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Given renewed interest in the primary prevention of
cardiovascular disease, we comprehensively re-
viewed the utility of the electrocardiogram (ECG)
for screening considering the seminal epidemio-
logic studies. It appears that conventional risk fac-
tors relate to long-term risk, while ECG abnormal-
ities are better predictors of short-term risk. For
individual ECG abnormalities as well as for pooled
categories of ECG abnormalities, the sensitivity of
the ECG for future events was too low for it to be
practical as a screening tool. This almost certainly
relates to the low prevalence of these abnormali-
ties. However, all ECG abnormalities increase with
age and pre-test risk. Also screening with the ECG
is of minimal cost and likely to decrease further as
stand-alone machines are replaced by integration
into personal computers (PC). Another potential
impact on performing screening ECGs would be
distribution and availability of digitized ECG data
via the World Wide Web. For clinical utility of ECG
data, comparison with previous ECGs can be crit-
ical but is currently limited. PC based ECG systems
could very easily replace many of the ECG machines
in use that only have paper output. PC-ECG systems
would also permit interaction with computerized
medical information systems, facilitate emailing and
faxing of ECGs as well as storage at a centralized
web-server. Web-enabled ECG recorders similar to
the new generation of home appliances could follow
this quick PC solution. A serious goal for the medical
industry should be to end the morass of proprietary
ECG digital formats and follow a standardized format.
This could lead to a network of web-servers from
which every patient’s ECGs would be available. Such
a situation could have a dramatic effect on the advis-
ability of performing screening ECGs.
Copyright © 2001 by W.B. Saunders Company

The landscape of secondary prevention in car-
diovascular disease management is changing.

Recent years have given us hard data on the

usefulness of cardiac rehabilitation, statins, beta-
blockade, and angiotensin-converting enzyme
(ACE) inhibitors for ischemic heart disease
(IHD), and warfarin for atrial fibrillation (AF).
Evidence-backed primary prevention is also avail-
able in the form of antihypertensives, statins, ACE
inhibitors,1 and risk factor management for stable
coronary disease. As our armory increases, it is
natural that the question of screening should
arise. Some conditions such as myocardial infarc-
tion (MI), AF, or hypertension can be silent,
whereas others, such as angina, are by definition
not. If we can detect silent conditions with a
screening test, and have tools available to reduce
risk, then it is right to consider applying the test to
large populations. At the extremes, the decision is
obvious. It is reasonable to screen those middle-
aged and above for hypertension with a blood
pressure cuff; it is not reasonable to screen for IHD
with angiography. However, in the middle lies a
gray area.
The resting electrocardiogram (ECG) is the

most widely used cardiovascular diagnostic test.
Approximately 75 million are performed each
year in theUnited States alone, and probably twice
that number around the world. Approximately
one half are performed by physicians without spe-
cial training in cardiology. Payment rates for the
technical and professional components amount to
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the equivalent of $29 US, with most health insur-
ances reimbursing at a similar rate. There are over
3,000 ECG reading and storage systems in use.
Remarkably, few investigators have approached

the question of using the ECG as a screening test.
In 1989, Sox et al2 reviewed the literature to pro-
vide a clinical review.2 In 1995, Whincup et al
concluded that the prognostic importance of ma-
jor ECG abnormalities was strongly influenced by
the presence of symptomatic congestive heart dis-
ease (CHD), and that the ECG had little or no
value as a screening tool in middle-aged men
without symptomatic CHD.3 However, these are
the only 2 studies that assess the question directly.
In light of the paucity of work examining this

issue and the recent advances in primary and sec-
ondary prevention, we undertook to assess the
comprehensive epidemiologic literature in which
the ECG has been used. The task proved signifi-
cant, and we recently published a monograph de-
tailing our general findings.4 Here we look specif-
ically at our original question, that of the role of
the ECG in screening patients for cardiovascular
disease.

Screening

The value of any screening test depends critically
on four key principles: (1) its cost; (2) the preva-
lence of the abnormalities detected in the popula-
tion assessed; (3) the relationship of the abnor-
malities to morbidity and mortality; and (4) the
possibility of reducing or avoiding future morbid-
ity or mortality given the information provided by
the test. In particular, to justify the additional
expense, the ECG must add significantly to the
ability of standard risk factors to identify asymp-
tomatic individuals with subclinical disease.

Methods

Using MEDLINE, we reviewed the literature over
a period of 33 years, from 1966 to 1999. We at-
tempted to identify studies in which a population
of asymptomatic patients with no history of isch-
emic heart disease underwent resting 12-lead
ECG before a follow-up of at least 5 years with
respect to mortality. Very few studies exactly met
these criteria, so several studies have been in-
cluded in which symptomatic patients were not

excluded, or where soft endpoints were used. All
studies were critically assessed according to
standard criteria.5 The 22 identified studies are
listed in Table 1.

Demographics

The majority of subjects for whom ECG preva-
lence data are available are male. This is mostly
attributable to 2 very large prevalence studies that
screened 189,418 young fit men in the United
States Air Force.6,7 These 2 studies have not been
included in Figures 1 and 2 for fear of biasing the
estimates with a heavy weighting from popula-
tions prescreened to be eligible for military ser-
vice. With some exceptions,8-11 the ongoing epi-
demiologic trials now all include women in their
cohorts.
Although most studies included a wide age

range of participants, most information is avail-
able about subjects 40 to 60 years old. Some stud-
ies stratified according to age.12-17 A small number
of studies focused particularly on the elder popu-
lation.18-20 One study took a young, fit population
and followed them up for more than 35 years.8

Table 1. The ECG Screening Studies

The Framingham Heart Study44,50-52,61,66,74,85-92
The Seven Countries Study23
The US Pooling Project29
The Finnish Social Insurance Study72
The Manitoba Study8,93
The Busselton Health Studies, Busselton City,
Australia17,94,95

Chicago Heart Association Detection Project in
Industry25

Chicago Western Electric Study96
Copenhagen City Heart Study12,97
White Hall Study24
British Regional Heart Study14
Italian Risk Factors and Life Expectancy Pooling
Project41

The Tecumseh Community Health Study98-100
Belgian Inter-University Research on Nutrition and
Health15,38,40,101

The WHO European Study26
Multiple Risk Factor Intervention Trial (MRFIT)102-104
The Honolulu Heart Program11,63,105

Evans County Study9,106,107
Charleston Heart Study10,108
The Cardiovascular Health Study20
The Bronx Aging Study60
The ECG and Survival in the Very Old19,77
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The largest portion of data available on young
people is the above-mentioned prevalence data
from US Air Force screening programs.6,7

As with much of the current literature, the data
on ECG abnormalities are heavily biased toward a
white population, although in some studies it was
difficult to obtain detailed information on the eth-
nicity of the participant population. Fortunately,
however, a small number of studies have specifi-
cally focused on groups with different racial back-
grounds. The Strong Heart Study21 looked at Na-
tive Americans, and the Evans County study9 and
the Charleston study10 compared abnormalities
in blacks and whites living in the United States.
The Jamaican study22 assessed prevalence among

blacks in Africa. Those of Japanese ancestry were
examined both in Hawaii (the Honolulu Heart
program11) and in Japan.23 Two studies included
pan-European cohorts.23,24 It is clear that al-
though the racial backgrounds of participants
heavily favors whites, there is at least some infor-
mation from each one of the five continents.
The socioeconomic status of participants was

not always well documented. Several studies re-
cruited from particular sections of industry,25

business,26 or even the British civil service.24

Some reports specified if the community was pre-
dominantly rural.13,27 However, many studies
provided very little socioeconomic information
at all.

Fig 1. The median preva-
lence of ECG abnormalities
in men from the available
studies.

Fig 2. The median preva-
lence of ECG abnormalities
in women from the available
studies.
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Exclusions

In assessing the value of the baseline ECG as a
screening test, we were particularly interested in
studies that excluded or analyzed separately those
patients with a known history of cardiovascular
disease or a current history of undiagnosed dis-
ease. There were a number of different approaches
to this. Some studies made no exclusions.10,18-20,22

The Manitoba study28 followed an initially young
and fit population over many years as they devel-
oped cardiovascular disease. Some studies made
exclusions on the basis of ECG findings alone
(evidence of MI25). The Pooling Project excluded
all those with major Q waves.29 However, many
more excluded participants on the basis of more
than one criterion, including physician history of
MI or angina pectoris, medical examination, and
ECG. Many studies used the Rose questionnaire30

to assess current symptoms. Three studies ana-
lyzed symptomatic and asymptomatic partici-
pants separately,14,17,26 although one did not
present the separate data.17

ECG Classification

The Minnesota Code was developed by the pio-
neering cardiovascular epidemiologists of the
1960s31 as a tool to aid consistency and compari-
son in the use of the ECG in large clinical studies.
The rules for its application were more closely
defined in 1968,32 but it was criticized by one of its
originators33 and a modified version was pub-
lished in 1982. Despite the initial shortcomings, it
rapidly became the de facto standard for the accu-
rate and reproducible measurement of ECG ab-
normalities in epidemiologic trials. Perhaps its
biggest contribution to mainstream cardiology,
however, was its clarity and definitive guidance
for ECG wave labeling and measurement. The
classification itself is hierarchically based and rep-
resented by three numbers separated by dashes.
The first number refers to the broad grouping (eg,
Q waves � 1-x-x), and the second and third num-
bers indicate severity.
More recently, computerization has solved

many of the problems that the Minnesota code
was designed to address.34 The most commonly
used computer coding system in epidemiologic
trials has been the NOVACODE system,35 and the
Minnesota Code has recently been computerized

as the MEANS program from the Netherlands and
operates on a personal computer under the Win-
dows operating system.36,37

The US Pooling Project categorized individual
ECG findings into major and minor groupings.
The clinical utility of this is clear: clinicians screen
for several abnormities at once, not just one. In
addition, the statistical barrier that is low preva-
lence of individual abnormalities can be overcome
by grouping abnormalities together. In fact, the
final report of the Pooling Project29 does not make
it clear why these particular abnormalities were
chosen, or indeed why they chose to categorize at
all. Despite this, the categorization proved popu-
lar and was used in numerous trials.9,10,12,25,38,39

An important note is that the Pooling Project cat-
egorization does not include major Q waves be-
cause this finding was an exclusion criterion for
entry into the study.

Results and Discussion

Our major results are presented in Figures 1 and
2. The median of the prevalences of the major
ECG abnormalities in the studies reviewed were
calculated and plotted. Caveats to be considered
when interpreting these figures are the differences
in criteria applied by the studies and the wide
range of prevalences among the studies.
A critical factor in the adoption of any screening

test is the prevalence of an abnormal test in the
asymptomatic, apparently healthy population. Few
studies were identified that presented ECG data
fromparticipants inwhom the signs or symptoms of
heart disease were entirely excluded.9,14,26,29,40-42

In addition, exclusion criteria for cardiac disease
varied in those studies that did. However, despite
the wide interpopulation variation in prevalence,
and despite some studies finding no intrapopula-
tion difference in prevalence of ECG abnormali-
ties between those with a diagnosis of heart dis-
ease and those without,25 findings from 18,403
British men in the Whitehall study suggest cau-
tion in the combination of these 2 groups for an-
alytical purposes.

Left Ventricular Hypertrophy

Electrocardiographic left ventricular hypertrophy
(LVH) has been recognized as a risk factor for
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cardiac death for some time. Most of the seminal
data comes from the Framingham study,43,44 but
as these researchers have pointed out, assessment
of the actual impact of LVH has been confounded
by the use of different definitions. Recent work
has focused on improving the classification (or
prognostic value) of different ECG criteria for
LVH. However, most of the studies reported in
this article, antedating these modifications, used
either the simple high-R-wave criterion of Minne-
sota Code 3.1, or the more inclusive criterion,
which includes ST depression (code 4.1–4.4).
Prevalence of ECG LVH. The prevalence of

ECG LVH varies widely. All studies showed in-
creasing prevalence with increasing age. The high
values seen in the young men can be readily ex-
plained by physical fitness and ventricular hyper-
trophy associated with testosterone (see High R
wave, Fig 1). With aging, men are less physically
active and have correspondingly lower-voltage R
waves, whereas with increasing age in both men
and women (Fig 2), pathologic processes set in,
and the size of the R wave increases again. In fact,
recent studies in both humans and animals have
emphasized gender differences in the response to
pressure overload. Although the degree of hyper-
trophy seems to be similar,45,46 male animals show
earlier transition to heart failure, with cavity dila-
tation, loss of concentric remodeling, and dia-
stolic dysfunction. This corresponds to human
echocardiographic studies that show that for obe-
sity and hypertension, relative increases in left
ventricular mass are similar47 among men and
women, but that overall, other factors, including
risk,48 are not.49

Finnish Populations and LVH. The most sur-
prising finding from these studies is the high prev-
alence of LVH in the Finnish populations assessed
both as part of the Finnish cohort of the Seven
Countries study and the Finnish Social Insurance
Institution study. For the 50- to 59-year-old men,
the Finnish cohort of the Seven Countries study
had a mean prevalence of LVH (Minnesota Code
3-1) of 19%; the Finnish Social Insurance study
had amean prevalence of 27.3% and this relatively
high prevalence even extended to women (mean,
13.5%). These values are extreme outliers. Of all
of the other countries with predominant Cauca-
sian populations, only Copenhagen (LVH preva-
lence of 12%) and the Moscow cohort of the Eu-

ropean study (18.7%) approached these figures.
Prevalence was also high in black populations,
both from the Jamaica study (29.9% in the 40 to
49 age group) and 19.8% of LVH in Evans County.
The wide variation is shown well by studies such
as the Whitehall study, which found a prevalence
of less than 1% in British civil servants aged 50 to
59, and the age-pooled white male cohort of the
Charleston study.
The reason for the wide variation in ECG LVH

prevalence from studies performed in different
populations using the same criteria is not clear.
Many studies were rigorous in their training of
coders and use of independent assessments. In
particular, the Finnish Social Insurance study
used 2 independent coders, and multiple inde-
pendent medical readers at the University of
Minnesota read all ECGs from the Seven Coun-
tries participating centers. It seems then that the
differences noted are real: black populations and
the Finnish population actually have higher mean
R wave amplitude than many others. As discussed
above, this may not necessarily correspond to a
greater prevalence of echocardiographic LVH, al-
though comparison of the relative weight and skin
fold thickness measurements from the Seven
Countries study suggests no difference between
the Finnish population and the others (Finnish
relative weight: 92.5%, others: 92%; Finnish skin
fold: 15, others: 17.7). Notably, Finland had the
highest rates of hypertension and CHD death.
It seems therefore that in at least some popula-

tions LVH is found at a sufficiently high percent-
age of prevalence to make it a candidate for
screening. The important point, however, is its
accompanying risk and the possibility of reversing
that risk with appropriate intervention. In these
terms, the Framingham study has provided the
essential data.43,50-52 It has been clear for some
time that electrocardiographic ST-depression-in-
clusive LVH has a significantly higher risk than
high-R-wave LVH alone. The Framingham data
suggest that the 5-year mortality rate for the
former condition is 33% for men and 21% for
women. Further, the risk of sudden death is com-
parable to that of CHD or cardiac failure. To put
this in perspective, the mortality risk of ST-de-
pression-inclusive LVH is higher than that after
overt CHD in the form of MI or angina,43 yet is
silent. In comparison, when adjusted for hyper-
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tension, the risk associated with high-R-wave
LVH is virtually nil.43 In one sense, this is not
surprising because resting ST depression has for
some time been known to be associated with la-
tent CHD in asymptomatic men.53

Equally strong is the evidence for improving
prognosis. It is now clear from several trials, meta-
analyses,54 and one review of meta-analyses55 that
there is a strong relationship between control of
blood pressure and regression of at least echocar-
diographicLVH.Populationdata also support this.56

Most importantly, data from the Framingham study
have shown that reduction of electrocardiographic
LVH is associated with a decrease in risk.57

It would seem then that there is a case to be
made for screening for ST-depression-inclusive
LVH. Although high-R-wave LVHmay simply be a
marker of physiologic response to hypertension,
ST-depression-inclusive LVH is associated with
up to 15 times the risk of cardiac death, which
makes it amore potent risk factor even than smok-
ing (risk ratio of 7x).58 However, although con-
vincing, these data remain circumstantial and can-
not directly answer the question posed. The only
study that presented ST-depression-inclusive
LVH prevalence data on individuals with no his-
tory of cardiovascular disease pooled the preva-
lences from participants ages 25 to 74 years and
found it to be low (0.8%). What remains abso-
lutely clear, however, is that as clinicians, we
should have a low threshold for performing a
screening ECG in patients with known predispos-
ing conditions (age, hypertension, obesity, stat-
ure, and glucose intolerance52).

Q Waves

The prevalence of both major and minor Q waves
is low in the asymptomatic population (about
1%), but as with LVH, it increases with age. In
fact, in middle age, when the increase in preva-
lence is most marked, this review offers some sup-
port for the concept that women lag approxi-
mately 10 years behind men regarding the
prevalence of cardiovascular disease (compare Q
wave prevalence in Fig 1 to Fig 2). At all ages,
women have a lower prevalence than men.
Q waves noted on screening ECGs are impor-

tant as markers for unrecognized cardiac disease.
In fact, the syndrome of painless MI has been

recognized for some time.59 Estimates vary re-
garding the proportion of actual infarctions that
go unrecognized, but the average seems to be be-
tween 15% and 30%,60 and this increases with age.
Of 708 MIs among the 5,127 participants in the

Framingham study,61 more than 25% were recog-
nized only at screening ECG (half of these were
truly silent and half were associated with atypical
symptoms—a finding consistent with those of the
Israel study62). Risk estimate comparisons be-
tween recognized and unrecognized MI suggested
that unrecognized infarctions were as likely as
recognized ones to cause death, heart failure, or
stroke. This finding corresponds with data from
the Honolulu Heart study,63 in which the 10-year
prognosis of unrecognized infarction was in fact
(nonsignificantly) worse than recognized infarc-
tion (relative risks of all cause, coronary heart
disease and cardiovascular mortality on the order
1.5 to 1.7). The Reykjavik study also looked at
this64 and found 10 and 15 year survival probabil-
ities of 51% and 45%, similar to those for patients
with recognized MI.
Given the relation of silent MI to age, particu-

larly interesting data come from the Bronx aging
study,60 which assessed unrecognized MI in par-
ticipants 75 years and over in an 8-year prospec-
tive investigation. They found no difference in
mortality and morbidity between subjects with
recognized and unrecognizedMI. In fact, themor-
tality rate per 100 person-years was 7.1 for ECG
diagnosis and 8.4 for ECG and history diagnosis.
The only study to find a lower risk for unrecog-
nized MI was the Israel study62,65 (in which the
risk was about half in 5-year follow-up of 10,000
participants [122 MIs]).
In summary, unrecognizedMI is a common and

high-risk condition. Secondary prevention mea-
sures for recognized infarction are widely recom-
mended and often represent significant life
changes for individuals who can drastically cut
their risk factor profiles. We know from the stud-
ies discussed above that the long-term risk of in-
farction is likely to be similar whether recognized
or not. It may be that we should be making more
effort to detect those with silent infarcts to allow
them the same chance at secondary prevention.
Our data suggest that for the age group 40 to 59,
we might expect to pick up 1 silent MI per 100
patients from routine screening.
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ST Segment Abnormalities

That ST depression is a negative prognostic
marker for cardiovascular disease is clear from all
the studies cited in this article in which this fea-
ture was related to mortality. In the Framingham
study,66 the prevalence of nonspecific ECG abnor-
mality (defined as “greater than 1 mm ST depres-
sion and/or T wave flattening or inversion where
this should not occur”) over 30 years was 8.5% for
men and 7.7% for women. It was clearly related to
age and blood pressure. The age-adjusted CHD
morbidity and mortality occurred at about twice
the rate in those with this abnormality. The Mani-
toba study67 found the prevalence of electrocar-
diographic abnormalities pre-empting sudden
death to be 71.4%, and among these, found the
frequency of major ST-T abnormalities to be
31.4%—greater than any other ECG abnormality.
Although ST segment depression is known to

be associated with digitalis therapy, hyperventila-
tion, electrolyte abnormalities, and even recent
food ingestion,68 it is also clearly associated with
considerable cardiovascular risk. The Framing-
ham study predicts long- and short-term risk of
sudden death in the presence of ST depression in
the range 1.3 to 3, whereas estimates from other
studies ranged as high as 11.4 (Finnish Social) and
6.2 (Honolulu). Ischemic changes can also be si-
lent, and the Reykjavik study calculates a risk of 2
for silent ST-T change. Despite a lack of specificity
for CHD, the association of ST segment depres-
sion with poor cardiovascular prognosis is stable,
reproducible, related to the frequency with which
the abnormality is present, found in bothmen and
women,15 and shown by both mortality and mor-
bidity69 data including that for the very old.19 Fur-
ther, as a marker of ischemic disease, the primary
prevention literature can be brought to bear on its
reversal.70 Data from asymptomatic individuals
suggest that 2% of the male population age 50 to
59 years would be expected to show ST depression
on a screening ECG.

Bundle Branch Block

It is clear from a number of studies that left bundle
branch block (LBBB) is associated with a signifi-
cant increase in risk.8,12,14,26,71,72 Of the 55 people
who developed LBBB over 18 years of observation
in the Framingham study, most had antecedent

hypertension, cardiac enlargement, or coronary
heart disease. The appearance of LBBB was an
independent contributor to increased risk of car-
diovascular disease mortality. The British Re-
gional study14 and the Copenhagen Heart study12

both calculated relative risks for all-cause mortal-
ity above 4, whereas the Manitoba study reported
29 cases of LBBB without clinical evidence of isch-
emic heart disease in their cohort of 3,983 men.73

On follow up, the most frequent cardiovascular
event observed was sudden death, and they report
a 5-year incidence for this as “the first manifesta-
tion of heart disease” 10 times greater for those
with LBBB than for those without.
In contrast, there is some debate over whether

right bundle branch block (RBBB) exerts a nega-
tive prognostic effect. Some studies found that it
did,11,14,26 and others found the reverse. The Fra-
mingham study74 showed an excess of cardiovas-
cular disease mortality, related primarily to the
high prevalence of associated cardiovascular ab-
normalities, in all 70 people who developed com-
plete RBBB during 18 years of follow-up. Al-
though the initial appearance of RBBB was usually
unaccompanied by overt clinical events, the sub-
sequent incidence of coronary heart disease was
2.5 times greater than that in matched control
subjects. Data from the Finnish population71,72

also suggest an increase in risk in those manifest-
ing RBBB. The Manitoba study found an increase
in cardiovascular mortality but no increase in all-
cause mortality. Some insight into pathology can
be gained from the study of Froelicher et al53 who
carried out angiography on 325 air crewmen with
the US Air Force. In the 41 who manifested RBBB,
only 8 were found to have significant coronary
artery disease on later angiography.
The increasing prevalence of BBB with age

makes the prognostic character of the abnormality
in the elderly population of interest. Rajala et al19

found no increased risk of death associated with
either LBBB or RBBB in a population of 559 people
over the age of 85 years, a finding that confirms
the earlier finding of Kitchin and Milne75 but con-
tradicts the findings of Caird et al.76

In summary, the picture is more clear for LBBB
rather than RBBB and more clear in the middle-
aged rather than the elderly population. Again, we
have established the possibility of potentially re-
versible asymptomatic ischemic risk. The low
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prevalence of these abnormalities would, how-
ever, seem to argue against screening for them.

Atrial Fibrillation

Atrial fibrillation is clearly associated with risk in
asymptomatic individuals. In comparison with
LVH, Q waves, and ST abnormalities, the preva-
lence of atrial fibrillation is low. Further, it can be
seen in the figures that the prevalence remains
fairly low in both men and women until 70 years
of age, when it increases markedly. Some studies
suggest that this steep increase continues. Rajala
et al77 reported prevalence as high as 19.2% and
17% in men and women over the age of 85 years,
whereas other studies78-80 also found values above
10%. The pathophysiologic mechanism for the in-
crease in prevalence of AF with age is not entirely
certain. Most cases seem to be related to coronary
or hypertensive heart disease, whereas no cause is
found in about 15%.81

As before, the critical questions are what pro-
portion of atrial fibrillation goes unrecognised and
what strategies are available to reduce risk. The
prevalence in asymptomatic individuals seems to
be low (our pooled data suggest a prevalence
of approximately 1% in the 50- to 59-year-old
asymptomatic population), but we can only guess
what percentage of the increasing number of el-
derly people with AF go unrecognized. In con-
trast, there is little doubt from prospective ran-
domized trials that anticoagulation can cut the
stroke rate in half.82 Although the risk/benefit bal-
ance of anticoagulation must be individual in el-
derly people, the very high prevalence rates and

dramatic effects of treatment argue for screening
those above 70 years.

Sensitivity and Specificity Estimates

Any test considered as a screening test for the
asymptomatic population should be considered in
terms of its sensitivity, specificity, and predictive
value. If we are to assess the prognostic value of a
screening ECG, we need to compare the test char-
acteristics to the ultimate end point: mortality.
Only one report could be found that has previ-
ously attempted to do this.14 Our calculations are
displayed in Table 2. As is clearly seen, the sensi-
tivity estimates of individual ECG abnormalities
are very low. This is explained by the fact that
attributable risk relates to population prevalence
and that low prevalence will result in low sensitiv-
ity. The data are calculated only from those stud-
ies with stringent exclusion criteria for cardio-
vascular disease so that we could be certain of
assessing the true screening qualities of the test.
The sensitivity values are highest for ST-inclusive
ECG LVH, and this almost certainly relates to the
higher prevalence of this abnormality and its
greater attendant risk.
It is simplistic to consider only individual ECG

abnormalities in isolation, however. The clinician
carrying out a screening ECG will look for several
abnormalities, and it is in just such a situation that
the Pooling Project classification proves helpful.
Accordingly, we have included estimates based on
these data. As shown, the sensitivity values are
higher when abnormalities are pooled but still do
not reach levels atwhichwemight consider theECG

Table 2. Sensitivity and Specificity of ECG Abnormalities as Predictors of Mortality

Study

Q Waves
ST
Depression BBB

Atrial
Fibrillation

Minor
Abnormality

Major
Abnormality

ST
Depression—
LVH

Sens Spec Sens Spec Sens Spec Sens Spec Sens Spec Sens Spec Sens Spec

Framingham 19 98 18 98 24 65 37 94
BIRNH 12 98 5.2 99 25 86 16 96
Tunstall-Pedoe 4 99 8 98
British Regional* 21 96 5 98 3 99 2 99
Chicago Industries 12 89 32 87

Abbreviations: BBB, bundle branch block; sens, sensitivity; spec, specificity.
*Sensitivity and specificity of ECG abnormalities as predictors of all-cause mortality over 8- to 10-year follow-up in

initially asymptomatic populations.

62 ASHLEY, RAXWAL, AND FROELICHER



useful as a screening tool in asymptomatic people
(for the ultimate gold standard of mortality).
The only other investigators who performed

similar analyses for ECG screening wereWhincup
et al.14 Two important ECG abnormalities (defi-
nite myocardial ischemia and definite myocardial
infarction) were analyzed separately in the pres-
ence or absence of symptomatic coronary disease.
They noted that the prevalence of these abnormal-
ities was low in their asymptomatic population,
especially below 50 years of age, and that these
abnormalities in combination identified only
about 10% of patients with major CHD events in a
10-year follow up. Finally, they noted that the rate
ofmajor coronary disease events occurring inmen
identified by the test was low and of the order
14/1,000 per year. The fact that these 2 ECG ab-
normalities were able to identify only 10% of ma-
jor events over 10 years agrees with our sensitivity
estimates. However, as observed above, to con-
sider 2 abnormalities alone (especially when nei-
ther is the extremely high-risk ST-depression-in-
clusive LVH) is to do injustice to the screening
clinician who can account for many conditions in
a single sweep of the ECG tracing.

Conclusion

It is remarkable that so few investigators have
attempted to synthesise the current data on the
use of the ECG as a screening tool. Such an anal-
ysis is demanded even more by the significant
recent advances in primary and secondary preven-

tion of cardiovascular disease. Perhaps one reason
is the difficulty of pulling together a varied but full
epidemiologic literature, which has more than an-
swered many of those questions asked. While the
epidemiologic studies were never designed to re-
spond to the question of screening, they remain
the best evidence we have.
What is clear is that (1) some risk-laden ele-

ments of cardiovascular disease can be silent, (2)
we can pick these up with the ECG, and (3) we
have a significant primary and secondary preven-
tion armory that can reduce the attendant risk.
What is less clear is at what stage the underlying
prevalence of these conditions reaches the point at
which we might consider screening worthwhile.
Our sensitivity/specificity estimates and the calcu-
lations of Whincup et al3 suggest that this is not
in middle age. However, prevalence increases
steeply in the following decades, and there may be
an argument for carrying out electrocardiography
on all of those over the age of 50 who have not
already had it. Figure 3 presents the prevalence
data from the studies reviewed for the age group at
highest risk for heart disease and appropriate for
screening.
A further reason to consider carrying out ECGs

on asymptomatic individuals is to acquire a
baseline trace. Every clinician has at some point
benefited from the availability of a past ECG
for comparison. The large variance within the
normal predicts this. However, we could find
only 2 studies that have looked at this question
specifically.83,84 In the study of Rubenstein and

Fig 3. Box plots of the prev-
alence of ECG abnormalities
among 50- to 59-year-old
men and women from the
available studies.
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Greenfield,83 the investigators reviewed the rec-
ords of 236 patients presenting acutely with chest
pain. Eighty-three percent had clinical or ECG
findings sufficiently diagnostic that the baseline
ECG could not have affected the decision to hos-
pitalize or discharge. For 5% with equivocal clin-
ical and ECG findings, a baseline ECGmight have
been useful in avoiding an unnecessary hospital-
ization. They concluded that the baseline ECGhas
little value. Although a small study, it at least
suggests that the commonly held usefulness of a
baseline ECG might be more apparent than real.
In this article, we have reviewed the key epi-

demiologic studies to answer the question of
whether the ECG should be used to screen large
populations for cardiovascular disease. No study
directly approached the question, so no direct an-
swer is available. However, our findings lead us to
suggest that high-risk asymptomatic people in
middle age should undergo a screening ECG. At
stake is the secondary prevention of silent MI, the
aversion of the very poor prognosis of ST-depres-
sion-inclusive LVH, the marked reduction in risk
from anticoagulation in AF, and the chance to
alter risk factors in those found to have LBBB or ST
depression. Increased awareness of the prognostic
implications of ECG abnormalities should allow
us to optimize one of our most useful tools in this
new millennium.
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