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logist, but only because he discovered ahnormalities in
the thymus in patients already labelled as suffering from
myasthenia by the eclinician. From this sprang thymee-
tomy and the observations of pharmacologists and
physiologists on a possible relationship between the
thymus gland and ‘the myoneural junction. Essential
though the contributions of the non-elinical scientists are
o the solution of the problem, I do not believe that the
work of the elinieal néurclogist is therefore finished.
Looking broadly at the olinical pieturo he may well ask
~ himself whether myasthenia is a single entity-—whether
in fact it is a disease or a symptom ; whether there is
guch a thing as thyrotoxic myasthenia as well as an
association Dbetween thyrotoxicesis and myasfhenia
gravis, and where in the picture are to be placed the
myasthenic syndromes associated with avitaminosis and
with carcinomsa of the lung. In other words the eontri-
butions which the pathologist and the biochemist are
making to the. building up of the hypothesis about
myasthenia should stimulate the elinician to disoriminate
further in his own fleld.

And so one might multiply instances: the various
forms of polyneurtitis, motor-neurone disease, dissemi-
nated sclerosis, parkinsonism of the degenerative type,
evon epilepsy itself, at once suggest themselves as flelds
of research where the elinical nenrologist with a
knowledge of the possibilities of biochemistry may
have a contribution which he alone has the power to
malke.

The relationship between the metabolism of the
nervouns system and that of the rest of the body is still
almost uncharted territory.” How rich it is in possibilities
is shown by recent research on the metaholism-of copper
and the amino-acids in Wilson’s disease, and bhis also
shows how important are the links bebtween neurology
and internal medicine,

A Chailenge -

1 have but touched the fringe of a vast subjeet, but
I hope I have said enough to convince you that the
prospects for elinieal neurology were never brighter than
they are today. Lot me conclude with some words of
. Cajal which are both an encouragement and a challenge
to us, his successors :

“ Groat Tnen are ot times geniuses, occasionally children,’
but always incomplete, Tven granting that the genius
subjected to the test of criticel inspection omerges free from
all error, we should consider that everything that he has
discovered in a given domain is almost nothing in comparison
with what is loft o be discovered. Nature offers to all of us
inexhausiible wealth, and we have no cause to envy those who
preceded us, nor to exclaim as did Alexander in consequonce
of the vietories of Philip: *‘3My father is going to lenve me
nothing to conquer {* "' :

“ .. Tho long words of science are justified because they
are unfamiliar, This ssems 1o be a doubtful recommendation,
and one which suggests thot the scientist takes a pride in
writing pages that are deliberately obscure. This isnotso ...
the apparent unfamiliarity of scientific words, the air they
have of belonging to a specialised type of thought and language,
sots them apart, in some way, from the speech of everyday
life. This iz an advantage to the users of both languages,
Shapeless and amorphous are literally the samo, sleeplessness
does not seem to be very different from insomnia, yot in each
cage both words have their appropriate uses, and the English
language is the richor beeause hoth are available. It is not
true to say that either language can be translated into, or
replacad by, the other without loss, The loss may be small,
if hypogeal is replaced by underground ; it is much greater if
hypostatie is translated into understanding. It may oven he
complete. Iipling once told us that,

The Colonel’s Lady an’ Judy Q’Grady

Aro sisters under their skins,
His meaning is lost if 3 scientist desoribes them as suboutaneous
siblings.”—T. H. Savory. The Language of Science. London,
1953 ; p. 184, ) i ‘

CORONARY HEART-DISEASE AND
PHYSICAL ACTIVITY OF WORK

J. N. Mozris J. A. HEADY
ALA. Glasg.,, M.R.C.P.,, D.P.H. M.A. Oxfd
OF THE SOCFAL MEDICINE RESEARQOH UNIT, MEDIOAL RESEAROCH
COUNCIL * -
P. A. B, Rarmy
M.D. Lond., D.P.H., D.LH.
OF THE lIED-IGAL DEPARTMENT, LONDON TRANSPORT EXROUTIVE

C. G, RosERTS J. W. Parxs
B.A., M.D. Camb, M.B.E., M.D, Camb., D.C.H,
OF THE TREASURY MEDICAL: SERVIOE -

(Qoncluded from p. 1057)

II. STATEMENT AND TESTING OF PROVISIONAL
. HYPOTHESIS R

The suggestion emerged from part 1 of this paper that
physical activity. in work is associated with a lower
incidence and severity of coromary (ischsemic) heart.
diseage in middle-aged men. This proposition is interest-
ing in view of the present dearth of useful theories
on the causes of coronary heart-disease and of its probable

increase. The possibility that the association may be”

a onusal one, and that factors of low ineidence and
mortality may be identified in occupation, is worth
pursuing in the hopo of eventually discovering clugs to
the prevention of the disease. As has so often happened
in" epidemiology, clues may ho discovered before the
intimate processes of the disease are fully understood.
Woe therefore adopted the suggestion as a working hypo-
thesis, and proceeded to test it as best we could, The
provisional hypothesis may be stated, as an agsociation
bhetween variables, thus :

Men in physically active jobs have a lower incidence
of coronary heart-discase in middle age than have men
in phgrsically inactive jobs. More important, the disease
is not so severe in physically active workers, tending
to present first in themn as angina pecboris and other
relatively benign forms, and -to have a smaller early
case-fataliby and a lower early morbality-rate,

Since there was no indication that the greater ineidence
and severity of coronary heart-disease in the physically
less active workers was associated particularly with
montal factors i their work, and for other reagons, no
alternative hypotheses were framed for the pregent in
psychological terms, and the observations were confined
as far as possible to the dimension of physical activity
and inactivity of work. The hypothesis, thus, i§ not
adyanced in any exclusive sense: il was Inecessary,
lLiowever, to try to isolate it if any progress way to be
made.

Methods Adopted in Testing the Hypothesis -

In this type of research, dealing as it often must with
material impossible to © control,’” of less acouracy than
might be wished, and from which it is difficult to isolate
variables, special precautions need to be taken by the
investigator, In the present instance reliance was
placed on the power of simultaneous attack on the
“problem from different directions ; and independent
bodies of material were used so that the cumulative
offect (as well as individual findings that may by them-
gelves lack convicsion) can be considered.

Attempts have been made to test the provisional hypo-
thesis by observing its capacity to predict in a variety
of situations. The following tests were carried out:

First test—Enlarging the evidenee by a further period of
observation of the expsrience from which the original observa-
tion tas made (London Transport and the Post Offica).

Second fest—lixtending the hypothesis from *early ” to
all coronary mortality and observing the national experience
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TABLE VII—MORTALITY IN FIRST 3 MONTHS OF FIRST CLINICAL EPISODE OF CORONARY HEART-DISEASE !
DALE CONDUCTORS (AGED 356-04 INCLUSIVE) oF CENTRAL BUSES OF LONDON TRANSPORT EXEOUTIVE, 1940-53

Average Annual Rates per 1000 °

TABLE VII{4)
195158

DRIVERS AND

TABLE VII(R)
1949-53

Drivers Conduoctors
]ijaﬂl{ Early
Early mortalit; mortality mortality
(ficst 3 months {flxst 3 (first 3
- Immedi- | Mor- months} Immedi- [ Mor- months)
Ages Alan- ate tali A Alan- ate tality
Ages (years) ¢ egars) years |mortaliby| ab ¢ eﬁeg) years |mortality jab & days
¥ obsorved| (first 3 | daysto Rate] FE4T3) |ohserved] (fivst 3 to3 Rale
days) (3 months) No, of; per days) [ months {No. of| per
Drivers|Conductors deaths| 1000 deaths| 1000
P .,
35-44 05 3h6-14 15,8’18 03 ] -4 3544 13,510 . .. 2
45-54 1-0 45-54 17,188 -8 o d 20 1.2 46-54 7606 T 05 e 4 *5
55-84 L8 2-3 5564 9814 26 1.2 37 3-8 5664 5300 11 1-1 12 2.3
Taotal no, of 82 9 Total no, of 44 19 63 Total no. of 12 i} 18
deaths ) deaths . deaths :
Slandardised 1-5 08 . Standardised 11 [0 1.8 Standardised 05 03 -8
rafe at ages . rale ot ages . rale at ages
35—64 incl, 3564 inol. - 35-64 incl,

Further population counts were made as on Jan, 1, 1952 and 19563.

Definitions as in tables 1 and rv.

0:001 < P <0-01 testing the difference in table vir(s) between drivers and conductors both in immediate mortality and early mortalit,y,'

“using the t test,

of twenty years ago, deseribed in the Registrar-Genersl's
Occupational Mortality Supploment,

Phird test—Making deductions from the hypothesis in
terms of the course of coronary heaxt-disease as well as its
incidence and mode of presentation, and trying to verify
these on yet another set of date—a current samplo of death
certificates, '

Tirst Test {Direct Confirmation) : Further Observation
of Transport and Postal Workers

The information in part 1 covers the years 194950,
and it was mosily collected by the middle of 1951, The
analysis, however, could not he undertaken until 1952,
and by this time it was impracticable to collect detailed
morbidity data for 1951 and 1852, highly desirable
though this was now seen to be. The deaths, however,
that oceurred during those years wers recorded in the
Cenfral Record of Staff Btatistics of London Transport
Executive ; and fthe Post Office bas for many years
kept records of the mortality of ifs staff. Since the
lower death-rates of the conductors and postmen during
the first days and weeks of clinical eoronary heart-
disease were the main findings in 1949-50 it was clearly
important to know whether these waorkers maintained
their advantage in 1951-52, particularly since wide
variations in mortality-rates from year fo year are
commonly found in this fype of study even when dealing
with substantially larger numbers of cases than we
have heen able to do, :

Table vm{s) gives the early mortality-rates from coronary
heart-disease among the drivers and conductors of the central
(* red *') buses in 1951-52. (The figures for tram and trolleybus
drivers and conductors are not shown in table vit because
the trams were being withdrawn during 1951.) The drivers
have a higher mortality in each ten-yoar age-group during
1851-52 (in each five-year group also) and the standardised
rate summarises the excess as 909,. This was little different
from the findings in 1948-50, the greater excess shown in
the middle columns of table 1v being mainly due to the
particularly low mortality among the tram and trolleybus
conductors.

Table vir(s) amalgamates the experience of the central bus
workers for the four years by adding and averaging the deaths
and population figures over 1849-52. ‘The " immediate
mortality ”’ of the drivers is seen to be about twice that of
the conductors, and mortality in the rest of the first three
months is about two-thirds higher ; total early mortality is
over 809, as much again in the drivers as in the conductors.

Table vim(a) deseribes the early mortality among the five
postal grades during 1951-52. The Civil Service execubives

and clerks were not studied in 1951-52; so, unfortunately,
only one truly sedentary grade remains—the telephonists,
In 1861-52, as in 1949-50, the postmen had a substantially
lower early mortality than the telephonists; comparisons
with the three *fintermediate’ grades are again of little
interest. The combined rate for 184952 in table vi11({B) shows
the by now expested trend (fig. 2}

Summing wp ; in 1961-52 the physically more astive
workers {conductors and postmen) had lower early
mortality-rates than the physically less aclive workers
{drivers and telephonists, respectively). Enlargement
of the evidence by two further years’ experience therefore,
supports the hypothesis.

The next test should be to repeat these special observa-
tions in different groups of workerg ; but tis would mean

4
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Fig. 2.—First clinical episodes of coronary heart-disease in 1949-52:
A, drivers and male conductors, aged 35-44, of Central London Buses ;
B, G.P.O. male telephonists and postmen, aged 35-5%.
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a delay of some years before results could be available,
Wo thevefore twned to data alveady available, such
data having the merits and drawbacks of being collected
for quite other purposes.® :

Second Test: Physical Activity of Work, and the
Death-rate from Coronary Heart-disease

It has been postulated, as the mest important part

of the hypothesis to be tested, that the * early mortality
from coronary hearvi-disease—death in the first Chree
mwonthe of the clinical disease—is lower in middle-aged
mei in physically active jobs than in men doing physically
inactive work. But it has previously been suggested
in this series!? that this early mortality ig responsible
for about thres-quarters of the coronary deaths 4n

FABLE VII—MORTALITY IN FIRST 3 MONTHS OF FIRST CTINIOAT
EFISODE OF CORONARY HEART-DISBASE IN MALE FOSTAL
WORKERS (AGED 35-59 1ncrusive), 1949-52

Standardised Rates per 1000 per Annaumn

TABLE VIII(A) TABLE VITI(B)
1951-52 1049-52
Early Early
mortality mortality
(first 3 (first 3
months) Man- months)
. years
Occupation obhserved
Rale Rate
No. of| per No. of| per
deathg| 1000 deaths| 1000
. Dlte
Postmoon .. .- e 68 a-7 160,986 125 07
Postal and telegrapl&i
officers . .
Supervisors L 51 0-8 67,440 | 104 &8
Postmen highor grade
Telephonists e .. 16 18 25,144 29 14

Definitions as in tables 1, Iv, and v
Further population counts were made as on Jan. i, 1953,

aiddle ageld The present postulate may thus be
extended fo include «ll coronary deaths :
That men doing physically active work have a lower
mortality from coronary heart-disease in middle age
than men in less active work.

A test of this extended hypothesis will be a test, though
perhaps not a rigorous one, of the original hypothesis.

It was decided therefore to make a special analysis
of the morbality from coronary heart-disease in the
various oceupations for which data are available in the
Registrar-General’s Occupational Mortality Volume of
the Decennial Supplement for 1930-3237 the Iatest
{and only} years that could be studied. * Coronary
thrombosis ** was beginning to be commonly diagnosed
in this country late in the 1920s,!® so the analysis is
worth making.

METHOD

It is very difficult to differentiate hetween the ocoupational
groups of social clags 1 (the leading professions, managers,
owners, ‘&c.), or of social class I (“ lesser > professions, &o.)
in terms of the physical work they involve, We therefors
examined social classes 1 (skilled workers), 1v (soemi-skilled
workers), and v (unskilled workers} which include a wide
variety of heavy and light jobs. There are mortality data for
10 oceupational “ groups " in these three classes {excluding
the Armed Forces} and they contain over 2!/, million men

aged 45-64 years—the great majority of all the men in these -

classes,

(b} The frst two authors alone are responsible for the
. remainder of this paper.

(¢) This study '* showed that 70% of all coronary deaths
during the years 1840-50 among a group of medieal
practitioners, aged 40-64, took place in the first month
of the firgt clinical attack of the disease; the majority
of these being deaths in the first few days (here ealled
* immediate 7},

They used three catopories:

Categories Groups| No. of men
A Physically heavy jobs .. .. .. 16 670,465
B Phygically Heht jobs . .. Ve 23 540,012

¢ TIniermediate and doubffnl johs—i.e., jobs
which were both heavy and lghi; or
neither ; about which the roferees dls.

agreed ; or which they were unable to
te olassify . . e 31 [1,406,549
Total .. . .. .. 74 2,617,026

{The contents of the categories are detailed elsewhere.?) We
then sorted the groups into their social elasses, and caloulated
death-rates for coronary heéart.disease.

We do not in our unit have the necessury knowledge to
malke an informed grading of these ocoupation groups to
heavy and light work, especially for as long ago as 1930-32,
And for a different reason, also, we invited others to make
the classification for us, It is important in this kind of inguiry
to take precantions against any recognisable source of “ bias ** :
in the present instance the grading of jobs should obvicusly
be ““blind,” so that in cases of doubt the deecision whether
a job is heavy or light in respect of physieal activity cannot
be affected by knowledge of what is happening to the other
variable being studied—coronary mortality, We therefore
roquested two colleagues, experts in industrial medicine, to
classify the occupation groups——without telling them our
hypothesis or, indeed, what problem we were investigating,
They kindly agreed ; and, in addition, they did the grading
indepondently, consulting together only at the end over a
fow doubiful groups.

TABLE IX—MORTALITY FROM CORONARY HEART-DISEASE IN
HEAVY AND LIGHT WORKERS (MEN AGED 45-54): ENGLAND
AND WALES, 1930-32 :

Average Annual Death-rates per 1,000,000

Physical demands of work
Bocial class Interme-
. Howwy | Gt | W

111 ce ve o . Ire2 285 341
v . A . . 166 158 327
v " T, 97 236 323
Mixed .. ‘e . .y 78 . 264
Total classes O, Iv, and v .. - 139 229 337
Tofal no. of deaths (3 years) .. 154 531 321
1931 Census popiﬂation %3 1,110,390 | 2,368,772 | 951,732
o Men Aged 55-64
I . e ‘e o 597 608 a16
v e . . ‘e 303 468 566
v o e e e 363 490 728
Mized .. .. .. 289 .. 561
Total classes e, Iv, and v .. 396 830 366
Total no. of deaths (3 yeara) .. 357 983 579
1931 Census population x 3 801,005 1,855,875 | 668,304

Death-rates calculated from information given in fable 44 of the
Registrar-Geoneral’s Deconnial Supplement, part I1a }1938).“
Troathy aro those certifted te no. 94 of the Fourth Revision of the
TInternalional List of Causes of Dealh, 1929. )
The classification of ocoupation groups was specially made.

The rates for classes 111, IV, and v combined at other ages were ;

date ,

Ages (years) Heavy ;E‘tierg%%h&m Light
T 46 61 61
85-69 859 1137 1745
70-74 1227 1501 2307

Y2
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SOCJAL CLASSES

SOCIAL CLASS IL SOCIAL CLASS W SOCIAL CLASS ¥

episode of the discase—i.e., before there is

IV &V opporiunity to change jobs on account of

=]
(=]
o

LEATH-RATE PER MILLION
n +
[=] o
[~} =]

Q

45-64, in England and Wales in 1930-32.

RESULTS

The results are shown in table 1x and summarised in
fiz. 3. In brief, the coronary mortality of the groups
doing physically heavy work ig rather less than half
that of the light groups. The advantage of the heavy
workers is seen ab ages 45-54 and 55-64 separately,
and in the social classes individually. As sabisfactory
{technically speaking!) as this finding, which supports
the hypothesis, is the central placing of the intermediate
and doubtful groups, and the strong * trend ' shown in
the figures. Moreover, the fact that the excess mortality
of the light-oceupation groups is no more evident among
the skilled men of soeial olass 1 than In the semi-skilled
workers of soeial class 1v and the nnskilled workers of
class v does not suggest that there is an important
psychologieal strain involved in the light occupations
which might be responsible for #heir excoss mortality.
These jobs in classes rv and v—skilled workers in gas
works service, metal machinists, metal glazers, &eo.;
barmen, printing-machine minders, printers, &e.; mos-
sengers and porters (exeluding railway,
&c., porters)—do not obviously involve

HEAVY WORKERS 24 INTERMEDIATE & DOUBTFUL LIGHT WORKERS
Fig. 3=—Mortality from coronary heart-disease in heavy and light werkers, men aged

it. The distribution of deaths in the
doectors has already been mentioned, The
standard of diaghosis in these doctors is -
likely to be particularly high, and pre.
monitory olinieal manifestations of coro-
nary heart-disease, mild or atypical as
well ns fiypical, are far likelier to have beon
diagnosed among them in 1940-50 than
in the general populabion in 1930-32. Yet,
as has been said, in almost three-guarters
of the ecoronary deaths among the
doctors there was no record of illness
{(lasting as much as a week) due to
coronary heart-disease before fhe first reported and fatal
attaclk,

Two further pieces of evidence may be mentioned
in support of this proposition :

(1) In o representative sample of death certificates obtained
for another incuiry and referring to Barch, 1852, thers were,
in men aged 46-74 years, 118 deaths from coronary heart.
disease about which some clinical information was available,
¥rom this information it appeared that 83 (70%) of these
deaths had probably ocowrred in first clinical episodes of the
disease, and 35 probably in second or later episodes. This
materinl will he diseussed more fully in the next test of the
hypothesis.

(2) A group of light oceupations which are highly specialised
and require considerable skill and training was isolated from
social class 11 in the Registrar-Gleneral’s occupational mor.
tality data. Such occupations are potter, compositor, french
polisher, railway.engine driver, railway signalman, end the
police, It is very unlikely that middle-aged men will transfer
to these oceupations beecause they are suffering from coronary
heart-disease, or one of itg precursors {or even from ill health
not considered at the time to be related to coronary heart-

1000
¢ yesponsibility *' or special ** brainworl,”
however much some light jobs of social
class 111 may or may not he saturated with
peychological stress factors. Fig. 4 plots
the mortality-rates of ocoupation groups
with an average of 10 or more deaths per
year, and shows almost no overlap of
heavy and Yight groups. If there is a major
paychological influence operating to pro-
duce the mortality gradient of table 1%, the
scatter of fig. 4 suggests that it is so
intimately associated with the physical’
factor as not to be readily distinguishahle
from it.

slelin o

600

PISCUSBION

The validity of this fest depends on
several things, ineluding the classification
of the occupations. Wo cannot at the
moment do anything about that. Of
another order is the difficulty which arises
because men may change their jobs on
aceount of illness. They may be advised,
for instance, to transfer from heavy work
to light for the sake of their health, and
the mortality -rates in light jobs may thus
be exaggerated, (Certain low-skilled light
jobs indeed are ofton reserved for tho
infirm,) - This is one disadvaniage of
having to accept the last occupation before
death as a sufficient indieator of a man’s
main occupation during his life. As
already indicated, however, this problem
is unlikely to be critical in the present

400}

DEATH =RATE PER MILLIGN

200§~

COAL MINES-WORKERS BELOW GROUKD
EXCEPY HEWERS & GETTERS

OTHER WORKERS (NAVVIES) 1
- IN BUILDING ETC., -+

HEAVY WORKERS T T LIGHT WORKERS

|- HAIRDRESSERS ETC.,

MAKERS OF TEXTILE
-+ GOODS DRESS ETLC.,

-~ TYPISTS & OTHER CLERKé
OTHER THAN GIVIL SERVICE

FITTERS, MECHANICS,
+ TOOLMAKERS, ETC.,

| MESSENGERS & PORTERS £7C., |
= RAILWAY ENGINE DRIVERS ETC.
- POSTMEN AND SORTERS
- BOOT & SHOE MAKERS,
REPAIRERS

LI 11

SMITHS & SHKILLED
FORGE WORKERS -~

-~ METAL MACHINISTS

COAL HEWERS
AMD GETTERS 1.
WATER TRANSPORT 1
DOCK LABOURERS

AGRICULTURAL GARDENERS T
LABOURERS EYC,,

A L

. L a
instanee, because a majority of all deaths

from coronary disease in middle-aged men
probably occurs in the first olinieal

LY

Fig. 4—Mortality from coronary heart-disease in heavy and light worlcers, men aged 45-64,
in Bngland and Wales in [930-32,
and v having 10 or more deaths per year.

Rates for occupation groups in social classes kil, iv,
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disease).” Moreover, certain of these oceupabions will require
a pre-employment medical examingtion, The mortality from
coronary heart-dizeaso in this special group of light oceupa.
tions was found to he substantially greater than in the heavy
workers of social class @, and this excess was apparent from
45-54 through 70-74 years of age. This is evidones of eourse
only about one side of the problsm—~that light workers have
& high mortality.

The only alternative explanation we can think of which
might account for the frend of table 1x is thab since
heavy workers live often in villages and small towns,
and light svorkers in cities where medical facilities
may have been better, the diagnosis of coronary heart-
disease—s#ill a relatively *‘ new >’ condition in 1930-32—
might have been move readily made in light workers.
However, in the yoars under consideration, mortality
was as commonly ascribed to so-called *° myocardial »’
disease in light workers as in heavy workers, and this
renders unlikoly an explanation depending mainly on the
quality of diagnosis and certification. It will be interest-
ing’ to observe the trends of occupabional mortality
hetween 1930-32 and 1940-53 when figures for these
latter years bhecome available; and this may provide
another test of the hypothesis. (The suggestion from the
preliminary figures for 19498 is that the difference
between heavy and light workers will be less than in
1930-32.)

Swmming wp, therefore, it appears that coronary
mortality as a whole in each of soeial classes 111, 1v, and v
was lower during middle age among heavy than light
workers, and the hypothesis has been supporfed and
extended. 'This test has one considerable advantage
over the first, for it provides information about categories
of work—heavy and light—and not merely about
individual jobs, It may also be added that the oxcess
of mortality with light worl is more striking in coronary
heart-dizease than in any of the other sauses of death
for which the Registrar-General provides data.(@

Third Test : Physical Activity of Work, and the Natural
History of Corconary Heart-disease

8o far, these investigations have begun with eccupa-

tional growps involving various degrees of physical

{d} Analysis in these terms of heavy occupation groups and
light is not partictlarly rewarding with other cardio-
vasoular and related conditions, Table X summarises the
findings.

There is = heavyflight trend in mortality from

“ nephritis "—probably much of it hypertension,'® and
a much stronger one in diabetes; but it is impossible to
be as swre in these conditions as with coronary disease
that the greater mortalities in the light occupations are
not due in substantial pach to inflation of the rates by
transfer of sick men from heavier jobs. ‘ Nephritis”
fails on the trial of the special group of light cceupations,
though diabetes mortality passes this trial, Many of the
diabetes deaths which, because of the coding rules then
in foree, are best regarded as deaths in diabetic men
rather than deaths from diabetes, may woll have been
due to coronary disease, and the gradient of mortality
with physical activity in diabetes, may, therefore, be a
further support of the main hypothesis (see also Joslin 3).
Tn the other conditions included in the table, the excess

" mortality in the Intermediate and Doubtful column
suggests that the approach is wrong, that the material
has been out, s¢ to speak, against the grain, This may
be because physieal activity in work is not relévant to the
mtiology, whatover it may be, of these conditions; or

because these conditions have led to mueh job-changing

—from heavy work to less heavy, for example, or from
more skilled lighter jobs to less skilled heavier ones,
We thought of another test of the hypothesis along
these lines—that the incidence of coronary heart-disease
' should be i{nversely corrslated with conditions which are
commoner in heavy worlers, That this fest might be
useful is indicated by the Registrar-General's occupational
mortality data, which show an inverse relation between

deaths from coronary hoart-disense and deaths from-

acoidents, 13

. which they will die.

TABLE X—MORTALITY OF HEAVY AND LIGHT WORKERS (MEN
AGED 45-64 INCLUSIVE) ENGLAND AND waLES, 1930-32.
SO00IAL OLASSES IO, IV, AND ¥V COMBINED

Average Annual Death.rates per 1,000,000

Physieal demands of work

Cause of death Tuterme-
Heavy diate and Light

doubtiul
Coronary heart-disease “e 254 358 546
AMyocardial diseases 1376 1708 1393
Vavlular diseases, &o, .. 1048 1178 893

Arteriosclerosis without cerebral

Iegion .. . .. .. 147 186 149
Cerebral vasoular lesions e a9s 1243 1169
Nephritis . .. N 514 ) 731 754
Diahetes .. 119 145 190
Bronchitis . . .- 8§83 841 522

See footnotes to table 1 and ref. 13.

activity and have observed the rate of oeccurremce of
cases of goronary heart.disease in them. We next tried
to test the hypothesis from the opposite direchion by
colleching eases of coronary heart-disease and observing
their distribution among men with various degrees of
physical activity in their jobs,

Coronary heart-disease of middle-aged men may be
regarded clinjcally as a * speefrum.’” Cases first present-
ing as angina pectoris belong to the benign and chronic
end of the spectrum ; those dying in the first clinical
episode of ‘‘ coronary thrombosis** represent the other
extreme of malignaney and acuteness ; and bebween
these two, which may be regarded at this level of ahstrac-
tion as ‘“ minimal” and * maximal’’ modes of first
attack, thero are various grades and stages, (The justifica-
tion for such an approach les in the unitary pathelogy,
structural and functional, of ischsemic heart-diseasec ;
and in the varying prognosis in different clinical fiypes
of it.) Similarly, with deaths from coronary heart-
disease : deaths in lafer olinical episodes represent a
more benign and chronic type of disease than do deaths
i first olinical episodes. Regarding the speetrum in
terms of tho present hypothesis, it may be postulated
that the physical component of their work affects the
chances that middle-aged men will suffer from coronary
heart-disease—i.e., will get on to the * gpectrum
(the *“incidence ) ; and also how they will fare, what
type of disease they will suffer, and when they will die,
if thoy do get on to it.

We may be able later to test the hypothesis in hospital
outpatient departments and wards on patients with eoronary
heart-diseaso ; but this will be difficult for many technical
reasons conmected with the characteristio unrepresentativeness
of hospital data. Meanwhile we are limiting ourselves to a
preliminary consideration of deaths from coronary hoart-
disease, and to quite simple approaches to the natural history
of the disease in terms of the mode of first presentation and
the subscquent course.

HYPOTHESIS AND DEDUCTION

In heavy worlers, it is postulated, fhe first clinical
episode of coronary heart-disease is parficudarly likely
to take the form of angina (or ofher relatively benign
manifestation) ; and heavy workers are therefore less
likely than light workers o dio in their first episode.
Now coronary heart-disease is a chronio, relapsing
¢ondition, and men who have recovered from a first
episode of it are liable to have later attacks in one of
If the heavier workers have a more
benign form of onset and & lower case-fatality in theiv
first episode than light workers, as the hiypothesis affirms,
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they are thusg more likely to have the disoase in a chronic
form—to suffer later episodes, and to die in & later
episode. It may therefore be predicted that analysis
of a represeniative series of deaths from coronary heart-
disease and of the ocoupations of the men dying (provided
these have not heen changed to any important extent
on account of the disease) will show that
Heavy workers have a smaller proportion of their
coronary deaths in first clinical episodes of the disease,
and a bigger proportion in later episodes, than light
workers (Deduction A},
This deduction may he restated, that the ratio
Deaths ocourring in first clnical episodes
Deaths occurring in Iater eplsodes

will be smaller samong heavy workers than light workers,
It is, of course, an inference drawp from the more
important part of the provisional hypothesis—that
physieal aetivity in work is associated with less severe
coronary heart-disease,

METHOD

We wore muoh interested in the idea of testing the hypothesis
in this way, but tho only sample of death certificates available,
though representative, was not really large .onough for a
thorough treatment of the methed. What follows must
therefore be regarded as a frial run, a * pilot ** of the proper
test. ’

TABLE XT—NATURE OF WORK OF MEN (AGED 45-74 INOLUSIVE)
DYING OF CORONARY HEART-DISEASE, LONDON AND HOMB
COUNTIES, MARCH, 1852

Number of Deaths in Various Categories

Physical demands of
their work
Qlinical stase of disease at | * Heavy » ** Light **
which it was considered work work Total
mon died '
Moder- | Moder-
Heavy| ately | ately |Light
heavy | light
T T Row 1 2 3 20 | 20 |45
Deaths in first episods
{ordinary certificateos)
Row 2 5 3 16 14 | 38
Deaths in first episode }
(coroners’ cortificatos)
Row 3 13 0
fum of rows 1 and 2 o, J————
T 6 36 34 83]\ .
Row 4 11 24 118
Deaths in lator episodes —— — J
(ordinary certiflcates) 5 g 13 it | 85
Row 0 14 11 | 38
Deaths that could not be
olagsified
{ordinary and coroners’
certificates)
Total 1K) 20 63 &6 [156

The table includes all deaths registered in the sum}»le perfod in
London and the Home Counties (population approx. 11/, milllon)
exeept for the following : .
In 4 deaths the men had no oceupation, or the ocoupation was
not atated on tho certificate.
In 3 deaths the ocoupation could not bp graded.
In 21 deaths the certifying practitioner did not provide further
clinical Information,
‘The true tofal is, therefore, 184,

Row § is made up of 19 ordinary certificates and 19 coroners’
certificntes, .

Statlistical stgnificance.—The distribution of deaths in row 1—
where wo are most certain that the episodes were * firsk’’—is
significantly different (al the 6% lovel) from that of row 4, bul the
addition of row 2 makes the difference insignificant, Tests of
slgnificanca based on such small nwmbors lose most of thelr value,
however, in the presonce of a fallure-rate of 386 % Swe are dealing
mainty with 118 deaths ont of a possible total of 184). On tho other
hand, of the 66 deaths nof in¢luded in the 118, there wore 59 (38
from row & plus the 21 cages about which the practitioners did not
provide further clinical information} where occupation data were
available, 22 of these deaths were in ' heavy * workers and 37 in
“light,’”” It can be shown that only a very bizarre distribution of
these deaths tp first or later episodes (of which there Is no avidence)
gﬁul{i falsify the general support given by-these data fe the hypo-

esls, .

We havo copies in our unit, as said, of a representative
though small sample of death certificates (kindly supplied to
ug by the Registrar-General for another and related study %),
The sample included all deaths from ecardiovascular (and
gome other) eonditions that were registered during the first

_week of March, 18562, in London and the Home Counties and

a one.in-three sample of those registered in the second week,
The cortificates for Coronary Heart Disease, coded by the
General Register Office to no. 420 in the Sixth Revision of the
International List of Uouses of Death,® wore extracted. Im
nearly all cases the certifying practitioner had provided the
it with clinical information additional to that already on
the certificate, Tt was therefore possible to classify tho deaths
as follows ; -

ORDINARY DEATH CERTIFIQATES .

Deaths that, judging from the information which was provided
by the patenis” medical attendant seemed to have oceurred In the
fivst olinleal egtsode of coronary heart-disease,

Deaths that seemed (o have oceourred in lafer episodes.

* Unolassiftable * deaths,

CORONERS’ OERTIFIOATES

Coroners’ certificates, after necropsy without Inguest,
classifled into ;

Deaths that occurred in hospitals (the minority). )

Deaths that occurred elsewhere*maiu]{_at home (the majority).

The latter were regarded as deaths which more probably had
occurred in first clinical attacks of the disease then in later
attacks, though this can only be a gmess; the former, since
extranecus factors enter into the declsion whether deaths in
hospital are notified to the coromer or no, were allotted to
* Unolagsifiable.’”

This classification was done independently by two physieians,
and only cases on which they agreed were allocated to " first ™
or “later ’ categories, In the great majority of certifieates
there was no doubt about the appropriate eategorisation ;
where there was doubt certificates were regarded as * unclassi-
Hable.”
We thus had the following groups of deaths:
gl; Deaths In first clinical spisodoe {ordinary certificates),

wers

2} Deaths In firat clinieal episode {coroners’ certificates).

3) The sum of these—all deaths regarded as having cceurred in
the first clinical opisode of coronary heart-discase.

(4; Deaths In later episodes (ordinary certificates).
(5} Deaths that could not bo classified (ordinary and coroners’
certificates).

Meanwhile, wo also copied the ocoupation from each certifi-
eate and approached tiwo more colleagues, specialists in indus-
trial hygiens, with the request that they grade the various jobs
in terms of the physical demands of the work; and, as in the
previonus test, we did not tell them our hypothesis. The new
occupational grading used a 4-point scale: heavy physical
demands—imoderately heavy—moderately light—Ilight phys.
ical domands. The experts we consulted had each indepon-
dently solosted this scale; they separately agreed on the
allocation of nearly all the jobs; in a fow, so they informed
us, they agreed after discussion ; in three they were unable
to suggest any grading.(9

RESULTS

Table X1 presents the results of this classification of
deaths and jobs, the horizontal rows corresponding to
the eategories of deaths listed above. Row 1 gives the
occupational distribution of fthe men whose death
cerfificates wero signed in the ordinary way, and which
were judged to be deaths that had ocourred in the
first clinical episode of coronary heart.disease on the
hasis of the special information supplied by the attending
practitioner. 2 of the 45 men who sp died were heavy
workers, and 20 were lght workers. Row 4 makes
the same analysis for men considered to have died in
later episodes ; 5 of the 35 were heavy workers and 11
were light workers, Reading down the kesvy column
it can be seen that of the 17 heavy workers who died of
coronary heart.disease, 2 on ordinary certificates were
regarded as having died in their first attack, a further
5 were coroner’s cases also olassified as deaths in the
first episode making 7 deaths during the first attack in

(¢} Examples of the grading are :
Moderalety

Heavy heavy BIOI?;;;?M” Light
Builder's Bricklayer Tailor and Clerk |

labouror Shectmetal cutter Compositor
Platelayer worker Maintenance Telegraphist
Agricukitural Stoker engineer

worker - .

[
practitioner
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TABLE XI{A)—-DEATHS FROM CORONARY HEART-DISEASE IN
“HEAVY ¥ AND *' LIGHT " WORKERS

(Data of table'x1)

NUMBER OF DEATHS

Soolal clags 1l Sooial classes

All olrsges
wand v
Episode of disease in
which death occurred
First DLater
r'g;g‘ “Heavy” 13 | 11 1 4 u |7
[=] - B T :
BB «Iight” 70 | 24 TR 1 o
~ mamos
Ratios of deaths in first episodes to deaths in Jater eplsodes
First : Later ‘
“ Heavy” 12 ; 1 6:25: 1 16 : 1
“ Light » 29 : 1 29 : 1 >16 3 1

Numbers are_takon from row 3—all deaths in first .episode—and
row 4--—deaths In later episodes—of table X1, amalgamating
the heavy and moderately heavy workers as “ heavy,” and
the moderately lght and light workers as ** light.””

all (row 3 in the keavy column}. The Hght column shows
that 34 of the 656 light workers were judged to have died
in their first attack (20 on ordinaxy certificates and 14
on coroners’ certificates), as against 11 in row 4 which
were considered to be deaths in later episodes. Aund so on.

Table X1 (A} orders the data of table X1 in a form suitable
for testing the Deduction stated previously.lf] The
Deduction, ou the whole, seems to be borne out. Among
the “heavy ' workers in all soscial classes combined,
the ratio of deaths in first attacks to deaths in later
attacks is less than half what it is in the '‘light®”
workers—13 o 11, or 1-2 : 1, compared with 70 to 24, or
2:9:1. I, as diseussed in the Second ‘Fest, * heavy "
workers have transferred in any numbers to ** light*’
on account of the discase, and then died, it would mean
that the number 24 is inflated and the ratio of 2:0:1
among the ““ light ** workers, compared with 1-2 : 1 in the
*heavy,” underestimates the true difference in the
distribution of deaths heftween these two groups.

Table x1{A) also breaks down the information by social
class, and indicates why this has to be done., In brief,
there ‘is only one moderately heavy worker {(a farmer)
among the 36 men in gocial classes 1 and 11 ; s0 it is not
possible to test the deductions on our preseni data for
theso classes. Hocial class 1 includes & meoderately
heavy workers (engineering ecraftsmen) among the 60
cases,. but none of the really heavy workers. Social
classes 1v and v, on the ofher hand, have all tho really
heavy workers of table X1 (they were mostly Jabourers
of various kinds) and only 4 light and moderately light
workers among the 22 deaths heing considered. Since
the physical demands of work are thus strongly associated
with social class, we had to fry to make sure that under
guise of heaviness and lightness of work we were not

{f) We had hot intended to extend the prosent study beyond
65 years of age, because the other parts of it ave limited
to middle age. But available numbers were too small,
especially when it became essential to break them down
by social class. The tables therefore include tho deaths
oocurring at 45-74 years of age. For the same reason it
was also necessary to amalgamate the moderately heavy
workers with the heavy, and the moderately light with
the light; and these groups will henceforth be termed
“heavy ¥ and ‘‘light,” for short, Again, to ensure
sufficient numbers, the cases of row 1 could not be
considered separately from the coroners’ cases of row 2,
so that in effect rows 3 and 4 can alone be used in testing
the deductions. {As the distribution of deaths at 66-74
years is very similar to that at 46-64 years, the introduc-
tion of another decade does not introduce a new element
into the discussion in so far as the present problem is
eoncerned. The other amalgamations were equally
undesirable ; but since they made the tests more rigorous
—blurring the contrast betwesn row 1 and row 4 for
instance—wa thought them justifiable.)

is some evidence, tend to have

merely dealing with an aspect of social class. The analysis
of table x1{A) was therefore repeated within soeial class 11,
and within social classes v and v taken together. It
oan be geen that the deduction is also horne out within
these classes so far as the numbers permit {fig. 5).

The possibility that the frends of table xt are the
product of socinl-class factors is so interesting. that we
examined it in another way, by making a similar analysis
of the 67 deaths of married women from coronary heart.
disease in the present sample . of certificates, (The
occupation given on.the death certificate of a married
woman ig that of her husband.} The data referring to the
married women showed no such frends as table x1{4), and
Deduction A-is refuted in them. There was no evidence,
that is to say, that the wives of " heavy * workers in
social classes nir, 1v, and v had a diffevent pattern of
mortality from the wives of *light” worlers. The
nature of the physical demands of their jobs, it may
therefore be proposed, affects the coronary experience
of men as a direct ocoupational influence ; if physical
activity in work was only a ;
reflection of class {or social-
economic) influences tho natu. .,
ral higtory of the disease in their
wives might well also have been
affected.@

Summing wp, this death cer-
tifieate material, which deals
with current experience, thus
also provides some support to
the provisional hypothesis by
bearing out deductions drawn
from it. Heavy workers, there

HEAMY  LIGHT
WIRKERS WORKERS

73

50

25

PERCENTAGE OF DEATHS

coronary ‘heart-disease in a
more benign -and chronic form 23 59

than light workers, and fo die DEATHS DEATHS
more commonly than light __ .
workers in second or later epi- o Lo S e e nes
sodes of the disease. That
ia to say, using independent
data, an association has heen
demonstiated or (at least,
there is promise of it when
adequate numbers are available) hetween physical activity
at work and the course of the established disease, This
association is complementary o that already demon-
strated with incidence, mode of first clinieal presentation,
initial severity of the disease, and early mortality-rate,

Y, COMMENT .

The present study began with observation of trans-
port workers and the finding that one group of fhem,
the conductors, whose job cbviously involved consider-
able physical activity, had a different experionce _of
coronary heart-disease from the drivers, whose job

Fig. S—MNaturs of worlt of men,
aged 45-74, dying of coronary
heart-disease in London and
home counties in March, 1952,

{(¢) Another deduction involves a slighily different treatment
of the data. It may be postulated that the durafion of
the disease before death, in a represontative series of
deaths, will be longer in heavy workers than in light
workers, Using only the * ordinary ™ certificates with
adequate information, such an analysis shows that the
deduction is-borne out, Of 16 heavy workers who died
of coronary heart-diseaso aged 45-74 years, 12 died at
three months or more, and 4 died in less than three
months, after tho clinical onset of the disease. In 69
light workers the duration before death was threo months
or more in 26 men, and under three months in 34,

(There were 67 deaths ascribed to *° myocardial »
diseases in men aged 456-74 years in the sample of death
cortificates. It has been suggested that these deaths
should be amalgamated with those certified to coronary
disease in enalysis of cardiovascular mortality ; bub
scrutiny of the information now available to us indieates
that such a procedure would be quite unwarranted,® %)




- 17118 - THE LANCET]

ORIGINATL ARTICLES

[vov. 28, 1053 _

obviously involved less physical activity, The conductors
had a lower incidence of coronary heart-disease. Moro
impoertant, the disease they had was less severe, and
was less often rapidly falal, Analysis of the experience
of postal workers and Civil Servants showed a similar
trend when the postmen were compared with sedentary
workers.

A’ provisional hypothesis was then made about the
relations of physical activity in work to the incidence,

severity, and mortality of coronary heart-disease in-

middie-aged men. This hypothesis (briefly, that physical
aotivity tn work is associated with a more favourable
experienee of coronary leart-disease) has -mow been
tested in three different ways—on four. independent
bodies of evidence; on data from the same source as
the eriginal Liypothesis and on other data remote from it ;
basing predictions on deductions and extensions from the
hypothesis as well as on parts of the hypothesis itself.

None of the tests we have applied (they are all reported
in part 1) falsify the hypothesis; some supporf it
strongly, soine weakly. The protection against coronary
heaxt-disease associated with physical activity in work
Lias now been demonstrated, in some measure, in national,
regiopal, and group statisties ; in tho mortality of three
gooial classes separately, and of the larger occcupation
groups in them individually; in the morbidity from
coronary heart.disease of several grades of workers,
as well as in their mortalibty ; over the range of middie
age and within it; when the standard of diagnosis was
held constant and was probably high, and when it may
have varied widely ; ocurrently and twenty years ago;
before the disease was commonly diagnosed and since ;
on two separato gradings of physical activity; and
approaching the problem fhwough the study of ** popula-
tions”’ as well as by the collection of cases. Relianee
may be placed on the cumulative effect of the regularities
that have been demonstrated, however inadequate some
individual pieces of evidence by themselves so obviously
are., Moreover, the oconstancy of the association in
such varying cireumstances encourages the hope thab
weo are dealing with a causal relationship—the most
likely origin of such a constancy, The hypofhesis,
therefore, may be regarded as a useful one which has
so far survived, Several questions that arise will now
be briefly discussed. )

PHYSICAL AND PSYCHOLOGICAL FACTORS

The most important question is about the difficulties,
in this type of study, of separating observations of the
physical aspects of work from ohservations of other
aspects such as the mental and socio-economic, In the
present instance it is quite impessible to be sure how
far we have succeeded in isolating physical acbivity
from, for example, confounding psychological faecfors,
Special pains were faken to foocus on this physical
dimension of work: physical activity and inactivity
were identified and examined in a varicby of situations,
and in each of them they seemed to be important
variables. If in fact we have beon studying only, or
mainly, psychological factors operating under cover of
tho physical, the assoeciation of these psychological
factors with physical activity must be extraordinarily
slose ; so close that no matier how the data are analysed

. from the physical point of view, the unknown psychological
factors turn up instead or as well. It is possible that
psychological variables, such- as work satisfaction and
frustration, the presence or absence of anxiety, omotional
squilibrinin, or personality integration, are correlated
with physical aetivity at work; and they may he in
part produced by it. DBut it seems unlikely that the
relation hetween such psychological aspects and physical
activity can be close and regular enough to explain in
psychological terms the association with coronary heart-
disease that was found (e) in such a variety of cccupa-

tions,. and (b} in such a diversity of psychological '

situations. The problem, it must be remembered, is not
merely one of coincidence or complementarity in any
particular job, but of intimate functional association of
emotional equilibrium, for example, with a genocral
physical attribute of work—its physical activity., Another
consideration iz important. There are, of course, differ-
onces in the psyehological strains involved in differen
jobs and in the emotional support they afford, and these
may apply generally to the men working in them,
However, compared with such general enviroumental
factors, the relative importance of the immediate
personal situation- (and what it means to the-individual)
is 50 much greafer in the psychological field than in the
physieal that an intimate functional association of the
psychological with a general physical factor, such as
activity, again seems unlikely. A% any rate, it has yei
$0 be demonsirated, Nevertheless, it is quite conceivable
that at the biological level, physical activity in work
performs a stabilising function (for example in chan.
nelling so-called aggressive drives) and this may be
important in highly ecivilised societies and, for all we
know, may be particularly relevant to cenditions such
as coronary heart.disease. However applicable these
considerations may or may nob be, it scems reasonable
to postulate that physieal adtivity of work is a relevant
factor in eoronary heart-diseass, whether or no fhere
also are significant psyehological aspects, and whether
or no these are olosely associated with physical activity.(®

POSSIBLE EFFECT OF PHYSICAL ACTIVITY ON CORONARY
CIRCULATION

The next matter of interest is the possible meehanisms
wherehy physical activity conld influence coronary heart-
disease if the relationship is causal. One relovant observa.
tion at least has been made—that men engaged in mors
active work do not appear morely to have a lesser total

incidence of the disease but also, within this feature, .

more angina. This is easy to understand—that with
greater effort a symptom, angina, induced by effort is
commeoner ; -and the outdoor nabture of mush heavy
work may also be contributory. Is it possible that this
ig all that is happening, and that everything else in the
coronary circulations of the contrasting occupational
groups is equal 7 . . . that with more physical activity
there is more angina; and that this is sufficient (by
acting as an early warning signal) to produce the other and
beneficial phenomenon of a substantiaily lower mortality ¢

It is unlikely from the evidence (and from general
experience of coronary heart-disease also) that this
can be the whole story, If physioal activity in work is
offective solely by evoking the symptom of angina,
certain corollaries should follow-—which do not. The
total incidence of the disease should be higher in the
more active men {whatever the partition of cases between
fatal and non-fatal), and it should he appearing atb
earlier ages because their greater exertion will be induocing
symptoms and making manifest in them coronary heart-

{h} Rough and ready psychological classifications of most of
the Registrar-General’s ocoupation groups of 1930-32
wore attempted by two psychologist colleagues, They
place little reliance on them, among other reasons,
because of the variety of jobs included in single ocoupa-
tion groups, and beeause of gaps in their own experience.
-It is interesting, therefore, that in spite of these reserva-
tions some suggestive findings emorged. In social
classes mr, 1v, and v, taken together, ocoupation :groups
involving (e * team-work " ; (b} “little or moderate
responsibility for things”; and (¢} “ banging, bashing
and eutting " (i.e., expression of aggression in action
upon materials or physical objedts), had less mortality
from coronary heart-disease than their relevant contrast
groups. ‘Fheso- differences aro not accounted for siraply
. by the heaviness/lightness of the occupation groups
eoncarned,
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diseasé which in sedenfary workers will be quiescent and
undetected. Neither in the transport workers nor in the
postal workers, however, is there any evidence of greater
‘incidence among the physically more active. Indeed
the total incidence is somewhat lower in the conductors
and postmen despite its probable inflation with the
cases brought to light by greater exertion. Nor is thero
any suggestion that the disease is appearing in the
physically more active at youngor ages.

The proposition fhen that their different rate of
symptom formation and manifestation (highly important
influences of oceupation on health), together with fhe
consequences of these, alone distinguish the physically
more active group from the physically less active, would
appear to he an inadequate explanation of the present
observations, We need, therefore, to counsider the
possibility that physical activity acts upon the coronary
cireulation itself, as well as influencing the demands
made upon it; that greater physical activity benefits
the coronary citeulation, or lesser activity damages it,
or both, What mechanisms may he involved can only
be guessed : whether, for example, thore is protection
{a greater ability to * cope* with thrombosisfocclusion)
because of hypertrophy of arteries and small vessels with
aetivity {an increased coronary capacity with the
inereased blood-flow of exercise ;) or, contrariwise, whether
there is a greater liability o thrombosis or atheroma
with inactivity. -

‘Batisfactory evidence is not available on the possible
contribution of sunlight and outdoor life (the last of
these, at least, strongly associsted with physically active

work), or the sedentary posture (not easily separated -

from lightness of worl), or the effects of particularly
violent or sudden physical efforts which may introduce
other and harmful factors.! ® 22 Nor are there any facts
on the oceupational distribution of influences that may
mediate the final results—dietary habits, and obesity ;
or hrypertension, for instance. Meanwhile, as a first
step in the investigation of possible mechanisms, we
hope to define the prevalence of advanced coronary
atheroma in men who were engaged in different types
of work, bringing together the necropsy material at tho
London Hospital 1¢ with the present hypothesis, though
special studies will be needed of the archifesture of the
main and collateral coronsry cireulation, and of the
blood lipids.W

OTHER OCCUPATIONAL AND SOCIAL, FACTORS

There sesm 0 be ocoupational factors in coronary
heart-disease other than the physical effort of the job.
During the present inquiries quite subsfantial differences
in their experience of coronary heari-disease have been
encountered hotween occupational groups where no
question of a substantial difference in physical activity
avises. The group of general practitioners studied, for
example, appeared to have twice fhe incidence in 1947-60
of the other doctors.)?(# The nature of these ofher
occupational factors is unlmown, A highly tenfative
attempt at psycheological analysis of the occupational

(#) An inecidental finding may be mentioned here. Analysing
the deaths from coronary hear$.diseass in married women
for the purpose of the Third Test it was noticed that,
compared with the men, they had far more of their
coronary mortality in episodes of the disease later than
the first, Among the men there were 83 deaths that had
oceurred, probably, in first episodes, and 35, probably,
in Iater episodes—a ratio of 24:1. In the married
women, using the same methods and information, the
numbers wore 36 and 32 respestively, or a ratio-of 1-1: 1,
As discussed previously, there is a substantial difference
in this ratio between male ‘“heavy’ workers (1:2:1)
and “ light ” workers {2+ : 1)—though nof among their
wives. That is to say, the ratio among all married women
is the same as in male * heavy’ workers, There are
several possible explanations for this phenomenon besides
the obvious one,

mortality data has already been mentioned. The other
sovaps of evidence which we have do not suggest that the
problem is simply one of responsibility—the executive
officers, for instance, do not have a higher incidence or
mortality than the clerks. Nor does it appear thatb
mental work as such is sufficient fo transform the
incidencs : schoolmasters, whose experience was ohserved
in much the same way, have the same rates as the ‘* inter-
mediate ** group of postal workers, the postal and
telegraph officers, supervisors, and postmen higher grade.
In physical activity these four vecupations are similar,
though scarcely in mental. (The total insidence in the
schoolmasters in 1049 at 36-560 years of age was 20—
41 eases—with an early mortality of 0-8 ; in these postal
grades taken together the figures were 2-0 and 09
respectively.)

Osler 1t commented on the “ vemarkable fact with
which we are all familiar-—that angina pecboris is an
asffection of the bettér elasses, and not often seen
exceph in private practice.” Allbutt! disagreed, and of
course fthe greater prevalence of aortic syphilis before
the first world war has to be remembered in conuection
with such discussions. The Oeccupational Mortality
Supplement for 1930-32 recorded a considerable excess
of coronary mortality in the men of social classes 1 and
11, and in the course of an inferesting disenssion suggested
that sedentariness of work, and nervous and dietary
factors may bhe involved.l? 202 (The standard—and
fashjon—in diagnosis may also be important in these
class differences.) Difforences in nuirition (so lilely o he
proved imporfant in athoroma, the basis of the disease)
may provide another link between the contrasting
coronary oxperionce of Western and undeveloped
countries *5; and bebween war-time and normal
prevalence.t®

‘We are thus seeking af least three sets of factors in
this field : .

(1) Physical aetivity/inactivity. .

{(2) Other oeccupational factors {possibly including psycho-
logical ones), :

These may operate within the same social class as
well as confributing to the differences belween the social
olasses. In addition, however, thers may well he:

{3) Other social factors (possibly including nutritional cnes}
also tending o produce differences hetween the social
classes. There is every reason to suppose that various
physieal, psychological, and social factors operate
togethor, and it is quito possible that unfavourable factors
cluster in sortain occupational groups,

CONSTITUTIONAL FACTORS
No evidence is available from the present study on
the rble of constitutional influences, iraditionally so

(4} ‘This excess, it is interesting to notice, was over-all, in. all
three main modes of first presentation of the elinical
disease: in angina pectoris as well as in *‘ coronary
thrombosis *'—myocardial infarction and * immediate
mortality,” Such a uniform excess is unlike the pattern
of the occupational differences in the disease that is the
main coneern of the present paper. It is possiblo,
therofore, that a high incidence of angina in the presonce
of a low total incidence, as in the conductors, {or, more
gemorally, the frequency of angina pectoris as first
clinical manifestation relative to' that of rapidly fatal
“ goronary thrombosis ?) may be an indicator that the
coronary experience of different oceupational groups is
being affected by differemces in the physical activity of
these groups. When this is happening—the hypothesis
might be advanced—men in the physicelly more active
group who have a low total incidence and mortality for
which their physical activity is materially responsible
will nevertheless have, as a diseriminant featurs, a
high absolute incidence of angina (or high, at any rate,
relative to the incidencs of * immediate > death,) There
are many possibilities in industrial medicine for testing

such a hypothesis.
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important, and of increasing interest in chemical and
physical terms.® What we are really concerned with,
in & disease that eertainty has many *“ canses,”’ is heredity
in environment, The bus-drivers, for instance, had
beenr driving London buses twenty-thres years on
average before their first clinical aftack of coronary
heart-disease, the conductors had ‘*conducted ™ for
twenty-seven. (Many of the drivers had been conductors
for a time before they became drivers ; but there is no
evidence as yet that their experience was different from
that of the men who had been drivers from the start.)
There are many ways in which constitution and early
exporience may affeet the incidence and natural history
of disease, Tor example, they may influence initial and
later choice of job—and alse he related to susceptibility
to particular diseases. Or, personalities of certain
types, and men with certain physiques, may find what
they want in lght rather than heavy jobs-—and develop
the diseases associated with their fype of personality
and physigue, as well as the diseases associated with light
work, It is premature, however, when so litile is known
about either constitutional or environmental factors,
to attempt any assessment of the contribution of each
kind of factor to the production of coronary disease.
The problem is similar to the psychelogical one in that
choice of a physical ealegory of work, not any particular
job, would need to be highly correlated with consti-
tutional factors which inerease proneness to corvonary
heart-disease. :

Since we consider that we are dealing with what is still
hypothesis rather than established fact—at most an
association has been established rather than a causal con-
nection—we do not propose now to discuss the soecial
implications of the findings, It can, however, be pointed
out that they may be relevant to the suggestion that

_there has been a real increass of coronary heart-disease
in recent years—i.o., during a period in which heaviness
and hours of work have declined ; during the second
Industrial Revolution with its new sources of power,
its inereasing specialisation and mechanisation ; in a time
of growth in the seale of enterprise, with increasing
numbers of men engaged in management, administration,
and the bureaucracy. Thus observations such as now
reported may indicate future possible approaches to the
prevention of coronary heart-diseaso; though at what
stages in the natural hisfory of the disease intervention
will become possible is not apparent. However important
the constitutional factors may be in eoronary disease
there is mounting evidence of variation of its incidence
with environment in time; place, and sociefy. Meanwhile,
we need evidence as to whether physical activity oufside
work (this may well also have diminished in recent
years) in exercise and games, for example, can com-
pansate for lack of pliysical activify én work., If exercise
is taken up late in a chairborne life it may conceivably
gven be harmful.

1Vv. SUMMARY

This report continnes the epidemiological study of
coronary disease and deals partieularly with the relations
of physical activity and inactivity in work to coronary
heart-disease among middle-aged men,

Transport workers, postal workers, and Civil Service
execubive officers and clerks were observed during
1949-50, Bus conductors (on double-decker veolicles)
were found to have less coronary heart-disease than bus
drivers, and postmen less than telephonists, executive
officers, and ¢lerks. Moreover, what disease the con-
ductors and postmen had was less sévers,

On the basis of these observations, the hypothesis
was advanced that .

BIen in physically active jobs hawve a lower incidence
of coronary heart-disease in middle age than have men
in physically inactive jobs. More important, the

diseage is not so severs in physically active workers, -
tending to present first in them as angina pectoris
and other relatively benign forms, and to have a smaller
‘early case-fatality and a lower early mortality-rate.

This hypothesis was tested in three ways. .

The early mortality.rate of conducters and postmen in
1951-52 was again found to be lower than that of the
drivers and telephonists. -Sinee this ** early mortality ™
(i.e., death in the first weeks of the first clinical attack)
seems o be the greater part of the fotel coronary mortality
in middle-aged men, an analysis was made of the
Registrar-General’s ocoupational mortality data for
1030-32 ; this showed that at 45-64 years of age heavy -
workers Lad half the mortality from coronary heart-
disease -of light workers. Examination of a sample of
death certificates of coronary heart-disease in London and
the Home Counties during March, 1962, suggested that
heavy workers died less often than light workers in their
first clinical attack, and tended more often than light
workers to have the disease in chronic form,

Reference is made to possible mechanisms whereby
physical activity and inactivity might afiect the processes
of corenary heart-disease, :

Other possible ocoupational and social-class faetors
in coronary heart-disease are considered. A% leash three
possible sets of factors in this field need to be investigated :
(1) physical activity/mactivity ; (2) other occupational
factors, including possible psychological factors; (3)
factors in social class, including possible nutrifional
factors, There may be a cluster of unfavourable factors
among certain oeoupations, particularly in fhe upper

+ gocial classes.

We are grateful to a large number of people for helping us
in this inquiry: the many hundreds of practitioners and
hospital staff who provided us with inforrastion ; the General
Register Offico for the certificates in the Third Tost and other
information ; Dr. R. 8. F. Schifling, Nuffield Department of
Occupational Health, University of Manchester, and Dr. R.
Murray, H.M, Medical Inspector of Factories, for the classifica-
tion of ocoupation groups used in the Second Test ; Dw. P, H.
Nash and Ar. R. J. Sherwood of the Occupational Health
Sub-Unit, London School of Hygiene and Tropical Medicine,
for the classification of jobs used in the Third Test; the
National Union of Teachers, the Teachers’ Provident.Society,
and Mr. Av J. Eodle ; and our medical and lay colleagues in
the Treasury, in other branches of the Civil Service, in the -
Post Office, in London Transport Executive (parbicularly
Mr, T, H. Spratling, Mr. F, J. Lloyd, and Dr. L. G, Norman),
and in the Social Medicine Research Unit (particularly
Dr. J. I, B, Hoffman for reading the manuseript and helping
to classify the deaths in the Third Test, Dr. E. M. Backett,
who also helped to elassify these deaths, and Mz, V. B. Kanter
who did the psychological ratings of the oceupation groups
with him, Mrs, I. R. Murray and the secretarial and ecomputing
stafl},
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