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logist, but only because he discovered abnormalities in
the thymus in patients already labelled as suffering from

myasthenia by the clinician. From this sprang thymec-

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-clinical scientists are
to the solution of the problem, I do not believe that the
work of the clinical neurologist is therefore finished.

Looking broadly at the clinical picture he may well ask
himself whether myasthenia is a single entity-whether
in fact it is a disease or a symptom ; whether there is

such a thing as thyrotoxic myasthenia as well as an
association between thyrotoxicosis and myasthenia
gravis, and where in the picture are to be placed the
myasthenic syndromes associated with avitaminosis and
with carcinoma of the lung. In other words the contri-

butions which the pathologist and the biochemist are

making to the building up of the hypothesis about

myasthenia should stimulate the clinician to discriminate
further in his own field.

And so one might multiply instances : the various

forms of polyneuritis, motor-neurone disease, dissemi-

nated sclerosis, parkinsonism of the degenerative type,
even epilepsy itself, at once suggest themselves as fields
of research where the clinical neurologist with a

knowledge of the possibilities of biochemistry may
have a contribution which he alone has the power to

make.

The relationship between the metabolism of the

nervous 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 metabolism of copper
and the amino-acids in Wilson’s disease, and this also
shows how important are the links between neurology
and internal medicine.

A Challenge

I have but touched the fringe of a vast subject, but
I hope I have said enough to convince you that the

prospects for clinical neurology were never brighter than

they are today. Let me conclude with some words of

Cajal which are both an encouragement and a challenge
to us, his successors :

" Great men are at times geniuses, occasionally children,
but always incomplete. Even granting that the genius
subjected to the test of critical inspection emerges 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 left to be discovered. Nature offers to all of us

inexhaustible wealth, and we have no cause to envy those who

preceded us, nor to exclaim as did Alexander in consequence
of the victories of Philip : ’My father is going to leave me

nothing to conquer ! ’ 
"

"... The long words of science are justified because they
are unfamiliar. This seems to be a doubtful recommendation,
and one which suggests that the scientist takes a pride in

writing pages that are deliberately obscure. This is not so ...

the apparent unfamiliarity of scientific words, the air they
have of belonging to a specialised type of thought and language,
sets them apart, in some way, from the speech of everyday
life. This is an advantage to the users of both languages.
Shapeless and amorphous are literally the same, sleeplessness
does not seem to be very different from insomnia, yet in each
case both words have their appropriate uses, and the English
language is the richer because both are available. It is not
true to say that either language can be translated into, or
replaced by, the other without loss. The loss may be small,
lfhypogeal is replaced by underground ; it is much greater if

hypostatic is translated into understanding. It may even be

complete. Kipling once told us that,
The Colonel’s Lady an’ Judy O’Grady
Are sisters under their skins.

His meaning is lest if a scientist describes them as subcutaneous
siblings."-T. H. SAVORY. The Language of Science. London,
1953; p. 184.
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II. STATEMENT AND TESTING OF PROVISIONAL

HYPOTHESIS

The suggestion emerged from part i of this paper that

physical activity in work is associated with a lowei

incidence and severity of coronary (ischaemic) heart-

disease 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 causal one, and that factors of low incidence and

mortality may be identified in occupation, is worth

pursuing in the hope of eventually discovering clues to
the prevention of the disease. As has so often happened
in epidemiology, clues may be discovered before the

intimate processes of the disease are fully understood.
We 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 association
between variables, thus :

Men in physically active jobs have a lower incidence
of coronary heart-disease in middle age than have men
in physically inactive jobs. More important, the disease
is not so severe 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.

Since there yas no indication that the greater incidence
and severity of coronary heart-disease in the physically
less active workers was associated particularly with

mental factors in their work, and for other reasons, no
alternative hypotheses were framed for the present 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, is not

advanced in any exclusive sense : it was necessary,

however, to try to isolate it if any progress was 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 accuracy 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

effect (as well as individual findings that may by them-
selves lack conviction) 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 evidence by a further period of
observation of the experience from which the original observa.
tion was made (London Transport and the Post Office).
Second test.-Extending 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 : DRIVERS AND

MALE CONDUCTORS (AGED 35-64 INCLUSIVE) OF CENTRAL BUSES OF LONDON TRANSPORT EXECUTIVE, 1949-52

Average Annual Rates per 1000

of twenty years ago, described in the Registrar-General’s
Occupational Mortality Supplement.

Third test.-Making deductions from the hypothesis in

terms of the course of coronary heart-disease as well as its
incidence and mode of presentation, and trying to verify
these on yet another set of data-a current sample of death
certificates.

First Test (Direct Confirmation) : Further Observation
of Transport and Postal Workers

The information in part i covers the years 1949-50,
and it was mostly collected by the middle of 1951. The

analysis, however, could not be undertaken until 1952,
and by this time it was impracticable to collect detailed

morbidity data for 1951 and 1952, highly desirable

though this was now seen to be. The deaths, however,
that occurred during those years were recorded in the
Central Record of Staff Statistics of London Transport
Executive ; and the Post Office has for many years

kept records of the mortality of its staff. Since the

lower death-rates of the conductors and postmen during
the first days and weeks of clinical coronary heart-

disease were the main findings in 1949-50 it was clearly
important to know whether these workers maintained
their advantage in 1951-52, particularly since wide

variations in mortality-rates from year to year are

commonly found in this type of study even when dealing
with substantially larger numbers of cases than we

have been able to do.

Table VII(A) 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 vn because

the trams were being withdrawn during 1951.) The drivers

have a higher mortality in each ten-year age-group during
1951-52 (in each five-year group also) and the standardised
rate summarises the excess as 90%. This was little different

from the findings in 1949-50, the greater excess shown in
the middle columns of table iv being mainly due to the

particularly low mortality among the tram and trolleybus
conductors.

Table vn(B) amalgamates the experience of the central bus
workers for the four years by adding and averaging the deaths
and population figures over 1949-52. 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 80% as much again in the drivers as in the conductors.

Table VIII (A) describes the early mortality among the five

postal grades during 1951-52. The Civil Service executives

Definitions as in tables I and iv.

Further population counts were made as on Jan. 1, 1952 and 1953.
0-001 < P <0-01 testing the difference in table vn(B) between drivers and conductors both in immediate mortality and early mortality,

using the t test.

and clerks were not studied in 1951-52 ; so, unfortunately,
only one truly sedentary grade remains-the telephonists.
In 1951-52, as in 1949-50, the postmen had a substantially
lower early mortality than the telephonists; comparisons
with the three " intermediate " grades are again of little

interest. The combined rate for 1949-52 in table vm(B) shows
the by now expected trend (fig. 2).

Summing up : in 1951-52 the physically more active
workers (conductors and postmen) had lower early
mortality-rates than the physically less active 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 workers ; but this would mean

Fig. 2.-First clinical episodes of coronary heart-disease in 1949-52:

A, drivers and male conductors, aged 35-64, of Central London Buses;

B, G.P.O. male telophonists and postmen, aged 35-59.1111
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Abstract

Background. The purpose of this study was to use themeta-analytic approach to examine the effects of walking on lipids and lipoproteins

in adults.

Methods. Randomized controlled trials that examined the effects of walking on total cholesterol (TC), high- and low-density lipoprotein

cholesterol (HDL-C and LDL-C), the ratio of TC/HDL, and triglycerides (TG) in adults ages 18 years and older were retrieved via

computerized literature searches, cross-referencing, hand-searching, and expert review of our reference list.

Results. Twenty-five studies that included 1,176 subjects (692 walkers, 484 controls) and up to 33 outcomes were available for pooling.

Using random-effectsmodeling, statistically significant, walking-induced decreases of 5% and 6% wereobserved for LDL-C and TC/HDL-C

(LDL-C, mean F SE, 5.5 F 2.2 mg/dL, 95% CI, 9.9 to 1.2 mg/dL; TC/HDL-C, mean F SE, 0.3 F 0.1, 95% CI, 0.6 to 0.1). No

statistically significant changes were observed for TC, HDL, or TG ( P > 0.05), although changes were in the direction of benefit. No

statistically significant changes occurred in body composition ( P > 0.05).

Conclusions. Walking reduces LDL-C and TC/HDL-C in adults independent of changes in body composition.

D 2004 The Institute For Cancer Prevention and Elsevier Inc. All rights reserved.

Keywords: Exercise; Physical fitness; Cholesterol; Lipids; Lipoproteins; Meta-analysis

Introduction

Less than optimal lipid and lipoprotein levels, particu-

larly elevated levels of low-density lipoprotein cholesterol

(LDL-C), increase one’s risk for morbidity and mortality

from coronary heart disease (CHD) throughout the range of

lipid and lipoprotein values [1]. Primary prevention of

CHD aimed at improving lipid and lipoprotein levels,

including LDL-C, begins with a multifaceted lifestyle

approach that includes physical activity [1]. One form of

physical activity that may be particularly appropriate is

walking, a low-risk and low-cost intervention that is

available to the vast majority of the general public. In

addition, walking is the most popular type of physical

activity in the United States [2]. For example, a recent

study reported that approximately 34% of adults ages 18

years and older participated in regular walking, defined as

walking at least five times per week for at least 30 min per

session while another 46% reported participation in occa-

sional walking, defined as those who walked for at least 10

min per time in a usual week but did not meet the criteria

for a regular walker [3].

Previously reported randomized controlled trials deal-

ing with the effects of walking on lipids and lipoproteins

in adults have reported conflicting results [4–32]. Fur-

thermore, while several published meta-analyses dealing

with the effects of physical activity on lipids and lip-

oproteins in adults have been conducted [33–38], none

have focused specifically on the effects of walking on

lipids and lipoproteins. Thus, given (1) the increased risk

for CHD in adults with less than optimal lipid and

lipoprotein values, (2) the popularity of walking among

adults, (3) the lack of agreement between original studies

dealing with the effects of walking on lipids and lip-

0091-7435/$ - see front matter D 2004 The Institute For Cancer Prevention and Elsevier Inc. All rights reserved.

doi:10.1016/j.ypmed.2003.12.012
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