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with a view, however mistaken, of depriving him of
the compensation to which he considers himself
entitled. Anyone determined to prove that his dis-
ability was due to his job would say that he did not
smoke. It is at least suggestive that the proportion
of non-smokers was very much higher in this group
than in any other.
An alternative explanation of the different results

in this group is possible. Men who develop simple
pneumoconiosis are less liable to be affected by
smoking, and there are two ways in which this might
come about. First, those whose respiratory tracts
are relatively insusceptible to the effect of irritants
will be less likely to develop respiratory symptoms,
more specifically a productive cough, as a result of
smoking. Accumulation of dust in their lungs may
be a simple result of their failing to cough it up.
Alternatively the accumulation of dust in the lungs
may in some way alter the response to tobacco
smoke. It must be admitted that there is no evidence
to support this latter hypothesis, which seems
inherently a little improbable.

Since, in the general population sampled, there
are about 10 times as many miners and ex-miners
without pneumoconiosis as with category 3 pneumo-
coniosis, the anomalous behaviour of the latter
group revealed in this stratified sample would usually
be missed. Nothing of course is known from this
survey of the relation of smoking and I.M.B.C. in
men in other categories of pneumoconiosis.
One might expect that changes in smoking habits

during the five-year period would throw additional
light on the effect of smoking on ventilatory function.
Men who gave up smoking might, for example, be
expected to decline less than those who continued to
do so. We have looked into the changes in ventila-
tory capacity in the men who gave up smoking during
the five years but no clear pattern emerges. Possibly
this is due to the fact that the reasons for giving up
smoking are varied. No inquiry into the reasons for
giving up smoking was made in this investigation.
The findings in the present investigation do not

clearly favour any of the three hypotheses advanced
to explain the lower ventilatory capacity of smokers
compared with non-smokers. The increasing decline
in I.M.B.C. with the amount of tobacco smoked and
the relatively smaller fall in ex-smokers support the
causative hypothesis. So also do the changes in
three out of the four mining groups. On the other
hand the lack of any trend in decline of function
with tobacco consumption in the miners without
pneumoconiosis and the absence of any apparent
relationship at all in the miners with simple pneumo-
coniosis could be adduced in support of the view
that those who smoke differ from those who do not
either for constitutional or genetic reasons or because

some third factor causes both smoking and a lower
ventilatory capacity. Studies in which a larger
number of subjects is followed more often than once
every five years enable us to relate changes in venti-
latory capacity to changes in smoking habit (and
other environmental alterations) and so to decide
which of the three hypotheses is the true one. Such
an investigation is at present being carried out by
Dr. C. M. Fletcher (personal communication).
Apart from the effect of smoking on I.M.B.C.,

Table 8 throws a little additional light on the effect
of mining. The fall in I.M.B.C. in the non-smokers
was larger in the miners than in the non-miners. The
difference, which does not reach the 5% level of
significance, suggests that an effect of mining might
perhaps be demonstrable were we able to compare
larger numbers of non-smokers.

Summary of Effect of Mining, Radiological
Category, and Smoking on Ventilatory Capacity,
Standardized for Age.-By choosing a suitable
standard age and adjusting the meansof the different
occupational, radiological, and smoking classes to
refer to this age by means of linear regressions, we
may present a full summary of the results in one
Table. No adjustment was needed for the changes
observed, since these were found to be independent
of age.
Table 9 and Fig. 2 show the mean values of the

I.M.B.C., the mean change in I.M.B.C. each year
estimated from the regression of the mean I.M.B.C.
on age, and the mean change in I.M.B.C. each year
from the change observed in the individual subjects
over the five years, standardized to age 40 to 45,
according to smoking, mining, and radiological
category of pneumoconiosis. The age standardiza-
tion adopted is such as to enable comparisons
between smoking classes to be made validly in
each occupational and radiological class. Com-
parisons between the occupational and radiological
classes within smoking classes are not strictly valid;
indeed in the ex-smokers the relation with age varied
significantly between the occupational and radio-
logical classes so that no standardization of the 12-
year range of mean age is possible.

In most instances the annual fall estimated from
the age trend agrees with that actually observed.
But in the heavy smoking non-miners there is a
significant difference between the two observations,
1-638 ± 0-291 litres per minute per year compared
with 3-338 ± 0-420. This suggests that the decline
in ventilatory capacity in this group has been greater
than we might have expected during the past five
years. Why this should be so is not clear; but the
finding suggests that there may have been a recent
change in the effect of heavy smoking on lung
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TABLE 9
MEAN I.M.B.C. STANDARDIZED TO AGE 40-45 AND MEAN ANNUAL FALL IN I.M.B.C. BASED ON (i) AGE SPECIFIC TREND,
AND (ii) OBSERVED CHANGE, ACCORDING TO OCCUPATION, RADIOLOGICAL CATEGORY AND SMOKING HABITS

Non-smokers Light Smokers Heavy Smokers Ex-smokers
Occupational Group Attribute

Mean S.E. Mean S.E. Mean S.E. Mean S.E.

Non-miners Mean I.M.B.C. (1./min.) 129-4 6-85 104-3 3 07 106-1 3 99 109-8 5*17
Annual fall (I./min.)
from age trend 1 604 0-554 1-284 0-220 1-638 0-291 0-679 0-525
from observed change 0-489 0-714 1-524 0-319 3-338 0-420 1-278 0 505

Miners and ex-miners Mean I.M.B.C. (I./min.) 121-4 10-92 90 4 4-17 87-2 4 50 97-8 5 43
without pneumo- Annual fail (I./min.)
coniosis from age trend 0-761 0-794 1-700 0-271 2-149 0 306 1-848 0 346

from observed change 0-950 1-071 2-164 0 405 2-080 0-428 -0-025 0-535

Miners and ex-miners Mean I.M.B.C. (I./min.) 92-6 5 75 100-1 3-37 98-4 4-48 87-6 6 50
with simple pneumo- Annual fall (I./min.)
coniosis, category 3 from age trend 0-653 0-452 1-683 0-229 1-429 0-318 0 785 0-416

from observed change 1-492 0-594 1-956 0-357 1-438 0-467 2-109 0 646

S.E. = Standard error.

function. If this were so, not only would it account
for the differences in the heavy smokers, but it might
also explain the difference in the apparent effect of
ageing in the whole group of non-miners. There did
not appear to be any significant differences between
the various age and occupation groups in the age of
starting smoking.

Effect of Dust Exposure on the I.M.B.C.-The
index of dust dosage which we have preferred in our
prevalence studies has been the number of years
spent working on the coal-getting shift. One would
like to see how the ventilatory capacity changed

according to the length of time spent on the coal-
getting shift during the five years between the two
investigations. The number of men who worked for
one to four years out of the five on the coal-face was
too small to make this possible. Instead the number
of years spent underground has been used although
again the numbers are few (Table 10). No obvious
pattern emerges either in the means or in the
changes.

Change in I.M.B.C. in Relation to Respiratory
Symptoms.-We have observed previously on
a number of occasions that people who have
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TABLE 10
CHANGE OF I.M.B.C. ACCORDING TO NUYMBER OF YEARS
SPENT WORKING UNDERGROUfND BETWEEN TWO

SURVEYS

No. of Mean Change in
Age Radiological Yeara No .M.B.C. .M.B.C.
Group Category Under- Over Five in Five

ground Yeara Yeara

25-34 0 0 5 113-6 -11-6
1 2 121-5 +10-0
2 3 125-2 -6-3
3 1 108-5 -25-0
4 2 97-3 -4-5
5 20 123-0 -8-1

3 0 1 127-0 + 4-0
1 2 101-3 -15-5
2 0 - -
3 1 79-0 -64-0
4 1 133-0 -4-0

-~~______- 5 23 119-8 -8-2

55-64 0 0 7 94-0 -4-0
1 1 31-0 -10-0
2 0 - -
3 2 50-0 -23-0
4 1 24-0 -10-0

-__5 8 68-8 -5-8

3 0 5 78-1 -7-8
1 0 - -
2 1 75-0 -16-0
3 1 94-5 -7-0
4 1 86-5 -13-0
5 10 74-9 -10-6

respiratory symptoms tend to have a lower mean
I.M.B.C. than others who are symptom-free. The

present study provided an opportunity to see

whether the I.M.B.C. of those with respiratory

symptoms also tends to decline more rapidly than

that of those who are symptom-free. Table 11I shows
decline of the I.M.B.C. for non-miners and for

miners and ex-miners respectively. The presence or

absence of symptoms at the time of the follow-up

rather than at the initial survey was used. Changes

in design of the questionnaire took place during the

intervening five years, and we felt that the answers

recorded on the second occasion more closely

represented present practice in deciding whether or

not these symptoms were present. In general a

greater fall in I.M.B.C. was observed in those with

respiratory symptoms than in those without. The

pattern is more consistent for the non-miners than

for the miners and ex-miners. Among the latter,

wheeze alone was usually associated with a minimal

decline in I.M.B.C.

Discussion

This study has shown the practicability of follow-

ing up a high proportion of participants of a survey

after an interval of five years. How worthwhile is

such an enterprise? For some years the view has

TABLE 1 1
MEAN LEVEL AND CHANGE IN I.M.B.C. IN FIVE YEARS ACCORDING TO SYMPTOMS

No Symptoms Cough and/or Sputum Only Chest Illness Only Wheeze Only
Age, Occupation.
and Radiological Mean Change in Mean Change in Mean Change in IMean Change in

Category I.M.B.C. I.M.B.C. I.M.B.C. I.M.B.C. I.M.B.C. I.M .B.C. II. M.B.C. I.M.B.C.
No. Over Five in Five No. Over Five in Five No. Over Five, in Five No. Over Five in Five

Yeara Years Yeara Yeara Years Years Years Years

Non-miners
20- 5 151-2 +0-4 0 - 0' -
25- 8 141-7 -6-4 6 127-6 -14-2 1 116-5 -3-0 1 1145-5 -13-0
35- 9 110-4 -8-7 0 - 0 - I - 0 - -
45- 4 102-7 -0-8 3 76-0 -16-7 1 96-0 -10-0 2 99-8 -13-5
55- 16 96-3 -7-3 3 101-0 -3-3 0 - - 7 86-4 -11-0

65-69 3 73-5 -3-7 0 I 102-5 -35-0 1 50-0 -1-

Miners and ex-miners
25-34 0 13 120 -5-2 5 118-9 -13-0 0 - - 7 114-9 --

3 1 1 116-4 -9-0 8 118-7 -7-3 0 - - 5 118t-8s i 1-6
55-64 0 7 91-7 +2-7 2 77-0 -8-0 0 - - 4 89-0 -2-0

3 5 90-2 -5-2 3 111-7 -21-3 0 - - 2 82-8 -15-5

Cough and/or Sputum Cough and/or Sputum Chest Illness and Cough and/or Sputum
and Wheeze and Cheat Illness Wheeze Chest Illness and Wheeze

Age, Occupation, -and Radiological Mean Change in Mean Change in Mean Change in Mean Change in
Category I.M.B.C. I.M.B.C. I.M.B.C. I.M.B.C. I.M.B.C. I.M.B.C. I.M.B.C. I.M.B.C.

No. Over Five in Five No. Over Five in Five No. Over Five in Five No. Over Five in Five
Years Years Years Years Years Years Years Years

Non-miners
20- 1 140-0 -18-0 0 - - 0 - - 1 - -14-0
25- 2 115-0 -13-0 0 - 0 - 0 -

35- 3 91-7 -18-0 0 - I - 0 - - 21 -8-5
45- 1 104-0 -38-0 2 118-8 -14-5 0 - - 0 - -
55- 7 86-9 -15-0 1 64-5 -11-0 4 89-1 +4-5 2 - -13-0

65-69 0 - - 1 63-0 -14-0 0 - - 0 - -
Miners and ex-miners

25-34 0 9 121-0 I-7-3 1 108-5 -25-0 1 129-5 +1-0 4 126-6 -7-5
3 10 121-9 -9-1 1 134-5 -15-0 4 102I-12-3 6 109-9 - 18-855-64 0 7 50-9 -14-4 0 - - 2 51-8 I1-5 11 47 -61
3 9 83-3 -6-6 0 - - 0 - I - 16 63-7~ -6-8
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been widely held that prevalence surveys are of
limited value in drawing conclusions about aetiology.
They have tended increasingly to be regarded as a
useful means of demonstrating associations which,
while possibly suggestive of causation, require the
further support derived from observation of attack
rates and individual change which only a cohort
study will reveal.

Perhaps, given a sufficiently long follow-up, a
cohort study of the kin' envisaged would provide
unequivocal evidence of t ie effect of various agents
on the I.M.B.C., but it has been recognized increas-
ingly that longitudinal observations are at least as
bedeviled as cross-sectional studies by individual
choice. The miner who is exposed to coal dust and
whose chest is affected changes to a less dusty job or
leaves the industry; the heavy smoker who is
becoming short of breath may reduce or give up
smoking. In each case what happens to the man's
lung function depends on the reversibility or irrever-
sibility of any changes which may have been pro-
duced. It seems probable, therefore, that the
expectation that follow-up studies would answer
many questions that cross-sectional surveys would
not, may have been unduly optimistic, and it is
probably better to regard them as two aspects of a
similar problem. Over a short period of time it is
unlikely that follow-up of a sample will provide more
than support for conclusions based on a cross-
sectional study. Indeed, it is perhaps unreasonable
to expect more. If we consider a man of about 50,
we should realize that the value of the I.M.B.C. he
obtains when performing the test depends on what
he started with and what has happened to him during
the past 30 years. When we repeat the test five years
later any change is due to what has happened to
him in the five years. This change admittedly
eliminates the innate variability between individuals
but it applies to only five out of the 35 years which
have been affecting his lung function and conse-
quently any environmental effects are likely to be
about seven times as great over his lifetime. The
particular value of a follow-up study lies in findings
which indicate that a secular trend is present, e.g. in
the present study the results in the heavy smoking
non-miners. Such findings are important whatever
their causes because they reveal aspects which will
certainly be missed in cross-sectional studies.
The present survey may be justly criticized as a

follow-up study on the grounds that the numbers in
the groups we are really most interested in-non-
smokers, for example, or miners who have spent all
the five years at the coal-face in dusty conditions,
are too few to make conclusions possible. It must
be pointed out that the original sample was drawn
in order to answer several specific questions, such

as the effect of age, mining, and category of simple
pneumoconiosis on the I.M.B.C. as revealed by a
cross-sectional study of miners and non-miners. In
1954 no one had any intention of using the group
for follow-up purposes. Perhaps it would have been
better to have drawn another sample more suitable
for such a study. But time is a serious consideration
in longitudinal studies, and it is difficult to resist the
temptation to use unsuitable samples which have
been studied previously rather than to start again
with a more appropriate group.
The results in this follow-up have supported our

previous findings on the importance of the effect of
age and smoking on the ventilatory capacity. The
influence of respiratory symptoms such as cough and
sputum on the test are also in agreement both in the
cross-sectional study and in the follow-up. The
study has not shed much light on the question of
why miners' values are lower than those of non-
miners. After standardizing for smoking the
differences remain, so that smoking differences
between miners and non-miners are not the ex-
planation. The difference between miners and
non-miners is apparent at an early age, and this
suggests that any effect of mining must be exerted
within at least 10 to 15 years of entering the industry
and possibly much sooner. If there is any such
effect then we would not expect to observe it
in the type of investigation described in this paper.
It is difficult to visualize any deleterious agent
which reduces the I.M.B.C. within a year or two
of starting mining but then apparently ceases to
exert any effect. Certainly, the present follow-up
study provides little suppoIt for the existence of
deleterious effect of underground work. Possibly a
greater effect might have been observed had the
numbers allowed us to evaluate the effect on duration
of coal-face work. Further studies are clearly
indicated on this problem. Other studies of new
mining entrants now in progress may be expected
to throw light on any decline in I.M.B.C. shortly
after entering the industry.

We should like to thank our colleagues at the Pneumo-
coniosis Research Unit for their valuable advice and
criticism, particularly Dr. J. C. Gilson and Professor
A. L. Cochrane for many helpful suggestions, Mr. F.
Moore, S.R.N., who drew the diagrams, and the
epidemiological and radiological teams.
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