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EPIDEMIOLOGICAL STUDIES OF CORONARY DISEASE

BY

I. T. T. HIGGINS* AND A. L. COCHRANE
Epidemiological Research Unit, Cardiff

AND

A. J. THOMAS
United Cardiff Hospitals

In a previous paper (Thomas, Cochrane, and
Higgins, 1958) we considered some of the problems
and difficulties that arise in measuring the preva-
lence of coronary disease in the general community.
We illustrated these with two surveys of men aged
55 to 64 years, the first consisting of miners and
ex-miners from the Rhondda Fach, a mining valley
in South Wales, and the second of men who had
never worked in dusty occupations from the rural
and predominantly agricultural Vale of Glamorgan.
We stressed the difficulties involved both in estab-
lishing the population at risk and in identifying those
with coronary disease. The experience of two further
surveys has indicated that the former problem,
though practically tedious, is soluble, but that the
latter still waits an entirely satisfactory solution. The
purpose of this paper is to consider the problems of
diagnosis of coronary disease for epidemiological
purposes and to point the way to a possible solution.

MATERIAL AND METHODS

Three of the surveys considered in this paper have

*Present address: Graduate School of Public Health, Pittsburg,
Penn., U.S.A.

already been described (Thomas, Cotes, and Higgins,
1956; Thomas and others, 1958; Kennedy and
Cowan, 1958). They were all of men aged 55 to
64 years. The first consisted of a random sample of
55 miners and ex-miners living in the Rhondda Fach;
the second consisted of 100 men who had never
worked in dusty occupations from the Vale of
Glamorgan; the third consisted of 106 men living in
Annandale, Dumfriesshire, in S.W. Scotland. Un-
like the Vale sample, that seen in Annandale in-
cluded a small number of men who had worked in
mining and quarrying.

In 1958 a further study was carried out in the
Rhondda. On this occasion the sample consisted of
600 men aged 35 to 64, stratified by age and occupa-
tion, so that in each decennial age group we saw
100 miners and ex-miners and 100 non-miners. A
number of conditions other than coronary disease
-anaemia, bronchitis, respiratory disability-was
studied in this sample. The method of obtaining the
random sample and some of the findings have been
described in earlier publications (Kilpatrick and
Hardisty, 1961; Higgins and Cochrane, 1961). The
defined populations, the numbers sampled, and the
response rates in each survey are shown in Table I.

BLE I
RANDOM SAMPLE STRATIFIED BY AGE AND OCCUPATION

Added
Age No. in No. Left Not from No.

Occupation Group Population Sampled Dead Area Refused Seen Seen Excludedt Other Finally
(yrs) at Census* Groups Analysed
35-44 495 100 0 6 9 0 85 1 4 88

Non-miners 45-54 338 100 1 2 8 1 88 3 3 88
55-64 146 100 0 0 9 2 89 4 1 86

Miners and Ex- 35-44 1,127 100 0 2 8 0 90 4 0 86
Miners .. 45-54 1,283 100 0 0 5 0 95 3 3 95

55-64 1,114 100 3 0 4 1 92 1 3 94

* Date of Census June 1, 1958. t Because age or occupational history was found to be incorrect.
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I. T. T. HIGGINS, A. L. COCHRANE, AND A. J. THOMAS

The investigations relevant to coronary disease
included a clinical examination with particular
reference to chest pain. In an attempt to standardize
the diagnosis of cardiac pain, a questionnaire was

used. This also included questions on other respira-
tory symptoms and smoking habits similar to those
in the M.R.C. Bronchitis Committee's short ques-

tionnaire (1960). All the interviews were carried out
by one doctor to avoid observer variation. Full
occupational histories, including all jobs held from
the time of leaving school, were available for all
members of the sample. The number of brothers and
sisters, both living and dead, was also noted.
The blood pressure was recorded in the right arm

with the subject reclining on a couch. An ordinary
sphygmomanometer with a cuff measuring 23 x 14
cm. was used. Certain anthropometric and physio-
logical measurements were included. Standing and
sitting heights were measured to the nearest half
inch and weight to the nearest pound. Three skin-
folds, over the middle of the back of the arm, the
right subscapular area, and the abdomen 2 inches
above the anterior superior iliac spine, were mea-

sured with the Harpenden skinfold caliper (Edwards,
Hammond, Healy, Tanner, and Whitehouse, 1955).
The ventilatory capacity was assessed by measuring
the 0 * 75 sec. forced expiratory volume (F.E.V. 0 * 75)
(McKerrow, McDermott, and Gilson, 1960). A
12-standard lead resting electrocardiogram was

recorded using a 4-channel direct-writing Mingograf
(Elema). A venous blood sample was drawn for
cholesterol and alpha- and beta-lipoprotein deter-
minations. The serum cholesterol was evaluated by
Trinder's method (Trinder, 1952; Morris, 1959) and
the lipoproteins by paper electrophoresis.
Apart from these prevalence studies, we have

reviewed the sample of miners and ex-miners origin-
ally seen in 1954 after a period of 5 years. We have
also obtained the causes of death, as given on the
death certificates, of all those from the Vale and
Annandale samples who had died by March, 1961,
and from the Rhondda 1958 sample who had died by
January, 1962. Some observations can therefore be
made on mortality according to the initial findings
and also on the characteristics of those men dying of
coronary disease.

DIAGNOSIS OF CORONARY HEART DISEASE

CARDIAC PAIN

The diagnosis of coronary heart disease is usually
made on the basis of a history of cardiac pain, a

clinical examination to exclude other forms of heart
disease, congenital or acquired, which might cause

such pain, and the electrocardiogram. In seven cases

valvular disease of the heart was detected. Three of
these were in non-miners aged 45 to 54-one of
aortic incompetence, another of aortic stenosis, and
a third of rheumatic mitral and aortic valve disease.
In the miners aged 55 to 64 there were two cases of
rheumatic mitral valve disease, one of aortic valve
disease, and one of aortic sclerosis. These cases were
excluded when possible aetiological factors were
assessed. In an area like the Rhondda in which chest
pain of all types is exceedingly common and breath-
lessness from respiratory disease is exceptionally
prevalent among the miners, the problem of deciding
if a particular sensation (pain, discomfort, even
"indigestion") arose in the heart was often very
difficult; when, as might occur in the case of cardiac
infarction, the sensation has occurred at some time
in the more or less remote past, the decision may be
impossible. One might expect that it would be
easier to identify people with angina pectoris than
those who had had a past infarction because of
persistence of the characteristic symptom. But the
discomfort of extreme breathlessness may be only
too readily confused with the pain or discomfort of
myocardial ischaemia, so that even this superficially
more obvious differentiation may prove impossible.
It is likely, therefore, that there will be very wide
variation between different observers in classifying
subjects with regard to cardiac pain, especially
among groups in which there is a high prevalence of
bronchitis. The prevalence of chest pain and of
possible and probable cardiac pain in the sample is
shown in Table LI.

TABLE II
PREVALENCE OF PAIN IN THE CHEST

Non-miners Miners and
Age Ex-miners

Group Type of Pain
(yrs) Per Per

No. cent. No. cent.

35-54 Probably Cardiac 2 1 .1 2 i.l
Possibly Cardiac.. 5 2- 8 4 2-2
Not Cardiac .. 23 13*1 58 32-0
All Chest Pain .. 30 17*0 64 35 * 3
No Chest Pain .. 146 83 *0 117 64-6

Total in Sample .. 176 100*0 181 99*9

55-64 Probably Cardiac 3 3 * 5 2 2-1
Possibly Cardiac .. 6 7*0 12 12*7
Not Cardiac .. 12 14-0 25 26-6
All Cbest Pain .. 21 24- 5 49 41*4
No Chest Pain .. 65 75 * 6 55 58*5
Total in Sample .. 86 100 1 94 99.9

In contrast with non-cardiac pain, the two grades
of cardiac pain increased in prevalence with age.
There did not seem to be any marked difference in
cardiac pain between miners and non-miners, des-
pite the fact that non-cardiac chest pain was roughly
twice as common in the mining groups.
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EPIDEMIOLOGICAL STUDIES OF CORONARY DISEASE

The frequency with which it was impossible to be
certain if a particular chest pain was cardiac or not
is indicated by the high prevalence of "possible
cardiac pain" in Table II. The frequency of such
doubtful cases indicates that cardiac pain deter-
mined in this matter is unlikely to be reproducibly
recorded and that it is therefore an unsatisfactory
epidemiological index of coronary disease. We turn
therefore to the complementary diagnostic method,
namely the electrocardiogram.

The ELECTrRocARDIOGRAM
Observer Variability in Interpretation for Coronary

Disease.-Our first study of coronary heart disease
in Rhondda miners (Thomas and others, 1956)
suggested that the electrocardiogram was much the
most useful part of the clinical assessment for
coronary disease. From the epidemiological stand-
point the E.C.G. has the great advantage of being an
objective test which can be applied simply, rapidly,
and painlessly to different groups of persons in
different lands, irrespective of language barriers

and differences in pain sensitivity, to compare the
prevalence of coronary disease.

Unfortunately, it has become clear that the inter-
pretation of electrocardiograms for coronary disease
is subject to considerable observer variability
(Davies, 1958; Thomas and others, 1958; Segall,
1960; Epstein, Doyle, Pollack, Pollack, Robb, and
Simonson, 1961). In our earlier study (Thomas and
others, 1958), we attributed some of the variability
which we detected to the technical imperfections of
the E.C.G.s. The present study enabled us to eli-
minate technically unsatisfactory tracings and con-
sider only those which were beyond reproach. All
537 E.C.G.s were read by two of us (I.T.T.H. and
A.J.T.) and by two other cardiologists who had read
for us previously*. A simple form (Fig. 1) was used
for each E.C.G. A tick in the second or third box
was accepted as indicative of coronary disease.

*Dr. J. F. Goodwin, Physician, Post-graduate Medical School, Ham-
mersmith, and Dr. L. G. Davies, Consultant in Cardiology to Sully
Hospital, Glamorgan.

Case No.

NORMAL

MYOCARDIAL DAMAGE:

(Presumably but not necessarily due to lschaemia) lIZ
If YES: Do you attribute this to Coronary Disease? YES/NO

MYOCARDIAL INFARCTION:

Leads considered abnormal from Coronary Disease:
(Ring) I 11 Ill aVR aVL aVF

V1 V2 V3 V4 Vs V6

OTHER ABNORMALITY:

(Ring) Bundle Branch Block R L
Ventricular Hypertrophy R L
Other (specify) ..............................

FIG. 1.-Proforma for recording findings of E.C.G.
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1L T. T. HIGGINS, A. L. COCHRANE, AND A. J. THOMAS

Table III and Fig. 2 show that, whereas one or more
of the four readers read coronary disease in 20 per
cent. of the E.C.G.s, all four readers agreed in under
4 per cent. The linear decline in coronary disease
accordingto thenumber ofagreed readings is such that
it is difficult to avoid the conclusion that, had we had
just one more reader, there would have been no
E.C.G.s in the sample which all the readers would
have agreed on as indicating coronary disease. One

TABLE III
E.C.G. READINGS FOR CORONARY DISEASE

(FOUR READERS)

Excluding Cases
Whole Sample of Valvular

E.C.G. Agreement Disease

Per Per
No. cent. No. cent.

Read by All Four Readers 20 3 7 19 3 6
Read by at least Three

Readers 46 8 6 43 8-1
Read by at least Two

Readers 66 12*3 62 11*7
Read by Any of the Readers 109 20- 3 105 19*8

Total Number of E.C.G.s 537 100-0 530 100 0

~0

I I

1 2 3
or more or more or more

all
4

Agreement

FIG. 2.-Percentage electrocardiograms read by four readers as com-
patible with coronary disease.

may say, of course, that there are some cases about
which all would agree, and it is probable that the
classical infarction with wide, deep Q-waves and
inverted T-waves in the appropriate leads would be
agreed by all. But these are uncommon in the general
community-they are even less frequent among
hospital patients than one tends to imagine-and
reached in much the same way as we have in the past
probably represent only a small fraction of cases
with genuine coronary disease.

It may also be said that the one certain way of
ensuring inaccuracy in E.C.G. diagnosis is to include
an epidemiologist among the readers. There was in
fact no evidence that this was so, but partly in order
to eliminate any errors that could have been intro-
duced in this way, and partly to make the results of
this survey comparable with those obtained in our
previous studies, the readings of the epidemiologist
(I.T.T.H.) have been rejected. Table IV, which gives
the readings of the three cardiologists, shows that
the diagnostic agreement is not strikingly improved
by this exclusion.

TABLE IV

E.C.G. READINGS FOR CORONARY DISEASE
(THREE CARDIOLOGISTS ONLY)

Excluding Cases
E.C.G. Agreement Whole Sample of Valvular

Disease

Per Per
No. cent. No. cent.

Read by All Three Cardio-
logists .26 4 8 25 4*7

Read by at least Two of the
Three Cardiologists . 60 112 57 10-8

Read by Any of the Cardio-
logists .101 18*8 97 18-3

Total Number of E.C.G.s... 537 100*0 530 100 0

In this study no particular criteria of E.C.G.
abnormality were decreed as indicative of coronary
disease. Nor was there any preliminary consultation
between the four readers. Instead, each reader was
asked to use the criteria he usually adopted in his
clinical work in coming to a decision. This is of
course extremely unsatisfactory in that comparison
is a fundamental aim in epidemiology and for this
purpose precise criteria are essential. The intention
was, however, for all four readers to consider the
tracings about which there was any disagreement at
a combined session, first in ignorance and then with
knowledge of the clinical findings. We naively
believed that in this way agreement might be

20-

15 -

._

0

0.0-
to

L5
a-

5 --

l
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EPIDEMIOLOGICAL STUDIES OF CORONARY DISEASE

reached agreement on chest x rays of miners'
pneumoconiosis. Cardiologists are, however, clearly
more confident of the accuracy of their own inter-
pretations than are readers of chest x rays and more
often than not they agreed to differ. One striking
feature of this combined session was the infrequency
with which an E.C.G. reading was changed in the
light of clinical observations. In view of the fre-
quently stated caution that the E.C.G. can be con-
sidered only in the light of all the relevant clinical
information, this fact perhaps deserves to be
recorded.

In order to assess the repeatability of E.C.G.
readings, two of the readers, one cardiologist (A.J.T.)
and one epidemiologist (I.T.T.H.), re-read all the
E.C.G.s on a second occasion. The level of repeat-
ability is demonstrated in Table V. The disagree-
ment on the two occasions was large for both
observers. A.J.T. read 17 1 per cent. of the tracings
as indicating coronary disease on one or other
occasion, but only 9 *7 per cent., or a little over half
of them, on both occasions. I.T.T.H. read 15 1 per
cent. of the tracings as indicating coronary disease
on one or other occasion, and 8 0 per cent. of them
on both occasions. It is only fair to say that a good
many tracings were considered by both readers to be
"doubtful or borderline". Nevertheless, the repeat-
ability of classification in our hands clearly leaves
much to be desired.
The resolution of observer variation into its two

components, namely, that due to observation of an

abnormality and that due to interpretation of its
pathological implications, seems to us to be the
correct and logical procedure. Blackburn, Keys,
Simonson, Rautaharju, and Punsar (1960) have
suggested a system of coding for E.C.G.s to accom-

plish the first step. Follow-up studies of a sufficiently

large and representative number of subjects with
various code items should eventually provide a

measure of their validity in terms of expectation
of life or risk of an episode of clinical coronary
disease.

Dr. Blackburn has also very kindly read for us all
the E.C.G.s taken in this survey. We are therefore
able to compare his classification of the tracings
according to the Minnesota Code with our classi-
fication. At the same time, in order to test the re-

producibility of this code, one of us (I.T.T.H.) re-

read all the tracings and classified them to the best
of his ability in accordance with it.

Table VI (overleaf), shows the comparison be-
tween Blackburn (H.B.) and I.T.T.H., using the
code, according to the degree of agreement of the
four original readers. Agreement between Blackburn
and I.T.T.H. was not perfect even for the broad
categories, Q-wave items, ST-depression, and
T-wave inversion or flattening Classes I, IV, and V
(Table VII, overleaf). Differences occurred mainly
in borderline categories, but sometimes through
errors (mainly on the part of I.T.T.H.) which should
be reduced with further experience of the code.

There was considerable disagreement about the
Q-criteria.
As would be expected, coding agreement was

better in the tracings agreed by the majority of the
four readers and less in the tracings which, though
coded by either I.T.T.H. or H.B., were not con-
sidered by any of the four readers to indicate
coronary disease. This Table indicates that coronary
disease was usually agreed to be present where the
tracing showed ST-depression (ClassIV1.3). When this
was not accepted the reasons were usually left
ventricular hypertrophy, doubt about lead aVL, or
ST-depression associated with tachycardia.

TABLE V

COMPARISON OF REPEAT READINGS OF 537 E.C.G.s BY TWO OBSERVERS

First Reading

Not
Reader Second Reading Coronary Heart Disease Coronary Heart Disease Total

No. Per cent. No. Per cent. No. Per cent.

Coronary Heart Disease .. .. 52 9*7 29 5-4 81 151
A.J.T. Not Coronary Heart Disease . .11 2*0 445 82*9 456 84-9

Total .63 11*7 474 88 3 537 100*0

Coronary Heart Disease .. .. 43 8-0 29 5 4 72 13-4
I.T.T.H. .. Not Coronary Heart Disease .. 9 1*7 456 84 9 465 86-6

Total .52 9*7 485 90*3 537 100*0
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L T. T. HIGGINS, A. L. COCHRANE, AND A. J. THOMAS

TABLE VI

COMPARISON OF OBSERVER VARIATION IN COD1NG
E.C.G.s BY MINNESOTA CODE WITH "AGREED READINGS"

FOR CORONARY DISEASE

Agreed Reading H.B. I.T.T.H.

All Four Observers - IV, IV, - -
- V2 - -_ V2 _
'VI V2 - _ IV. V2 -

-V3 - - - IV -
IV2 - - - IV2 - -
IV, - _ - 1V2 - -

-IV, - IV2 - -
IV, - - - IV, - -

IV, V, - - IVI V -
--- Iv1,- --- VII,
_ - - VII, _ _ - VII,

VII, - - - VII,
-IV3 Ve2 - IV, V. -

IV, - - _ V. -
I, IV2 I IV2 V2 -
- IV3 - - IV - -
_ _ _ _ ~~~-iVo - -
- lV2- - ~~- IVi - -IV,IV_IV_ _ -

12 V.,

Three out of Four - lV, V, - IV, V,
Observers _lV, V2 - IV, V2

I, - I _ _
IV, V2 IV, V2

- V3 V3
-IV. IV2

- IV V. IV V2
VII, _ _ - VI,__ _Vll.~ _ _ - V1Ii

- IV2 V2 IV3 _
V, -

- IV2 V2 IV, V2
IV3 V2- Va

-IV, IV2--
12 -

-IV V, - IV2
lV, V2 IV, V,

- V3 -
V3

Six with no abnornma lity coded by either

Two out of Four - V3 V3 -
Observers IV, IV2,

V, V,
IV3 -

IV3 IV2 -

_I V, lV2 V2 -
- V., V3 -

V3
- V3
- V3

Nine with no abnlor mality coded by either

One out of Four _ V2 - - V2 -
Observers I2 - V3 I2 - V3 -

_ _ V, - - - V2 -

=-= V,-=-=IV,
-IV3 V2 -IV2 Va-
I2 -- _--__
Thirty-six with no a bnormality coded by
either.

None out of Four - - V3 - -V_ -

Observers - IV, V, - - IV, V, -
- - VII, - _ - VII2

-IV.,- -
-IV._ - IV2 - -
V__-_--IV,_-- V3 - _ _ _ _

IV3 - - _ _
-- Vs- _
- V - _

-IV- - -_
V2- _ _

I3 - - - IV, - -

Mortality in Relation to E.C.G. Reading. It is
clearly essential that a diagnosis of coronary disease
on the basis of ST- or T-wave changes in the E.C.G.,
often in the absence of any suggestive symptoms,
should be supported by evidence that subjects show-
ing such changes have an increased liability to
clinical episodes of the disease. Either the develop-
ment of coronary morbidity, indicated by angina or

myocardial infarction, or death attributed to
coronary disease could be used. Unfortunately, we

have not succeeded in obtaining information about
incidence of the disease, and we are therefore com-

pelled to use mortality rates to try to evaluate the
risks associated with normal or abnormal E.C.G.
patterns.

Table VIII (opposite) shows for all four surveys

the mortality in men aged 55 to 64 for all causes and
also for deaths certified as due to arterio-sclerotic and
degenerative heart disease (A.S.D.) at the time of
the follow-up study, according to the initial classifi-
cation of the E.C.G.s by the three cardiologists. The
findings for the individual interpretations are given
first and these are followed by the findings for the
cases agreed either by two of the three or by all three
cardiologists. The proportion of deaths certified as

due to arterio-sclerotic and degenerative heart dis-
ease was two to three times as high in the men whose
E.C.G.s were considered compatible with coronary
disease. This Table in fact underestimates the in-
creased risk of an abnormal E.C.G. in that it
compares the mortality for the diagnosed cases with
that for the whole sample, which will of course
include the diagnosed cases.

Table IX (opposite) shows a more correct ap-
praisal for the majority readings. It will be seen that,
while the mortality for all cases was three times as

great in the men whose E.C.G.s were agreed, the
mortality for A.S.D. heart disease was over eight
times as high in them as in the others in the sample.
The numbers are unfortunately small, but they do
suggest that our E.C.G. index (majority agreement)
was associated with a very considerably increased
risk of death from A.S.D. heart disease.

I.-3

IV,-3
V,-2

V2

VII,

VII,

Abnormal Q-waves.
ST-depression.
T-wave Inverted.
T-wave Flat.
Complete left bundle branch block.

Complete right bundle branch block.
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EPIDEMIOLOGICAL STUDIES OF CORONARY DISEASE

TABLE VII
OBSERVER VARIATION IN CLASSIFYING CERTAIN E.C.G. ABNORMALMES ACCORDING TO BLACKBURN

159

I.T.T.H.

H.B. Abnormal Q-wave (I] a)
ST-Depression (IV1 2s) Other Abnormality or None Total

T-wave Flat or Inverted (V1 ,)

No. Per cent. No. Per cent. No. Per cent.

Abnormal Q-wave (I1 2a)
ST-Depression (IV1 2 a) .. 41 76-4 14 2-6 55 10-2
T-wave Flat or Inverted (V1I 3)
Other Abnormality or None 7 1*3 475 88 5 482 89-8

Total .48 8*9 489 91.1 537 100*0

1-3 Abnormal Q-waves. IV1-3 ST-depression. V1-2 T-wave inverted. V3 T-wave flat.

TABLE VIII
MORTALITY ACCORDING TO E.C.G. INTERPRETATION OF C.H.D. (MEN AGED 55 TO 64 IN ALL SAMPLES)

-No. of E.C.G.s read by each reader as compatible with Coronary Heart Disease

Both
Area Population Total 1 (A.J.T.) 2 (J.F.G.) 3 (L.G.D.) Two out of Three out of 2/3 and 3/3

three three (majority)

Per Per Per Per Per Per Per
No. cent. No. cent. No. cent. No. cent. No. cent. No. cent. No. cent.

Annandale Sample .. .. 96 15 12 19 7 6 13
All Deaths 7 7 3 2 13*3 0 - 2 10*5 2 28*6 0 - 2 154
A.S.D. Deaths.. 2 2 1 1 6-7 0 - 1 5-3 1 14-3 0 - 1 7-7

Vale of Sample . . 85 23 23 18 6 12 18
Glamorgan All Deaths 4 4-7 3 13*0 2 8-7 1 5*6 1 16-7 1 8*3 2 11*1

A.S.D. Deaths.. 3 3 5 2 8-7 2 8-7 1 5-6 1 16-7 1 8-3 2 11-1

Rhondda Sample .. 47 18 16 10 2 10 12
(FirstSurvey) AllDeaths .. 12 25 5 7 38-9 5 31-3 7 70 0 0 - S 50 0 5 41-7

A.S.D. Deaths.. 4 8*5 3 16*7 3 18*8 3 30*0 0 - 3 30*0 3 250

Rhondda Sample . . . 180 42 36 37 2 1 20 41
(Second All Deaths . 19 10-6 9 21*4 7 19-4 6 16-2 5 23-8 4 20-0 9 22-0
Survey) A.S.D. Deaths.. 7 3*9 5 11*9 4 11*1 3 8*1 3 14-3 2 10*0 5 12-2

All Areas Sample . . .. 408 98 87 84 36 48 84
Combined AllDeaths . . 42 10 3 21 21*4 14 16-1 16 19 0 8 22-2 10 22-2 18 21*4

A.S.D.Deaths.. 16 3-9 11 11 2 9 10 3 8 9.5 5 13 9 6 12 5 11 13.1

A.S.D. = Arterio-sclerotic and Degenerative Heart Disease.

TABLE IX
MORTALITY IN THOSE WHOSE E.C.G.s WERE AGREED BY THE MAJORITY OF THE CARDIOLOGISTS

(2 OUT OF 3 OR ALL 3) AS COMPATIBLE WITH CORONARY DISEASE

E.C.G. Diagnosis

Compatible with Coronary Dis-
ease by two out of three and
all three

Others . .

Total ..

A more than 8-fold increase in A.S.D. mortality I in those whose E.C.G.s
A more than 3-fold increase in total mortality f were so read.
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L T. T. HIGGINS, A. L. COCHRANE, AND A. J. THOMAS

Tables X and XI present similar mortality data
according to certain E.C.G. items suggested by
Blackburn and others (1960) for the same surveys.
The increased risk associated with abnormal
Q-waves, depression of the ST segment, or flattening
or inversion of the T-waves (as defined in the
Minnesota Code) is clear and is of slightly greater
magnitude than the majority agreement of the three
cardiologists.

Prevalence of Coronary Disease in Miners and
Non-miners.-In the 55-64 age group there were

21 out of 86 non-miners (24a 1 per cent.) compared
with nineteen out of 94 miners and ex-miners
(20 * 2 per cent.) with E.C.G.s agreed by the majority
to be compatible with the diagnosis of coronary
disease. In the two decennial groups aged 35-54, there
were twelve out of 176 (6-8 per cent.) in the non-

mining and five out of 181 (2-8 per cent.) in the

TABLE X

MORTALITY ACCORDING TO CERTAIN SPECIFIC E.C.G. CHANGES IN MEN AGED 55 TO 64 IN FOUR
RANDOM SAMPLES (I.T.T.H.'s READINGS)

E.C.G. Changes
Total - .__

Abnormal S.T. T-wave Flat or Any of
Area Population Q-Waves (J123) Depression (IV 12) Inverted (V,1s 3) These

Per Per Per Per Per
No. cent. No. cent. No. cent. No. cent. No. cent.

Sample .. .. 96 3 16 13 24
Annandale All Deaths.. .. 7 7 3 0 2 12*5 2 15*4 4 16*7

A.S.D. Deaths .. 2 2-1 0 - 1 6- 3 1 7-7 2 8-3

Vale of Sample .. .. 85 2 3 12 12
Glamorgan All Deaths.. .. 4 4-7 1 50*0 2 66-7 2 16*7 2 16-7

A.S.D. Deaths .. 3 3 -5 1 50 0 2 66-7 2 16-7 2 16-7

Rhonnda Sample .. .. 47 0 7 11 12
(First Survey) All Deaths.. .. 12 25-5 0 - 4 57-1 4 36-4 5 41-7

A.S.D. Deaths .. 4 8-5 0 - 2 28-6 2 18*2 3 25*0

Rhondda Sample .. .. 180 2 19 17 29
(Second Survey) All Deaths.. .. 19 10*6 0 - 5 26*3 7 41*2 9 31*0

A.S.D. Deaths .. 7 3 9 0 - 2 10-5 4 23-5 5 17-2

Samples .. .. 408 7 45 53 77
All Areas All Deaths.. .. 42 10-3 1 14-3 13 28 9 15 28-3 20 26-0

A.S.D. Deaths .. 16 3 9 1 14-3 7 15-6 9 170 12 15 6

A.S.D. = Arterio-sclerotic and Degenerative Heart Disease.

TABLE XI
MORTALITY ACCORDING TO INITIAL E.C.G. IN RANDOM SAMPLES OF MALES AGED 55 TO 64

SEEN IN FOUR SURVEYS

Dead
Living I_ _

Area E.C.G. Changes* A.S.D. Other Total

No. Per cent. No. Per cent. No. Per cent. No. Per cent.

Present .. 20 83 3 2 8-3 2 8*3 4 16-7 24
Annandale Absent .. 69 95*8 0 _ 3 4-2 3 4-2 72

Total .. 89 92-7 2 2-1 5 5*2 7 7-3 96

Vale of Present .. 10 83*3 2 16-7 0 - 2 16-7 12
Glamorgan Absent .. 71 97*3 1 1*4 1 1*4 2 2*7 73

Total .. 81 95*3 3 3*5 1 1*2 4 4-7 85

Rhondda Present .. 7 58*3 3 250 2 16-7 5 41-7 12
(First Survey) Absent .. 28 80-0 1 2 9 6 17*1 7 20-0 35

Total .. 35 74-5 4 8*5 8 17*0 12 255 47

Rhondda Present .. 20 69*0 5 17*2 4 13*8 9 31*0 29
(Second Absent 141 93*4 2 13 8 53 10 6-6 151
Survey) Total 161 89*4 7 39 12 6-7 19 10-6 180

Present .. 57 74-0 12 156 8 10*3 20 26-0 77
All Areas Absent .. 309 93*4 4 12 18 5*4 22 6-6 331

Total .. 366 89*7 16 3*9 26 6-4 42 10*3 408

* Abnormal Q-Wave (Minnesota Code I, 2 ,) and/or ST-Depression (Minnetosa Code IV, I, ) and/or
T-wave flat or inverted (Minnesota Code V, I, ).
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EPIDEMIOLOGICAL STUDIES OF CORONARY DISEASE

mining group. The agreed changes were therefore
slightly higher in the non-mining groups, particularly
at younger ages, but the differences do not reach
even the 5 per cent. level of statistical significance
(0 10 > P > 0 05). They may be compared with
mortality statistics for the area (Table XII) which
show that death rates for coronary disease (420) for
the period 1950-1957 in men under 55 were higher
in non-miners than in miners and ex-miners, but
that above this age the rates were slightly higher in
the miners.

Aetiology of Coronary Disease.-Table XIII com-
pares the mean values found in this survey in the
55 to 64 and 35 to 54 age groups for a number of
different characteristics in those with and those
without coronary disease, the diagnosis being that
of the majority of the three cardiologists. There are
no consistent differences between the coronary and
non-coronary groups in respect of age, height, weight,
or ponderal index.

Height in inches . 3A/Weight in pounds (i.e.
Height divided by cube root of Weight).
The mean serum cholesterol was somewhat higher

in three out of the four groups; but the differences
were reversed in the younger miners and ex-miners.
The mean blood pressure was, however, consistently
higher in the coronary group, as was the proportion
who had spent the greater part of their working lives
engaged in light jobs.

There was no suggestion in this study that the
mortality of the sibs of the coronary group was in
any way different from the rest. Table XIV (overleaf)
gives the same comparison between the coronary

and non-coronary groups for the three earlier surveys.

In each of these surveys the mean weight of the coro-

nary cases was somewhat higher than that of the
controls. Mainly because of this difference, the
ponderal index was also lower in the coronary

cases. The mean serum cholesterol of the coronary

cases in Annandale was slightly higher than in the
rest of the sample, but there was no difference in the

LE XII

MORTALITY OF RHONDDA MALES FROM CORONARY DISEASE (420) FROM 1950 TO THE END OF 1957

Non-miners Miners and Ex-miners

Age Group (yrs) Mean Annual Mean Annual
Number in Dead Death Rate Number in Dead Death Rate
Population Per 1,000 Population Per 1,000

35-44 447 5 1-6 1,346 3 0 3
45-54 223 5 3-2 1,337 21 2-2
55-64 148 5 4-8 1,173 51 6-2

35-64 818 15 2-6 3,856 75 2-8

TABLE XIII

COMPARISON OF "CORONARY CASES" (E.C.G.s AGREED BY MAJORITY OF THREE CARDIOLOGISTS)
AND OTHERS IN RHONDDA FACH (MEN AGED 55 TO 64 AND 35 TO 54)

Age (yrs) .55 to 64 35 to 54

Miners and Miners and
Non Miners Ex-Miners Non-Miners Ex-Miners

Occupation ...... .. . . . . "Coronary Others "Coronary "Coronary "Coronary
Cases" Cases" Others Cases" Others Cases" Others

Number of Cases. 21 65 19 75 12 164 5 176

Age (yrs) .598 59 3 60*0 59*9 45*1 44*6 48*8 44*9

Standing Height (in.) .. 661 66-4 654 65*5 66-8 66-9 65*2 66-5
Sitting Height (in.) .. 34-4 345- 33 *9 34-2 35*2 35 *2 34-7 35*1
Weight (lb.) .148- 147-8 132-6 141*9 162-8 154-0 143 *8 145 9
Ponderal Index .12-5 12-6 12-8 12-5 12-3 12-5 12-5 12-7
I.M.B.C. (l./min.).. 87-9 86-1 71-5 75 9 105-6 111-8 94-8 97.9

Criteria Serum Cholesterol (mg. per cent.) 268*7 259*2 233*2 230-5 249*7 236-9 216-8 239 *8
Alpha Lipoproetins (per cent.) .. 22-0 24 5 24-6 25 5 31-0 27-9 19-7 257
Beta Lipopretins (per cent.) .. 78*0 75 5 754 74-5 690 72-1 80 3 74-3
Systolic BP (mm. Hg) .. .. 186-9 164-5 176-9 162-7 169-2 153 4 170-0 149-6
Diastolic BP (mm. Hg) .. .. 106-4 98-6 106-7 96-2 100-8 96-3 98-0 950
Percentage of Sibs Dead .. .. 239 34-2 40 6 34*0 20-0 20-1 26-9 20-0
Percentage engaged in Light Work 66-7 60 0 36-8 24-0 50*0 48*2 20*0 5 7
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162 L. T. T. HIGGINS, A. L. COCHRANE, AND A. J. THOMAS

TABLE XIV
COMPARISON OF "CORONARY CASES" (E.G.C.s AGREED BY MAJORITY OF THREE CARDIOLOGISTS)

AND OTHERS IN EARLIER SURVEYS, MEN AGED 55-64

Annandale Vale of Glamorgan Rhondda First Survey
Survey

"Coronary "Coronary "Coronary
Cases" Others Cases" Others Cases" Others

Number ofCases.. 13 81 18 67 12 35

Age (yrs) . .609 58 8 59 0 59 5 60 6 60 2

Standing Height (in.) .. 65 5 67 2 65 9 65 7 67 0 65 8
Sitting Height (in.) .. 34-0 34 7 35 0 34 6 34-8 34 1
Weight (lb.) . . . 161-8 158 3 166 1 148 5 157-3 137 7
Ponderal Index 121 12*5 121 12 4 12 5 12 8
I.M.B.C. (1./min.) . . 93 5 95 4 96 9 86 2 83 8 69 2

Criteria Cholesterol (mg. per cent.) 229 4 220 5 231 5 232 4 _
Alpha Lipoproteins (per cent.) _ _
Beta Lipoproteins (per cent.) _ _ _ _ _
SystolicBP (mm. Hg) 167*5 161 3 169 4 159 1 154 3 148 2
Diastolic BP (mm. Hg) .. 99 5 96-1 96 9 86 2 83 3 84 4
Percentage of Sibs Dead .. 24-2 30 8 39 8 23 6 54 0 29 0
Percentage engaged in Light Work 23 1 32 -1 55 6 32 8 Higher

Vale of Glamorgan. The mortality of the siblings of
coronary cases in the earlier Rhondda and Vale of
Glamorgan studies was higher than that of the non-
coronary subjects, as reported previously (Thomas and
others, 1958). In the Vale of Glamorgan the propor-
tion of coronary cases engaged predominantly in
light work throughout their working lives was
greater than that of the rest of the sample, but this was
not so in Annandale. We reported previously (Thomas
and others, 1958) that the mean number of years spent
working on the coal-getting shift, the most arduous
mining work, was shorter in the coronary cases than
in the others.
The mean blood pressure was fairly consistently

higher in the coronary cases in each area. To sum
up, none of the factors studied from the aetiological
standpoint appear to be consistently involved. The
results would suggest that the level of blood pressure
and the amount of working activity are probably
important and that the mean serum cholesterol and
physique may be so, but that these factors differ in
importance in different areas and in different occu-
pational groups.

DIsCUSSION

DIAGNOSIS OF CORONARY DISEASE
The proportion of persons found to have un-

equivocal clinical and electrocardiographical evi-
dence of coronary disease in any prevalence survey
is small, even in the higher age groups. If one is to
confine one's survey to those with undoubted
cardiac pain or abnormal Q-waves, with or without
associated T-wave changes, the numbers found will
inevitably be very small. On the other hand patho-
logical evidence suggests that the proportion of men

with considerable athero-sclerosis of the coronary
arteries, with or without associated fibrotic myocar-
dial changes, is high in the 55 to 64 age group.
Though satisfactory correlations between E.C.G.
and pathology are largely lacking, the present study
strongly suggests that E.C.G. changes which are
less marked than those considered classical of
myocardial infarction carry a considerably increased
risk of dying of arterio-sclerosis or degenerative
heart disease. In clinical practice the so-called "non-
specific" ST - or T-wave change may often indicate
rare myocardial abnormalities, electrolyte distur-
bance, drug intoxication, anoxia, anaemia, or
haemorrhage. But in the general population such
changes are unusual, and for ptactical purposes the
differential diagnosis lies between coronary disease
and left ventricular hypertrophy or a combination
of the two. From an epidemiological point of view
it should be possible to use these much more
frequent changes as an index of coronary disease.
This is more or less what has been done by the three
cardiologists, and their readings have the advantage
that the attempt has been made to differentiate
coronary disease from left ventricular hypertrophy
and strain. Acheson (1960) has suggested that, in
epidemiological studies of coronary disease in old
men, E.C.G.s suggestive of myocardial infarction,
left ventricular hypertrophy, or mycardial ischaemia
should be grouped together as "coronary heart
disease", on the grounds that coronary heart disease
and hypertension are often found together. This
procedure seems to us to be undesirable if it can
possibly be avoided, in that it implies acceptance of
an association that one is trying to demonstrate.
The main disadvantages of the interpretative type

of diagnosis we have uised are that it is difficult to
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say precisely what criteria have in fact been used to
reach a diagnosis and that it is clearly not always
possible to have the same three cardiologists to read
E.C.G.s. The first of these disadvantages is particu-
larly important in epidemiological studies, the main
aim of which is comparison. It is here that the
advantages of recording certain abnormalities with-
out interpreting them (Blackburn and others, 1960)
become so apparent. An analogous situation can be
seen in the work carried out in Great Britain on
bronchitis; because of initial diagnostic difficulty,
certain clearly defined symptoms have been used
either alone or in combination. Which particular
items of the Minnesota Code separate coronary
from non-coronary cases most successfully it is at
present impossible to say. The increased risk of
death associated with Q, ST, and T-wave abnor-
mality found in this study suggest that various
combinations of these items would perhaps be most
valuable. Doyle, Heslin, Hilleboe, Formel, and
Korns (1957) noted a 3-fold increase in the incidence
of ischaemic heart disease associated with non-
specific T-wave changes in the resting E.C.G. in male
Civil Service employees aged 39-55 years in Albany,
New York. ST-T changes have also been used as an
index of ischaemic heart disease in comparisons
between the inhabitants of two rural areas in East
and West Finland (Karvonen, 1962). Unfortunately
the numbers studied in our surveys have been too
small to analyse the data in as much detail as we
should like. A population of about 2,000 men aged
45-64 should provide sufficient numbers to do this.

ATTRIBUTES OF THE CORONARY SUBJECTS
Our findings do not suggest that any single factor

of those we have looked into is of paramount
importance in causing this disease. This is not
surprising since, if, say, the level of the serum
cholesterol or of the blood pressure was all that
mattered, this would probably have been obvious
to any clinician who troubled to analyse his findings
in coronary cases. If there is a single cause of
coronary disease our studies would suggest clearly
that it is not among those we have investigated. Our
studies suggest that the inter-relations between these
factors may differ in different places and in different
groups. For example, the level of the serum
cholesterol in the miners with coronary disease may
be less important than the level of the serum
cholesterol in the sedentary worker. Keys and
Fidanza (1960) have shown that, in about half the
studies of coronary heart disease that have been
carried out, increased body weight or "overweight"
has been significantly correlated with coronary

disease; whereas in the other half it has not. They
themselves noted a tendency for working class
Neapolitan patients to be significantly overweight
compared with controls whereas there was no such
difference between cases and controls in upper-class
Neapolitans nor in patients from the Twin Cities
of Minneapolis and St. Paul. These differences suggest
that the influence of overweight might differ in
different places. Though our numbers are small,
they do not suggest that the predictive value of
the cholesterol level is as accurate in mining
groups in South Wales as it appears to be in Fram-
ingham, Mass. (Dawber, Moore, and Mann, 1957;
Kannel, Dawber, Kagan, Revotskie, and Stokes,
1961; Dawber, Kannel, Revotskie, and Kagan, 1962).
Possibly some of the apparent difference is due to the
fact that we have attempted our analysis on the
basis of prevalence data, whereas Dawber and his
colleagues have used incidence rates. False positive
cases are more likely to be included in prevalence
studies because of the greater diagnostic difficulties,
and this may have reduced the association in our
studies. The influence of death occurring in the years
preceding a prevalence survey must also be con-
sidered as a possible cause of confusion. If, for
example, young men with high serum cholesterols
developed a more lethal form of coronary disease
than men with lower values, then they would have
disappeared from the survivor population of 55-64
years that we are mainly studying. The association
of serum cholesterol with coronary heart disease
has usually been found to be less in the elderly
(Biorck, Blomqvist, and Sievers, 1957).

Table XV (overleaf) compares the mean cholesterol
and blood pressure in the men who died from all
causes and from A.S.D. heart disease in the follow-up
period. In the two rural areas those dying of A.S.D.
had higher cholesterol and systolic (but not diastolic)
blood pressure. In the second Rhondda survey a
higher systolic blood pressure was recorded in
A.S.D. deaths, but the difference was in the opposite
direction in the first study. The cholesterol was
higher in the miners recorded as dying of A.S.D.
but not in the non-miners.

Morris, Heady, Raffle, Roberts, and Parks (1953)
and Morris and Crawford (1958) have stressed the
importance of the physical activity of the job in the
aetiology of coronary disease, and there has been
some support for this hypothesis from pathological
and epidemiological studies in the United States.
For example, Spain and Bradess (1957) found a
higher proportion of mycardial scars at autopsy in
subjects who had been engaged mainly in sedentary
occupations. Puchner, Blackburn, Taylor, and Keys,
(1961), in their study of men working on the rail-
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TABLE XV

COMPARISON OF MEAN SERUM CHOLESTEROL AND BLOOD PRESSURE IN THOSE WHO DIED FROM
ALL CAUSES WITH THOSE WHO WERE CERTIFIED AS DYING FROM A.S.D. HEART DISEASE

Serum Cholesterol Blood Pressure (mm. Hg)
Area Occupation Cause of Death No. of Cases (mg. per cent.)

Systolic Diastolic

Annandale .. .. All .All .. .. 7 202- 3 178*6 102*1
A.S.D. .. 2 219-0 1950 100*0

Vale of Glamorgan .. AllAll .. .. 4 273 0 176-3 97*5
A.S.D. .. 3 291 0 185-0 100-0

Rhondda First Survey.. Non-miners .. .. All .. 12 not done 152 3 858
A.S.D. . . - 139 3 80-0

Non-miners .. .. All .. 10 259*2 182-0 101*0
A.S.D. .. 3 198-0 200-0 90.0

Rhondda Second Survey Miners and Ex-miners All .. 9 194*8 146 3 92*5
A.S.D. .. 4 213-8 156-3 102-5

All .. .. All .. 19 228*9 166*1 97*2
A.S.D. .. 7 208- 1750 97*1

All Areas .. .. All .. .. .. All .. .. 42 228*5 1652 94*8
A.S.D. .. 16 232-9 170*4 93*8

road, found a higher prevalence of coronary disease
in sedentary clerks than in more active switchmen.

Experimental studies also suggest that exercise
may be beneficial, either by depressing the serum
cholesterol (Taylor, Anderson, and Keys, 1961), by
an acceleration of fibinolysis (Biggs, Macfarlane, and
Pling, 1947; Billimoria, Drysdale, James, and
Maclagan, 1959) inhibiting the reduction of lysis
time normally produced by fat feeding (Billimoria
and others, 1959), or by leading to a more effective
coronary collateral circulation (Eckstein, 1957). Our
findings on activity have been consistent except for
Annandale, and would support the view that
physical activity at work is of some importance in the
aetiology of coronary disease. The observation by
Miall and Oldham (1958) that blood pressure is
inversely correlated with the heaviness of the job
provides additional support for this view. The
finding is however at variance with the observations
of Berkson, Stamler, Lindberg, Miller, Mathies,
Lasky, and Hall, (1960), who were unable to find
any consistent association between physical activity
and coronary disease prevalence in the employees of
a Chicago utility company.

SUMMARY

Studies of coronary disease in four random sam-
ples of the community are considered. Three of these
studies, one of a rural community in the Vale of
Glamorgan, one of a similar community in Dum-
friesshire, and a third of miners and ex-miners
living in the Rhonda Fach, have already been des-
cribed. A further prevalence study of 90 per cent. of
a random sample of 600 men aged 35 to 64 from the

Rhondda is described. 300 men were miners or ex-
miners; 300 had never worked in mining.

Chest pain of all types was about twice as frequent
in miners and ex-miners as in non-miners, but pain
that was considered to be probably cardiac in origin
appeared to be equally frequent in the two groups.
In a considerable number of subjects it was not
possible to decide whether a pain was cardiac or not.
Considerable differences in E.C.G. interpretation
for coronary disease were demonstrated between
different cardiologists. The main cause of disagree-
was left ventricular hypertrophy, but differences also
arose over T-wave patterns in lead aVL and ST-
segment depression in the presence of tachycardia.
These interpretations of the E.C.G.s for coronary
disease are compared with coding of the E.C.G.s
according to the different items of the Minnesota
Code. The suggestion made by the workers in
Minnesota that classification of E.C.G.s in this
manner facilitates comparison of different groups is
supported.

All deaths that occur in members of the four
samples are being collected. The findings to date
suggest that men with E.C.G.s considered to be
compatible with coronary disease have a consider-
ably increased risk of dying and of being recorded
as dying a cardiac death. On the small numbers at
present available, the increased risk of death from all
causes has been about 3-fold and of death from
A.S.D. heart disease about 8-fold. The same in-
creased risk was noted for the Minnesota Code items
I, IV, and V.

Analysis of various attributes of cases considered
to have coronary disease by at least two out of the
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three cardiologists who read the E.C.G.s did not
suggest that any single characteristic was invariably
involved. A higher arterial blood pressure and a
higher proportion of men engaged predominantly in
light work was usually found in the coronary
group; the mean serum cholesterol was also usually
somewhat higher in the coronary group but not in
all areas. Of the other factors, weight and mortality
of sibs appeared to be significant in some surveys
but not in others.

We should like to express our thanks to Drs. J. F.
Goodwin, L. G. Davies, and H. W. Blackburn for
classifying the electrocardiograms. We are grateful to
our colleagues at the Epidemiological Research Unit for
their help in carrying out the surveys, and in particular
to Mr. F. Moore, S.R.N. who drew the diagram.
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