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Prevalence of arrhythmias and conduction disturbances in
large population-based samples of children
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Abstract The aim of our study is to provide data on the prevalence of disturbances of rhythm in the general
population of children. Accurate estimates of true prevalence of such disturbances of rhythm from large sam-
ples are mandatory if we are to interpret properly electrocardiographic abnormalities. We analysed prevalence
of disturbances of rhythm in a population of 152,322, comprised of 71,855 elementary school students, 36,692
males and 35,163 females, aged from 5 to 6 years, and 80,467 students of junior high school, 41,842 males and
38,625 females, aged from 12 to 13 years. We analysed the prevalence of premature atrial and ventricular con-
tractions, first, second and third degree atrioventricular block, incomplete and complete right bundle branch
block, Wolff-Parkinson-White syndrome, and prolongation of the QT interval. The prevalence of disturbances
of rthythm in total rose with age, being found in 1.25% of elementary school students and 2.32% of junior high
school students, and was higher in males than females, at 2.00% as opposed to 1.38%, both values being sta-
tistically significant at a level of less than 0.0001. Prevalences of all types of rhythmic disturbances were higher
in junior high school students than elementary school students (p < 0.0001). Premature atrial and ventricular
contractions and prolongation of the QT interval were higher in female than male students, at percentages of
0.089, 0.497, and 0.02 for males, and 0.123, 0.534 and 0.027 in females (p << 0.0001). In contrast, incomplete
and complete right bundle branch blocks were higher in males than females, at 0.983% and 0.083% in males
versus 0.410% and 0.161% in females (p << 0.0001). Disturbances of rhythm increased with age, and conduc-
tion disturbances were higher in male students than female, although premature atrial and ventricular con-
tractions and prolongation of the QT interval were more frequent in female. These data may be useful for future
comparative studies of disturbance of rthythm in children.

Keywords: Wolff-Parkinson-White; premature atrial contraction; premature ventricular contraction; atrioventricular block;
right bundle branch block; QT prolongation

ISTURBANCES OF RHYTHM MAY PRESENT AS
Dprimary disturbance in otherwise healthy

people, or may occur along with cardiac dis-
eases. Accurate estimates of the true prevalence of
arrhythmias and conduction disturbances from large
samples are mandatory if we are to interpret properly
these electrocardiographic abnormalities.!* Sev-
eral epidemiological studies have concentrated on
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estimating the prevalence of electrocardiographic
findings in a standardized way.’~ Most of these pre-
vious reports from large cohorts of studies, however,
were usually based on highly selective population
samples of men, such as air force personnel.! Other
reports focused on adults, including women.?®
There are few reports containing data on distur-
bances of rhythm from large cohorts containing both
sexes and children.”® The aim of our study, there-
fore, was to establish the prevalence of disturbances
of rhythm by analysing a large cohort of normal
children by cardiac screening, and establishing the
effect of development and gender on the prevalence
of these electrocardiographic abnormalities.
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Materials and methods

Population

We analysed 12-lead electrocardiograms performed as
part of a cardiac screening test in Chiba City, Chiba,
Japan during 1996 to 2001 in a total population of
152,322 children, comprising 71,855 elementary
school students with a mean age of 6.4 years, 36,692
being male and 35,163 female, and 80,467 junior
high school students, with a mean age of 12.4 years,
41,842 being male and 38,625 female (Tables 1 and 2)
The electrocardiograms were recorded at the first
grade of both elementary and junior high school.
When a follow-up examination was performed, we
analysed only the initial result.

Cardiac screening test

The regular governmental cardiac screening test,
including a 12-lead electrocardiogram, is mandatory
for elementary and junior high school students in
Chiba City. A questionnaire regarding past medical
history was filled out by each examinee before the
examination for evaluating the existence of organic
cardiac disease, and was analysed by the Committee
of the Medical Association in Chiba City. The electro-
cardiogram was recorded with the subjects in the
supine position in accordance with classical recom-
mendation, and was analysed by computer analysing
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program (Fukuda Electric Co. Japan). The Committee
of the Medical Association in Chiba City, comprising
4 board certified cardiologists and 3 pediatric cardi-
ologists, reviewed the electrocardiograms themselves,
and the diagnoses of rhythmic disturbances as judged
by the computer. The diagnostic criterions for electro-
cardiographic abnormalities were based on the
Guidelines of the School Cardiac Screening Test estab-
lished by the Committee on Electrocardiography of
the Japanese Society of Pediatric Cardiology and
Cardiac Surgery.” Screening for prolongation of the
QT interval was based on the heart rate dependent
criterions already described.'®!! Electrocardiograms
judged as abnormal by the Committee members
were later reviewed by the two experienced observers
(KN, pediatric cardiologist and YS, board certified
adult cardiologist). The final diagnosis was derived
after establishing consensus between the two.

Rhythmic disturbances

From this database, we analysed the prevalence of
premature atrial and ventricular contraction, first,
second, or third degree atrioventricular block, incom-
plete or complete right bundle branch block, Wolff-
Parkinson-White syndrome, and prolongation of
the QT interval. Supraventricular arrhythmias,
such as atrial flutter, fibrillation and paroxysmal

Table 1. Prevalence of disturbances of rhythm in different age group.

Group Number PAC PVC 1-AVB 2-AVB 3-AVB IRBBB CRBBB WPW QT Total
Elementary 71855 0.067 0.375 0.018 0.012 0.003 0.562 0.104 0.107 0.011 1.247
Junior high 80467 0.158 0.703 0.204 0.070 0.001 0.899 0.150 0.162 0.035 2.321
Total children 152322 0.106 0.515 0.097 0.037 0.002 0.705 0.123 0.130 0.024 1.815

All data except “Number” are expressed in percentages. Abbreviations: Elementary: elementary school students; Junior high: junior high school
students; PAC: premature atrial contraction; PC: premature ventricular contraction; 1,2,3-AVB: first, second and third degree atrioventricular
block; IRBBB: incomplete right bundle branch block; CRBBB: complete right bundle branch block; WPW: Wolff-Parkinson-White syndrome;
QT: prolongation of QT interval

Table 2. Prevalence of disturbances of rhythm in males and females.

Group Number PAC PVC 1-AVB 2-AVB 3-AVB IRBBB CRBBB WPW QT Total
Elementary
Male 36692 0.066  0.341  0.024 0.012 0.005 0.766 0.120 0.096 0.011  1.425
Female 35163 0.069 0412 0.012 0.012 0 0.350 0.087 0.119 0.011  1.062
Junior high
Male 41842 0.120  0.704 0.192  0.096 0.002 1.272 0.216 0.176 0.029  2.777
Female 38625 0.200 0.702  0.165 0.043 0 0.494 0.078 0.147 0.041  1.829
Total children
Male 78534 0.089 0497 0.096 0.048 0.004 0.983 0.161 0.130 0.020  2.003
Female 73788 0.123 0534 0.076 0.025 0 0.410 0.083 0.131 0.027  1.383

All data except “Number” are expressed in percentages. Abbreviations: Elementary: elementary school students; Junior high: junior high school
students; PAC: premature atrial contraction; PC: premature ventricular contraction; 1,2,3-AVB: first, second and third degree atrioventricular
block; IRBBB: incomplete right bundle branch block; CRBBB: complete right bundle branch block; WPW: Wolff-Parkinson-White syndrome;
QT: prolongation of QT interval
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supraventricular tachycardia, and ventricular tachycar-
dia were also analysed. Abnormal electrocardiographic
findings associated with organic cardiac disease,
such as congenital cardiac disease, were excluded.

Statistical analyses

We analysed the available data using StatView
J-5.0 PPC (SAS Institute Inc., Chicago). When the
p < 0.05, the data were considered statistically sig-
nificant. Descriptive data for continuous variables
are presented as mean = S.D. Pairwise comparisons
were performed using the two-sample t-test, or the
Wilcoxon rank-sum test, wherever appropriate.
Discrete variables were analysed by Chi-square tests.
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Figure 1.

Prevalence of total disturbances of rhythm in elementary and junior
high school students, with difference noted for gender.
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Results

Paroxysmal supraventricular tachycardia was observed
in one junior high school female student, but no atrial
flutter or fibrillation was observed in either group.
Ventricular tachycardia was observed in one male
junior high school student. Third degree atrioven-
tricular block was observed in three individuals, two
being elementary male students, and the other a male
junior high school student.

Age-related prevalence of disturbances of rhythm
(Table 1 and Figs 1 & 2)

The prevalence rose with age, afflicting 896 of
71,855 (1.247%) elementary school students, and
1868 of 80,467 (2.321%) junior high school stu-
dents (p < 0.0001). The prevalence of each distur-
bance was significantly higher in junior high school
students than those at elementary school (p < 0.0001
for each abnormal rhythm).

Gender differences in prevalence of disturbances of
rhythm (Table 2 and Fig. 3)

Total disturbances of rhythm were higher in males,
at 2.003%, than in females, at 1.383% (p < 0.0001
each). Premature atrial and ventricular contractions,
and prolongation of the QT interval, however,
occurred more frequently in female students, at
0.089%, 0.497% and 0.020% respectively, than in
males, where the values were 0.123%, 0.534% and
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Figure 2.

Prevalence of disturbances of vhythm in elementary and junior high school students. PAC: premature atrial contraction; PVC: premature
ventricular contraction; 1-AVB: first-degree atrioventricular block; 2-AVB: second-degree atrioventricular block; IRBBB: incomplete right
bundle branch block; CRBBB: complete right bundle branch block; WPW- Wolff-Parkinson-White syndrome; QT: QT prolongation.
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Figure 3.

Prevalence of disturbances of rhythm in male and female students. PAC: premature atrial contraction; PVC: premature ventvicular contrac-
tion; 1-AVB: first-degree atrioventricular block; 2-AVB: second-degree atrioventricular block; IRBBB: incomplete right bundle branch block;
CRBBB: complete right bundle branch block; WPW: Wolff-Parkinson-White; QT: QT prolongation.

0.027%, respectively (p < 0.0001). In contrast,
incomplete and complete right bundle branch blocks,
and first and second degree atrioventricular block
were higher in males, at 0.983%, 0.083%, 0.096%
and 0.048%, than in females, where the values were
0.410%, 0.161%, 0.076% and 0.025% respectively
(p < 0.0001).

Discussion

The possibility to examine a large sample of children
has permitted us to provide a precise description of
the prevalence of disturbances of rhythm both genders
of the childhood population. Disturbances of rhythm
increased exponentially with age, and conduction
disturbances were higher in male students than
females. Premature atrial and ventricular contractions,
and prolongation of the QT interval, in contrast,
were more prevalent in females. These data may be
useful for future comparative studies of childhood
disturbances of rhythm.

Difference of disturbances of rhythm with age

Nagashima and colleagues'? reported a rising inci-
dence of arrhythmias with advancing age from infants
to adolescents except in the neonatal period by ambu-
latory electrocardiographic analysis. In our study, we
found a similar increase in all types of arrhythmias as
students progressed from elementary school to junior
high school.
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Gender differences in disturbances of rhythm

We found that the total of disturbances was higher in
male students than females. Conduction disturbances
such as atrioventricular block and right bundle branch
block also occurred more frequently in males, albeit
that premature atrial and ventricular contractions and
prolongation of the QT interval occurred more fre-
quently in females. Right bundle branch block has
previously been reported to be 3.5 times higher in
men than women.? Bundle branch block is reported to
occur in 1.6% of men, as opposed to 0.8% in women.
The differences we noted in gender, therefore, are
entirely attributable to the sex-related difference in
the incidence of right bundle branch block.*!?

Supraventricular arrbythmias and premature
atrial contraction

Based on analysis of 320,000 cardiac screening tests
performed in children, Tsuda and associates reported
that the prevalence of premature atrial contraction in
elementary school, junior high school, high school
and university students was 0.12%, 0.13%, 0.17%
and 0.16%, respectively, with no differences noted
for gender.” The prevalence in elementary school
students in our study was lower than their report.
We also found that the prevalence increased along
with age in both sexes, and that the incidence was
higher in female students in both groups. The
incidence of supraventricular tachyarrhythmias or
ventricular tachycardia in our children was very low,
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probably because our analysis is based on the school
cardiac screening test for healthy individuals with-
out symptoms.

Premature ventricular contractions

A two-fold increase in prevalence of asymptomatic
complex or frequent ventricular beats has been
reported for the male gender.'* In our study, premature
ventricular contractions were more prevalent in
females, albeit that the cause of this higher prevalence
in female is unknown.

Premature ventricular contractions as seen on
the resting electrocardiogram have been said to
increase from 2% to 15% along with increasing age
in male adults.”” Tsuda and colleagues reported the
prevalence of premature ventricular contractions in
elementary school, junior high school, high school
and university students to be 0.16%, 0.26%, 0.31%
and 0.45% respectively, and there were no differences
noted for gender.” In our children, premature ven-
tricular contractions occurred twice more frequently
than in their study, being more prevalent in students
at junior high school than elementary school.

Atrioventricular block

The long-term prognosis of atrioventricular block as
seen on the resting electrocardiogram in the absence
of organic heart disease has not been clearly
defined.>'®! In a large sample of over 100,000 male
aircrew aged from 16 through 50 years, atrioventric-
ular block was observed in 0.6% of the total.' In
another study, a lower prevalence was found, 0.2% in
men and 0.1% in women, with no increase with age.’
We found fewer children with atrioventricular block,
but the disturbance was more prevalent in males.
First-degree atrioventricular block is said to increase
continuously after the age of 40, approaching 1.13
per 1000 person-years.!” We found first degree atrio-
ventricular block to be more prevalent in high
school than in elementary school students. Tsuda
and colleagues reported that third degree atrio-
ventricular block was observed in two of 133,567
elementary school students, and 3 of 149,542 junior
high school students. Others have reported the
prevalence of third degree atrioventricular block
to be one over 15,000 to one over 25,000 live
births.'® These prevalences are compatible with our
own findings.

Bundle branch block

Right bundle branch block is reported to increase in
prevalence with age.'”?° In our study, prevalence of
both complete and incomplete right bundle branch
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block was higher in junior high school than elemen-
tary school. Among most of epidemiological studies
based on a large sample of men, the prevalence of
bundle branch block has been estimated at between
1.2% and 2.7%."? This prevalence is higher than we
have found in children. A male predominance for right
bundle branch block has also been observed.*!'?*°
The ratio of right bundle branch block in males to
females in the Framingham study was 3.0.>' Males
had a higher prevalence of right branch block than
females even during childhood,'? and this male pre-
ponderance was similarly found in our study.

Wolff-Parkinson-White syndrome

The overall prevalence of Wolff-Parkinson-White
syndrome has been reported to be from 0.15% to
0.49% 122223 Tt is also known that the delta wave
may intermittently disappear during the natural
course of this syndrome.’>?>4 The exact prevalence
of the syndrome, therefore, is somewhat hard to deter-
mine. Its prevalence as reported in high school stu-
dents in Japan (0.174%) was significantly higher
than found in elementary and junior high school
students (0.073% and 0.070%, respectively).25
These prevalences for elementary and junior high
school students, however, were lower than our find-
ings of 0.107% and 0.162%. The higher prevalence
in adults compared with children might be attrib-
utable to a reported higher incidence of left free
wall accessory pathways in adults.’® Intermittent
Wolff-Parkinson-White syndrome is observed more
frequently in patients with left-sided accessory path-
way,?’ with the pathway manifesting itself in response
to changes in autonomic nervous tone and atrio-
ventricular nodal conductivity that occur during
growth.!??

The male to female ratio in prevalence of the syn-
drome is reported to be 2 to 1.1%?%% We found
a higher incidence of males at junior high school,
albeit that the incidence was lower in male students
at elementary school.

Prolongation of the QT interval

The exact prevalence of long QT syndrome in the gen-
eral population is not known as based on examination
of a large cohort, and it is speculated to be approxi-
mately 1 in 10,000.?® From the recent data based on
the screening program, the prevalence of non-familiar
long QT syndrome was found to be one in 1164 stu-
dents at junior high school, with no example found
in elementary school students.?” These investigators
speculated that abnormal electrocardiographical
phenotypes in children with non-familiar long QT
syndrome may appear during the time spent at
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elementary school. Other reports based on the cardiac
screening test, however, found 13 children, 6 in first-
grade and 7 in seventh grade, with an abnormally
prolonged QT interval.’® Tsuda and colleagues found
long QT syndrome in 2 of 133,567 elementary school
students, and one of 149,542 junior high school stu-
dents.” We found QT prolongation in 0.011% of our
elementary school students, and 0.035% of our junior
high school students. It is reported that there is no
significant influence of gender on QT interval up to
the age of 14 years.’'** Women are reported to have
longer heart rate adjusted QT intervals than men,
with lengthening of the QT intervals in female
subjects beginning at the elementary school.”’ We
found a higher prevalence of QT prolongation in
female students at the junior high school.

Limitations

Our study was based on the results of cross-sectional
cardiac screening test, and it was not carried out in
longitudinal fashion. There is a possibility, therefore,
that the prevalence of arrhythmias does not reflect
the true difference seen with growth of the individual.
Further prospective and longitudinal follow-up stud-
ies are needed to evaluate the influence of growth
on the prevalence of rhythm disturbances. There are
no regular governmental cardiac screening tests for
children under the age of 5 years, nor for high school
students, in Chiba City. The electrocardiographic
data for these age groups, therefore, are lacking in
our study. Seven different cardiologists and pediatric
cardiologists reviewed the electrocardiograms and
diagnoses as judged by the computer program. It has
a possibility that this constitutes a positive bias in
diagnosis. The data set of this study is based on
school cardiac screening test, not Holter monitoring,
and so it is possible that most paroxysmal types of
tachyarrhythmia, such as atrial flutter or fibrillation,
or paroxysmal supraventricular tachycardia or
ventricular tachycardia with symptoms, could be
overlooked. The concealed variant of the Wolft-
Parkinson-White syndrome cannot be diagnosed
from the regular electrocardiogram, and so we were
unable to assess the true prevalence of this syndrome
in the age groups examined.

Conclusions

Our large sample has permitted us to provide a precise
description of the age and sex related prevalence of
rhythm disturbance in children. The disturbances
increased with age, and conduction disturbances were
higher in male students than females. Premature
atrial and ventricular contractions and QT prolonga-
tion, however, were more frequent in females. These
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data may be useful for future comparative studies of
disturbance of rhythm in children.
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