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T-Wave Alternans and Heart Rate Variability:
A Comparison in Patients with Myocardial Infarction
with or without Diabetes Mellitus
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Background: The aim of this study was to investigate the differences in T-wave alternans (TWA)
and heart rate variability (HRV) among patients with myocardial infarction with or without diabetes
mellitus and the relationship between TWA and HRV.

Methods: The study population included 133 patients: 59 patients with myocardial infarction
(MI) (group post-MI without diabetes); 40 myocardial infarction with diabetes (group post-MI with
diabetes); and 34 controls (group control). Cardiac autonomic neuropathy assessment was made
using frequency domain (low-frequency [LF] power, high-frequency [HF] power, LF/HF) and time
domain (SDNN, standard deviation of the averaged normal sinus RR intervals for all 5-minute
segments [SDANN]) of HRV indexes. Both TWA and HRV were measured on the Holter monitor,
and TWA was calculated automatically using the time-domain modified moving average method.

Results: TWA values differed significantly between controls (40 ± 16 μV) and group post-MI
with (62 ± 17 μV, P < 0.05) or without (60 ± 15 μV, P < 0.05) diabetes. In addition, group post-
MI with diabetes had lower standard deviation of all normal sinus RR intervals (SDNN), standard
deviation of the averaged normal sinus RR intervals for all 5-minute segments (SDANN), and HF,
indicating depressed vagus nerve activity, and higher LF/HF ratio, indicating elevated sympathetic
nerve activity, than controls and group post-MI without diabetes (P < 0.05). TWA correlated with
SDNN and SDANN (r = 0.29, 0.31; P < 0.001).

Conclusions: TWA was elevated in patients following myocardial infarction, both in those with or
without diabetes. Myocardial infarction patients had a lower time domain, HF, and a higher LF/HF
ratio HRV, especially in those with diabetes. The analysis of modified moving agerage (MMA)-based
TWA and HRV can be a useful tool for identifying post–myocardial infarction patients at high risk of
arrhythmic events.
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T-wave alternans (TWA) and heart rate variability
(HRV) are useful tools for predicting sudden
cardiac death. Microvolt TWA induced by exercise
testing, pacing, defibrillator electrogram, or daily
activities identifies patients at increased risk of
arrhythmia events or sudden cardiac death. TWA
represents an increased heterogeneity of ventricle
repolarization on a beat-to-beat basis, and may
provide a substrate for reentry.1–8 Currently, there
are both frequency domain and time domain based
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analysis methods of determining TWA. Our study
used a time domain–based method and a modified
moving average to analyze Holter-monitoring
TWA.9–12

HRV is a beat-to-beat variation in cardiac cycle
length resulting from autonomic influence on the
sinus node of patients in sinus rhythm. HRV in
time and frequency domains is a noninvasive index
of the heart autonomic function,13 and represents
one of the most promising quantitative markers
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of autonomic activity.14 Evidence suggests that de-
creased HRV is associated with increased ventric-
ular arrhythmias and mortality. The aim of this
study was to evaluate TWA and HRV in myocardial
infarction patients with and without diabetes, and
the relationship between TWA and HRV.

METHODS

Patient Population

One hundred thirty-three screened patients in-
cluded 59 with myocardial infarction (group post-
MI without diabetes), 40 myocardial infarction
with diabetes (group post-MI with diabetes), and
34 controls (group control) who had similar age and
sex distribution to post-MI with or without diabetes
subjects. Group control included patients with pal-
pitations who underwent Holter ECG examina-
tion but were proven negative for ventricular tach-
yarrhythmias, or organic heart disease by various
noninvasive tests, such as 12-lead standard resting
electrocardiogram (ECG), conventional echocardio-
graphic, treadmill exercise test, and so on. All my-
ocardial infarction patients were randomly selected
from myocardial infarction cases in the cardio-
vascular care unit of our hospital. The patients
had 24-hour Holter monitoring 1–3 weeks after
hospitalization. The myocardial infarction diagno-
sis was based on clinical course, serum creatinine
kinase levels, and electrocardiogram findings of ST-
segment elevation or a history of myocardial infarc-
tion. Diabetes mellitus was defined as a morning-
fasting glucose of ≥126 mg/dL, hemoglobin A1c
≥6.5%, or use of medication. Written informed
consent was obtained from each patient before en-
rollment. All study subjects underwent a full clini-
cal examination and history, from which any con-
current diseases and medication were recorded.
Patients with atrial flutter or fibrillation, a car-
diac pacemaker, atrioventricular block or bundle
branch block, frequent extrasystoles, severe hep-
atic, or renal diseases were excluded. Patients un-
dergoing antiarrhythmic pharmacotherapy other
than beta-blockers were also excluded from par-
ticipation as these drugs influence repolarization
abnormalities.

T-Wave Alternans

Analyses of modified moving average-based
TWA and HRV were performed using the MARS
PC system (GE Healthcare Inc., Milwaukee, WI,

USA) with running software version 7.03. TWA
was analyzed from three channel records (V1;
NASA, V3; CM3, V5; CM5) using ambulatory
Holter monitoring, measured at maximum heart
rates (<120 beats/min). The MARS PC software
identified periods of possible TWA using the mod-
ified moving average algorithm, a time domain-
based method that bifurcates the beat stream and
generates separate moving average templates for
odd versus even beats.10Average values were up-
dated by a weighting factor of one-eighth difference
between the ongoing average and the current pair
of beats. TWA magnitude was analyzed as a contin-
uous variable and determined for each 15 seconds
of data. An additional algorithm minimized the
effects of noise and artifacts, and noise levels of 20
μV were adopted in the system configuration. We
had overread and verify reported TWA values us-
ing the templates, which aid critical recognition of
contamination of TWA values by noise or artifact.
Manual editing was performed if the data were
ineligible due to noise or artifacts. The maximum
TWA value was defined as the highest TWA value
in either channel. In our study, TWA > 47 μV
was considered positive, according to previous
reports.15,16,17

Heart Rate Variability

HRV was determined from 24-hour Holter
records, using two time domain measures: standard
deviation of all normal sinus RR intervals during
a 24-hour period (SDNN) and standard deviation
of the averaged normal sinus RR intervals for all
5-minute segments (SDANN); and two frequency
domain analysis estimates respiratory-dependent
high-frequency (HF) and low-frequency (LF) power
through spectral analysis. HF(0.15–0.4 Hz) power
is considered to be mediated mainly by vagal
activity, while LF (0.04–0.15 Hz) power has been
suggested as predominantly sympathetic modu-
lation. The LF/HF ratio, which is calculated by
dividing LF value by HF value to provide a unit-less
ratio, is a marker of sympathetic nerve activity.18,19

Evidence suggests that decreased time domain and
HF HRV is associated with increased ventricular
arrhythmias and mortality. In the literature, the
70 ms cutoff for SDNN was considered positive.20

Statistical Analysis

SSPS version 12.0 (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. Data are expressed
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as mean ± standard deviation for continuous vari-
ables. Continuous variables of baseline data were
examined by Student’s t-test. A P value < 0.05 was
considered significant. Linear correlation was esti-
mated by the Pearson product-moment correlation
coefficient.

RESULTS

There were no significant differences among the
three groups in past medical history, age, hyper-
tension, and laboratory data. The left ventricular-
diastolic dimension and ejection fraction differed
significantly between controls and group post-MI
with or without diabetes. There were no differ-
ences between group post-MI with or without di-
abetes in the sites of infarction or the coronary
revascularization procedure. Group post-MI with
diabetes had lower SDNN, SDANN, HF than con-
trols, and group post-MI without diabetes (P < 0.05)
(Table 1).

Of the three groups, the highest TWA values
were found, as expected, in group post-MI with di-
abetes (62 ± 17 μV), while the lowest were found
in group control (40 ± 16 μV) (P < 0.05). There
was also a significant difference in TWA values

Table 1. Characteristics of Enrolled Patients and Heart Rate Variability Indexes

Group Post-MI without Group Post-MI with Group Control
Diabetes (N = 59) Diabetes (N = 40) (N = 34) P-Value

Men 61.1% 67.5% 61.7% P > 0.05
Age 58 ± 19 60 ± 18 56 ± 16 P = 0.06
Hypertension

SBP at rest (mmHg) 135 ± 25 134 ± 20 133 ± 18 P = 0.12
DBP at rest (mmHg) 75 ± 14 76 ± 13 73 ± 16 P = 0.17

Site of infarction
Anterior 18 (18/59) 13 (13/40) - P = 0.84
Lateral 19 (19/59) 14 (14/40) - P = 0.77
Inferior 22 (22/59) 13 (13/40) - P = 0.63

Coronary intervention 51 (51/59) 31 (31/40) - P = 0.36
Coronary bypass surgery 2 (2/59) 4 (4/40) - P = 0.36
Echocardiographic findings

Ejection fraction (%) 45 ± 12 43 ± 10 60 ± 16 P < 0.05a

LVDd (mm) 55 ± 9 62 ± 6 54 ± 8 P < 0.05b

HRV indexes
SDNN (ms) 102 ± 21a 86 ± 13ab 126 ± 28 P < 0.05
SDANN (ms) 103 ± 11a 90 ± 15ab 122 ± 18 P < 0.05
LF power (ms) 19 ± 4 16 ± 3a 25 ± 10 P < 0.05
HF power (ms) 13 ± 2a 9 ± 3ab 17 ± 7 P < 0.05
LF/HF 1.43 ± 0.50 2.40 ± 0.43 1.27 ± 0.41 P < 0.05b

aGroup post-MI with or without diabetes versus group control, P < 0.05; bGroup post-MI without diabetes versus group post-MI
with diabetes, P < 0.05. SBP = systolic blood pressure; DBP = diastolic blood pressure; LVDd = left ventricular-diastolic
dimension; SDNN = standard deviation of all normal sinus RR intervals during a 24-hour period; SDANN = standard devi-
ation of the averaged normal sinus RR intervals for all 5-minute segments; LF = low-frequency power; HF = high-frequency power.

between group control and group post-MI without
diabetes (60 ± 15 μV). There was not, however, a
difference in TWA values between groups post-MI
with or without diabetes (Fig. 1).

With regard to positive results of TWA and HRV,
group post-MI with diabetes had the highest asso-
ciation of positive results for both TWA (P < 0.05)
and HRV (P < 0.01), compared with group control
the lowest (Table 2).

We analyzed the relationship between TWA and
HRV indexes (SDNN, SDANN, HF, and LF).TWA
and HRV were moderately correlated. Our date
showed that TWA is correlated with SDNN (r =
0.29, P < 0.001) and SDANN (r = 0.31, P < 0.001)
(Fig. 2).

DISCUSSION

TWA and HRV are useful tools for predicting
sudden cardiac death. We observed that TWA was
elevated in patients following myocardial infarc-
tion, both in those with and without diabetes. And
myocardial infarction patients with or without dia-
betes had higher association of positive results for
TWA and HRV. Between TWA and HRV existed
the moderate level of correlation.
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Figure 1. T-wave alternans values in the three groups: highest in group post-MI
with diabetes and lowest in group control. Significant differences were observed
among the groups by multiple comparisons.

Our study used a time domain-based method
and a modified moving average to analyze Holter-
monitoring TWA. MMA analysis of TWA has
previously been used with ambulatory ECGs to
stratify arrhythmia risk in post-MI patients. Us-
ing a nested case-control approach, Verrieret al.15

analyzed the ambulatory ECGs of patients enrolled
in Autonomic Tone and Reflexes After Myocardial
Infarction (ATRAMI) multicenter study. These dif-
ferences in TWA values between cases and controls
translated into a 4- to 7-fold higher odds of life-
threatening arrhythmias predicted by TWA level
above the 75th percentile of TWA values in control
subjects. Maeda et al.21 performed a retrospective
analysis of 63 consecutive patients who underwent
MMA-based Holter-TWA. Using a logistic regres-
sion model, TWA yielded an odds ratio (OR) of
4.9 (95% confidence interval: 1.2–19.6, P < 0.05),
which was the only significant covariate for the in-

Table 2. Positive Results of T-Wave Alternans and Heart Rate Variability

Group Post-MI without Group Post-MI with Group Control
Diabetes (N = 59) Diabetes (N = 40) (N = 34) P-Value

TWA (TWA > 47 μV) 42 (71.19%) 28 (70.00%) 2 (5.88%) P < 0.05a b

SDNN (SDNN < 70 ms) 35 (59.32%) 25 (62.50%) 4 (11.76%) P < 0.05a

P < 0.01b

aGroup post-MI without diabetes versus group control; bGroup post-MI with diabetes versus group control. TWA = T-wave
alternans; HRV = heart rate variability; SDNN = standard deviation of all normal sinus RR intervals.

cidence of life-threatening ventricular arrhythmias
during a mean follow-up of 72 months.

Our data showed that myocardial infarction
patients with or without diabetes have higher
TWA values than controls. In our study, TWA
was moderate correlated with SDNN and SDANN,
and seemed to be associated with the sympathetic
component of the autonomic nervous system.
Autonomic nervous system dysfunction is as-
sociated with an increased risk of mortality in
patients with diabetes and survivors of myocardial
infarction.22,23 Mitrani et al.24 performed cardiac
I-123-metaiodobenzylguanidine (MIBG) and
thallium-201 single-photon emission computed
tomographic (SPECT) scans at rest in patients, with
cardiomyopathy, left ventricular hypertrophy,
or a structurally normal heart who presented
with monomorphic or polymorphic ventricular
tachycardia. These scans were compared with
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Figure 2. Relationship of T-wave alternans to standard deviation of all normal
sinus RR intervals during a 24-hour period (SDNN) (r = 0.29, P < 0.001).
Relationship of T-wave alternans to standard deviation of the averaged normal
sinus RR intervals for all 5-minute segments (SDANN) (r = 0.31, P < 0.001).

scans in control patients without ventricular tachy-
cardia who had cardiomyopathy or a structurally
normal heart. Cardiac sympathetic denervation
was defined as myocardial areas having thallium
uptake with reduced or absent I-123-MIBG up-
take. They found that an MIBG defect, which
reflects regional sympathetic denervation, occurs
frequently in patients with ventricular tachycardia
caused by nonischemic heart disease (NIHD). In
addition, Harada et al.25 reported that patients
with a positive TWA in NIHD had low heart-
to-mediastinum ratios and high washout rate,
and that cardiac sympathetic denervation and

accelerated sympathetic nervous activity both play
a role in the development of microvolt-level TWA.
The Hoorn Study26 found increased mortality in
adults with diabetes mellitus who had decreased
cardiovascular autonomic function. Schwartz
et al.27 reported a close relationship between TWA
and the cardiac sympathetic nervous system, and
that the appearance of TWA with syncope could be
repeated with effort and fright stimuli in patients
with long QT syndrome.

In the previous, the presence of diabetes (DM) is
associated with an increased risk of sudden cardiac
death.28,29 Nieminen et al.16 found a significant
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increase in TWA among diabetics in the Finnish
Cardiovascular Study (FINCAVAS) population.
They tested in 1037 consecutive patients in the
FINCAVAS. The prevalence of diabetes mellitus
was the only parameter that differed among the
groups with statistical significance of P = 0.04.
Molon et al.30 have shown that in patients with
DM and no known cardiovascular disease, abnor-
mal TWA prevalence was similar to that found
in the present study. TWA positivity is com-
mon (approximately 20%) and is closely correlated
with glycaemic control. Jouven et al.31 conducted
a population-based case-control study at Group
Health Cooperative. Cases (n = 2040) experienced
out-of-hospital cardiac arrest due to heart disease.
They observed progressively higher risk of SCD as-
sociated with borderline diabetes (OR = 1.24 [0.98–
1.57]), diabetes without microvascular disease (OR
= 1.73 [1.28–2.34]), and diabetes with microvas-
cular disease (OR = 2.66 [1.84–3.85]), after adjust-
ment for potential confounders (P-value for trend,
0.001). Higher glucose levels were also associated
with the risk of sudden cardiac death both in the
absence and in the presence of microvascular dis-
ease.

HRV is a noninvasive index of the autonomic
function of the heart. Our data show that my-
ocardial infarction patients with or without dia-
betes have a lower time domain, HF, and a higher
LF/HF ratio HRV than controls. Some studies32,33,34

have also shown that a decreased HRV can indicate
an increased risk of arrhythmic events and an in-
creased mortality rate in patients with a previous
myocardial infarction.

In conclusion, the present results indicate that
patients with myocardial infarction, especially
those complicated with diabetes, have a high risk
of life-threatening ventricular arrhythmias possibly
because of increased repolarization heterogeneity
and abnormal autonomic function. Combined anal-
ysis using MMA-based TWA and HRV may be an
easy and useful method of predicting patients at
high risk for such arrhythmic events.
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