this study was that in out-
patients referred for treadmill testing a history of
DM was not associated with an increased likeli-
hood of exercise-induced abnormal TWA in the ab-
sence of prior MI. Although there is evidence that
DM is associated both with increased cardiovascu-
lar and sudden death risk, the similar prevalence of
abnormal TWA in patients with and without DM in
this study provides little support for the notion that
clinically useful risk stratification regarding sudden
death in patients with DM can be achieved with
such exercise testing.

There is a paucity of data on life-threatening
ventricular arrhythmic risk stratification in pa-
tients with DM; however, recent studies by Molon
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Figure 1. Distribution of abnormal T-wave alternans in
the four study groups.

et al. have shown that in patients with DM and
no known cardiovascular disease, abnormal TWA
prevalence was similar to that found in the present
study (∼20%).9,10 We extend this observation by
reporting the prevalence of abnormal TWA in a
larger sample stratified by history of DM and prior
MI. Molon showed that abnormal TWA was re-
lated to the presence of DM and to HbA1c level but

Figure 2. Box plot showing distribution of left ven-
tricular ejection fraction in the four study groups.
One way RM ANOVA on ranks: P < 0.001. Pairwise
comparisons: P < 0.05 for group 1 versus 3, 1 versus
4, and 2 versus 4.

Table 2. Univariate Predictors of Abnormal TWA by
Logistic Regression

95%
Odds Confidence
Ratio Intervals P

All Patients
History of MI 4.0 1.8–8.9 0.001
Ejection fraction 3.5 1.2–10.1 0.022
Diabetes 0.9 0.4–1.8 0.72
BMI 1.0 0.9–1.1 0.99

Patients with diabetes
Duration of diabetes 1.0 0.9–1.1 0.77
Glycemic control (HbA1c) 0.9 0.6–1.4 0.79
Use of insulin 0.5 0.1–1.9 0.30
Resting heart rate 1.0 0.9–1.0 0.08
Microvascular 2.1 0.6–7.8 0.28

complications

we were unable to confirm these associations. Al-
though HbA1c levels were similar in both studies,
we demonstrated no association between abnormal
TWA and HbA1c, duration of diabetes, or the pres-
ence of microvascular complications.

There was a high prevalence (22%) of abnormal
TWA in our control subjects (group 1: no DM, no
MI). Although abnormal TWA has been found in
approximately 2–12% of healthy individuals,15,16

our control group comprised patients referred for
exercise testing who, as a group, are likely to have a
higher prevalence of cardiovascular disease and di-
abetes than volunteers. In patients with hyperten-
sion, abnormal TWA is found in ∼8% of individu-
als and in ∼33% of patients with both hypertension
and left ventricular hypertrophy (LVH).17 Although
we did not perform coronary angiography, oral glu-
cose tolerance testing, or assess echocardiographic
LVH in all subjects we speculate that, in addition to
between-study differences in abnormal TWA def-
initions, occult coronary disease, DM, or LVH in
our subjects could partly explain the high preva-
lence of TWA in our controls.

The use of noninvasive testing to stratify patients
with heart disease who may be at risk for sudden
cardiac death, is well established, and since the
introduction of the implantable defibrillator, this
practice has gained additional importance with re-
gard to refining the application of such expensive
therapy. TWA is the most recently introduced of
such tests and shares with other tests such as sig-
nal averaging of the ECG, and heart rate variability,
a powerful negative predictive value for arrhyth-
mic events in patients with coronary artery disease,



A.N.E. � October 2009 � Vol. 14, No. 4 � Martin, et al. � Prevalence of T-Wave Alternans in Diabetes � 359

dilated cardiomyopathy, and implanted defibrilla-
tors.18–20 The relationship of inducible TWA in our
study with previous MI and reduced left ventricu-
lar ejection fraction is consistent with many previ-
ous reports.

Our study evaluates TWA in 60 patients with
DM—the largest number of such patients studied to
date. The patients enrolled are representative of the
typical population referred for out-patient cardiac
management, and we expect that these data are
relevant to clinical practice. A particular strength of
this study is that control subjects without a history
of DM or previous MI are included and that data
on left ventricular function are available for many
patients.

This study is limited by its relatively small sam-
ple size and lack of oral glucose tolerance testing;
since we relied upon medical records and patient
reporting of medical history, we cannot be con-
fident that all subjects without DM were correctly
classified. The prevalence of abnormal TWA in our
patients with heart disease or diabetes is consistent
with previous reports but the prevalence in our
control group (group 1) was higher than expected—
a finding that could be explained by our use of
hospital-based controls.

In conclusion, we have shown that in this hos-
pital cohort the presence of TWA was related to a
history of MI and impaired LV function, but was
not strongly related to presence of DM, diabetic
complications, or glycemic control. Future studies
should enroll large numbers of well-characterized
patients with DM and determine the prognostic
role of TWA for sudden and coronary death.
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