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A five-year follow-up of ventilatory capacity in over 959 of a random sample of men living in
the Rhondda Fach has been carried out. Miners and ex-miners with and without simple pneumo-
coniosis have been compared with non-mining controls, and the effect of ageing, mining, dust
exposure, and tobacco smoking has been assessed. The change in Indirect Maximum Breathing
Capacity (I.M.B.C.) between the two surveys appeared to be independent of age, suggesting that
a linear decline in this function with age is a tenable hypothesis. An average decline of 1-865 + 0-274
litres per minute each year in the . M.B.C. was observed, and this fall was not significantly increased
either by mining or by exposure to coal dust as measured by the number of years spent working
underground.

In the non-miners a greater decline in I.M.B.C. was observed in smokers than in non-smokers,
and this decline was greater in the heavy than in the light smokers. The decline in the non-smokers
was 0-489 + 0-714 litres per minute compared with 1-524 4+ 0-319 litres per minute in the light
and 3-338 4 0-420 litres per minute in the heavy smokers. In the miners and ex-miners without
pneumoconiosis a greater decline in 1.M.B.C. was observed in smokers than in non-smokers, but
there was no relation between the rate of decline and the amount smoked. The decline in the non-
smokers was 0-950 + 1-:071 compared with 2:164 + 0-485 and 2-080 + 0-428 litres per minute in the
two smoking groups. In the men with simple pneumoconiosis (category 3) there appeared to be
no relation between decline in lung function and smoking habits. The decline in non-smokers was
1492 + 0-594 compared with 1-956 + 0-357 and 1-438 4 0-467 in the two smoking groups.
The decline in I.M.B.C. over five years in non-miners smoking 15 g. tobacco per day and over was
significantly greater than the fall estimated from the age specific trend. A possible explanation
is that there has been a recent change in the effect of heavy smoking on ventilatory function
resulting in a more rapid decline.

A greater decline in I.M.B.C. was observed in men with respiratory symptoms than in those
without.

““It is a concerto and must be practised.”
(The infant Mozart on being told by his father that the
work he had just composed was too difficult.)

In a number of investigations carried out during
the past six or seven years an attempt has been made
to assess the relative importance of some of the factors
influencing ventilatory capacity by comparing dif-
ferent groups of people seen on a single occasion.
In this way associations have been shown between
ventilatory function and age, sex, physique, mining,
and tobacco smoking. Sometimes such cross-
sectional observations enable one to say with
certainty that a change in function is due to a
particular factor. The increase in ventilatory capacity

associated with height in children, for example, is
almost certainly due to growth. Again the decline
in this function, which occurs with age from about
20 years, is probably attributable to ageing, though
in this case how much of the reduction is due to
inevitable biological change and how much to pro-
longed contact with deleterious environmental
agents that might possibly be avoided is debatable.
More often, however, associations revealed by cross-
sectional surveys are hard to interpret. Explanations
other than the straightforward cause and effect
relation are not only possible but may indeed be
more likely. We have found, for example, that
miners and ex-miners have lower ventilatory
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TaBLE 1
THE GROUP REVIEWED
X No. Living in Age Radiological Sampled Followed [ '
Occupation Area in 1954 Grgu Category of | and Seen in Up in Dead Left Area Lapsed
(Census, 1953) P [Pneumoconiosis 1954 1959 | |
Non-miners 440 20- 8 7 [\] 1 0
805 25- 22 18 0 3 1
417 35- 17 14 1 2 0
235 45- 17 13 2 2 0
107 55- 51 40 3 3 5
44 65-69 9 6 1 L2 0
All ages 124 (99-9) 98 (79-0) 7(56) | 13(10:5 | 648
Miners and ex-miners 699 25-34 0 47 40 1 | 5 1
67 3 48 46 0 | 2 0
513 55-64 0 48 34* 12 1 1
50 3 46 35 9 |2 0
Total | 313 (100-0) 253 (80-8) 2993 | 23(73) | 8 (2-6)

Figures in parentheses are percentages. X
*One man omitted from analysis, because records unsatisfactory.

capacities than non-miners of comparable age. It is
tempting to attribute this lower capacity to the
occupation of mining. But we have not been
able to show that the decline is unequivocally related
to any measurable characteristic of the miner’s life.
There does not appear in our studies to be any clear
relation between ventilatory capacity and the length
of time spent working underground or on the coal-
getting shift (Higgins, Oldham, Cochrane, and
Gilson, 1956 ; Higgins, Cochrane, Gilson, and Wood,
1959). We have previously suggested that our in-
ability to demonstrate such a relation could be due
to the fact that no such relation exists; or, alter-
natively, it might be due to the fact that a genuine
relation is concealed by some form of selection. An
obvious possibility is that the men who are still
working on the coal-face after 30 years are the fitter
survivors.

One might expect that the review of a group which
had previously been investigated might throw light
on the effect of various environmental factors on
lung function. Changes occurring in the individual
between two examinations might be expected to be
more closely related to the environment to which he
has been exposed than the absolute level at any parti-
cular time.

In 1954 the Pneumoconiosis Research Unit studied
the ventilatory capacity in a representative sample of
men living in the Rhondda Fach Valley of South
Wales. The objects of the study were to determine
the effect of age, mining, exposure to coal dust, and
radiological category of simple pneumoconiosis on
this aspect of lung function. Our findings were
published in a paper which stressed the importance
of population selection (Carpenter, Cochrane,
Gilson, and Higgins, 1956). In order to consider
further the influence of these and some other
additional factors on the ventilatory capacity, we

carried out a five-year follow-up in May and June
1959 of the group originally seen in 1954. This
paper presents our findings.

The Group Reviewed

The sample originally investigated was stratified
by age, occupation, and radiological category of
simple pneumoconiosis. Among non-miners, about
10 were chosen in each five-year age group from 20
to 70, with additional men to increase the number
in the 55 to 64 age group to about 50. Among
miners and ex-miners, 50 category 0’s and 50
category 3’s were chosen in the two age groups
25 to 34 and 55 to 64. The number who had died or
left the area during the five years, the number
successfully followed up, and the number who refused
are shown in Table 1. Refusals were few and rather
more frequently encountered in the non-mining
group, as had been found previously (Cochrane,
Cox, and Jarman, 1952). The higher proportion of
deaths in the mining group also agrees with obser-
vations on mortality rates in the area (Carpenter
and Cochrane, 1956). The number of deaths (12)
in the miners aged 55 to 64 without pneumoconiosis
is larger than one would expect from a follow-up of
all deaths from 1950 to 1956 in the area (A. L.
Cochrane, personal communication). This suggests
that some of the low indirect maximum breathing
capacity (I.M.B.C.) values in the group which we
noted in 1954 may have been due to the chance
inclusion in the sample of a number of ill men.

Methods and Procedure

All the men still living in the neighbourhood (or
sufficiently near to be studied if they had moved out
of it) were visited at their homes. They were told
that we were trying to learn more about the health of
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those men who had kindly helped us five years
previously. We now wanted to find out whether
there had been any change in lung function, and, if
so, whether it could be attributed to the job, to
exposure to coal dust, or to any other cause. They
were asked to help us in this further study and, if
they agreed, they were given an appointment and
offered transport to and from the centre where the
various tests were carried out.

Details about occupations and dust exposure
between the surveys were recorded. A questionnaire
about respiratory symptoms, chest illnesses, and
smoking habits was completed. The forced expira-
tory volume was measured and expressed as the
indirect maximum breathing capacity (I.M.B.C.) in
our usual way (McKerrow, McDermott, and Gilson,
1960). Standing and sitting height and weight were
measured. Finally, a postero-anterior chest radio-
graph was taken. In order to avoid seasonal
changes in ventilatory capacity both the initial and
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final surveys took place at about the same time of the
year (March to May). For consistency, I.M.B.C.
values are given to three places of decimals; the
degree of accuracy thus implied must be discounted
in view of the size of the standard errors quoted.

Results

The mean ages, sitting heights, weights, and
I.M.B.C. of the men seen in the sample in 1954 and
followed up in 1959 are shown in Tables 2 and 3.
The similarity of the values suggests that the group
followed up was reasonably representative of the
whole sample seen in 1954. However, in order to
investigate this point further, the mean 1.M.B.C. of
the men who died between the two surveys was in-
vestigated and is shown in Table 4. In all except the
45 to 54 age group the mean I.M.B.C. of the fatal
cases was lower than that of the survivors. The
number of deaths is, however, small compared with

TABLE 2
MEAN AGES (IN 1954) AND CHANGES IN SITTING HEIGHT AND WEIGHT IN FIVE YEARS

! Those Sampled 1954 and Followed Up 1959 I
Complete Sample 1954 Changes in Five
Occupation 1954 § 1959 ears
an ; ;
Age Group ‘ | Sitting | | Sitting ‘ Sitting | Sitting |
; Age Height ' Weight Age | Height Weight | Height | Weight Height Weight
. (yrs) (in.) 1+ (b)) (yrs.) | (in.) @ab) . (@n) | (b)) (in.) . (Ib)
Non-miners | ‘
- o219 359 146-4 220 359 149-6 360 148-4 +0-1
25- . 289 352 i 1530 28-6 351 [ 1518 350 | 1571 —0-1
35- o394 ‘ 349 1549 391 349 1586 | 346 | 1622 —0-3
45- 479 | 349 | 1531 48-3 347 1501 | 345 | 1492 —0-2
55- 59-5 | 346 | 1635 59-3 34-6 1631 . 346 . 1570
65-69 65- 1342 164-3 653 | 339 ! 158-8 338 | 1642 —0-1
' |
Miners and ex-miners ' }
25-34  0* 311 35-2 155-6 31-1 I 351 . 1559 35-0 160-1 —0-1 ~4-2
3 310 35-4 1569 310 | 354 1576 | 354 159-5 ~19
5564 0 | 597 338 144-5 596 335 | 1477 l 332 | 1463 —-03 —-1-4
3 ‘ 596 | 342 147-4 59-1 | 342 | 1464 | 338 | 1445 —-04 = -19
*Radiological category of pneumoconiosis.
TABLE 3
MEAN LEVEL AND CHANGE IN [.M.B.C. IN FIVE YEARS, ACCORDING TO AGE, OCCUPATION, AND
RADIOLOGICAL CATEGORY OF PNEUMOCONIOSIS
i Complete Sample Those Sampled 1954 and | Mean :
Racdiological 1954 Followed Up 1959 ! Level of Il:vfﬁan ‘AMeanI
. Age ategory all in { Annual
Occupation Group o Mean | Mean Mean I.M.B.C. Five Years Fall
Over Five \
Pneumoconiosis; No. I.M.B.C. “ No. I.M.B.C I.M.B.C. Years (I./min.) ' (L./min.)
: | 1954 | 1959 .
Non-miners L 20- ‘ 8 146:5 | 7 1519 | 147-6 ! 149-8 43 0-86
25- 22 1372 18 137-8 [ 1279 | 1329 99 - 1-98
35- 17 106:3 14 107-2 | 966 101-9 10-6 2-12
45- 17 1069 13 104-2 921 98-2 12:1 2-42
55- [s1 927 | 40 94-0 | 858 90-0 82 1-64
65-69 ‘ 9 80-1 | 6 787 66-7 727 12:0 2:40
Miners and ex-miners  25-34 0 47 1249 40 123-8 C117-1 120-5 67 C1-34
3 48 121.9 | 46 121-7 1123 | 117-0 9-4 " 1-88
55-64 0 48 670 | 33 69-5 60-0 | 64-8 9-5 1-90
3 46 771 | 35 80-7 [ 724 | 766 83 - 1-66
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TABLE 4
MEAN AGE AND L.M.B.C. IN 1954 OF THOSE WHO DIED BETWEEN SURVEYS

Occupatio:fall;l:e‘ll{;gggiggscizl Category Age Group Number Mean Age I.M.B.C. (I./min.)
Non-miners 20- 0 —_ —_
25- 0 — —
35- 1 44-0 840
45- 2 460 109-0
55- 3 59-5 72-8
65-69 1 670 610
Miners and ex-miners g 25-34 (l’ 320 1260
0 55-64 -12 60-7 612
3 9 610 66-8

the number followed up and in consequence does not
affect the mean of the larger group.
Causes of Death.—Table 5 shows the certified

causes of death during the five years between the
two surveys. The numbers are too few for any

TABLE 5

CLASSIFICATION OF CAUSES OF DEATH IN THOSE
WHO DIED BETWEEN SURVEYS

generalizations to be made. It is interesting that all
five respiratory deaths occurred in the mining group.

Table 6 shows that those who died from respiratory
causes tended to be those with a ventilatory capacity
of less than 50 litres per minute. Though the number
who died is small, the number of excess deaths
among those with an I.M.B.C. of less than 50 litres
per minute is significant (p = 0-006). This is not
surprising; one would expect that those with the
worst lung function would be those at the greater

Cause of Death Non- “ﬁ,‘;ﬁ's An-risk of dying of their disease. So far as we are
Ex-miners aware, however, the prognostic value of the . M.B.C.
Cag(i’iac: @ . . N has not been shown previously for the general
ronary disease . . .
Myocardial degeneration 0 1 1 mining population.
Other 0 2 . .
Respi . Radiological Change between Surveys.—The chest
espiratory: .
l];;onchitis and emphysema g 3 3 radiographs were read by Professor A. L. Cochrane
Tubercutous bronchopneumonia ° to detect cases in whom progressive massive fibrosis
Cancer: (P.M.F.) had appeared between 1954 and 1959.
Lulx:g g % i There were 11 such cases, all among the miners
Other initially with category 3 simple pneumoconiosis;
Cerebrovascular 1 3 4 1 ix 1
Cerebrovascul H 3 3 five were in the 25. to 34 age group and s1x01n the
Tod P = > 55 to 64 group, giving attack rates of 2:29; and
ota 3-49, per annum respectively. These figures are
TABLE 6
NUMBER OF DEATHS ACCORDING TO INITIAL I.M.B.C. (1954) (MEN AGED 55-64)
L e I.M.B.C. (L. /min.)
: Radiological Classification of
Occupation
Category Death 1-49 50 and Over Total
No. in sample (V] 49 49
Non-miners All causes 0 3 (61) 3 (61)
Respiratory 0
Non-respiratory 0 3 (61 3 (61
No. in sample 17 30 47
0 All causes 6 (353) 6 (20:0) 12 (25'5)
Respiratory 3(17-6) 1 (33) 4 (85
Non-respiratory 3(17-6) 5(167) 8 (17-0)
Miners and iners
No. in sample 5 41 46
3 All causes 3 (60-0) 6 (14-6) 9 (19-6)
Respiratory 2 (40-0) 1 (2+4) 3 (6'5)
Non-respiratory 1 (20-0) 5122) 6 (13-0)

Figures in parentheses are percentages.
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AGE
FiG. 1.—Means and changes in I.M.B.C. in five years in a random
sample of non-miners aged 20 to 69 seen in the Rhondda Fach in
1954 and followed up in 1959.

@----@ Mean values 1954,
QO———0O Mean values 1954 and 1959 (followed up).

very close to the figures given by Cochrane, Higgins,
and Thomas (1961) for attack rates in the area when
these were measured by reading the first and second
films at the same time.

The average annual decline in I.M.B.C. in those
attacked was 5-0 litres per minute in the 25 to 34
age group and 8-5 litres per minute in the older men.
These figures are sufficiently close to the sample
means for attacks of P.M.F. to be ignored in con-
sidering ventilatory capacity.

Method of Presenting Results.—For each man
followed up we have two measurements of .M.B.C.,
one in 1954 and one in 1959. There will, in general,
be a close resemblance between these measurements
and in fact they were correlated to the extent of
about 0-8 over the whole sample. In reporting the
findings care must be taken to avoid spurious corre-
lations resulting from this fact, which is really
equivalent to there being considerable overlapping
in the information obtained on the two occasions.

Our special interest is in the changes shown over
the period of the follow-up as opposed to the
changes predicted from the trend with age in a cross-
sectional survey. These changes will be the main
results presented. All the remaining information
about I.M.B.C. contained in the two sets of measure-
ments is given by their mean, which may be thought
of as an estimate of the I.M.B.C. half-way between
the surveys. This index is independent of the changes
found, and the full I.M.B.C. findings are, therefore,
most economically presented in the form of “a
change of so much about a mean of so much”.

It should be remarked that spurious correlations
could arise if one were to present what seems at

first to be a more natural pair of indices, ‘“a change
of so much from an initial level of so much’’. These
indices are not independent, so that differences
in initial level between groups imply an expected
difference in the changes shown by them. The
interpretation of this pair of indices would therefore
present considerable difficulty.

Effect of Age on LM.B.C. in Non-miners.—Our
studies in 1954 led us to conclude that the decline
in I.M.B.C. with age was linear and in non-miners
was 1-36 + 0-141 litres per minute for each year of
life. Table 3 and Fig. 1 show the mean values
observed in non-miners in 1954 and in the follow-up
group in 1954 and 1959. The trend of I.M.B.C. with
age can be recalculated from the pooled results of
those seen on both occasions (Table 3 column 9).
Using this information we deduce that the decline
in LM.B.C. in this group was 1:296 + 0-167 litres
per minute for each year.

Our main index of change, the decline actually
observed, averaged 1-865 4+ 0-274 litres per minute
over all ages, and did not vary significantly with age.
This figure is 0-579 litre per minute larger than that
deduced from the age specific trend and though the
difference between the two is not statistically signi-
ficant, it does nevertheless require some explanation.

There are several possibilities which could explain
a difference between age specific and observed trends
in ventilatory function. The decline throughout life
from about the age of 20 might not be linear as we
have assumed but might vary from time to time,
being steeper at some periods of life than at others.
Our study provides little support for this view. The
decline of 2-42 litres per minute in the 45 to 54 group
was 0-44 litre per minute greater than that observed
in the 25 to 34 age group, but it was 0-78 litre per
minute greater than in the 55 to 64 group. On the
whole the simplest conclusion is that our results do
not deviate from a linear decline.

The second possibility is that there has been a
secular change in the initial I.M.B.C. reached at
about age 20. Men of average age 60, if their lung
function has been declining at the same rate through-
out life as we have observed during the past five years,
must have started from a higher initial value than
men who are now mean age 30 years, in order to have
reached their present value. This seems unlikely
from what we know about growth trends over the
past 50 years. These suggest that the maximum
ventilatory capacity attained in early manhood is
more likely to be greater now than it was in the past.

The third possibility is a variant of the last one.
Instead of postulating that to reach the present level
of I.M.B.C. which we have observed at mean age 60
the various age groups must have started at different
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maximal levels, one might suggest that each group
started at about this same maximal level and will
reach a lower level at mean age 60 years. This seems
more in keeping with secular growth trends. Any
effect of mortality has been ignored in these con-
siderations. The men whom we have reviewed are
survivors who, as we have already shown, tend to
have higher I.M.B.C. values than those who died.
The elimination by death of the men with the lower
values might result in an apparent reduction in the
rate of decline at ages when mortality becomes
appreciable. Consequently, it is impossible to be
sure that, even if the third hypothesis is correct, the
young group is going to reach a lower mean I.M.B.C.
at 60 years than their fathers.

Effect of Mining on the L. M.B.C.—In our previous
paper we showed that miners and ex-miners aged 25
to 34 and 55 to 64 living in the Rhondda Fach
recorded significantly lower mean I.M.B.C. values
than corresponding groups of non-miners. Three
explanations of this observation have been advanced
(Cochrane et al., 1961): that the lower values are due
to mining; that recruits into mining tend to be men
with lower ventilatory capacities; that a higher pro-
portion of men with higher ventilatory capacities
disappears from the mining than from the non-
mining group through death and emigration.

There is no evidence to suggest that recruits into
mining today are physiologically less able than men
going into other cccupations (Higgins, Oldham,
Merrick, and Dunsdon, 1956), but the occurrence
of this type of selection in the past cannot be excluded.
The possibility that a disproportionate loss of
miners with higher ventilatory capacities may have
occurred through emigration from the area during
the depression has been discussed at length else-
where (Cochrane et al., 1961). One could be more
confident in attributing the lower ventilatory
function of miners to their occupation were it not
for the fact that their wives also tend to record
lower values than the wives of non-miners (Higgins
and Ccchrane, 1961). Furthermore, as already
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mentioned, the association between I.M.B.C. and
duration of underground or face-work in cross-
sectional studies has not been close. '

Does the follow-up over five years suggest that
mining is exerting a greater effect than we might
conclude from our previous studies? One would
expect that if mining lowered the ventilatory capacity
we might be able to show a larger mean annual fall
in the mining than in the corresponding non-mining
group. Table 3 does not suggest that this was so.
The mean fall in the non-miners aged 25 to 34 was
1-98 litres per minute compared with 1-34 and 1-88
litres per minute for the two mining groups, while in
the 55 to 64 group the corresponding figures were
1-64 and 1-90 and 1-66 litres per minute respectively.
The only group in which the miners and ex-miners
récorded a larger fall was the elderly men without
pneumoconiosis.

As a measure of the effect of mining during the
five years this comparison is unsatisfactory in that
both miners and ex-miners are included. Clearly
only those who have been engaged in the industry
for some time during the period could have been
affected. The change in I.M.B.C. in five years for
miners and ex-miners separately is shown in Table 7.
No clear pattern emerges. In three of the four mining
groups the miners show a steeper decline than the
ex-miners; but in no case is the fall in the miners
significantly greater than in the ex-miners.

Effect of Tobacco Smoking on the I.M.B.C.—It
has previously been shown that smokers, more
particularly cigarette smokers, have a significantly
lower mean ventilatory capacity, age for age, than
non-smokers (Higgins, 1959), and this has been
confirmed by others (Franklin, 1958 ; Fletcher, Elmes,
Fairbairn, and Wood, 1959; Blackburn, BroZek,
and Taylor, 1959; Flick and Paton, 1959).

There are three possible explanations of this
finding; smoking reduces the ventilatory capacity,
those with a lower ventilatory capacity smoke, or
some common factor causes both smoking and a
lower ventilatory capacity. There seems good reason

TABLE 7
MEAN LEVEL AND CHANGE IN L.M.B.C. IN FIVE YEARS IN MINERS AND EX-MINERS

|

Radiological . : i Mean Level of PR
Occupation During | | . Mean Fall in Five Mean Annual Fall
Age Group Category of n No. I.M.B.C. Over Five . :
Preamoconiosis Five Years | | Years (1. /min.) Years (I./min.) (1./min.)
25-34 ! 0 Miners ‘ 3 l 1207 7 1-54
! X-miners . B 0-38
| 3 Miners ! 28 i 117-8 10-1 2:02
Ex-miners 18 1158 80 1-60
55-64 ! 0 Miners T | 718 73 1-46
| Ex-miners i 14 ! 55-2 124 248
Miners ! 18 [ 77-6 101 2:02
! Ex-miners 17 755 62 1-24
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TABLE 8

MEAN LEVEL AND CHANGE IN LM.B.C. IN FIVE YEARS ACCORDING TO AGE, OCCUPATION, RADIOLOGICAL
CATEGORY, AND SMOKING HABITS

Smokers
Non-smokers X Ex-smokers
Age Group 1 to 14 g./Day | lS g./Day and Over
oﬁ:ﬂfé{g:.ci?d Mean Change in Mean Change in 1 ‘ Mean Change in Mean Change in
Category I.M.B.C. | .M.B.C. I.M.B.C. | ILM.B.C. | I.M.B.C. | LM.B.C. | I.M.B.C. | I.M.C.B.
No. | Over Five | in Five | No. | Over Five m Flve No. | Over Five | in Five ' No. | Over Five | in Five
Years Years Years J Years Years Years Years
(I./min.) | (I./min.) (1./min.) (l /mm ) P (I./min.) | (1./min.) (I./min.) | (l./min.)
Non-miners i ‘ i

2 2 168-5 —8-0 4 142-8 +1-0 1 1400 | —18-0 0 — : —
25- 2 154-8 —1-5 6 1326 —10-5 9 | 13000 ' —12-1 1 1165 ; —30
35- 2 120-8 —1-5 9 930 —-36 2 l 123-0 —450 1 102-0 —240
45- L2 123-5 +50 4 94-8 —13-0 | 5 94-3 —186 2 89-0 —11-0
55- 1 111-0 —10-0 20 89-2 —9:5 | 8 85-3 —140 | 11 92-7 —14
65-69 0 — — 2 683 —-45 | 1 i 50-0 —120 3 832 —-17-0

Miners and ex-miners ] !

2534 0 3 140-9 —43 10 1153 —11-8 18 | 1174 —87 9 125-5 l +2:3
3 10 108-1 —80 17 125-6 —92 114 | 1195 —72 5 986 : —180
5564 O 1 118-0 —60 18 64-3 —-102 ' 7 ‘ 529 —149 7 701 | =27
3 1 3 88-5 —57 19 751 —104 . 7 766 -70 6 750 l —43

to believe that there are genetic differences between
smokers and non-smokers (Fisher, 1957) and that
these are shown by differences in physique, tempera-
ment, and physiological attributes (Heath, 1958;
Lilienfeld, 1959; Thomas, 1960; Eysenck, Tarrant,
Woolf, and England, 1960). Ventilatory capacity
might well be one such genetically determined
characteristic. It is difficult to disprove the hypo-
thesis that any differences observed are constitu-
tional in origin. But if it can be shown that there is
a downward trend in ventilatory capacity with
increasing amount smoked and, furthermore, if
this is reversed when the practice is discontinued,
then the hypothesis, though still possible, becomes
less probable.

Smoking habits were recorded as in our previous
surveys and men were classified as non-smokers,
current light smokers (1 to 14 g. per day), current
heavy smokers (15 g. tobacco per day and over), and
ex-smokers. As in the case of respiratory symptoms,
smoking habits at the time of the follow-up have
been used. The means and changes in I.M.B.C. in
each of the groups is shown in Table 8. The numbers
are unfortunately small, particularly of non-smokers.
In the non-miners the I.M.B.C. fell more over the
five years in the smokers than in the non-smokers or
ex-smokers, and within the smoking group there was
an increasing fall with increasing tobacco consump-
tion. When we consider the miners and ex-miners
the pattern is less clear. In three of the four groups
the I.LM.B.C. of the smokers fell more than that of
the non- or ex-smokers; but the fall was usually
greater in the light than in the heavy smoking group.
1t is difficult to understand why there should be this
difference between the two occupational groups,
and why, if smoking is deleterious to the ventilatory

capacity, there should be no apparent relationship
between the reduction in I.M.B.C. and the amount
smoked. There were some differences between
miners and non-miners in the average amounts
smoked by the heavy smokers. Thus in the 55 to 64
age group, while the mean of those smoking 1 to 14
g. tobacco per day was 7-5 g. per day for the non-
miners and 8-2 and 7-6 g. per day for the two mining
groups, the corresponding means for those smoking
15 g. tobacco per day and over were 26-1 g. per day
for the non-miners and 18-8 and 16-4 g. per day for
the two mining groups. Although the miners who
smoked heavily smoked less than the corresponding
non-miners, they none the less smoked more than
twice as much as the lighter smoking miners, and
the difference in quantity smoked cannot explain the
different apparent effects of smoking between the
two occupational groups. In the young miners with
category 3 pneumoconiosis the decline in I.M.B.C.
in non-smokers was the same as in the smokers, but
a much larger fall was noted in the ex-smokers.
This, of course, has the effect of selecting out of the
smokers those with lower I.M.B.C. values and
thereby reducing any differences between them and
the non-smokers. In this group we cannot exclude
the possibility that compensation issues may have
affected the results. It was shown previously
(Gilson, 1958) that the relationship between mean
I.M.B.C. and grade of breathlessness was poor in
the men with category 3 simple pneumoconiosis, and
it was suggested that this might in part be explained
by the fact that many of these men were receiving
compensation for pneumoconiosis. It seems pos-
sible that any interest in smoking habits might be
interpreted by the miner as an attempt to attribute
disability to smoking rather than to his occupation
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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 L 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 59 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 4+ 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 §

73

MOKING 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. (I./min.) 129-4 6-85 104-3 3-07 106-1 399 109-8 5-17
Annual fall (1./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 90-4 417 872 4-50 97-8 5-43
without pneumo- Annual fall (1./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.) 92:6 575 100-1 337 98-4 4-48 87-6 650
with simple pneumo- Annual fall (1./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 LM.B.C. in Relation to Respiratory
Symptoms.—We have observed previously on
a number of occasions that people who have

MEAN ANNUAL FALL IN ILM.B.C.

LJmin. 1./min.
«
O 1 O 9 14
MEAN (M.B.C. FROM AGE TREND FROM OBSEERVED 1
I.{min.
130 1 0-5 4
120 4 1-0 4
1O 4 1-5 4
100 1 2:0 4
90 1 25 4
80 -L 3-0 1
Non-  I-i4 15+  Ex- T Non-  1hi4 5+  Ex- " Non- s 15 Ex-
Smokers | g. toboccoldayl Smokers Smokers | g. tobaccoldoy| Smokers Smokers | g. tobacco ldoyl Smokers
Smokers Smokers Smokers

F1G. 2.—Mean I.LM.B.C. and mean annual fall in . M.B.C. based on 1. age trend; 2. observed change, over five years,
according to occupation, radiological category, and smoking habits (age standardized to 40 to 45 years).
—

B Non-miners.
©)

O Miners and ex-miners Category 0.

@- - - -@ Miners and ex-miners Category 3.
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TABLE 10

CHANGE OF I.LM.B.C. ACCORDING TO NUMBER OF YEARS
SPENT WORKING UNDERGROUND BETWEEN TWO

SURVEYS
X L No. of Mean | Change in
Age | Radiological Years No I.M.B.C. | LM.B.C.
Group | Category Under- * | Over Five | in Five
| ground Years Years
25-34 ! 0 0 5 113-6 —11-6
| 1 2 121-5 +10-0
2 3 1252 —6-3
3 1 108-5 —250
' 4 2 97-3 —4-5
1 5 20 123-0 —81
3 0 1 127-0 + 40
. 1 2 101-3 —15-5
| 2 0 — —
! 3 1 79-0 —64-0
4 1 133-0 —4-0
5 23 119-8 —82
55-64 V] 0 7 94-0 —4-0
1 1 31-0 —10-0
2 0 — —
3 2 50-0 —230
4 1 24-0 —10-0
5 8 68-8 —58
3 0 5 78-1 —78
1 0 — —
' 2 1 75-0 —16-0
3 1 94-5 —70
: 4 1 865 —13-0
i 5 10 749 —10-6

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

INDUSTRIAL MEDICINE

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 11 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 11
MEAN LEVEL AND CHANGE IN LM.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 Mean | Change in
Category I.M.B.C. | IL.M.B.C. I.M.B.C. | IL.LM.B.C. I.M.B.C. l I.M.B.C. I.LM.B.C. | LM.B.C.
No. | Over Five; in Five | No. | Over Five ! in Five | No. | Over Five: in Five 0. | Over Five | in Five
Years Years Years Years Years | Years Years Years
Non-miners i I 1
2 5 151-2 04 0 — — 0 — I — [ — : —
25- 8 141-7 —64 6 127-6 — 1 1es  -30 1 1455 . —13:0
35- 9 110-4 —87 0 — — 0 — | — 0 — —
45- 4 102-7 —0-8 3 760 —16-7 1 960 | -—10-0 2 99-8 —13-5
55- 16 96-3 —-73 3 101-0 33 0 — — 7 864 --11-0
65-69 3 735 —37 0 — — 1 102-5 1 —35-0 1 50-0 -12-0
; 1
Miners and ex-miners i |
- 0 13 1220 | —52 5 1189 —13-0 0 — — 7 1149 | =20
3 11 1164 @ —90 8 118-7 —-73 0 — — 5 1188 | +16
55-64 0 7 91-7 +27 2 770 —8-0 [ — | — 4 890 —2:0
3 5 90- —52 3 1117 —21-3 0 | — | — 2 828 | —155
Cough and/or Sputum Cough and/or Sputum Chest Illness and Cough and/or Sputum
and Wheeze and Chest Illness Wheeze Chest Illness and Wheeze
Age, Occupation,
and Radiological Mean Change in Mean Change in Mean Change in Mean Change in
Category LM.B.C. | .LM.B.C. I.M.B.C. | LM.B.C. I.M.B.C. | 1.LM.B.C. I.LM.B.C. | .LM.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 — — 0 — — 2 — —85
45- 1 104-0 —38-0 2 118-8 —145 0 — — 0 — —
55- 7 869 —15-0 1 645 —11-0 4 89-1 +4-5 2 — —13-0
65-69 0 — - 1 630 —14-0 0 — — 0 — —
Miners and ex-miners
-, 0 9 121-0 —-73 1 108-5 —25-0 1 129-5 +1-0 4 1266 -75
3 10 1219 —9-1 1 134-5 —15-0 4 110-2 —12:3 6 109-9 —18-8
55-64 0 7 509 —14-4 0 — — 2 51-8 —15-5 11 477 —16-1
3 9 83-3 —66 0 — — 0 — | — 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 kind 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
bedevilled 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 support 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.

REFERENCES
Blackburn, H., Bré)iek J., and Taylor, H. L. (1959). Ann. intern.
Med.,
Carpenter, R. G and Cochrane, A. L. (1956). Brit. J. industr. Med.,
13,

_ G|lson, J. C., and Higgins, I. T. T. (1956). ibid., 13, 166.



76 BRITISH JOURNAL OF INDUSTRIAL MEDICINE

Cochrane, A, L., Cox, J. G., and Jarman, T. F. (1952). Brit. med. Heath, C. W. (1958). A.M.A. Arch. intern. Med., 101, 377.
J., 2, 843. Higgins, I. T. T. (1959). Brit. med. J., 1, 325.

——, Higgins, I. T. T., and Thomas, J. (1961). Brit. J. prev. soc. ———, and Cochrane, A. L. (1961). Brit, J mdustr Med., 18, 93.
Med., 15, ——, ——, Gilson, J. C., and Wood, C. H. (1959). xbxd 16,
Eysenck, H. J., Tarrant, M., Woolf, M., and England, L. (1960). 255.
Brit. med. J. , 1, 1456. ——, Oldham, P. D., Cochrane, A. L., and Gilson, J. C. (1956).
Fisher, R. A. (1957). ibid., 2, 297. Brit. med. J., 2 904.
Fletcher, C. M., lm&s, P C Fairbairn, A. S., and Wood, C. H. ——, Memck AT ., and Dunsdon, M. I. (1956). Brit. J.
1959). lbld 2, 257. rev soc. Med 10, 32.

Flick, A. L., and Paton, R. R. (1959). A.M.A. Arch. intern. Med., Llllenfeld A. M. (1959) J. nat. Cancer Inst., 22, 259.
8. McKerrow,C B., McDermott, M., and Gllson,J C. (l960) Lancet,
Franklm,w (1958). J. clin. Invest., 37, 895

1, 149.
Gilson, J. C. (1958). Lect. Sci. Basis nf Med. (1956-1957), 6, S8. Thomas, C. B. (1960). Ann. intern. Med., 53, 697.

THE OCTOBER (1961) ISSUE

The October (1961) issue contains the following papers:—
Rehabilitation: Concept and Practice. By J. A. L. Vaughan Jones
Air Pollution in Road Tunnels. By R. E. Waller, B. T. Commins, and P. J. Lawther
A Clinical Study of Electrical Accidents. By W. R. Lee
Rheumatism in Cotton Operatives. By J. S. Lawrence

Further Studies on the Toxicity of Some Tetra and Trialkyl Lead Compounds. By Jill E. Cremer and S.
Callaway

A Rapid Method for the Micro-estimation of Lead in Urine. By J. M. Dick, R. W. Ellis, and J. Steel
The Disuiﬁuﬁon and Excretion of Inhaled Mercury Vapour. By J. C. Gage

The Toxicity of Precipitated Silica. By P. D. Byers and J. C. Gage

Poisoning by Ethyl Mercury Toluene Sulphonanilide. By M. A. Jalili and A. H. Abbasi

Miscellanea:
The North of England Industrial Health Advisory Service. By R. C. Browne and D. Grieves
General Assembly of the Permanent Commission and International Association on Industrial Health
Two New Medical Centres

Obituary
Book Reviews
Index to Volume 18

A number of copies are still available and may be obtained from the Publishing Manager, British
Medical Association, Tavistock Square, W.C.1, price 17s. 6d.



