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SUMMARY

Increased QT dispersion (QTd) is a marker of myocardial electrical instability and predicts ventricular ar-
rhythmias and sudden cardiac death. Exercise training (ET) has been shown to reduce both QTd and cardiovascu-
lar mortality in various populations. Patients with metabolic syndrome (MS) have been shown to have increased
QTd. The effect of ET on QTd in MS patients however is unknown. We sought to assess the effect of a long-term
(= 6 months) ET program on QTd parameters in MS patients with and without coronary heart disease (CHD). Fif-
teen CHD and 31 non-CHD patients with MS (mean age, 64 = 7 and 57 + 9 years, respectively) were identified at
entry into identical ET programs. MS was defined using modified National Cholesterol Education Program crite-
ria. A control group consisted of 8 MS patients with CHD (mean age, 65 + 6 years). Ventricular repolarization (QT
dispersion = QTd, standard deviation of QT = SDQT, relative dispersion of QT = RDQT, QT corrected disper-
sion = QTcd), metabolic and exercise parameters were measured before and after ET. Program duration was over
9 months (312 + 100 versus 284 + 101 days in CHD and non-CHD cohorts, P = NS). QTd decreased in both ET
groups (QTd pre versus post = 66 versus 56 ms in CHD group, P < 0.01; 58 versus 51 ms in non-CHD group, P <
0.01). Other ventricular repolarization parameters also improved significantly in both MS groups following ET, but
remained unchanged in the control group. A long-term ET program improves QTd in patients with MS with and
without CHD. (Int Heart J 2010; 51: 41-46)
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T dispersion (QTd) is defined as the difference be-
tween the longest and the shortest QT intervals on
a standard 12-lead electrocardiogram (ECG). QTd
is a noninvasive method to assess the inhomogeneity of my-
ocardial repolarization.” Originally proposed as an index of
the spatial dispersion of ventricular recovery times, in reali-
ty, QTd is a marker of myocardial electrical instability” and
a predictor of arrhythmic events.” QTd is thought to reflect
the autonomic regulation of cardiovascular function, with
increased QTd reflecting higher sympathetic and lower par-
asympathetic inputs to the heart.” In patients with a history
of acute myocardial infarction, increased QTd is associated
with a higher risk of ventricular fibrillation®® and sudden
cardiac death.””

The metabolic syndrome (MS), a constellation of
cardiovascular risk factors including abdominal obesity,
dysglycemia, hypertension, and hypertriglyceridemia, is
associated with hyperactivation of the sympathetic nerv-
ous system.”'” A recent study also demonstrated that MS
is associated with increased QTd."” Exercise training (ET),
which generally results in increased parasympathetic tone
and decreased sympathetic tone, has been shown to reduce
QTd in various populations including individuals with
chronic coronary heart disease (CHD),"” congestive heart

failure,” and following myocardial infarction."” No stud-
ies have evaluated the effect of exercise training on QTd in
patients with MS. The objectives of this study were to 1)
evaluate baseline QTd on the resting 12-lead ECG in a sam-
ple of MS patients with and without CHD, 2) evaluate the
effect of a long-term ET program (> 6 months duration) on
QTd parameters in subjects with MS, and 3) study poten-
tial associations between changes in QTd parameters and
changes in metabolic and exercise parameters after ET.

METHODS

This retrospective chart review study was conducted at
the Cardiovascular Prevention Center of the Montreal Heart
Institute and was approved by the local ethics committee.
Data were examined from a cohort of MS patients without
CHD (group 1; n = 31) and with CHD (group 2; n = 15)
enrolled into identical ET and cardiac rehabilitation (CR)
programs. The control group for the present study consisted
of 8 MS patients with CHD (group 3) who were followed
at our centre but who decided not to undertake CR. All
patients included in our study had a diagnosis of MS at
entry into ET and CR programs. All subjects underwent
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baseline physical examination with measurement of height
and weight, an initial symptom-limited exercise stress test,
and measurement of fasting blood glucose and lipid profile.
Long-term ET was defined as all subjects in the ET and CR
programs who regularly exercised for > 6 months. The du-
ration of cardiac rehabilitation was 284 + 101 days in group
1 and 312 + 100 days in group 2 (P = NS). Consecutive
attendees of the program fitting the study criteria and with
complete data were identified from our center’s database
from 2003 to 2006. Their data are included in the present
study. Coronary heart disease was defined as the presence
of documented prior myocardial infarction, prior coronary
revascularization, or documented myocardial ischemia
on myocardial scintigraphy. Hypertension was defined as
systolic blood pressure > 130 mmHg and/or diastolic blood
pressure > 85 mmHg, or use of antihypertensive therapy.
Presence of dyslipidemia was defined as a medical history
of dyslipidemia, use of lipid-lowering therapy, or an LDL-
cholesterol > 2.5 mmol/L and total/HDL-cholesterol ratio >
4 mmol/L in patients not receiving statins."”

Left ventricular repolarization parameters: All subjects
underwent a routine standard 12-lead surface ECG recorded
at a paper speed of 25 mm/s and gain of 10 mm/mV (MAC
5000, rest system ECG, GE Healthcare, Marquette, USA)
in the supine position and were breathing freely but not
allowed to speak during the ECG recording. The ECGs
were recorded at baseline and at the end of follow-up.
ECGs were transferred to a personal computer via scanner
(Hewlett-Packard Scanjet 4370, USA), magnified, and QT
measurement was performed manually using a commercial
software package (Adobe Photoshop CS2, Adobe Systems
Incorporated, USA, 2005). The QT interval was measured
from the beginning of the QRS complex to the end of the T
wave at the level of the TP isoelectric baseline. If U waves
were present, the QT interval was measured to the nadir
of the curve between the T and U waves.*'” QTd was as-
sessed via 4 recognized and validated QTd parameters:'”"®
1) QT dispersion (QTd), defined as the difference between
the maximal and the minimal QT interval across the 12-
lead ECG, with at least 8 interpretable leads; 2) standard
deviation of QT (sdQT) is the standard deviation of all QT
measurements for each patient; 3) relative dispersion of QT
(rdQT), defined as sdQT/ mean QT X 100; and 4) correction
of QTd using Bazett’s formula (QTcd), defined as QTcd =
QTd /RR ). All ECG analyses were performed by one in-
dividual (TG), blinded to time and group.

Metabolic syndrome definition: Metabolic syndrome was
defined according to recently modified National Cholesterol
Education Program Adult Treatment Panel III criteria,'” re-
quiring the presence of > 3 of 5 criteria, namely abdominal
obesity (waist circumference > 102 cm in men and > 88 cm
in women), triglycerides > 1.70 mmol/L, decreased HDL-
cholesterol (< 1.0 mmol/L in men and < 1.3 mmol/L in
women), systolic blood pressure > 130 mmHg or diastolic
blood pressure > 85 mmHg, and fasting plasma glucose
(FPG) > 5.6 mmol/L. Because waist circumference was not
systematically available for all patients, a body-mass index
(BMI) > 27 kg/m’ cut-point was chosen as our criterion for
abdominal obesity.”**" Patients receiving pharmacological
therapy for either diabetes or hypertension were not exclud-
ed from our analyses.
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Cardiac rehabilitation, exercise training, and risk factor
intervention: All subjects underwent the same aerobic
training program at an exercise intensity corresponding to
65-90% of their maximal heart rate (Borg scale level 11-
14) based upon the initial and subsequent symptom-limited
exercise tests.”” Exercise prescription and intensity were
gradually increased through the training program accord-
ing to each patient’s progress. Supervised exercise training
according to recent recommendations™ was performed two
times per week for 40 minutes per session (5-minute warm-
up, 30-minute aerobic exercise and 5-minute cool down)
and included different activities such as walking, stationary
cycling, and rowing.”® In addition, subjects were advised
to perform 1 to 2 additional aerobic exercise sessions such
as walking and/or cycling (30-45 minute duration) outside
the center on a weekly basis. Physicians and/or nurses pro-
vided patients with recommendations regarding a low-fat,
low-cholesterol diet and smoking cessation, generally on a
yearly basis. In addition, formal dietary and psychological
counseling, and a smoking cessation program were avail-
able for subjects if deemed necessary.””

Patient follow—up, exercise stress testing, and risk fac-
tor analysis: During the follow-up period, patients were
reevaluated every 6-12 months by a physician with repeat
measurement of weight and height, FPG and lipid profile,
and completion of an exercise stress test. Treadmill exercise
testing was performed using a symptom-limited ramp pro-
tocol with a 5-minute passive recovery period.”” During the
tests, the subject’s ECG and blood pressure were monitored
continuously. The ECG was recorded at 30-second inter-
vals. Maximal exercise tolerance was defined as the highest
level of metabolic equivalent units (METs) achieved, and
was estimated from maximal treadmill speed and grade dur-
ing the treadmill.” All patients were instructed to take their
usual medications prior to exercise testing.

Program attendance: Data on program attendance was
obtained from medical charts. In addition, data was ob-
tained from an electronic entry system which automatically
records patient entry into the center.”” The median program
attendance was 3.5 + 1 sessions per week in group 1 and
3.3 £ 1 sessions per week in group 2.

Statistical analysis: All group data are expressed as the
mean value + standard deviation and/or in number and
percentage. For continuous variables, statistical differences
between groups and time were evaluated by repeated meas-
ures ANOVA. Differences in the prevalence of metabolic
syndrome and medication prescription before and after
training were tested using chi-square analysis. Associations
between changes in QTd parameters and changes in meta-
bolic and exercise parameters were correlated using Fish-
er’s exact test. All analyses were performed using SAS 8.2
(SAS Institute Inc., Cary, NC, USA) and Statview 5.0 (SAS
Institute Inc., Cary, NC, USA). A P < 0.05 was considered
statistically significant.

RESULTS

The mean duration of exercise training was 284 +
101 versus 312 + 100 days in groups 1 and 2, respectively
(P = NS). Table I describes the clinical characteristics of
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Table I. Baseline Clinical Characteristics in Three Metabolic Syndrome Groups
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Group 1 Group 2 Group 3

(n=31) (n=15) n=238)
Age (years) 57+9 64 +7 65+6
Program attendance (sessions/week) 35+1 32+1 -
Female sex 9 (29%) 2 (13%) 0
Hypertension” 25 (80%) 12 (80%) 7 (87.5%)
Abnormal glucose metabolism’ 9 (30%) 6 (40%) 6 (75%)
Abdominal obesity* 27 (87%) 11 (73%) 6 (75%)
Prior MI 0 7 (46%) 3 (37.5%)
Prior PCI 0 7 (46%) 2 (25%)
Prior CABG 0 4 (27%) 1(2.5%)
Medication Pre Post Pre Post Pre Post
Beta-blockers 4 6 9 10 3 3
ACE inhibitors 3 4 7 7 4 4
Antiplatelet agents 10 9 10 11 5 5
Angiotensin receptor blockers 3 3 1 1 0 0
Statin therapy 8 10 10 11 4 4
Calcium channel blockers 2 2 3 3 0 0
Diuretics 0 0 2 2 0 0
Nitrates 0 0 1 1 2 2
Anti-diabetic agents 3 3 2 2 3 3

Results are reported as mean + SD or row value (% of the sample).

MI indicates myocardial infarction; PCI, percutaneous coronary intervention; CABG, coro-
nary artery bypass graft surgery; and ACE, angiotensin-converting enzyme.

" Rest SBP > 130 mmHg or Rest DBP > 85 mmHg or anti-hypertensive therapy. * glucose > 5.6

mmol/L. * BMI > 27 kg/m’.

Table II. Metabolic Risk Factors in Three Metabolic Syndrome Groups

Group 1 Group 2 Group 3
(n=31) (n=15) (n=28)
Pre Post Pre Post Pre Post

Body weight (kg) 933+ 15 913+15  86.6+14 85.9 + 15 95+ 14 94 + 17"
BMI (kg/m’) 322+5 31.5+47  30.6+53 303+53" 31.6+45 31.4+57"
Rest SBP (mmHg) 137 =17 132+ 14 132 +21 127 = 10™ 135+ 12 136 + 13™
Rest DBP (mmHg) 81+9 779 77+8 74 + 9 805 78 £ 6™
Fasting glucose (mmol/L) 575+0.84 565+1.14 64922 621+1.19"  71+17 6.1 19"
Total cholesterol (mmol/L) 501 +1.07 459+1.01 435+1.36" 3.88+048" 4.1x06 3.4+05"
HDL-cholesterol (mmol/L) 09+022 1.04+028 0.78+0.15 0.87+0.14" 1.7+0.14 1.63+0.2"
LDL-cholesterol (mmol/L) 2.88+0.83 254+0.86 236+1.06" 2.05+054" 205+036 2.21+049™
Total Chol/HDL-cholesterol 55+1.5 424138 553+1.92 4.09+1.28" 373+045 3.9+ 127"
Triglycerides (mmol/L) 29+1.52 223+1.03 266+1.06 2.19+0.93" 2+1.25 1.5+0.8"
Triglycerides/HDL-cholesterol ~ 3.09 + 1.71 243 +1.22 355+178 259+1.29" 1.78+1.03 1.2+0.5"

a indicates group effect, CHD versus non-CHD patients; and b, pre versus post. BMI indicates body-mass index; SBP, systo-
lic blood pressure; DBP, diastolic blood pressure; and ns, not significant.

‘P <0.05;"P <0.01; *P < 0.0001.

the 3 groups at baseline. Briefly, patients in group 1 were
younger than those in group 2 or 3 (P = 0.046). The preva-
lences of hypertension, abdominal obesity, and abnormal
glucose metabolism were not significantly different among
the groups. Beta-blocker use was more common in group 2
relative to groups 1 and 3.

Metabolic coronary risk factors: Table II describes the
metabolic coronary risk factors of the three MS groups.
Approximately 80% of patients at baseline suffered from
abdominal obesity as defined by a BMI > 27 kg/m.***" To-
tal cholesterol, HDL-cholesterol, and LDL-cholesterol were
significantly lower in group 2 at baseline relative to group

1. Body weight, BMI, resting diastolic blood pressure, total
cholesterol, LDL-cholesterol, triglycerides, triglyceride/
HDL ratio, and total cholesterol/HDL-cholesterol decreased
significantly over time in groups 1 and 2 while HDL-cho-
lesterol increased in both groups. Metabolic parameters re-
mained unchanged after one year in the control group (group
3). The prevalence of MS was reduced by 22% and 25% in
groups 1 and 2, respectively (data not shown).

Exercise stress testing data: Exercise tolerance increased
from 10.04 + 1.91 METs to 10.28 + 1.8 METs in group 1
(P < 0.01) and from 6.9 = 1.8 METs to 7.4 + 1.8 METSs in
group 2 (P < 0.01). Resting heart rate was higher in group
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Table III. QT Dispersion Parameters Before and After a Long-Term Exercise Training (Groups 1 and 2) and in Non-
Exercising Control Group (Group 3)

Group 1 Group 2 Group 3

(n=31) Ain % (n=15) Ain % P (n=8) Ain % P

Pre Post Pre Post Pre Post
QTd 58=+21 51+20 -12 66+23 5614 .16 <0.01 74+19 84+32 13 ns
sdQT 175 16+5 -6 207 175 -15 <0.05 247 269 8 ns
rdQT 55+1.7 507+1.2 8 62+18 54+14 -13 <0.05 619 6.6+23 10 ns
QTcd 72+23 60 + 22 -17 76 £24 6821 -11 <0.05 72+19 82+29 13 ns

QTd indicates QT dispersion; sdQT, standard deviation of QT; rdQT, relative dispersion of QT; QTcd, corrected QT disper-
sion; and ns, not significant. QT dispersion parameters are expressed in milliseconds. No significant interaction and group

terms were found. Presented P are associated to time term.

1 relative to group 2 patients at baseline and decreased sig-
nificantly in both groups at follow-up (P < 0.05). Maximum
rate-pressure product was significantly higher in group 1
relative to group 2 at baseline and did not change signifi-
cantly in either group at follow-up (262 + 57 in group 1
versus 197 + 65 in group 2 at baseline, P < 0.01). Heart rate
recovery at 1 minute was higher in group 2 relative to group
1 at baseline and did not change in either group following
ET/CR programs (18 = 6 bpm in group 1 versus 23 + 11
bpm in group 2 at baseline, P < 0.05). Again, the use of
beta-blockers was higher in group 2 relative to groups 1 and
3 (Table I).

Modifications of QTd parameters: Myocardial repolariza-
tion parameters are shown in Table III. At baseline, no dif-
ferences between groups 1, 2, and 3 were noted. After ex-
ercise training, all QTd parameters decreased significantly
in groups 1 and 2. In contrast, QTd parameters remained
unchanged in group 3 (control group).

Associations between QTd and metabolic and exercise
parameters: We also evaluated the relationship between
changes in QTd parameters over time and changes in meta-
bolic (weight, BMI, systolic and diastolic blood pressure,
triglycerides, HDL-cholesterol, FPG) and exercise (func-
tional capacity) parameters following ET/CR programs. No
significant associations were identified.

DI1ScUSSION

The main findings of our study are: 1) although not
grossly abnormal, QTd was at the upper limit of normal in
patients with MS, particularly in the CHD cohort (group
2); 2) long-term ET/CR programs were associated with
significant improvements in QTd parameters; and 3) the
improvement in QTd observed with ET/CR did not appear
to be related to improvements in metabolic parameters or
functional capacity, suggesting a direct beneficial effect of
ET on myocardial repolarization.

Our results demonstrate that long-term (= 6 months)
ET/CR programs can be effective in reducing myocardial
repolarization parameters in subjects with MS. QTd de-
creased by 12 and 16% in groups 1 and 2, respectively. In
contrast, patients in group 3 (control group) showed no
change in QTd parameters after a one-year period, despite
being provided with the same degree of medical care and
risk factor management. Our results agree with previous

training studies in other populations. Kalapura, ef al*” found

that a 12-week CR program reduced QTd parameters by
approximately 30% following acute myocardial infarction
(AMI). Similarly, Fujimoto, et al'” showed that a 4-week
CR program decreased QTd parameters by 25% following
AMI. In CHF patients, a 12-week CR program decreased
QTd parameters by approximately 16%." Despite the fact
that our ET and CR programs were significantly longer
than other ET programs reported here, we did not witness
greater reductions in QTd parameters. Possible explanations
include the lack of a significant training stimulus to provide
incremental reductions in QTd. Importantly however, QTd
values at the end of the ET and CR programs (51 ms and 56
ms in groups 1 and 2, respectively) are similar to the values
observed in prior training studies.>"”

While improvements in several metabolic and exercise
parameters were observed with ET/CR including weight,
BMLI, diastolic blood pressure, triglycerides, HDL-choles-
terol, and functional capacity, none were associated with
the improvements in QTd witnessed. These findings would
suggest that in our study, ET directly contributed to improv-
ing myocardial repolarization. Influences of the autonomic
nervous system on QTd are well known.'” Bonnar, er al*
reported a correlation between QTd and autonomic imbal-
ance in conditions of heart failure and acute myocardial
infarction. This finding was indirectly confirmed by a re-
duction in QTd during treatment with S-blocking agents.*”
Exercise training induces a resting bradycardia and a re-
duction in baroreflex-mediated tachycardia in animals and
humans, the consequence of increased vagal and decreased
sympathetic tone.” Aerobic exercise has also been shown
to result in significant improvements in cardiovascular au-
tonomic function in patients following acute myocardial
infarction® and in overweight Type 2 diabetic patients.””
Physical training might therefore improve QTd parameters
directly via beneficial effects on the autonomic regulation
of cardiovascular function. Other potential mechanisms
whereby ET might improve QTd are through improvements
in risk factor control including weight loss. Weight loss in
obese subjects has been shown to significantly decrease
QTd, with the amount of improvement in QTd being pro-
portional to the degree of weight loss.” As mentioned pre-
viously, weight loss was not associated with improvements
in QTd in our study. Studies evaluating the impact of glu-
cose, blood pressure, or lipid control interventions on QTd
parameters have yet to be performed.
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Soydinc, et al'” showed that uncomplicated MS is as-
sociated with significantly higher QTd relative to healthy
nonobese subjects. Indeed, among our group 1 subjects with
MS but without CHD, baseline QTd was very similar to the
mean QTd reported by Soydinc, et al (58 ms versus 55 ms,
respectively). In contrast, QTd values in healthy nonobese
individuals are commonly between 35-40 ms.*” Patients
with diabetes mellitus may also have increased QTd.*” In
our study, group 2 patients (possessing CHD) had the high-
est values of QTd. This is consistent with previous data
showing that CHD per se is associated with higher QTd.*”
Therefore, the association of CHD and MS would appear to
further increase QTd, which could have greater prognostic
implications.

Study limitations: There are limitations inherent with the
study design. Firstly, this was a nonrandomized, observa-
tional, and retrospective study. Secondly, our sample size
was small, particularly for the control group. Nevertheless,
we were able to identify significant improvements in QTd
parameters with long-term ET and CR programs in groups
1 and 2. Thirdly, most of our subjects were men, the effects
of ET on QTd parameters perhaps being different in women
with MS. Finally, our measurements were made manually
but we took great care to use consistent criteria to define
the end of the QT interval by a single experienced observer
who was unaware of the clinical data.

Conclusions: We conclude that in MS patients with and
without CHD, long-term ET/CR programs improve QTd pa-
rameters. Although concomitant improvements in exercise
tolerance, resting heart rate, and metabolic parameters were
observed, the improvements in QTd parameters observed
appeared to be related primarily to the effects of physical
training rather than secondarily via an improvement in the
metabolic profile. Prospective studies are now required to
address this question, especially in women.
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