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ABSTRACT A more detailed analysis of material from the 20-year follow-up of men in the Rhondda
Fach confirms the similarity between the Standardised Mortality Ratios (SMRs) of miners and ex-
miners with radiological categories 0, 1, 2, 3 and A (120.3, 116-5, 119-0, 115-7, and 120-1 respectively)
as well as the difference between these SMRs and that of the non-miners (98.7). The specific death
rates show a raised SMR for bronchitis and other respiratory diseases excluding pneumoconiosis
for all categories including category 0, but little difference between those for category 0 and those for
simple pneumoconiosis. The SMRs for ischaemic heart disease and other circulatory diseases for
categories A, B and C combined are lower than those for simple pneumoconiosis and category 0
(84-2 and 85-0, compared with 109*8 and 121-8 for simple pneumoconiosis, and 117-5 and 114-6
for category 0). Fortunately the SMR for leukaemia is low. A comparison between the survival
rates of men aged 55-64 in Leigh, Lancashire and those in the Rhondda Fach suggests that non-
miners in the two areas have similar survival rates while the survival rates for category 0 and simple
pneumoconiosis are lower in the Rhondda Fach.

In 1973 one of us (ALC) published the preliminary
results of a 20-year follow-up of the men living in
the Rhondda Fach who had been examined in
1950-51 (Cochrane et al., 1952). The interval has
been used to re-check our data and continue the
analysis. This paper, in addition to presenting the
previous results slightly altered by the checking,
adds mortality rates by specific cause of death, a
separate analysis of the fate of miners in 1950-51
compared with ex-miners in the Rhondda Fach in
1950-51, and a comparison with the results of the
Leigh survey (Cochrane and Moore, 1978).

Materials and methods

The population has previously been described on
several occasions (Cochrane et al., 1952; Cochrane
et al., 1964; Cochrane, 1973). It consists essentially
of a mining community, the Rhondda Fach, first
examined in 1950-51 and followed up for 20 years.
The population used here differs from that used by
Cochrane et al. in 1964 by the addition to the
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radiographed population of 32 miners and ex-
miners, for whom further evidence of their radio-
logical categories became available. The population
also differs in many trivial ways from that de-
scribed by Cochrane in 1973 because of the checks
carried out and modifications introduced. These
included: (a) an intensive search for duplicates;
(b) a comparison of dates of birth on death certifi-
cates and on the cards at the time of the survey;
(c) a check on all the data transcribed from the
Registrar General's Annual Reviews for the pur-
pose of calculating expected deaths. In addition, a
detailed comparison of the dates on the individual
radiographs and the dates of death led to the ex-
clusion of a few deaths as they had occurred shortly
after the 20-year interval. We also checked the
methods of making the specific causes of death
comparable in spite of the changes in the Inter-
national Classification of Diseases (ICD) categories.
We decided that it was unrealistic to continue to
omit deaths caused by colliery accidents in a
20-year follow-up as we had done previously.
The use of Carpenter's technique would involve
assuming the men were still alive. There were
other reasons for doing this: it was difficult to
identify colliery accidents from the ICD classification;
even when this was done as accurately as possible,
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the difference made by their omission or addition
to survival rates and SMRs was slight. (Of course,
we are not suggesting that they are unimportant as a
preventable cause of death.) This means that the
SMRs in this paper are not directly comparable
with those published by Cochrane et al. (1964).
The expected numbers of deaths used in the

determination of SMRs were calculated from the
Registrar General's annual Statistical Reviews of
England and Wales. As the present study is pro-
tracted the changing age structure of the population
must be taken into account in the calculation of
expected numbers of deaths: after a year, a man

initially aged 20 will be subject to the death rate
affecting a 21-year-old. The Registrar General gives
death rates for five-year age groups only, and thus it
is necessary to estimate the rates affecting inter-
mediate ages. A weighted average of corresponding
five-year age group values is used; details may be
found in Carpenter et al. (1956) and Cochrane et al.
(1964).

Results

SURVIVAL RATES
Tables 1-4 are the corrected versions of those

Table 1 The populations of Rhondda Fach men available for analysis, related to the defined populations in 1950-51
by age and occupation

Age group (yr) Non-miners Miners and ex-miners

Defined No. not traced No. availabk Defined Radiographic No. not traced No. available
population for analysis population status not for analysis
1950-51 1950-51 available

20-24 492 0 492 325 1 0 324
25-34 738 1 737 1147 4 2 1141
35-44 447 1 446 1346 6 0 1340
45-54 223 1 222 1337 6 0 1331
55-64 148 1 147 1168 25 0 1143
65-74 62 0 62 766 54 2 710
75 + 32 0 32 295 72 0 223

Total 2142 4 2138 6384 168 4 6212

Table 2 Miners and ex-miners by age group and radiological status in 1950-51

Age group (yr) Radiological category Total

0 1 2 3 A BC

20-24 278 25 17 1 2 1 324
25-34 720 147 119 82 47 26 1141
35-44 668 157 174 120 89 132 1340
45-54 696 187 128 70 98 152 1331
55-64 563 165 105 46 78 186 1143
65-74 328 99 70 25 59 129 710
75+ 123 29 13 4 13 41 223

Total 3376 809 626 348 386 667 6212

Table 3 Numbers of deaths of all men in 20 years, by age, occupation and radiological category

Age group (yr) Non-miners Miners and ex-miners

Radiological category

0 1 2 3 A BC

20-24 14 13 0 0 0 0 0
25-34 48 40 7 7 9 2 5
35-44 78 123 38 41 26 22 69
45-54 78 340 88 57 24 45 108
55-64 98 435 122 80 30 66 163
65-74 55 304 91 65 25 54 122
(*) (50) (263) (81) (59) (22) (45) (113)
75+ 32 122 29 13 4 13 41
(**) (27) (101) (27) (1 1) (4) (10) (38)

(*)Number of deaths in 15 yr
(**)Number of deaths in 10 yr
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Table 4 Percentage of the male population by age and radiological status in 1950-51 surviving 20 years

Age group (yr) Non-miners Miners and ex-miners

Radiological category

0 1 2 3 A BC

20-24 97-2 95-3 (100-0) (100 0) (100-0) (100-0) (100-0)
25-34 93 5 944 95-2 94 1 89-0 97-6 80-8
35-44 82-5 81-6 75-8 759 78-3 753 47-8
45-54 64 9 51-1 52-9 55-5 65-7 54-1 28-9
55-64 33-3 22-7 26-1 23-8 34-8 154 12-4
65-74* 19-4 19-8 18-2 15-7 12-0 23-7 12-4
75+** 15 6 17 9 6-9 (15-4) (0 0) (23-1) 7-3

*Percentage surviving 15 yr*Percentage surviving 10 yr
Numbers in parentheses indicate less than 25 subjects at risk

already published. In comparison with the publi-
cation in 1973 (Cochrane) we have added the 20-24
age group. The defined population in 1950-51 of
non-miners aged 25 or over has been reduced by
one and that of the miners and ex-miners by three.
The number of the latter untraced in 1970 fell by
one. The number of miners and ex-miners about
whom there was no evidence regarding the category
of pneumoconiosis also fell by one. We consider
that the general coverage is satisfactory (Table 1),
although there were relatively too many miners and
ex-miners in the higher age groups whose radio-
graphic status was unknown. A few maverick
points must be expected in a population broken
down into 49 cells (Table 4). Here the most obvious
one, although there are others, is the very low
survival rate for category A in age group 55-64,
followed by a high value in the 65-74 age group.
Another oddity is the relatively low survival rate
of those aged 35-44 with simple pneumoconiosis.
This can hardly mean that the younger the man
in whom pneumoconiosis appears, the worse the
prognosis, because the survival rates in the age
group 25-34 are much better. The 35-44 age group
is possibly a heavy smoking cohort induced by the
war (Campbell, personal communication, 1969).
A more conventional approach to survival is
illustrated in Table 5, which gives the SMRs for the
age range 25-74*. The similarity of the SMRs for
categories 0, 1, 2, 3 and A is striking, as is their
difference from that of the non-miners, and from
categories B and C. The higher SMR for category
A published in Cochrane (1976), was for men aged
25-64. We consider that this age range gives too
much weight to the maverick point.

SPECIFIC MORTALITY
Table 6 shows the SMRs for the age group 25-74
*SMRs are also available from the MRC Epidemiology Unit
for the age range 20-64, together with all subsequent SMRs.

Table 5 Standardised mortality ratios for males by
occupation and radiological status in 1950-51 for the
age group 25-74

Group SMR 25-74

Observed deaths SMR SE

Non-miners 357 98-7 52
Miners and ex-miners

Category 0 1242 120-3 3-4
Category 1 346 116-5 6-3
Category 2 251 119-0 7 5
Category 3 114 115-7 10-8
Category A 189 120-1 8-7
Category BC 467 195.1 9 0

for the main specific disease categories. The main
points are as follows. First, miners and ex-miners
have higher SMRs for respiratory disease compared
with non-miners, without any evidence of increasing
SMR with increasing category of simple pneumo-
coniosis. Second, for carcinoma of the lung the
SMRs are equally low for non-miners and for
miners and ex-miners. Third, the results for carci-
noma of the stomach can be described only as
bizarre, while 'accidents' show the expected raised
SMR among miners and ex-miners. The higher
value for those with simple pneumoconiosis pre-
sumably reflects the higher percentage of men on
the coal face. Table 7 gives the age-specific case
fatality rates for deaths attributable to pneumo-
coniosis as this type of death certification is not
suitable for analysis by SMRs. It shows the expected
increase of case fatality rate with category. We also
examined the SMRs for the remainder of the speci-
fic disease categories to ensure that nothing im-
portant had been overlooked.

COMPARISON BETWEEN MINERS AND EX-
MINERS
Table 8 shows the SMRs for all causes of deaths
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Table 6 Standardised mortality ratios for specific causes of death by occupation and radiological status for age group 25-74

Group Bronchitis Other* respiratory disease tschaemic heart disease Other circulatory disease

Observed SMR Observed SMR Observed SMR Observed SMR
deaths deaths deaths deaths

Non-miners 21 80-2 15 62-2 114 111-3 73 104-3
Cat. 0 169 209-2 90 121-6 345 117-5 251 114-6
Cat. 1, 2, 3 102 214-3 51 119-2 190 109-8 156 121-8
Cat. A, B, C 59 188-5 40 135-6 95 84-2 75 85 0

*Excluding pneumoconiosis

of those who were working miners in 1950-51
with those who were ex-miners, by radiographic
category. The differences are considerable in
categories 2 and 3, the SMRs being lower for the
working miners.

COMPARISON WITH MEN IN LEIGH,
LANCASHIRE
Table 9 shows the remarkable similarities and
dissimilarities between the two areas. On the one
hand, the survival rates of the non-miners in the two
areas are reasonably similar, and in both areas
the rates for category 0 and categories 1, 2 and 3 are
similar. On the other hand, the rates for categories
0, 1, 2 and 3 are similar to those for the non-miners
in Leigh but different in the Rhondda Fach, and the
survival rates for the same categories in the Rhondda
are much lower than those in Leigh. The rates for
categories A, B and C are not comparable in the two
areas because of the absence of C shadows in Leigh
and because of the small numbers. Unfortunately
this comparison can be made only for this one age
group (55-64).

Discussion

CRITICISMS
Campbell et al. (1973) argued in the first place that
the results might have been different if the ILO
International Classification of Radiographs of the
Pneumoconioses (International Labour Office, 1970)
had been used rather than the ILO classification of
1959. This we agree is true. We have given Campbell
all the Leigh radiographs, in the hope of clarifying
this point. At the same time, we are not convinced
that the 'irregular marking' category is of value
in classifying coal miners' radiographs. The only
attempt to evaluate this on unselected populations
of living miners was by Waters et al. (1974) using
the old 'punctiform' classification. They failed to
demonstrate any relationship with expectation of
life. There were, it is agreed, only 19 men with
punctiform shadows, but they were part of a random

sample of a population. We are, of course, aware
that others find the new classification of value
(Lyons et al., 1974). Ryder et al. (1970) considered
that the punctiform classification was a good
indicator of irregular markings. We do not agree
that the problem could be solved by examining
the lungs of those Rhondda miners who died, as
we would be unable to compare the findings with
data from those who had not died. Their remarks
about disability will be discussed in a later paper;
this one is restricted to mortality.
The main point stressed by Curry (1973) was the

argument that miners with progressive massive
fibrosis (PMF) left mining, sacrificing their wealth
to save their health and prolong their lives. He is
probably correct in thinking that those who leave
mining are, on average, more disabled than those
who remain in that occupation, but incorrect in
thinking that leaving mining will reduce the rate
of progression of A shadows. All the evidence
suggests that the rate of progression of A shadows
is independent of leaving mining (Davies et al.,
1949; Cochrane and Carpenter, 1956; Cochrane
et al., 1961b). Apart from this, he concentrates his
attack on the maverick values for A shadows in the
age group 55-64. This is of some interest as, on the
basis of the literature, we would have expected a
lower survival rate in the younger As, because the
evidence suggests that A shadows increase in area in
this group and thus progress to category B and C
faster than they do in older men (Cochrane et al.,
1961b). We were, therefore, surprised by this high
survival value in the younger men and the low
value in the 55-64 age group. If one assumes an
expected SMR of 120 (Table 5) one finds that there
are 12 excess deaths in the 55-64 age group. In
the 65-74 age group there appear to be 17 too few.
In the 45-54 age group there are three excess deaths.
We have also tried to find out the specific cause of the
excess deaths by comparing expected and observed
aeaths for each cause in the 55-64 age group for
category A, with the two neighbouring age groups
for category A, and the 55-64 age group for cate-
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Carcinoma of lung Carcinoma of stomach Other malignant disease Accidents and other violence

Observed SMR Observed SMR Observed SMR Observed SMR
deaths deaths deaths deaths
r

21 65-6 13 113-0 31 80-9 12 67-4
57 69-5 52 159-5 81 76-4 45 124-7
33 67-6 21 108-2 38 61-0 35 167-5
23 80-1 23 184-0 29 72-3 7 59-3

Table 7 Age-specific death rates in 20 years for miners and ex-miners by original radiological status

Radiological Age group
category

25-44 45-64 65-74

No. Deaths % No. Deaths % No. Deaths %

0 1388 2 0.1 1259 5 0 4 328 5 1 5
1 304 2 0(7 352 1 03 99 1 1.0
2 293 7 2-4 233 6 2-6 70 2 2-9
3 202 1 05 116 8 6-9 25 1 40
A 136 3 2-2 176 23 13-1 59 7 11.9
BC 158 49 31-0 338 138 40 8 129 54 41-9

Table 8 Standardised mortality ratios for men aged 25-74 by occupation and radiological status

Radiological Miners Ex-miners
category

Observed deaths Expected deaths SMR Observed deaths Expected deaths SMR

0 500 426-0 117-3 742 606-3 122-4
1 146 120-6 121-1 200 176 5 113-4
2 84 770 1090 167 1340 1246
3 44 41-1 107-1 70 57-4 121-9
A 50 43-4 115 2 139 113 9 122-0
BC 66 314 2102 401 208-0 192-8

Non-miners 357 361 8 98-7

Table 9 Twenty-year survival rates for men aged 55-64 in two mining communities

Subject group Leigh Rhondda Fach

Total sample 'Purified' sample*

No. % No. % No. %
surviving suirviving surviving

Non-miners 84 34 5 49 32-7 148 33.3
Miners and ex-miners

Radiological category 0 101 29-7 64 32-8 563 22-7
Radiological categories 1, 2, 3 21 33-3 17 29-4 316 26-6
Radiological categories A, B, C 10 20-0 4 25-0 264 12-9

*Containing only those who were not exposed to any other industrial respiratory hazards

gory 3. Both approaches are unsatisfactory but they
suggested that the main cause of the excess deaths
was carcinoma of the stomach! We then considered
the hypothesis that the radiograph readers in 1950-51

(of whom ALC was one) had misread a metastasis
in the lung from a cancer of the stomach as an A

shadow, but there were no deaths from cancer of
the stomach in this age-radiographic category
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group within three years of the 1950-51 survey.
We feel that this, from the point of view of the
epidemiology of pneumoconiosis, might well be
forgotten, unless there is a link between the aetiology
of cancer of the stomach and PMF.

Davies, in 1973, suggested that there might be an
inverse relationship between category and the
prevalence of bronchitis. There is no epidemiological
evidence of this, but Davies demanded careful post-
mortem evidence. The underlying idea that ex-
cessive mucus production protects against simple
pneumoconiosis has surely been rendered im-
probable by Jacobsen et al. (1977) and Muir et al.
(1977) since then.
A Lancet Editorial (1974), in addition to support-

ing Curry, states that 'Cochrane's claim that
category A does not shorten life conflicts with a
great deal of clinical experience'. No reference
was given to the clinicians concerned. Whatever
the final explanation may be it is, surely, incorrect
to treat unreferenced clinical opinion as the equal,
apparently, of epidemiological data. Is this the
last cry of a clinical Canute trying to stem the
advancing waves of quantitative medicine? We are
sorry that it app_ared in the Lancet.

CURRENT FINDINGS
Our detailed check has failed to upset our pre-
liminary finding that miners and ex-miners with
simple pneumoconiosis survive as well as those with
category 0. This is not surprising as it is confirmed
by other surveys (Higgins et al., 1968; Ortmeyer
et al., 1974; Cochrane and Moore, 1978) and we
know of no evidence to the contrary. It seems very
unlikely that a combination of a lower survival
rate of simple pneumoconiosis could be concealed by
an odd combination of selection into and within
coal-mining and selective migration of ex-miners
out of the defined areas before the cross-sectional
surveys in four such different regions (Rhondda
Fach, Leigh, Staveley, and the Appalachians,
USA).
Our preliminary suggestion that the survival rate

of those with category A was similar to that of
category 0 is fully confirmed by the SMR for those
aged 25-74. It is also identical with our previous
conclusion (Cochrane et al., 1961a). We still find
this surprising, as some men with A shadows are
known to progress fairly rapidly to death. The
simplest explanation would be a compensating
low mortality for some other disease. The low
SMRs for A shadows for ischaemic heart disease
(86 7) and for other circulatory diseases (100-9),
compared with those for simple pneumoconiosis
(109-8) and (1218) suggest that this may account
for part of the difference. Possibly the clinical

Canute was failing to distinguish between specific
mortality and mortality from all causes!
As regards specific mortality, our findings about

cancer of the lung do not give any support to the
idea of coal dust exposure having the protective
effect that others have suggested (Goldman, 1965).
We have also analysed this finding by individual
radiological category without altering our opinion.
The SMRs for cancer of the stomach are admit-
tedly bizarre, but they give no support to the
suggestion (Matolo et al., 1972) that exposure to
dust is an aetiological factor. The difference between
the SMRs of non-miners and men in category 0
is large, but there is little or no suggestion of death
rates being related to category of pneumoconiosis
(Table 6) except, of course, when one is dealing with
pneumoconiosis as a specific cause of death. We
have also examined the SMR for leukaemia. One
of us (ALC) was, in the fifties, innocently responsible
for the increased radiation to which this population
was exposed. We are happy to report that, in the
age range 25-74, 8-7 deaths from leukaemia were
expected, but only five were observed.
The differences between the SMRs for those who

were miners in 1950-51 and those who were ex-miners
are of interest. Unfortunately, we do not know why
miners leave mining. In our population, some left
because they were certified as having pneumoconio-
sis before 1948; some probably left because they
didn't like the life; others left because they were
disabled: it is probably the latter group that causes
the difference in SMR between those who were
miners and ex-miners in 1950-51. Although the
differences are somewhat smaller than we expected,
they do suggest that a definite bias is introduced by
using follow-up studies of working miners com-
pared with those of communities containing both
miners and ex-miners.
The real unsolved mystery about the Rhondda

Fach is apparent in Table 9. The survival rates for
the non-miners are similar in the two areas but
those for miners and ex-miners, when standardised
for category, show remarkable differences. It is
clearly of the greatest importance to establish
which of these represents the norm and which the
exception. Additional information about this will
be available when (and if) we complete the 20-year
follow-up at Staveley. We believe, on the basis of the
nine-year follow-up (Higgins et al., 1968) that it
will be similar to that of Leigh, and we are therefore
concentrating on hypotheses which might explain
the aberrant position of the Rhondda Fach.
The only hypothesis put forward so far to explain
this (Cochrane and Higgins, 1961) is that the high
migration rates out of the Rhondda in the 1920s
and 1930s may have led to a residual population
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with lower average forced expiratory volumes and
higher mortality rates than in other areas. We hope
to investigate this further.
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Appendix
Groupings of causes of death from Registrar General usedfor SMRs

Cause Required categories

Before 1968 1968 onwards
(6th and 7th Revisions) (8th Revision)

(a) Total mortality
(b) Lung cancer 162, 163 162
(c) Stomach cancer 151 151
(d) Leukaemia 204 204-207

(140-205) (140-209)
(e) Other malignant neoplasms -151 -151

-(162, 163) -162
l - 204 - (204-207)

(f) Chronic bronchitis 501,502 490,491
(g) Pneumoconiosis 523, 001 515, 010

I (470-527) r (460-519)
ih) Other respiratory diseases -523 -515

- (501, 502) - (490, 491)
4i) Ischaemic heart disease 420, 422 (410-414)

(330-334) r (390-458)
(j) Other circulatory diseases (401-468) -(410-414)

-(420, 422)
<k) Accidents, poisoning, violence (to remove unnatural deaths from total mortality) (800-999) (800-999)

All causes All causes
less (001) less (010)

(140-205) (140-209)
(1) Remainder (241) (390-458)

(330-334) (460-519)
(401-468) (800-999)
(470-527)

(800-999)

We are aware of the small defects in the use of the rubrics as given above but found this technique more acceptable than
-applying the proportions given in the Registrar General's Statistical Review for 1967, Table C.96.
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