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Abstract
Objective—To obtain accurate estimates of the prevalence of ECG abnormalities in the general
population and to describe them in relation to age, sex, and some lifestyle related factors.
Design—The results were obtained from the records of 47 358 men and women participating in
four large Belgian epidemiological studies during the past 30 years. All tracings were read and
coded by two trained cardiologists on the basis of Minnesota code criteria.
Results—Prevalences of coronary heart disease and abnormal ECG findings rose exponentially
with age in both sexes, with the exception of atrioventricular block and the WolV-Parkinson-
White (WPW) syndrome. Major ECG findings were observed in 6.0% of all men and 4.3% of
women, resulting in a significant adjusted sex ratio of 1.66 (95% confidence interval 1.46 to
1.88). The prevalence of minor ECG changes was slightly higher among men (10.4% v 9.5% in
women). The occurrence of ischaemia-like findings on the ECG was comparable between men
and women (9.0% v 9.8%). Independent of age, smoking, obesity, diabetes, employment status,
positive history of angina or infarction, and region, there were significantly higher prevalences of
Q/QS patterns, left ventricular hypertrophy, left axis deviation, arrhythmias, and atrial fibrillation
or flutter in men than in women. Right bundle branch block and WPW syndrome both occurred
3.5 times more often in men, while the prevalence of left bundle branch block was comparable
between the sexes.
Conclusions—The large sample size allowed a precise description of the most important ECG
abnormalities. These are not rare in the adult population and most are strongly age related. Sex
diVerences occur with some, but not all, abnormalities. The less common ECG abnormalities
were more often observed among men.
(Heart 2000;84:625–633)
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In cardiac medicine, the resting ECG has
proved its value as a diagnostic tool for detect-
ing heart disease.1 2 Apart from its use in the
clinical context, the ECG has been employed as
a prognostic tool in apparently healthy
subjects.3–15 From Bayes’ theorem, the intrinsic
value of the ECG as a valuable diagnostic tool is
dependent on the prevalence the findings in the
general population. Therefore accurate esti-
mates of the “true” prevalences of ECG abnor-
malities from large samples are central to the
interpretation of the predictive value of ECG
findings. Since the introduction of the Minne-
sota code,16 17 several epidemiological studies
have concentrated on estimating the preva-
lences of ECG abnormalities in a standardised
way.18–24 However, most of these studies were
based on population samples of men, and only
a few reports contained data on women. The
objective of our study was to obtain accurate
estimates of the prevalences of ECG changes in
the general population and to describe these
prevalences in relation to age, sex, and some
lifestyle factors. In contrast to previous reports
from large studies where study populations
were highly selective, such as life insurance can-
didates and air force personnel,24 our results are
derived from community based cohorts.

Methods
STUDY POPULATIONS

Our results are based on data derived from four
large epidemiological studies performed in

Belgium during the past 30 years. The results
reported here were obtained from the records
of 47 358 subjects (34 731 men; 12 637
women) who participated in these studies.

The Belgian heart disease prevention project
(BHDPP),25 which was part of the World
Health Organization European collaborative
trial,26 was a multifactorial randomised control-
led trial of primary prevention of cardiovas-
cular diseases in a population of working men.
The data used in this analysis are those
obtained at the final examination in men aged
40–64 years collected in the period 1978–80.
Information was obtained by validated self
administered questionnaires, clinical examina-
tion, and a standardised ECG. The participa-
tion rate in the BHDPP study was 71%. In all,
10 064 records with complete ECG infor-
mation from the BHDPP study population
were used in the present analyses.

In contrast to the BHDPP study of working
men, the Belgian interuniversity research on
nutrition and health (BIRNH) study was a
population based survey designed to study the
association between nutritional patterns, clini-
cal and biochemical characteristics, and total
and cause specific mortality in men and
women.27 A random age and sex stratified sam-
ple was selected from voting lists in 42 of the 43
administrative districts in Belgium. The par-
ticipation rate in this population based study
was 36%. Baseline data were gathered in the
period 1980-84, and included self adminis-
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tered questionnaires, clinical examinations,
and a standardised ECG, adopting similar
methodology, questionnaires, and equipment
to those used in the BHDPP study. Data on
5816 men and 5215 women aged 25–74 years
were available for analysis.

The MONICA (monitoring trends and
determinants in cardiovascular disease) project
is also a population based study, concentrating
on the trends in both incidence and risk factors
of cardiovascular diseases.28 The Belgian col-
laborating MONICA centre, Ghent-Charleroi,
carried out three independent risk factor
surveys (1985-86, 1988-89, and 1990-92) in
the general population.29 For each survey, an
age and sex stratified random sample of 2000
subjects aged 25–64 years was selected in the
cities of Ghent and Charleroi. Combining the
three surveys, the participation rates were 53%
in Ghent and 37% in Charleroi. All medical
examinations, including an ECG, were per-
formed according to the MONICA protocol.
Records from 2529 men and 2344 women
aged 25–64 years were found suitable for
inclusion in these analyses.

Finally, the Belgian jobstress project (BEL-
STRESS)30 is a large scale multidisciplinary
study dealing with the independent relation of
perceived job stress to the incidence of fatal
and non-fatal coronary heart disease. The
initial sample consists of middle aged men and
women (35–59 years) at work in large
Belgian industries. The participation rate was
48%. From the baseline screening (1994-98),
ECG data on 21 390 people (16 312 men,
5078 women) were available for our data
analyses.

DEFINITIONS OF LIFESTYLE CHARACTERISTICS

AND CORONARY HEART DISEASE

All the variables considered in the present
analysis were defined consistently in all four
studies. Age was defined as the subject’s age at
the time of medical examination. Smoking was
defined as current cigarette smoking. Body
mass index (BMI) was calculated as the weight
(kg) divided by height squared (m2). In relation
to lifestyle and cultural diVerences, regional
comparisons were made between north and
south Belgium. The impact of employment
status was investigated by comparing subjects
in regular employment with those not in regu-
lar employment. Hypertension was defined
according to the WHO definition as “systolic
blood pressure > 140 mm Hg, and/or diastolic
blood pressure > 90 mm Hg, and/or currently
under antihypertensive drug treatment”. A
high blood cholesterol concentration was
defined as a total cholesterol > 250 mg/dl
(6.48 mmol/l). Information on angina pectoris
was obtained by following the Rose question-
naire,31 while a history of acute myocardial inf-
arction was self reported. Coronary heart
disease was defined as angina pectoris or a
positive history of acute myocardial infarction,
or having Q wave evidence of an old myocardial
infarct on the resting ECG (Minnesota codes
I1, 2).

RESTING ECG

A 12 lead ECG was taken in the supine
position in accordance with classical recom-
mendations in all four studies. All tracings from
the BHDPP, BIRNH, and MONICA studies
were read by a trained cardiologist (MK). The
ECG reading in the BELSTRESS study was
done by two cardiologists (MK and GDB). All
ECGs were coded on the basis of the
Minnesota coding criteria.17 In order to obtain
groups suYciently large to allow reliable
conclusions, ECG findings were further pooled
using several classifications. According to the
criteria of the pooling project,32 major ECG
abnormalities consist of ST segment depres-
sion (Minnesota codes IV1–2), T wave inversion
(codes V1–2), complete or second degree atriov-
entricular (AV) block (codes VI1–2), complete
left or right bundle branch block (codes VII1–2),
frequent premature beats (code VIII1), and
atrial fibrillation or flutter (code VIII3). Minor
ECG abnormalities include borderline Q wave
(code I3), left or right axis deviation (codes II1–2),
QRS high voltage (codes III1–2), borderline ST
segment depression (code IV3), T wave flatten-
ing (code V3), and QRS low voltage (code IX1).
As a relatively high proportion of the subjects
with minor abnormalities also showed signs of
major ECG changes (11% in both sexes), the
presence of isolated minor abnormalities was
also assessed. Signs suggesting myocardial
ischaemia (“ischaemic ECG”) were defined as
the presence of Q/QS patterns (code I1–3),
significant or borderline ST segment depres-
sion (codes IV1–3), deep or moderate T wave
inversion (codes V1–3), or evidence of complete
left bundle branch block (code VII1). Finally,
separate analyses were performed for Q/QS
patterns (codes I1–3), left axis deviation (code
II1), high R waves (code III1), ST depression
(codes IV1–3), abnormal T wave (codes V1–3),
AV block (codes VI1–2,4), WolV-Parkinson-
White syndrome (code VI4), left bundle branch
block (code VII1), right bundle branch block
(code VII2), any bundle branch block (codes
VII1–2,4), arrhythmias (codes VIII1–6), atrial
fibrillation or flutter (code VIII3) , and a com-
bination of arrhythmias or AV block (codes
VIII1–6 or codes VI1–2,4). Left ventricular hyper-
trophy was defined as the joint occurrence of
an isolated hypertrophy (code III1) in combina-
tion with either ST depression (codes IV1–3) or
a T wave change (codes V1–3).

STATISTICAL METHODS

The diVerences in age distribution between the
four studies justified the need for age stand-
ardisation in reporting study specific results.
This standardisation was done by the direct
method33 using five year and 10 year age strata,
and with the male and female Belgian popula-
tion of 1 January 1995 as reference. The
potential synergistic eVect of age and sex on the
prevalence of ECG changes was evaluated sta-
tistically using interaction testing within the
framework of a multiplicative logistic model.
The associations between lifestyle related
factors and all ECG classifications were
expressed by odds ratios. To estimate the
precision and significance of these odds ratios,
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95% confidence intervals are given. Odds
ratios were multivariately adjusted using logis-
tic regression analysis. All statistical analyses
were performed with SAS software.34 A level of
á = 0.05 was used to indicate significance. The
Wald ÷2 test for interaction was performed with
a significance level of á = 0.01.

Results
The distribution of age in the two sexes is given
in table 1. Most of the subjects in the study
population were aged 35–54 years. In table 2
prevalences of lifestyle related characteristics
and coronary heart disease are given for the
male and female subjects aged 40–59 years, the
common age group in all four studies. As
expected, smoking rates in men showed a
decrease over time, while the rates for women
were increasing. In men, the prevalence of
obesity (BMI > 30 kg/m2) seems to be increas-
ing, while in women it remains high. The
French speaking community was less repre-
sented in the BHDPP and BIRNH studies than
in MONICA and BELSTRESS. With respect
to risk factors for coronary heart disease,
decreasing rates were observed for hyper-
tension and hyperlipidaemia, while the preva-
lence of overt coronary heart disease appeared
to be on the increase in women. Obviously, in
the interpretation of these trends one should
take into account a possible selection bias
because the BHDPP and BELSTRESS studies
were performed in working populations only.

Pooling all four studies provides a powerful
database that allows the study of prevalences of

coronary heart disease and abnormal ECG
findings as a function of age and sex. As can be
seen in table 3, all of these prevalences rose
exponentially with age in both sexes, with the
exception of AV block and the WolV-
Parkinson-White syndrome. In men the preva-
lence of high R waves (Minnesota code III1)
showed a curvilinear association with age, the
prevalences in young men being comparable
with those aged over 65 years. This ECG find-
ing seems to decrease with age until around 55
years, after which it increases again in the older
age groups.

Fitting the appropriate interaction term in a
multiplicative model showed a significant eVect
modification by sex in the relation between age
and the prevalence of coronary heart disease,
ECG changes of angina pectoris, overt coron-
ary heart disease, and high R waves. The age
standardised prevalences of coronary heart
disease and abnormal ECG findings are also
given in table 3 for men and women, together
with the age adjusted sex ratio. In our
combined sample of four large datasets, overt
coronary heart disease was found in 8.3% of
men and 7.6% of women. In subjects under 55
years of age, however, the prevalence was
higher in women, the situation being reversed
at higher ages. Major ECG findings were
observed in 6.0% of all men and in 4.3% of
women, resulting in a significant age adjusted
sex ratio of 1.42. The prevalence of minor
ECG changes was only slightly higher among
men (10.4% v 9.5% in women) with a signifi-
cant relative increase of 13%. Ischaemia-like
findings on the ECG were less prevalent among
men than among women (9.0% v 9.8%). Fur-
thermore, independent of age, significantly
higher prevalences in men were found for
Q/QS patterns, left ventricular hypertrophy,
left axis deviation, bundle branch block, WolV-
Parkinson-White syndrome, and atrial fibrilla-
tion or flutter. The higher prevalence of bundle
branch block seemed to be explained mainly by
the higher prevalence of right bundle branch
block, which occurred 3.5 times more often in
men than in women. In contrast, the preva-
lence of left bundle branch block was compara-
ble between the sexes. Women had significantly
more ST changes (2.6% v 2.3% in men) and T
wave abnormalities (7.6% v 6.5% in men) on
the resting ECG.

Table 1 Distribution of age by study and sex

BHDPP
(n=10 064)

BIRNH
(n=11 031)

MONICA
(n=4873)

BELSTRESS
(n=21 390)

Total sample
(n=47 358)

Men
25–34 years – 1042 578 – 1620
35–44 years 1780 1254 580 6520 10 234
45–54 years 6215 1262 636 8471 16 584
55–64 years 2069 1292 635 1321 5321
65–74 years – 962 – – 962
Total 10 064 5816 2529 16 312 34 731

Women
25–34 years – 1948 549 – 1497
35–44 years – 1224 625 2739 4588
45–54 years – 1244 599 2088 3931
55–64 years – 1081 571 251 1903
65–74 years – 718 – – 718
Total – 5215 2344 5078 12 637

BELSTRESS, Belgian jobstress project; BHDPP, Belgian heart disease prevention project;
BIRNH, Belgian interuniversity research on nutrition and health study; MONICA, monitoring
trends and determinants in cardiovascular disease.

Table 2 Age standardised prevalences of lifestyle characteristics and coronary heart disease in 40–59 year old men and women

Men Women

BHDPP
(n=9702)
(%)

BIRNH
(n=2561)
(%)

MONICA
(n=1256)
(%)

BELSTRESS
(n=13 256)
(%)

BIRNH
(n=2412)
(%)

MONICA
(n=1228)
(%)

BELSTRESS
(n=3900)
(%)

Smoking 41.4 40.4 39.2 27.6 13.5 20.1 25.0
Obese 9.6 13.4 17.1 15.2 19.7 19.0 17.3
Diabetic 1.9 2.0 1.7 1.8 2.2 1.2 1.2
Region (% south) 19.2 38.3 41.7 45.3 38.0 40.4 58.3
Employed 100 84.6 77.0 100 28.5 43.3 100

Hypertensive 64.2 45.4 32.4 45.5 40.6 26.1 39.2
Hyperlipidaemic 35.3 37.5 37.3 27.0 39.1 34.5 26.5
Angina pectoris 5.3 5.2 3.1 4.9 7.6 6.0 10.3
History of acute myocardial infarction 3.4 3.4 3.1 1.5 1.4 1.3 0.1
Minnesota codes I1,2 1.3 1.8 1.4 2.0 0.7 1.2 0.6
Coronary heart disease 8.6 7.9 5.9 7.5 8.9 7.7 10.7

ECG findings in men and women 627
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Multivariately adjusted odds ratios are given
in table 4. These show the strength of the
association between the characteristics under
study and abnormal ECG findings, independ-
ently of age or the particular study involved.
The significance can be deduced from the
accompanying 95% confidence intervals. In
contrast to the results from univariate analysis,
no significant sex diVerential was observed for
ischaemic ECG findings, mainly because there
was no longer any diVerence in the prevalence
of T wave abnormalities between the two sexes.
In the multivariate analysis, sex diVerences
were apparent in the prevalences of arrhyth-

mias and AV block, which were both increased
in men. Smoking was not associated with any
of the ECG abnormalities under study, al-
though there was a spurious (negative) associ-
ation with left ventricular hypertrophy. Obese
subjects were found to have an independently
increased risk of having major, minor, and
ischaemic ECG findings, Q/QS patterns, ST-T
abnormalities, and left axis deviation. The
independent eVect of diabetes on abnormal
ECG changes was very consistent, with in-
creased prevalences ranging from 36–72%.
Regional diVerences between Flanders (north)
and Wallonia (south) were detected in the

Table 3 Prevalences of coronary heart disease and ECG findings in 25–74 year old men and women

Sex
25–34
years

35–44
years

45–5
years

55–64
years

65–74
years

25–74
years* Odds ratio (men v women) (95% CI)†

Angina pectoris M 2.5% 3.1% 4.9% 7.9% 13.1% 5.0% 0.51 (0.46 to 0.56) for age < 55 years
1.00 (0.85 to 1.18) for age > 55 yearsF 4.0% 6.7% 8.5% 8.4% 11.9% 6.0%

History of acute myocardial
infarction M 0.0% 0.6% 2.4% 6.3% 12.8% 3.6% 2.66 (2.20 to 3.22)

F 0.1% 0.2% 0.6% 3.0% 5.6% 1.5%

Minnesota codes I1,2 M 0.4% 0.9% 1.7% 3.0% 5.0% 1.8% 2.02 (1.63 to 2.48)
F 0.0% 0.4% 0.8% 1.6% 3.3% 0.9%

Coronary heart disease M 2.9% 4.3% 7.8% 13.6% 22.7% 8.3% 0.70 (0.64 to 0.77) for age < 55 years
1.22 (1.06 to 1.39) for age > 55 yearsF 4.0% 7.1% 9.6% 11.4% 17.6% 7.6%

Major ECG findings M 1.6% 2.8% 4.8% 9.3% 19.0% 6.0% 1.42 (1.27 to 1.57)
F 0.8% 2.0% 3.4% 6.7% 14.6% 4.3%

Minor ECG findings M 3.4% 5.5% 9.2% 16.6% 29.4% 10.4% 1.13 (1.05 to 1.22)
F 3.5% 3.9% 8.3% 16.1% 29.5% 9.5%

Only minor ECG findings M 3.3% 5.2% 8.5% 14.7% 26.3% 9.4% 1.10 (1.01 to 1.19)
F 3.4% 3.6% 7.8% 15.0% 28.6% 9.1%

Ischaemic ECG findings M 2.7% 4.3% 7.7% 14.6% 26.7% 9.0% 0.92 (0.85 to 0.99)
F 2.8% 3.9% 8.2% 16.8% 31.3% 9.8%

Q/QS abnormalities M 0.6% 1.4% 2.6% 4.9% 10.1% 3.2% 1.46 (1.26 to 1.68)
F 0.5% 0.7% 1.9% 3.7% 8.2% 2.3%

ST abnormalities M 0.2% 0.4% 1.2% 3.4% 9.0% 2.3% 0.75 (0.65 to 0.88)
F 0.4% 0.8% 1.8% 4.3% 9.3% 2.6%

T abnormalities M 2.0% 2.9% 5.3% 10.7% 19.8% 6.5% 0.86 (0.79 to 0.93)
F 2.2% 2.8% 6.1% 13.4% 24.1% 7.6%

Arrhythmias M 0.4% 0.4% 0.7% 1.6% 4.8% 1.2% 1.18 (0.93 to 1.49)
F 0.3% 0.4% 0.5% 1.3% 3.6% 1.0%

AV block M 0.1% 0.1% 0.1% 0.1% 0.3% 0.2% 2.00 (0.89 to 4.49)
F 0.1% 0.1% 0.1% 0.0% 0.1% 0.1%

High R wave M 6.3% 3.8% 3.4% 3.8% 6.6% 3.2% 6.56 (5.06 to 8.50) for age < 55 years
1.63 (1.25 to 2.11) for age > 55 yearsF 0.5% 0.5% 0.8% 2.5% 3.9% 1.3%

Left ventricular hypertrophy M 0.4% 0.2% 0.4% 0.7% 2.7% 0.7% 1.62 (1.14 to 2.31)
F 0.1% 0.1% 0.1% 0.8% 1.8% 0.5%

Left axis deviation M 1.4% 2.9% 4.6% 7.5% 12.8% 4.8% 1.96 (1.73 to 2.23)
F 0.9% 1.3% 2.5% 3.9% 7.7% 2.5%

Arrhythmias or AV block M 0.5% 0.5% 0.8% 1.7% 5.1% 1.3% 1.22 (0.97 to 1.53)
F 0.4% 0.5% 0.6% 1.3% 3.8% 1.1%

Bundle branch block M 0.4% 0.7% 1.2% 2.4% 5.4% 1.6% 2.15 (1.69 to 2.73)
F 0.2% 0.2% 0.5% 1.2% 3.2% 0.8%

Left bundle branch block M 0.1% 0.2% 0.3% 0.8% 2.0% 0.5% 1.09 (0.77 to 1.55)
F 0.0% 0.1% 0.2% 0.8% 1.7% 0.5%

Right bundle branch block M 0.4% 0.5% 0.9% 1.5% 3.3% 1.1% 3.45 (2.43 to 4.89)
F 0.2% 0.1% 0.2% 0.4% 1.5% 0.4%

WolV-Parkinson-White M 0.06% 0.13% 0.07% 0.09% 0.31% 0.11% 2.78 (1.08 to 7.19)
F 0.13% 0.02% 0.05% 0.00% 0.00% 0.04%

Atrial fibrillation/flutter M 0.06% 0.04% 0.21% 0.58% 2.70% 0.55% 1.81 (1.14 to 2.89)
F 0.00% 0.07% 0.08% 0.32% 1.53% 0.33%

*Age standardised.
†Age adjusted according to logistic regression analysis.
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prevalences of major ECG findings and
arrhythmias, which were higher in the north,
and minor, ischaemic, and Q wave abnormali-
ties, which were higher in the south. Being cur-
rently employed was associated with a lower
prevalence of minor and T wave abnormalities
and consequently with a lower prevalence of
ischaemic ECG findings. Finally, as expected,
prevalent coronary heart disease was strongly
related to all ECG findings under study, espe-
cially with major ECG findings, ST-T changes,
Q/QS patterns, AV block, and the WolV-
Parkinson-White syndrome, all abnormalities
being at least twice as common among subjects
with overt coronary heart disease.

Discussion
The ECG has been widely described in medi-
cal reports as a useful diagnostic tool for
assessing “silent” heart disease. Many epide-
miological studies have shown the association
between ECG findings and subsequent coron-
ary and cardiovascular disease and
mortality.3–15 The use of ECGs in epidemiologi-
cal research has been greatly facilitated by the
introduction of the Minnesota code classifi-
cation system.16 17 There are several reports
from diVerent populations on the prevalence of
ECG abnormalities determined on the basis of
the Minnesota coding criteria.18–24 In general,
the observed prevalences in our large sample of
Belgian men and women are in line with what
might be expected from a western European
country.

INTERPRETATION OF PREVALENCE REPORTING

In comparing the results of our study with
those obtained from other samples, one should
take into account that our sample is population
based, with varying participation rates between
the four projects but with no exclusions. Some
investigators have reported the results of
prevalence studies in a subcohort of subjects
free of symptomatic coronary heart disease.
Moreover, most studies on the prevalence of
abnormal ECG changes have been carried out
in men only, and few studies have also sampled
women. In other studies showing the preva-
lence of ECG changes, the age range is often
more limited than our range of 25–74 years,
and is usually restricted to 45–64 years.
Because of the strong age dependency of ECG
changes, any study comparing prevalences of
ECG abnormalities should take this into
account. As reported by several other investiga-
tors, there are also important ethnic diVerences
among individuals free of coronary heart
disease in the occurrence of abnormalities on
the resting ECG. In a recent paper from the
ARIC (atherosclerosis risk in communities)
study,23 Vitelli and colleagues confirmed find-
ings from previous studies9 12 that racial diVer-
ences in the prevalences of both major and
minor ECG changes between adult black and
white Americans are not entirely explained by
diVerences in established coronary heart dis-
ease risk factors. In international projects such
as the seven countries study19 and the study by
the International Collaborative Group,35 theTa
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lowest prevalence rates of ECG abnormalities
are consistently found in Eastern populations,
independently of other coronary heart disease
risk factors.

MAJOR, MINOR, AND ISCHAEMIA-LIKE ECG

CHANGES

Our definitions of major and minor ECG
abnormalities are based on those in the pooling
project.32 In that study of 7076 middle aged
men free of coronary heart disease, the
prevalences were 3.8% for major and 9.0% for
minor ECG abnormalities, respectively. In our
study involving four Belgian databases, the age
standardised prevalences of major ECG find-
ings were 6.0% in men and 4.3% in women,
these rates being significantly diVerent. In the
western European groups involved in the
International Collaborative Group,35 the preva-
lence rates of these major ECG changes in men
in the age group 40–59 years ranged from
about 4.0% in the French, Italian, and Irish
samples, up to 7.3% in Denmark and 8.3% in
Finland. In two US projects, the Charleston
heart study12 and the Evans County heart
study,9 the prevalence of major ECG findings
in middle aged men free of coronary heart dis-
ease was about 7%. The highest prevalences in
both men and women were observed in the
Chicago Heart Association detection project in
industry,11 where major ECG changes occurred
in 9.6% of men and in 12.9% of women aged
40–64 years and free of symptomatic coronary
heart disease. In contrast, the prevalence of
minor ECG abnormalities in that study was
rather low (7.3% in men and 4.5% in women).
In the diVerent studies using the pooling
project definition32 of minor ECG abnormali-
ties, very heterogeneous results were obtained
for prevalence, mainly because of observer
bias, as personal interpretation is more likely to
play a part in the coding of less clinically
relevant ECG findings. In the male participants
of the Evans County heart study9 (aged 40–64
years) and the ARIC study23 (aged 45–64
years), the prevalence of minor ECG codes was
exceptionally high (23.7% and 25.2%, respec-
tively), while that in the Charleston heart
study12 (13.2%) was comparable with those
found in working men aged 40–55 years in the
Chicago Western Electric Company study6

(11.2%) and in the participants in the
Honolulu heart program10 in men of Japanese
ancestry aged 45–68 years (10.0%). Apart
from these US studies, we found no other
papers showing prevalence rates of minor ECG
codes. From our large Belgian database, we can
conclude that about the same proportion of
men and women from the general population
aged 25–74 years show minor changes on their
resting ECG (without any major ECG find-
ings), namely 9.4% and 9.1%, the diVerence
being only of borderline significance.

Apart from the observed age and sex eVects
on the prevalences of major and minor ECG
changes in our database, we also found signifi-
cant associations with obesity, diabetes, preva-
lent coronary heart disease, and to a lesser
extent region and employment status, while
only smoking was unrelated. The absence of an

eVect of tobacco consumption is in agreement
with the results of three diVerent US stud-
ies,9 12 36 while the positive association with
body mass index was observed in only one of
those studies.9 The strong impact of diabetes
found in our study was confirmed in the Char-
leston heart study alone,12 which involved only
men.

ISCHAEMIA-LIKE ECG CHANGES

Q wave patterns, ST segment depression or
elevation, T wave inversion or flattening, and
left bundle branch block are often seen as indi-
cations of silent myocardial ischaemia. The
results from diVerent studies are quite consist-
ent, in that ischaemia-like ECG changes are
associated with an approximately twofold
increased risk of dying of coronary heart
disease.15 37 In our combined samples, preva-
lence rates were 9.0% and 9.8% in men and
women, respectively. These rates are compara-
ble with those reported from other western
European studies (Renfrew and Paisley sur-
vey,14 Scottish heart health study22) and some
US studies (the Framingham study,38 Chicago
Heart Association detection project in indus-
try39). In two older studies on men only—the
Seven Countries studies4 (40–59 years) and the
Whitehall study5 (40–64 years)—prevalences
of ischaemia-like ECG findings were 6.4% and
6.2%, respectively, which again, when taking
into account the steep trend in prevalence after
the age of 65, are comparable with our figures.

With respect to the influence of lifestyle
characteristics on the prevalence of ischaemia-
like ECG changes, significant associations were
observed not only for age and overt coronary
heart disease, but also for obesity, diabetes,
region, and employment status. We found no
other reports showing the impact of these latter
characteristics on ischaemia-like or ST-T type
abnormalities.

SEPARATE ECG CODES

Q/QS findings are often seen in subjects with
previous myocardial infarction and are re-
garded in asymptomatic individuals as possible
indicators of myocardial ischaemia. In our
study, such Q/QS changes were observed in
3.2% of all men and 2.3% of all women. The
prevalence was strongly age dependent and the
adjusted sex ratio was about 2. With respect to
the diVerent age criteria used in several studies,
and taking into account the steep age gradient
after the age of 60, our results are in agreement
with those found in other published reports. In
a report on six large European cohorts,20 Rose
and colleagues found homogeneity in the
prevalence of Q/QS findings among popula-
tions, with prevalences varying between 3.4–
5.5% in men aged 40–59 years. In the
Whitehall study,5 2.7% of men aged 40–64
years showed Q/QS wave changes on their rest-
ing ECG, while these occurred in 4.2% of male
participants (aged 40–59 years) from the Brit-
ish regional heart study.8 Finally, two US stud-
ies also included women in their population
sample. The Framingham study21 reported
Minnesota code I1–3 prevalences of 2.1% in
men and 1.7% in women, both sexes being in
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the age range 30–62 years. The sex ratio of 2, as
observed by us, is in line with the results from
the 45–64 years old white participants of the
ARIC study,23 in which prevalences were 2.0%
in men and 0.6% in women. Apart from the
established associations with age, sex, and
prevalent coronary heart disease, we found no
reports dealing with the influence of lifestyle
related characteristics on the occurrence of
Q/QS codes. We observed more Q/QS findings
among subjects with diabetes (+54%) and
obesity (+42%), and in participants from the
French speaking community (+36%). No
significant relation with smoking behaviour
was seen.

As it represents a shift in the electrical axis of
the heart, left axis deviation is usually consid-
ered to be an indication of left anterior
hemiblock. In men, the prevalence found in
published reports varies from 3.1% in both the
Whitehall study5 (40–64 years) and the Fram-
ingham study21 (30–62 years) to 6.4% in the
Australian Busselton study7 (40–79 years). The
reported proportion of women with left axis
deviation on their ECG varies from 1.6% in a
Croatian study40 (35–54 years) to 3.9% in the
Busselton study.7 In all these studies, a strong
age dependency was shown, and prevalences in
men were about twofold higher than in women.
Our results are in agreement with these obser-
vations, with prevalences of 4.8% in men and
2.5% in women, the adjusted sex ratio being 2.
Apart from the influence of age and sex, a posi-
tive association with obesity was seen (+33%),
while the eVect of overt coronary heart disease
(+15%) was, surprisingly, only of borderline
significance.

The definition for left ventricular hyper-
trophy in our study was the joint occurrence of
high R waves and ST-T type abnormalities.
Many criteria for an ECG definition of left
ventricular hypertrophy have been suggested,
most of which have high specificity but low
sensitivity.41–43 In clinical practice and epide-
miological research, tall R waves have often
been associated with a diagnosis of left
ventricular hypertrophy, though when accom-
panied by ST segment depression and T wave
inversion this feature has been shown to be a
more powerful risk factor for the development
of coronary artery disease.44 45 Framingham
data46 showed that the estimated prevalence of
left ventricular hypertrophy, as defined above,
increased from 0.6% in 40 year old men to
5.5% in 70 year old men. In women, the preva-
lence was about half that in men at virtually all
ages. In the white male cohort of the
Charleston heart study12 aged 35–74 years, the
prevalence of left ventricular hypertrophy was
0.9%, while in the Honolulu heart program10 in
men aged 45–64 years, the prevalence was
0.6%. In our study the prevalence of left
ventricular hypertrophy on ECG was estimated
to be 0.7% in men and 0.5% in women, with a
sex ratio of 2.21 after multivariate adjustment.
No significant excess was found in obese
subjects, while smoking was negatively related
to ECG evidence of left ventricular hypertro-
phy. This unexpected finding is in line with
observations made in the LIFE (losartan inter-

vention for endpoint reduction in hyper-
tension) study.47 In this sample of hypertensive
patients with electrocardiographically detected
left ventricular hypertrophy, many fewer cur-
rent smokers (< 17%) were represented com-
pared with the general population. A possible
explanation may be the fact that electrocardi-
ography has a lower sensitivity for the diagnosis
of left ventricular hypertrophy in smokers than
in non-smokers. From the PIUMA (Progetto
ipertensione umbria monitoraggio ambulatori-
ale) study48 it was concluded that in hyperten-
sive smokers the sensitivity of the ECG is lower
than in non-smokers when using peripheral or
left precordial voltage criteria, probably owing
to increased chest size in smokers resulting
from increased lung compliance.

Many epidemiological papers have consid-
ered ST abnormalities and T wave changes in
the general population. As in most of these the
definitions also include the less stringent codes
IV3–4 and V3–4, which are more subject to
personal interpretation; large variation is ob-
served in the published prevalence data. In a
comparison of several European cohorts20 con-
sisting of 40–59 year old men, Rose and
colleagues reported prevalences of ST segment
depression (IV1–3) of the order of 2.6% to 3.6%,
while for T wave abnormalities (V1–3) preva-
lence rates were between 3.4% and 5.9%. In
the Australian Busselton study7 (40–79 years),
prevalence rates of ST and T wave changes
were 2.4% and 6.8% in women and 0.5% and
4.6% in men, respectively. These diVerences
between sexes are in agreement with data pub-
lished by Ostrander and associates in an early
paper on ECG findings in about 5000 men and
women aged 16 to over 80 years, with ST
changes occurring in 5.4% of women and in
2.5% of men, while T wave abnormalities were
found in 11.6% of men and 13.1% of women.18

The magnitude of the sex diVerence was, how-
ever, not confirmed by data from the Framing-
ham study38 in 44–74 year old subjects, where
prevalences of ST and T wave changes were,
respectively, 7.7% and 11.0% in women, and
6.9% and 12.8% in men. The results of our
study support their findings, in that men and
women from the general population did not
diVer much with regard to the occurrence of
ST changes (2.6% in women, 2.3% in men)
and T wave abnormalities (7.6% in women,
6.5% in men). Concerning lifestyle character-
istics, we found no other reports confirming
our findings of higher prevalences of ST and T
wave changes among diabetics and obese
persons.

There is little information in epidemiological
reports on the prevalence of signs of impaired
atrioventricular conduction (AV block) on the
resting ECG. In a large sample of over 100 000
aircrew men aged 16–50 years, Hiss and
Lamb24 found AV block in 0.6% of the ECGs,
while in the Framingham study,3 prevalences in
30–62 year old men and women were,
respectively, 0.7% and 0.8%. The reason why
these figures are higher than those observed in
our study (0.2% in men, 0.1% in women) is
unclear. Only seven of the 18 403 middle aged
men participating in the Whitehall study5 had
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complete or second degree AV block or WolV-
Parkinson-White syndrome. The latter oc-
curred in four of these seven men. Apart from
a significant association with sex, we observed
2.6 times more AV block in subjects suVering
from coronary heart disease. No significant age
gradient in prevalence of AV block was
observed. The prevalence of the WolV-
Parkinson-White syndrome in our combined
sample was 0.11% in men and 0.04% in
women. This syndrome occurred significantly
more often in men and in subjects with a
history of coronary heart disease. In the large
sample of male US aircrew personnel,24 the
prevalence of the WolV-Parkinson-White syn-
drome was about 0.2%.

In contrast to AV block, we found many epi-
demiological studies dealing with bundle
branch block, though again mostly in men.3–

5 9 10 13 The reported prevalences of Minnesota
codes VII1,2,4 in men range from 1.2% in the
Framingham study3 (30–62 years) up to 2.7%
in the white men from the Evans County heart
study9 (40–64 years). In our study, the
observed prevalences of bundle branch block
were 1.6% in men and 0.8% in women, the
adjusted sex ratio being 2.28. This sex
diVerential was entirely attributable to a diVer-
ence in the prevalence of right bundle branch
block (sex ratio = 3.51). The prevalence of left
bundle branch block was similar in the two
sexes. Our results are comparable with those
obtained in the Reykjavik study,49 in which a
significant sex diVerential in the prevalence of
right bundle branch block was also observed
(sex ratio = 2.1). The sex ratios in the Fram-
ingham study50 were 1.6 for left bundle branch
block and 3.0 for right bundle branch block.
With respect to lifestyle characteristics, only
age, sex, and a history of coronary heart disease
were related to bundle branch block in our
study, these results again being consistent with
observations from the Framingham study.

In relation to arrhythmias, most reports have
focused on atrial fibrillation and flutter, two
types of atrial arrhythmia with the same aetio-
logical background. Earlier observations from
the seven countries study4 were recently
confirmed by data from the Framingham
study51 and the Paris prospective study,52 in that
persons with idiopathic atrial fibrillation but no
clinically apparent disease had an increased
mortality risk. In the Whitehall study,5 atrial
fibrillation was seen in 4/1000 men. There was
a steep age gradient and about half the subjects
reported a history of coronary heart disease.
Similar prevalences of Minnesota code VIII3 in
men were observed in the Evans County heart
study9 (0.4%), the Busselton study7 (0.2%), the
British regional heart study13 (0.7%), and the
Paris prospective study52 (0.5%). Based on
incidence data from the Framingham study,53

men had a 1.5 times greater risk for developing
atrial fibrillation than women. Other risk
factors for the development of atrial fibrillation
were age, diabetes, hypertension, congestive
heart failure, valve disease, and a history of
myocardial infarction. In our study, we found
prevalences of 0.55% in men and 0.33% in
women, the adjusted sex ratio being 2.27. This

prevalence was found to be significantly
increased in older people and in those with
diabetes and overt coronary heart disease.

CONCLUSIONS

This pooling of four large epidemiological
studies provides us with accurate estimates of
the prevalence of several electrocardiographic
findings in adult men and women from the
general population. Our findings agree, in gen-
eral, with what would be expected for a typical
western European population. Most preva-
lences increase exponentially with age and are
greater among people with diabetes, obesity,
and a history of coronary heart disease. Smok-
ing behaviour seems unrelated to any ECG
features except for a negative association with
the occurrence of left ventricular hypertrophy.
This paper is one of the few that have reported
prevalences of ECG findings in women as well
as men. Compared with men, women tend to
have fewer abnormalities on the resting ECG.
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