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The electrocardiogram in apparently healthy men and
the risk of sudden death
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SUMMARY The purpose of this study was to determine whether electrocardiographic abnormalities
detected on a routine examination in men without clinical evidence of heart disease predicted sudden
death in the absence of pre-existing clinical manifestations of heart disease. The Manitoba study
consists of a cohort of 3983 men with a mean age at entry of 30-8 years who have been followed with
regular examinations including electrocardiograms since 1948. During the 30 year observation
period, 70 cases of sudden death have occurred in men without previous clinical manifestations of
heart disease. The prevalence of electrocardiographic abnormalities before sudden death was 71-4%
(50/70). The frequency of abnormalities was 31*4% (22) major ST segment and T wave abnor-
malities, 15-7% (11) ventricular extrasystoles, 12-9% (nine) left ventricular hypertrophy (voltage
criteria), 7.1% (five) complete left bundle-branch block, and 5 7% (four) pronounced left axis
deviation. When these electrocardiographic findings in men without clinical manifestations of heart
disease were related prospectively to incidence of sudden death each one except pronounced left axis
deviation was a significant predictor of sudden death. Two of the variables were examined in more
detail. Increased severity of primary T wave abnormalities and the association of ST segment and T
wave abnormalities with increased QRS voltage further increased sudden death risk. The combina-
tion of ventricular extrasystoles with either ST-T abnormalities or left ventricular hypertrophy
much increased the risk of sudden death. Thus these data indicate that electrocardiographic abnor-
malities detected on routine examination in men without clinical evidence of heart disease are
significantly related to the occurrence of sudden death.

Sudden death has become recognised as a major chal-
lenge in contemporary cardiology with the realisation
that it is the most frequent mode of death in ischaemic
heart disease.1-3 Investigations of this problem have
mainly centred on sudden death in patients with
known cardiac disease and there are comparatively
few data available in men without previous clinical
evidence of ischaemic heart disease. Because in this
circumstance it is their first and usually their last clin-
ical manifestation of heart disease, it is especially
important to identify high risk groups for sudden
death. The electrocardiogram which is in widespread
use primarily as a diagnostic tool is less often used in
prognosis especially as it relates to apparently healthy
subjects. Yet the electrocardiogram is used in the
screening of healthy individuals in many settings and
represents a simple non-invasive method of cardiac
assessment that may be of value in risk stratification.

Accepted for publication 11 February 1982

The purpose of this investigation was to examine the
hypothesis that the "routine" electrocardiogram in
apparently healthy men is predictive of sudden death.

Subjects and methods

The details of this study have been reported previ-
ously.45 In summary, the cohort consists of 3983
men, who during the second world war were either
pilots or pilots in training in the Royal Canadian Air
Force, or pilots licensed by the Department of Trans-
port and who at the time had a routine electrocardio-
gram in addition to the regular medical examination.
After release from the service, some continued to fly
but the majority found different occupations and are
in all strata of society.

For each subject, the examination closest to
30 June 1948 (date population was defined) was
selected as the entry examination. The age distribu-
tion at entry was as follows: 318 men were aged 15 to
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24 years, 1479 aged 25 to 29, 1258 aged 30 to 34, 539
aged 35 to 39, 205 aged 40 to 44, 153 aged 45 to 54,
and 31 aged 55 to 64 years. Earlier medical informa-
tion and examinations provided evidence that they
were without clinical manifestations of ischaemic
heart disease at entry. Since then, they have been
followed by annual letters with medical examinations
and electrocardiograms at intervals of at first five and
later three years. The observation period was defined
from 1 July 1948 until 30 June 1978, an average
follow-up of 30 years. Annual contact has been lost
with only two persons.

DEFINITIONS AND CASE DETECTIONS
Cases were selected if they had (1) electrocardio-
graphic abnormality detected during a routine exami-
nation, and (2) no clinical evidence of ischaemic or
valvular heart disease on either that examination or
the previous ones since entry. Thus, men with
myocardial infarction, angina pectoris, or coronary
insufficiency before the detection of the electrocar-
diographic abnormalities were excluded. The diag-
nostic criteria used for these manifestations of
ischaemic heart disease were outlined previously.5
For myocardial infarction, this included detection of
new abnormal (¢0-03 s) Q wave even in the absence
of clinical symptoms-silent myocardial infarction.
Thus the cases selected had no electro-
cardiographic-Q wave evidence of myocardial
infarction. The definition of sudden death was that of
the WHO, namely natural death occurring immedi-
ately or within an estimated period of 24 hours after
the onset of acute objective or subjective symptoms of
ischaemic heart disease.6 During the observation
period there were 70 sudden deaths with an age dis-
tribution at death as follows: less than 40 years, three
men (4%); 40 to 49 years, 13 men (19%); 50 to 59
years, 30 men (43%); 60 to 69 years, 20 men (29%);
and 70 to 74 years, four men (6%).

Necropsies were done in 25 of the 70 cases. Despite
the absence of clinical symptoms, 96% (24/25) of cases
had severe coronary atherosclerosis as evidenced by
lesions reducing coronary artery lumen of greater than
75% and the other case had moderate-50 to less than
75% luminal narrowing by coronary atherosclerosis.

Left axis deviation
The mean frontal plane QRS vector was determined
from the limb leads using a hexaxial reference sys-
tem.7 The vector was calculated to the nearest 150
because, as pointed out by others,8 this is a reasonable
limit of precision for the standard electrocardiogram.
The definition of left axis deviation was (1) a mean

frontal plane QRS vector of -45° to -90°; (2) a QRS
duration of 110 ms or less, and (3) the absence of
Wolff-Parkinson-White syndrome, complete left

bundle-branch block, and complete right bundle-
branch block.
During the 30 year observation period 286 men

fulfilled the clinical and electrocardiographic criteria.
The age distribution at detection of the electrocar-
diographic abnormality was 20 to 29 years, 24 men; 30
to 39 years, 43 men; 40 to 49 years, 71 men; 50 to 59
years, 97 men; 60 to 69 years, 42 men; 70 to 79 years,
eight men; 80 years, one man.

Bundle-branch block
The criteria for the diagnosis of right and left
bundle-branch block were outlined by the New York
Heart Association9 and the Minnesota code.10 The
criteria include QRS duration of 0 12 s or greater and
for right bundle-branch block an r SR, q R, or a tall R
wave in Vi and for left bundle-branch block QRS
notching and terminal conduction delays in limb (I,
aVL) or precordial (V5-6) leads. During the observa-
tion period 33 cases of complete left bundle-branch
block were detected. The age distribution was 30 to
39 years, three men; 40 to 49 years, seven men; 50 to
59 years, 10 men; 60 to 69 years, 11 men; 70 and over
years, two men. For right bundle-branch block, 65
cases were detected and had an age distribution as
follows: younger than 20 years, two; 20 to 29 years,
12; 30 to 39 years, eight; 40 to 49 years, 13; 50 to 59
years, 20; 60 to 69 years, eight; 70 and over, two men.

Ventricular extrasystoles
The criteria for identification of ventricular extrasys-
toles were (1) different QRS morphology from the
dominant rhythm, (2) QRS duration of 0 12 s or grea-
ter, (3) premature in occurrence, (4) no preceding
premature p wave. 'I The age distribution of the 428
cases detected was as follows: younger than 20 years,
one; 20 to 29 years, 20; 30 to 39 years, 55; 40 to 49
years, 89; 50 to 59 years, 177; 60 to 69 years, 76; 70
years and older, 10 men.

Left ventricular hypertrophy
Voltage criteria for left ventricular hypertrophy were
the essential criteria for definition of this entity. One
of three criteria had to be satisfied, either R wave in
V5 or V6 greater than 26 mV, R wave in aVL greater
than 1 mV, or sum of S in Vi and R in V5 or V6
greater than 35 mV.'0 12 Cases were also analysed
according to presence or absence of associated ST and
T findings. The age distribution of the 254 cases of
increased QRS voltage were as follows: 20 to 29 years,
one man; 30 to 39 years, 48 men; 40 to 49 years, 81
men; 50 to 59 years, 79 men; 60 to 69 years, 40 men;
70 years and older, five men.

ST segment and T wave abnormalities
The description of major ST segment and T wave
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deviations was that outlined in the Minnesota code.10
They are coded only in the absence of bundle-branch
block, left ventricular hypertrophy, and Wolff-
Parkinson-White conduction. ST segment abnor-
malities were defined as equivalent to Minnesota
codes 1 to 3, that is either ST-J depression 1 mV or
greater with the ST segment horizontal or downward
sloping, or ST-J depression 0.5 to 1*0 mV with ST
segment horizontal or downward sloping, or no ST-J
depression 0*5 mV but ST segment downward slop-
ing so that it or T wave nadir is 0-5 mV or greater
below the p-r baseline. The age distribution of the
253 cases of ST segment abnormality was for ages 20
to 29 years, one man; 30 to 39 years, nine men; 40 to
49 years, 29 men; 50 to 59 years, 126 men; 60 to 69
years, 71 men; 70 years and older 17 men.
T wave abnormalities were coded as present if the T

wave was isoelectric or inverted (Minnesota code 1 to
3) in leads I or II or V2 or V3 or any two of V3 to V6.
The age distribution of the 440 cases of T wave
abnormality was ages 20 to 29 years, eight men; 30 to
39 years, 27 men; 40 to 49 years, 73 men; 50 to 59
years, 217 men; 60 to 69 years, 92 men; 70 years and
older, 23 men. The frequency association of ST seg-
ment and T wave abnormalities and the clinical think-
ing that considers them together lead to the combina-
tion of both to form one group.

Major ST and T wave changes were subject to data
analysis, but T waves were also coded for the presence
of minor T abnormality, namely reduction in T wave
amplitude (Minnesota code T wave code 4) in leads I,
II, V2, and V3 or any two of leads V3 to V6.

DATA ANALYSIS
To account for age and varying lengths of follow-up,
after the development of electrocardiographic abnor-
malities, the person-year exposure to each abnormal-
ity within age groups was calculated. The age specific
rates of sudden death per 1000 person years of expos-
ure were calculated from onset of each electrocardio-
graphic abnormality and for the entire cohort from
the first 12 lead electrocardiogram. The relative risk,
namely the sudden death incidence in those with the
electrocardiographic abnormality divided by the inci-
dence in those without the abnormality, was also cal-
culated. Hypothesis testing used the x2 approach.
The null hypothesis was rejected if the probability of a
type 1 error was less than 5%.

Results

PREVALENCE OF ELECTROCARDIOGRAPHIC
ABNORMALITIES IN SUDDEN DEATH CASES
The prevalence of abnormalities on the routine elec-
trocardiograms in men without apparent heart disease
who died suddenly is shown in Table 1. The majority

or 71*4% (50/70) of cases had previous electrocardio-
graphic abnormalities. The most frequent findings
was ST segment or T wave abnormalities occurring in
500/% of cases though in only 31*4% was it classifiable
as a major abnormality. Ventricular extrasystoles were
the next most frequent finding, then left ventricular
hypertrophy, left bundle-branch block, and pro-
nounced left axis deviation. There were no cases with
pre-existing complete right bundle-branch block.

ELECTROCARDIOGRAPHIC VARIABLES AND
SUDDEN DEATH PREDICTION
The age adjusted sudden death incidence for those
with and without each of the electrocardiographic
abnormalities is shown in Fig. 1. The highest sudden

Table 1 Prevalence of electrocardiographic abnormalities
in men without apparent heart disease who later died suddenly

Abnormality % No.

ST segment-T wave 50 35
Major 31-4 22
Minor 18-6 13

Ventricular extrasystoles 15-7 11
Left ventricular hypertrophy 12-9 9
QRS voltage criteria and ST segment and
T abnormalities 10-0 7

QRS voltage criteria only 2-9 2
Complete left bundle-branch block 7-1 5
Pronounced left axis deviation 5-7 4
PR interval greater than 0-22 s 1-4 1
Complete right bundle-branch block 0-0 0

These abnormalities coexisted in some patients so that 71-4% (50/70)
had one of the above abnormalities and 23-6% (20/70) had none.

No 286 428 254 672 33

Fig. 1 The age adjusted sudden death incidence for those with
and without each of the following electrocardiographic
abnormalities: pronounced left axis deviation (LAD), ventricular
extrasystoles (VE), left ventricular hypertrophy (LVH), major
ST segment or T wave abnormalities (Maj ST-T), and complete
left bundle-branch block (LBBB). The number ofsudden death
cases observed (OBS) in each subgroup with each
electrocardiographic abnormality and the relative risk for sudden
death are also shown.
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death incidence rate was for complete left bundle-
branch block which was significantly (p<0-05) greater
than the absence of left bundle-branch block. The
relative risk for sudden death was 13*8. Major ST
segment and T wave abnormalities, increased R wave
voltage, and ventricular extrasystoles were all
significantly (p<0*05) associated with sudden death
with relative risks from 4*8 to 3*7. Pronounced left
axis deviation was not significantly associated with
sudden death.
Two of the variables, namely left ventricular hyper-

trophy and ST segment and T wave changes, could be
examined in more detail. For left ventricular hyper-
trophy, the highest incidence of sudden death was in
men in whom increased QRS voltage and ST segment
and T wave abnormalities occurred together
(Table 2). The next highest incidence of sudden death
was in those with increased QRS voltage and no
associated ST segment or T wave abnormalities sub-
sequently. To examine the relation between sudden
death and the severity and location of T wave abnor-
malities the small number of cases in each subset
made the analysis of proportions preferable. Risk of
sudden death increased with increasing severity of T
wave abnormality. It was greater with abnormalities
in leads V4 to V6, then V2 and V3, then lead II, and
lastly lead I (Fig. 2). Combinations of electrocardio-
graphic abnormalities, where relevant, showed a pro-
nounced increase in sudden death risk (Fig. 3).
Further subdivision of these combinations was not
possible because of the small numbers in many sub-
sets.

Discussion

This study has demonstrated that certain abnor-

Table 2 Age adjusted incidence of sudden death for left
ventricular hypertrophy according to presence or absence of
associated ST segment or T wave abnormalities

Criteria Cases Cases of Age adjusted sudden
with sudden death rate per 1000
ECG death person year
finding

QRS voltage with
ST-T findings at first
occurrence voltage
evidence 51 3 13-47

QRS voltage and ST-T
findings at any time 89 4 8-33

QRS voltage with no
ST-T findings at first
occurrence voltage
evidence 203 5 2-78

QRS voltage with no
ST-T findings at any
time 215 5 2-68

QRS voltage alone
(regardless ST-T
findings) 254 9 4-79
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Fig. 2 The proportion ofsudden death within 10years of the
occurrence of T wave abnormalities defined by the presence and
severity of the T wave findings and the lead(s) in which they
occur.
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Fig. 3 The age adjusted sudden death incidence for those with
combinations of electrocardiographic abnormalities, namely
ventricular extrasystoles (VE) plus left ventricular hypertrophy
(LVH) or ST segmentIT wave abnormalities (ST-T). For
comparison, the incidence of sudden death is again shown when
the abnonnalities occur alone.

549

O L

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.47.6.546 on 1 June 1982. D
ow

nloaded from
 

http://heart.bmj.com/


550

malities detected on a resting electrocardiogram in
apparently healthy men are associated with a
significantly increased risk of sudden death. Left
bundle-branch block, left ventricular hypertrophy,
major ST segment and T wave abnormalities, and
ventricular extrasystoles occurring individually and
combinations of the last three are predictors of sudden
death. There are, however, several major caveats with
regards to the extrapolation of these results. Firstly,
though there is concern that none of the prospective
studies of cardiovascular disease epidemiology is rep-
resentative of the general populationl3 the selective
nature of this cohort must be remembered. A strength
of this study, however, is the relatively young age at
entry and the repeated examinations which permit
identification of onset of new abnormalities and assur-
ance that there was no heart disease at entry. Sec-
ondly, the incidence rate of sudden death in appar-
ently healthy individuals is low.2 14 Though the num-
bers of cases of sudden death in men without previous
heart disease in our study are comparable with
others,14 nevertheless the small number of cases over-
all and especially in groups with combinations of
abnormalities suggest that conclusions must be drawn
cautiously. Thirdly, the difficulties of longitudinal
data analysis become even more complex when elec-
trocardiographic variables are analysed. We chose to
classify individuals as abnormal from the first detec-
tion of the electrocardiographic abnormality regard-
less of the findings on subsequent tracings. This was
done because some abnormalities such as bundle-
branch block are relatively permanent once they occur
and others such as ventricular extrasystoles are trans-
ient, in part because of the short duration of the rest-
ing electrocardiogram. Another reason for this
approach is that the occurrence of cardiovascular dis-
ease or deatn in the period between electrocardio-
graphic examinations is a confounding factor in
classifications of subsequent presence or absence of
electrocardiographic abnormalities. Thus our data
must be evaluated within this context. Our
classification of electrocardiographic abnormalities is
equivalent to the Minnesota code criteria with the fol-
lowing exceptions. Left axis deviation starts from
-450 rather than from - 300. Our criteria for ventricu-
lar extrasystoles and bundle-branch block are
specified in more detail and for left ventricular hyper-
trophy we do not use R amplitude in limb leads except
aVL, but use an additional precordial QRS criterion.
For data analysis, cases with Q wave abnormalities
consistent with the clinical diagnosis of "silent"
myocardial infarction were the only ones excluded
because they can be considered to have ischaemic
heart disease already and thus have an increased risk
of sudden death. Their exclusion must be remem-
bered for comparison with other studies. Another

Rabkin, Mathewson, Tate

issue is the ever present problem of whether the
"apparently healthy individual" truly represents an
individual without heart disease. Clinically occult
ischaemic heart disease may have been the underlying
causative factor for the electrocardiographic abnor-
malities and thus responsible for the prognosis. From
a pragmatic standpoint, however, the electrocardio-
gram might even be viewed as a test for clinically
occult disease and its prognostic ability assessed from
that perspective.
The concept that electrocardiographic abnor-

malities identify those at higher risk of sudden death
is not new. Initial investigations of this thesis in popu-
lation studies supported the concept but included
individuals with known ischaemic heart disease.'5 16
Though there is now stronger evidence supporting the
prognostic ability of the electrocardiogram in persons
with ischaemic heart disease,'7 there remain limited
data on this subject in apparently healthy individuals.
The results of the present study are consistent with

data from Life Assurance Companies that used as the
end point primarily total mortality. ST segment and T
wave abnormalities were associated with an increased
subsequent mortality in several studies'8-20 as well as
an increased incidence of myocardial infarction and
mortality from that cause.20 Left ventricular hyper-
trophy'8 and ventricular extrasystoles'8 21 22 were
both associated with an increased mortality rate. With
regards to epidemiological studies of apparently heal-
thy men, most of them have focused on total
ischaemic heart disease mortality and not on the inci-
dence of sudden death. The adverse prognosis for ST
segment and T wave abnormalities has been identified
by others.23 24 There is supporting evidence for left
bundle-branch block as an adverse prognostic
sign23 24 which was observed in the Framingham
population when persons with and without cardiac
disease were combined.25 The strength of the relation
of ventricular extrasystoles to mortality herein was
similar to one study,26 and greater than several
studies'4 23 24 though similar trends were seen in
some.23 24
The value of left ventricular hypertrophy in prog-

nosis observed herein is more consistent with the
reports from the Framingham study27 than with
others.23 24 There may be two explanations for this.
Studies reporting no value of left ventricular hyper-
trophy included limb lead criteria of R amplitude
greater than 20 mV in any of leads I, II, III, or aVF
while our study and the Framingham study did not
use this criterion. In addition, the present study sug-
gests a potential explanation for the apparent differ-
ences of opinion as it applies to left ventricular hyper-
trophy. The Framingham study criteria included not
only QRS voltage but also ST and T wave abnor-
malities,'4 27 while other studies used only voltage
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criteria.2324 We found that the association between
sudden death and left ventricular hypertrophy
increased with the presence of ST segment and T
wave abnormalities. Detailed evaluation of ventricular
extrasystoles28 or left bundle-branch block charac-
teristics29 were not of benefit in increasing ability to
predict sudden death. A comparison with two British
studies that evaluated the prognostic value of the elec-
trocardiogram is of interest. Tunstall Pedoe30 fol-
lowed, over a four-year period, a cohort of men aged
40 to 59 years, which included those with no evidence
of ischaemic heart disease who had been employed in
industry and took part in a cardiovascular screening
programme. Rose et al.23 determined five year total
ischaemic heart disease mortality, which included sud-
den death, in a cohort of male civil servants aged 40 to
64 years. The results of our study and these two23 30
agree that ST segment and T wave abnormalities on
the resting electrocardiogram are important predic-
tors of mortality. The importance of left bundle-
branch block in our study is consistent with the report
of Rose et al.23 but not of Tunstall Pedoe.30 In con-
trast to both of these studies23 30 but not others26 we
found an increased risk of sudden death in persons
with ventricular extrasystoles. The value of combina-
tions of electrocardiographic abnormalities for the
identification of subsets with increased risk of sudden
death is similar to the findings of Tunstall Pedoe.30
The findings of the present study that 71% of cases

of sudden death had a previous abnormal electrocar-
diogram must be interpreted within the context of
repeated electrocardiographic examinations but indi-
cate that the electrocardiogram is a relatively sensitive
test in prediction of sudden death. ST segment and T
wave abnormalities were the most frequently
observed, consistent with the findings of Rose et al.23
who commented that "even minor T wave inversion
or flattening . .. being predictors even when it was
the only recorded abnormality". The high prevalence
of these electrocardiographic abnormalities, however,
in conjunction with the low incidence of sudden death
in apparently healthy men results in a low specificity.
Thus a relatively small proportion of men with
abnormal electrocardiograms will die suddenly. The
absence of data on the potential benefit of identifying
these subsets may not result in changes in case man-
agement. If the thesis is correct, however, that the
ultimate control of ischaemic heart disease mortality
in the community will depend on prevention rather
than specific therapy for the event, then the
identification of high risk groups from electrocardio-
graphic variables may suggest individuals for inves-
tigation and evaluation of research strategies for pre-
vention of sudden death.
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