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Abstract Aging plays an essential role in cardiac path-
ophysiology. Knowledge on the ventricular repolarization
in very old individuals is limited. An increase of QT dis-
persion is associated with higher cardiovascular mortality.
The purpose of this study is to investigate whether aging
changes the QT dispersion in the very old. Heart rate, P
wave duration, PR interval, QRS axis, QRS duration, QT
interval, and QTc interval were measured from 12-lead
resting ECG. QT dispersion (46 £ 21, 47 £ 17, 69 £
31 ms, p < 0.005) was significantly increased in the age
group =85 years (n =29, 89 £ 4 years) than in the
age group 75-84 years (n = 33,79 £ 3 years) and the age
group 65-74 years (n = 32, 68 £ 3 years). Aging modu-
lates dispersion of ventricular repolarization, which may
contribute to the cardiac mortality in the very old Asian
population.
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Introduction

Aging plays an essential role in cardiac pathophysiology [1].
The incidence of cardiovascular disease, such as coronary
artery disease (CAD), heart failure, and valvular diseases,
increases with age [2]. Age has been shown to decrease
maximal heart rate, beat-to-beat variability, to prolong the
PR interval, and to increase the incidence of atrial fibrillation
[3-7]. Moreover, aging has also been suggested to prolong
the ventricular repolarization measured by QT interval and it
may alter the homogeneity of ventricular repolarization
[8—10]. QT dispersion reflects nonhomogeneous recovery of
excitability or heterogeneity of ventricular repolarization,
[11] which is associated with a cardiovascular morbidity and
mortality due to electrical instability and ventricular
arrhythmogenesis [12—-17]. However, knowledge about the
effects of aging on QT and QTc dispersions is limited in
elderly people. Since the elderly population has increased
significantly, it is imperative to evaluate the aging effects of
QT dispersion in the very old. The purpose of this study is to
investigate the effects of aging on the electrocardiogram in
the geriatric population.

Materials and methods
Population selection

This study received institutional review board approval
(97038) and enrolled 94 consecutive individuals (46 men
and 48 women with a mean age of 78 + 9 years old)
receiving standard 12-lead electrocardiogram (ECG).
Twenty-nine (31%) subjects from an outpatient clinic and
65 (69%) subjects from physical checkup were included,
whereas the inpatients were excluded to avoid the effects of
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acute illness. Excluded from the study were subjects
without sinus rhythm, those experiencing bundle branch
block, those having electrocardiographic evidence of
intraventricular conduction abnormalities, those with a
QRS interval greater than 100 ms, and those without at
least ten evaluable leads with which to measure the QT
interval. The subjects were classified into three groups:
mild old (65-74 years), moderate old (75-84 years), and
very old (=85 years). Each participant underwent a review
of medical history, weight, height, body mass index (BMI,
weight in kg/height in m?), blood pressure, and laboratory
assessment of fasting sugar, total cholesterol, and
triglyceride.

ECG measurements

All patients received a standard 12-lead electrocardiogram
recorded at 25 mm/s at outpatient clinic or physical
checkup. Heart rate, P wave duration, PR interval, QRS
axis, QRS duration, QT interval, and QTc interval were
measured. The QT interval was measured in three con-
secutive cardiac cycles in all leads from the earliest QRS
deflection to the end of the T wave and average values are
obtained for minimizing error measurements. The QTc was
adjusted for heart rate using the Bazett and Fridericia for-
mula [18, 19]. QT dispersion was defined as the maximum
interval minus the minimum interval measured on the
ECG. T wave end was defined by the threshold method that
localizes the T offset as an intercept of the T wave or of its

derivative with a threshold above the isoelectric line. Two
independent observers were asked to manually analyze the
ECG measurements in a blinded fashion. The interobserver
reproducibility and intraobserver reproducibility were 91
and 97%, respectively.

Statistical analysis

All data are expressed as mean = standard deviation.
Comparisons among the three groups were analyzed by
one-way ANOVA analysis with a post hoc of the Fisher
method. Linear regression analysis was used to evaluate the
correlation between the age, QT dispersion, and QTc dis-
persion. A p valve <0.05 was considered statistically
significant.

Results

Gender, body weight, height, blood pressure, incidences of
hypertension, diabetes, smoking, and dyslipidemia were
similar among the three groups (Table 1). Figure 1 shows
the ECG examples from the three groups. The age group
=85 years has a larger QT dispersion and QTc dispersion
than the other two age groups (Fig. 2a). In addition, there
was a positive relationship between QT dispersion or QTc
dispersion and age (Fig. 2b).

Figure 3 shows the heart rate, PR interval, QRS axis,
QRS duration, QT, and QTc interval in the three groups.

Table 1 Patient characteristics

Age range <75,n =32 75-85, n = 33 >85,n =29 p value
Age (years) 68 £ 3 79 £3 89 £ 4 <0.001
Male 11 (34%) 17 (52%) 18 (62%) 0.091
Body weight (kg) 577 60 + 9 56 +9 0.235
Height (m) 1.6 = 0.1 1.6 = 0.1 1.6 &£ 0.1 0.39
BMI (kg/mz) 239 +£29 238 £32 229 £ 2.8 0.499
Systolic BP (mmHg) 135 £ 19 143 + 18 143 £ 22 0.181
Diastolic BP (mmHg) 77 £ 10 73 £ 11 76 £ 12 0.404
Smoking [n (%)] 0 (0%) 5 (15%) 1 (3%) 0.033
Alcohol consumption [n (%)] 5 (16%) 7 (21%) 1 (3%) 0.121
Hypertension [n (%)] 14 (44%) 17 (52%) 18 (62%) 0.358
Diabetes [n (%)] 2 (6%) 6 (18%) 5 (17%) 0.309
Dyslipidemia [n (%)] 7 (22%) 13 (39%) 9 (31%) 0.311
Triglyceride (mg/dl) 118 £ 50 114 + 74 101 £ 38 0.338
Total cholesterol (mg/dl) 202 £ 29 211 £ 36 190 £+ 41 0.061
Fasting blood sugar (mg/dl) 99 £+ 14 110 £ 25 109 £ 28 0.057
ACEI angiotensin-converting Aspirin use [1 (%)] 5 (16%) 10 (30%) 7 (24%) 0.374
enzyme inhibitor, ARB
angiotensin 1I receptor blocker, ACEI or ARB use [n (%)] 4 (13%) 9 (27%) 10 (34%) 0.123
BP blood pressure, BMI body CCB use [n (%)] 8 (25%) 9 (27%) 8 (28%) 0.968
mass index, CAD coronary Beta blocker use [n (%)] 7 (22%) 8 (24%) 9 (31%) 0.699
artery disease, CCB calcium Diuretics use [ (%)] 0 (0%) 1 3%) 5 (17%) 0.014

channel blocker
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Fig. 1 Examples of QT dispersion and QTc dispersion from different
age subjects. a Age between 65 and 74 years, QT dispersion (50 ms),
and QTc dispersion (54 ms). b Age between 75 and 84 years, QT

dispersion (40 ms), and QTc dispersion of (43 ms). ¢ Age more than
85 years, QT dispersion (60 ms), and QTc dispersion (61 ms)
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The QRS axis, QRS duration, QT interval, and QTc interval
were similar among these patients. However, the age group
7584 years or =85 years has a longer PR interval than the
age group 65-74 years. In contrast, resting heart rate was
faster in the age group =85 years than in the other two age
groups. Figure 4 shows the correlations between heart rate
or PR interval and age.

@ Springer

Age (years)

Among female individuals, the female age group
=85 years has a larger QT dispersion and QTc dispersion
than the other two female groups (Fig. 5). In contrast, the QT
dispersion and QTc dispersion were similar among the three
male age groups. Figure Sb shows a good correlation
between QT dispersions or QTc dispersions and age in female
population. Moreover, the QT interval was similar among
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female age groups 65-74 years, 75-84 years, and =85 years
(420 £ 38,417 £ 39,429 + 68 ms,p > 0.05) and male age
groups (401 % 30, 394 4+ 27,399 £ 31 ms, p > 0.05).
Table 2 shows the baseline characteristics and ventricular
repolarization in hypertensive and non-hypertensive
patients. The hypertensive patients have a high incidence of

Age (years)

dyslipidemia and use of aspirin. In the patients with hyper-
tension, the age group =85 years has a larger QT dispersion
and QTc dispersion than the other two hypertensive groups
(Fig. 6). In contrast, the QT dispersion and QTc dispersion
were similar among the three non-hypertensive groups.
Figure 6b shows a good correlation between QT dispersion
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Fig. 5 Gender differences in
aging effects. a QT dispersion
and QTc dispersion in male and
female individuals from
different age groups. b Linear
regression showed a good
relationship between QT
dispersion or QTc dispersion
and age in male and female
groups

or QTc dispersion and age in patients with hyperten-
sion. Moreover, the QT interval was similar among the
hypertensive age groups 65-74 years, 75-84 years, and
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=85 years (419 £ 47, 406 £ 37, 408 + 54 ms, p > 0.05)
and non-hypertensive groups (410 & 25, 405 £ 33,413 +
44 ms, p > 0.05).
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Table 2 Patient characteristics . .
and ventricular repolarization in Hypertension, Non-hypertension, p value
patients with and without n=49 =4
hypertension Age (years) 80+ 9 77+9 0.13
Male 24 (49%) 22 (49%) 0.843
Body weight (kg) 5849 5748 0.7
Height (m) 1.6 £ 0.1 1.6 £ 0.1 0.259
BMI (kg/mz) 24 £32 23.1 £ 2.7 0.179
Systolic BP (mmHg) 144 + 19 137 + 20 0.124
Diastolic BP (mmHg) 75+ 12 76 + 10 0.664
Smoking [n (%)] 3 (6%) 3 (7%) 0.753
Alcohol consumption [n (%)] 4 (8%) 9 (20%) 0.173
Diabetes [1 (%)] 7 (14%) 6 (13%) 0.869
Dyslipidemia [ (%)] 22 (45%) 7 (16%) 0.004
Triglyceride (mg/dl) 116 + 66 106 + 45 0.719
Total cholesterol (mg/dl) 197 £+ 36 206 £ 37 0.258
ACEI angiotensin-converting Fasting blood sugar (mg/dl) 107 + 27 105 + 19 0.88
zg;y;‘:n:i’:‘ﬁ“r‘fc’eﬁf blocker, | ASpitin use [n (%) 17 (35%) 5 (11%) 0.014
BP blood pressure, BMI body Diuretics use [n (%)] 5 (10%) 1 2%) 0.246
mass index, CAD coronary QT dispersion (ms) 53.1 £ 255 47.7 + 23.7 0.305
artery disease, CCB calcium QT dispersion (ms) 55.4 + 25.8 505 + 25.5 0.223

channel blocker

Discussion

The main finding of this study is that QT dispersion and
QTec dispersion are significantly increased in the very old
(=85 years) population. In addition, hypertension and
female gender appear to play important roles in aging-
related increases of QT dispersions.

QT interval dispersion, defined as the difference
between the longest and the shortest QT interval as
measured by 12-lead electrocardiogram, was proposed as
an electric instability index to represent the expression of
regional physiological variation of myocardial excitability
recovery [20]. QT dispersion has been proposed to iden-
tify those patients who are at risk of developing ventric-
ular arrhythmias and reported to be associated with sudden
cardiac death [12-16]. Previous study from Reardon et al.
[8] has shown that QT dispersion was similar between
subjects younger and older than 75 years of age. This
study also shows a similar QT dispersion and QTc dis-
persion between age groups 65-74 years and 75-84 years.
However, for the first time, this study shows that QT
dispersion and QTc dispersion are significantly increased
in the very old (=85 years) population. These findings
may have a role in the cardiac mortality in the very old
individuals. Although previous study has revealed that QT
interval was increased with age [8, 9], we have found a
similar QT interval among the patients. Since the use of
diuretics may induce hypokalemia to interfere with QT
interval, we also compared the QT interval without
including the data from the patients using diuretics.

The QT interval was still similar among different age
groups. The conflicting results may be due to racial dif-
ferences, since all the subjects in this study were Asians.
In addition, the included patients were older and the
gender was balanced. Hansen et al. [21] has shown that
sex may not affect the QT dispersion. However, there was
increased QT dispersion in the very old female group in
this study, which suggests a gender difference of aging
effects on ventricular repolarizations. Moreover, heart
failure has been shown to increase QT dispersion [22]. In
this study, each age group contains one patient with
chronic heart failure. We further evaluated the QT dis-
persion among the patients without heart failure and found
that QT dispersion was still significantly different among
the three age groups.

Previous study has shown that hypertension plays a role
in QT dispersions [23]. Recent studies have evaluated the
significance of QT dispersion in elderly hypertensive and
normotensive patients and found a significant prognostic
value in these patients [24, 25]. In this study, we found that
very old patients with hypertension had larger QT disper-
sion as compared to other hypertensive groups. In contrast,
the QT dispersion was similar among the different groups
of non-hypertensive individuals. These findings suggest the
important role of hypertension in QT dispersion and also
indicate the potential role of cardiac mortality of hyper-
tension with aging. In this study, PR interval prolongs with
aging and this finding corresponds with previous study [6].
The prolongation of the PR interval indicates delayed
conduction of AV node.
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Fig. 6 Differences of
hypertension in aging effects.
a QT dispersion and QTc
dispersion in hypertensive and
non-hypertensive individuals
from different age groups.

b Linear regression showed a
good relationship between QT
dispersion or QTc dispersion
and age in hypertension and
non-hypertension groups

Aging has been shown to decrease maximum heart rates
[5]. Interestingly, we have found that resting heart rates
were increased in the very old age group, which was
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evident in total patients or in the male or female popula-
tion. The resting heart rates were still higher in the very old
group after excluding the patients with heart failure. These
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findings suggest the possibility that parasympathetic tone
in very old people is significantly reduced. Reduced para-
sympathetic tone is associated with increased cardiac
mortality [26-28]. This phenomenon may play a role in
cardiac death in the elderly.

Study limitations

The data should be interpreted with caution due to the
potential limitations. Although there was no statistical dif-
ference regarding QT-dispersion and QTc-dispersion among
the three male groups or among three non-hypertensive
groups, there was a trend for the group =85 years to have
higher values. This can be explained by the small number of
patients included in each group. However, the significant
differences among these age groups suggest the importance
of age on ventricular repolarization. Additionally, the pos-
sible comorbidities in our patients may interfere with our
findings. It is well known that the prevalence of heart failure
increases with age [29]. Nonetheless, the very old age group
only contains one patient with heart failure in this study. It is
possible that the use of diuretics in this group of patients may
indicate the presence of heart failure.

Conclusions

Our results show that aging modulates the dispersion of
ventricular repolarization, which may contribute to the
cardiac mortality in the very elderly population in Asian
population.
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