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Dust exposure, pneumoconiosis, and mortality
of coalminers
B G MILLER AND M JACOBSEN

From the Institute of Occupational Medicine, Edinburgh EH8 9SU, UK

ABSTRACT General mortality in approximately 25 000 British coalminers over 22 year periods ending
in 1980 was 13% lower on average than in English and Welsh men in the same regions of Britain.
There were significant within region variations between collieries, and standardised mortality ratios
increased during the later years of the follow up, approaching or slightly exceeding 100 in most of
the 20 coalmines studied. Age specific comparisons of 22 year survival rates were made in subgroups.
Relative risks of death from all non-violent causes for men with the earliest stage of progressive
massive fibrosis (PMF category A), compared with risks in miners with no pneumoconiosis (cate-
gory 0), ranged from 1 2 in those aged 55-64 initially to 3-5 for those aged 25-34. Mortality in
miners with higher categories of PMF (B or C) was even more severe. Survival rates in men with
category 1 simple pneumoconiosis were about 2% to 3% lower than in miners with radiographs
classified as category 0, but there was no consistent evidence of an increase in mortality with
increasing category of simple pneumoconiosis. Mortality from all non-violent causes increased
systematically with increases in estimates of exposure to dust before the start of the follow up. That
gradient was attributable primarily to deaths certified as due to pneumoconiosis and those recorded
as due to bronchitis and emphysema (p < 0 001). There was some evidence of a dust related increase
in deaths from cancers of the digestive system (p ; 0 05), but none of an association between
exposure to coalmine dust and lung cancer. Lung cancer mortality, assessed over 17 year periods,
was about 5-5 times higher in smokers than in life long non-smokers. Smokers with no pneu-

moconiosis had slightly higher lung cancer death rates than smokers with pneumoconiosis. We
conclude that miners exposed to excessive amounts of respirable coalmine dust are at increased risk
of premature death, either from progressive massive fibrosis or from chronic bronchitis or
emphysema.

Does the inhalation of coalmine dust increase the risk
of premature death in miners? The question was
debated in medical publications a century ago and
controversies have continued ever since. The early
arguments were based mainly on clinical impressions
and inadequate mortality statistics. Some observers
were convinced that working conditions in coalmines
were not unhealthy,1 that the miners had good health
and low death rates,2 and even that coal dust might be
a "preserving element," a "special protective feature
in coalmining operations," distinguishing that indus-
try from what were seen as more dangerous metal ore
mining operations.3 Other authorities were less san-
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guine. Ogle thought that "all things considered, the
protective influence of coal dust must be left an open
question,"4 and Arlidge doubted that inhalation of
coalmine dust could enhance health, reduce disease,
and lower death rates.5 He agreed that coalminers
appeared to have remarkably low general mortality
but drew attention to wide regional variations in the
data and the high death rates from respiratory dis-
eases. More statistics would be required, he thought,
to justify the claim that coalminers had a relatively
low mortality.
Those statistics became available in subsequent

reports on occupational mortality from the Registrar
General. A review in 1948 drew attention to data in
four of those decennial reports, those for 1901 to 1931.
They showed that in coalminers aged over 55 the risk
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of death from respiratory diseases other than tuber-
culosis had been consistently higher than similar risks
for all occupied and retired men.6 Nevertheless,
Fletcher was able to cite, in turn, an author of a text
book on occupational diseases, two Milroy lecturers,
and one eminent scientist to exemplify what he char-
acterised as "ill-informed complacency" among med-
ical men during the first three decades of the twentieth
century about risks to health arising from exposure to
coalmine dust.6
The Medical Research Council's (MRC) cross sec-

tional health surveys of coalmining communities in
the 1950s provided the basis for later mortality stud-
ies. A six year follow up of 97% of all male residents
in one Welsh mining valley was reported in 1964.7 The
results indicated an approximately 40% excess mor-
tality among the miners and ex-miners as compared
with other men in England and Wales and a much
higher risk of death (standardised mortality ratio,
SMR = 171) for those with large radiographic shad-
ows indicating massive fibrosis of the lung
(progressive massive fibrosis, PMF). But there was
little difference in mortality between miners with only
small rounded shadows on their radiographs
(coalworkers' simple pneumoconiosis) and their con-
temporaries with no radiological abnormality. A 20
year follow up of the same group broadly confirmed
these findings8 and showed in addition that men with
only the earliest signs ofPMF (category A shadows on
the International Labour Office's scale) also had a
similar life expectation, at least over 20 years, as min-
ers with no pneumoconiosis at all (category 0 on the
scale). A later paper9 elaborated the analyses and
responded to critical comments that had been stimu-
lated by the preliminary report.8 The absence of a
clear cut difference in mortality between miners with
simple pneumoconiosis and those with category 0 was
supported by two smaller MRC studies ofminers aged
55-64 in Lancashire and Derbyshire,101' by two
reports from the United States,1213 and by a 14 to 18
year follow up of more than 17 000 British coalminers
who had worked in 24 collieries selected from all the
major coalfields in England, Wales, and Scotland.14
We report now on an extension of the latter study

to a larger group of men and over a longer follow up
period. The data are from the National Coal Board's
Pneumoconiosis Field Research (PFR).15 An
important feature of this material is that the radio-
logical assessments of pneumoconiosis among the
miners are supplemented by independent estimates of
the men's prior exposures to respirable coalmine dust.
This provides a unique opportunity for a direct
approach to the question prefacing this paper.
Specifically, does exposure to respirable coalmine dust
increase mortality risks? And if so to what diseases are
the excess deaths attributed?

Miller and Jacobsen

Material and methods

STUDY POPULATION
The group being studied numbers 26 363 miners from
20 collieries in England and Wales who attended a
series of medical surveys between 1953 and 1958.*
This constitutes more than 90% of the miners who
were working at those collieries at that time. Their
geographical distribution has been documented pre-
viously together with details of the wide range of types
of coal and the mineral compositions of those
coals.'617

RADIOLOGICAL DATA
Full size posterior anterior chest radiographs were
made of all the men. The radiological classifications
used here were made by at least two doctors working
independently within a short period (not more than
one year) soon after the surveys. They used the four
categories of simple pneumoconiosis defined by the
International Labour Office (1953) classification (0, 1,
2, 3) and categorised large shadows according to their
size (A, B, C).'8 Where there was disagreement
between the readers' classification, the films were re-
examined jointly by the doctors concerned and a
"definitive" classification was agreed.'5

ESTIMATES OF DUST EXPOSURE
The method used to estimate individual miners'
exposures to dust before the start of the study was the
same as that adopted in the previous mortality follow
up,'4 but it differed in some respects from that
described in an earlier report.'9 A detailed
occupational history had been taken at interview from
each man surveyed. The time worked in the coal
industry was classified into six broad categories of
coalmining activity. The products of those times (in
hours) and estimates of concentrations of respirable
dust (g/m3) corresponding to the six categories were
summed. The mean dust concentrations had been esti-
mated from systematic dust sampling close to where
men were working in the collieries concerned during
an approximately 10 year period after the medical
surveys. 17 Such estimates of exposure, from
occupational histories judged as reliable by survey
interviewers, were available for 19 550 (74%) of the
men in the study population. (Occupational histories
ofmen who were surveyed only at the first of the series
of medical examinations in the PFR were abandoned
in the mid-1960s, before the mortality study began.)

*The field research also included four Scottish collieries. The mor-
tality of the 5284 men surveyed at those mines is not described here
because of a known region specific bias in the follow up at the time
that the analyses were undertaken. This fault in the data has since
been repaired, and results will be reported separately.
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Dust exposure, pneumoconiosis, and mortality of coalminers

Table 1 Follow up results at I August 1980
No Percentages

(rounded)
Alive 16247 62
Dead 8489 32
Total traced 24 736 94

Believed dead, but no details 6 < 1
available

Not in UK ("embarked") 250 1
Not identified by OPCS 963 4
Processing of data not 408 2

completed at 1 August 1980
Total not traced 1627 6
Total study population 26 363 100

DETERMINATION OF VITAL STATUS
Efforts to determine death or survival of the men
being studied began in 1970 and they continue.
Details identifying individuals were verified and,
where necessary, corrected by staff at the Records
Branch of the Department of Health and Social Secu-
rity. The corrected identifications were passed to the
Office of Population Censuses and Surveys (OPCS)
for searches in the National Health Service Central
Registers (NHSCR). Records for men found to be
registered in the NHSCR were "flagged" by OPCS
staff, and subsequent and earlier deaths were notified
to the research team by the provision of copies of
death certificates with "underlying cause of death"
coded by OPCS staff according to the 7th and 8th
revisions of the International Classification of Dis-
eases, Injuries and Causes of Death (ICD),20 as

appropriate.

METHODS OF ANALYSIS
Preliminary analyses compared the mortality from all

causes experienced by the study population up to the
end of 1979 with the Registrar General's published
annual mortality statistics for the male home popu-
lation, stratified by age and geographical region. Stan-
dardised mortality ratios (SMRs) were calculated by
the man-years-at-risk method.21

"Life table" methods, widely used in demographic
and actuarial applications,22 were used to estimate
and compare the distributions of survival times for
selected subgroups of the study population. Because
the radiographic surveys took place in different calen-
dar years, the life tables were formed in units of years
of follow up from date of first survey. For analyses of
specific causes ofdeath, deaths from other causes were
treated, when they occurred, as events that prevented
further follow up ("censoring" events). Mortality is
expressed here as the estimated percentage survival at
22 years of follow up; this figure may be interpreted as
reflecting the hypothetical net probability of surviving
that period if the particular cause of death concerned
were the only risk present. Provided that the several
causes of death which are of interest operate by inde-
pendent mechanisms, this method permits com-
parisons to be made for a particular cause across
subgroups, regardless of whether these subgroups
exhibit differences from other causes. The calculations
for the survival estimates and their standard errors
were performed by the computer program

BMDP1L.23
Inferences from the data appeal to a "proportional

hazards model." This postulates that the ratio of any
risks of death that are being compared is constant
over time. The appropriate parameters of such models
were estimated by standard procedures24 using the
calculated cumulative survival rates.

Table 2 Regionally standardised mortality ratios by colliery

19s3-72 1973-79 1953-79
No No of SMR No of SMR No of SMR

Region Colliery Traced Deaths (%) Deaths (%) Deaths (%)

Northern D 855 203 98 114 92 317 96
M 1398 267 86 190 99 457 91
T 1668 373 85 269 102 642 91
Y 1660 315 82 241 95 556 87
Z 1589 288 75 217 90 505 81

E & W Ridings G 1544 242 62 214 95 456 74
K 1487 257 77 212 102 469 86
X 1509 287 80 224 109 511 91

N Western A 734 89 92 79 109 168 99
N Midlands Q 1268 190 78 152 96 342 85
Midlands C 1795 393 69 297 91 690 77

N 1109 166 74 161 102 327 85
S Eastern B 1271 207 77 186 116 393 92
N Wales L 1181 282 90 189 108 471 97
S Wales E 698 208 93 103 99 311 95

F 1090 230 77 188 112 418 89
H 808 165 77 118 91 283 82
1 664 148 86 90 89 238 87
V 1669 333 79 207 87 540 82
W 739 133 85 105 107 238 94
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Table 3 Distribution of all traced miners by age and radiological classification at first survey

Age at first survey
Radiological category

< 25 25-34 35-44 45-54 55-64 >65 Total

No signs 0 4267 5009 4905 4502 2450 382 21 515
Simple pneumoconiosis 1 3 160 457 615 445 59 1739

2 0 48 199 304 170 26 747
3 0 5 28 47 34 4 118

PMF A 0 10 93 133 106 19 361
B 1 3 23 82 84 10 203
C 0 0 6 18 25 4 53

Total 4271 5235 5711 5701 3314 504 24736

Results

TRACING RATES
When the analyses reported here began, vital status
had been determined successfully for 94% of the min-
ers in the study population. Table I shows details of
why the other (1627) men were not considered further
at that stage. Nearly 60% were not unambiguously
identifiable on the NHSCR, given the information
available, and another 15% had left the United King-
dom at the time when searches were made, so that
their vital status in 1980 could not be confirmed.
Information about the remainder was not yet secure,

mainly because searches by the OPCS were still in
progress.

Research records referring to the 6% untraced were
examined with a view to assessing the degree to which
their omission from the analyses may have influenced
the results. Forty per cent (659 men) did not attend
any of the subsequent PFR medical surveys that took
place at the same mines at roughly five year intervals.
In some cases this will have been due to normal retire-
ment, but more than two thirds of this subgroup (450
men) were aged under 60 at the time of survey.
The subgroup of 250 men who had left the United

Kingdom were younger on average than those traced,
only 31 being over 45 at survey. Those "embarked"
included some from each of the 20 collieries and,
allowing for age, the distribution of pneumoconiosis
in this subgroup did not differ from that in those
traced.

On the other hand, although each of the 20 col-
lieries contributed some men to the total of 1627
declared untraced, there were disproportionately
more older men among them, and more with pneu-

moconiosis, than in those traced. This implies that the
available data are not truly representative of the par-
ticular group of miners who were surveyed with
respect to age and prevalence of pneumoconiosis. Our
results may therefore slightly understate the true mor-
tality in the whole study population.
The main emphasis of what follows, however, is on

internal comparisons between subgroups of those
traced. The fact that those untraced span all the age
groups considered, and also all categories of pneu-
moconiosis, makes it unlikely that their omission from
the analysis will have seriously distorted the mortality
contrasts within the whole population, particularly
since those comparisons are made within age groups.

COMPARISONS WITH MORTALITY IN ALL MEN,
ENGLAND AND WALES

Table 2 shows the regional and age standardised mor-
tality ratios for each of the 20 collieries over the max-
imum possible follow up periods. (These varied from
22 to 26 years, depending on when, in the period
1953-8, the initial medical surveys took place.) Sum-
mary statistics, based on the same data, but calculated
separately for the first 20 and last six calendar years of
the study are also shown. Attention is drawn to three
features of these results. (1) All 20-SMRs referring to
the maximum possible follow up periods are less than

Table 4 Estimated percentage survival at 22 years (with standard error) from all non-violent causes of death, by age and
radiological classification at first survey

Age at first survey
Radiological category

25-34 35-44 45-54 55-64

No signs 0 93-8(0 3) 82-8(0 5) 58.2 (0.7) 27-4(0.9)
Simple pneumoconiosis 1 90 6(2-3) 80 9(18) 56.6(2-0) 23.6(2.0)

2 91.7(4.0) 80.4(2.8) 604(28) 26.5(3.4)
3 60 0(21 9) 96-3 (3-6) 55-3(7-3) 21.3(7-1)

PMF A 80 0(12 6) 72 0(4-6) 51.9(4.3) 20 3(3.9)
B 33 3(27 2) 73-9(9 2) 36-6(5-3) 17-1(4 2)
C 33-3(19 2) 11-1(7 4) 4-3(4 2)

*No data

Miller and Jacobsen726
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Dust exposure, pneumoconiosis, and mortality of coalminers

100, showing that mortality in these groups of
coalminers was certainly no worse, and in some cases
distinctly better, than that of their contemporaries
among English and Welsh men generally. (2) In all but
one case (colliery D) the SMR during the latter six
year period was higher than that for the first 20 years,
in some cases exceeding 100 marginally in the later
years. (3) These regionally adjusted colliery specific
SMRs show variations within regions that are
unlikely to be due to chance alone.
The purpose of the analyses that follow is to try to

explain some of the variability in the data in terms of
radiological categories and exposures to dust.

MORTALITY AND RADIOLOGICAL CATEGORY
Table 3 shows the age and pneumoconiosis category
distribution in the 24 736 men who were traced. This
arrangement defines the numbers of men initially at
risk of death and provides the basis for the com-
parisons elaborated in table 4. The data in table 3
show the expected association between increasing age
and severity of pneumoconiosis although there were a
few younger men, aged under 35, with more advanced
radiological abnormalities.
The mortality experienced within the risk sets

defined by table 3 for all non-violent causes (ICD
codes 000-799) is summarised in table 4. (Men under
25 and those over 64 are omitted; the small numbers
available imply that estimates are imprecise or not
calculable.) The figures presented for each risk set are
the estimated cumulative percentage survival at 22
years of follow up, and the corresponding estimated
standard error.

It is clear that in each age group men with PMF,
including those with "A" shadows, had considerably
poorer survival prospects than other miners. The
results imply that relative risks of death for men with
category A, compared with those with category 0,
were about 3 5, 1-7, 12, and 1-2 respectively in the
four increasing age groups between 25 and 64.
Some decrease in survival rates is evident also in

almost all of the subgroups with simple pneu-
moconiosis. This is particularly noticeable in those
with category 1, who constituted the bulk of those
with simple pneumoconiosis, and whose survival rates
were consistently lower than those of men without
radiological abnormality.

Similar analyses were performed for several causes
and groups of causes of death.* The main features of
these results may be summarised as follows. As
expected, mortality ascribed to pneumoconiosis
showed a clear pattern of increase with increasing

*These and other detailed results, not shown here, are described in an
Institute of Occupational Medicine report, TM/81/10. This also pro-
vides further information about the follow up and statistical methods.

initial category of severity. Results for cancers of the
digestive system and for bronchitis and emphysema
suggested slightly increased mortality from these
causes among men with pneumoconiosis, but the
trends were not strong.
No associations were found between radiological

category and mortality ascribed to ischaemic heart
disease or to lung cancer. The latter result was based
on an analysis, unadjusted for possible variations in
smoking habits, of 550 deaths from lung cancer over
22 years. They represented 8-3% of all non-violent
deaths during that period.

Just over two thirds of those traced (16 954 men)
survived to attend further surveys at the collieries,
about five years after the initial surveys. On that occa-
siopi the miners were asked about their smoking hab-
its.19 Subsequent survival in this smaller group, over
shorter (17 year) periods, was studied separately with
respect to smoking habits and radiological category as
determined at the second surveys. Analysis of 315
deaths from lung cancer in those aged between 35 and
64 who were smokers at that time (76% of those in
that age group) was based on a proportional hazards
model. The results suggested that lung cancer hazards
for men with simple pneumoconiosis and for those
with PMF were 18% and 26% lower respectively than
the corresponding (age adjusted) risks for men whose
radiographs had been classified as category 0. The
negative lung cancer gradient with increasing severity
of pneumoconiosis among smokers was significant at
about the 12% level (X2 = 2-40 from a log-likelihood
test with one degree of freedom).

There were only 10 deaths from lung cancer during
those 17 years among the 2373 non-smokers (all
occurring in 2019 men with category 0) and 16 among
1252 miners who declared themselves to be ex-
smokers. Differences between smoking categories
(again under a proportional hazards model, adjusting
for age but ignoring radiological category) were
highly significant. The lung cancer hazard for smokers
was estimated to be 5.5 times that for non-smokers
and 2-3 times that for ex-smokers.

MORTALITY AND DUST EXPOSURE
Table 5 shows the distribution of 19550 men for
whom exposure estimates were available, stratified by
10 year age groups and ranges of estimated cumu-
lative dust exposure up to the first survey. Whereas it
is obvious that the younger men generally have lower
exposures, there is sufficient spread within each age
range to allow exposure specific comparisons to be
made.

Estimates of survival at 22 years from all non-
violent causes within the risk sets contained in table 5
appear in table 6. There is a clear trend of decreasing
survival with increasing exposure to respirable mine

727

copyright.
 on M

ay 26, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.42.11.723 on 1 N

ovem
ber 1985. D

ow
nloaded from

 

http://oem.bmj.com/


Table 5 Distribution of traced miners with employment histories by age and estimated cumulative exposure to respirable mine
dust up to first survey

Estimated dust exposure Age at first survey
(gh/m3)*

< 25 25-34 35-44 45-54 55-64 65 Total

0-30 2527 1179 694 302 82 8 4792
30-90 501 1850 1409 864 241 17 4882
90-180 35 1162 1750 1512 516 32 5007
>180 0 222 1172 2311 1081 83 4869

3063 4413 5025 4989 1920 140 19550
*The exposure units are products of working time and respirable dust concentrations, expressed as gram-hours per cubic metre of sampled
air.

Table 6 Estimated percentage survival at 22 years (with standard error)from all non-violent causes, by age and estimated dust
exposure up to first survey

Estimated dust exposure (gh/m3) Age at first survey

25-34 35-44 45-54 55-64

0-30 94 0(0 7) 84.8(1 4) 68 1(2-7) 57.2 (5.6)
30-90 94-3(0-5) 84 1(1 0) 61.4(1.7) 31 9(30)
90-180 921 (0 8) 841 (0 9) 60 2(1l3) 36-6(2.1)
> 180 92-7(1.8) 80 7(1 2) 58-4(1 0) 29-9(1-4)

Table 7 Estimatedpercentage survival at 22 years (with standard error)from bronchitis and emphysema, by age and estimated
dust exposure up to first survey

Estimated dust exposure (gh/m3) Age at first survey

25-34 35-44 45-54 55-64

0-30 99-9(01) 99-4(0-3) 97-0(1-1) 97-0(2-1)
30-90 99-8(0 1) 99-1(0-3) 94-2(0-9) 87-9(2-9)
90-180 99-6(0-2) 98-8(0-3) 94-4(0-7) 90-1(1-7)
> 180 99-1(0-6) 97-3(0-5) 93-8(0 6) 82-8(1*6)

Table 8 Estimated percentage survival at 22 years (with standard error)from cancers of the digestive organs and peritoneum,
by age and estimated dust exposure up to first survey

Estimated dust exposure (gh/m3) Age at first survey

25-34 35-44 45-54 55-64

0-30 99-3(0-2) 98-6(05) 97-1(1-0) 94-6(3-1)
30-90 99-0(0-2) 98-6(0-3) 95-6(0-8) 93-5(2-1)
90-180 98-8(0-3) 98-2(0-3) 96-1(0-6) 94-5(1-3)
> 180 100-0(0-0) 98-4(0-4) 94-8(0-5) 91-4(1-1)

dust, despite some sampling fluctuations. This sug-
gests that exposure to mine dust is associated with
increased mortality hazard, for some causes of death
at least.
A similar analysis (not reproduced here) of deaths

attributed to pneumoconiosis displayed, as expected,
a strong relation with dust exposure. Of 164 deaths
certificated as having pneumoconiosis as the under-
lying cause, only five were from men having initial
exposure estimates less than 90 gh/m3, and most were
from men with values over 180 gh/m3.

Table 7 gives survival estimates in the same risk sets
from deaths attributed to bronchitis or emphysema or
both (ICD 500-502 (7th rev), 490-492 (8th rev)).
Analysis of the results in this table under a propor-
tional hazards model indicated that, allowing for age,
there was an asssociation, statistically significant at
better than the 0-1% level, between increasing

exposure and increasing hazard of death from bron-
chitis and emphysema.

Table 8 shows the survival estimates for deaths
from cancers of the digestive organs (ICD 150-159).
There are only trivial differences between exposure
groups in the younger men, but the figures for those
aged between 45 and 64 at the start of follow up
suggest a possible trend, similar to that found in the
younger men: those with high dust exposures had
higher mortality certified as due to these diseases. A
formal test of the null hypothesis of no association
between digestive cancer mortality and exposure to
dust, using all the data in table 8, yielded a test statistic
just significant at the 5% level (X1 = 4 07). Thus there
appears to be some evidence from these results sup-
porting the idea of a link between exposure to
coalmine dust and cancers of the digestive system.

Survival estimates for ischaemic heart disease and

Miller and Jacobsen728
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Dust exposure, pneumoconiosis, and mortality of coalminers

for lung cancer were similar across exposure groups
and showed no obvious patterns of association with
exposure to dust.

Discussion

BIASES
The main potential sources of bias in the results
reported above are the higher average age and more
prevalent pneumoconiosis in the 6% not traced, and
the non-availability of dust exposure estimates for
19% of those who were traced. (The latter group, too,
was older on average, and included a higher propor-
tion of men with pneumoconiosis than the study
group as a whole.) Mortality comparisons with the
general male population, using regional and age stan-
dardised mortality ratios, may have understated the
true situation slightly because of the incomplete fol-
low up.
We were not suprised by the generally favourable

mortality in this group of miners relative to that in all
men. As long ago as 1885 Ogle identified one good
reason why this should be so: ". . . miners are a body
of picked men. No very weakly man is likely to take
to the occupation; and... many who become weakly
have to abandon this form of labour for lighter
work."4 The cross sectional sample ofworking miners
constituting our study group included 38% aged 55 or
over at the outset. Their mortality over the ensuing 22
years was probably less severe than the average for all
men, since the latter include the chronically sick and
disabled. Fox and Collier have drawn attention to the
fact that the importance of this selection effect is likely
to diminish as follow up proceeds in a longitudinal
study.25 Our results, showing an increase in colliery
specific SMRs during the last six years of the study,
are consistent with that prediction. These and other
population selection factors complicate the inter-
pretation of SMRs as indices of relative risks in mor-
tality studies aimed at quantifying the importance of
the occupational environment, particularly since the
extent to which they influence results may vary for
different causes of death.26 This was why we concen-
trated attention on age specific comparisons between
survival rates within the group studied, with respect to
initial radiographic categories and estimates of the
miners' exposures to dust up to start of follow up.

Probably the generally older miners for whom we
had no occupational histories had experienced
exposures to dust that were mainly in the upper part
of the range described. It is possible, though less
likely, that their responses to those higher exposures
differed systematically from those that we were able to
analyse. To that extent our assessments of associ-
ations with dust exposure could be biased.
Three findings are of particular interest.

MORTALITY AND RADIOLOGICAL CATEGORY
Firstly, the survival rates over 22 years for miners with
early PMF shadows (category A) are substantially
and significantly lower than in men with no pneu-
moconiosis initially. This is not a surprising result,
bearing in mind the well established high fatality rate
for men with categories B and C,7 - and the
progressive nature of the disease.27 Nevertheless, we
draw attention to the finding because our earlier anal-
ysis of part of this material, over shorter follow up
periods, failed to identify clearly increased mortality
in men with "A" shadows initially"4; and also because
a similar observation in the 20 year Rhondda Fach
follow up89 led Cochrane to postulate a complex
"selection" theory to explain the absence of an effect.
One idea was that miners with low "risk factors"

for ischaemic heart disease might be particularly sus-
ceptible to PMF28; but no biological model was sug-
gested to explain such a mechanism. In the light of the
results presented now such speculations appear to be
unnecessary. With 22 years follow up, the earlier
impression of little excess mortality in all those with
"A" shadows is removed. (Even our earlier results,14
and those from the Rhondda,8 showed lower survival
rates for men with "A" shadows who were 55 or over
at start of follow up.) Moreover, we have found no
association, positive or negative, between mortality
attributed to ischaemic heart disease and initial cate-
gory of complicated (or simple) pneumoconiosis.
The second result worthy of comment is that there

are reductions in survival rates over 22 years in most
subgroups with simple pneumoconiosis initially.
Again, this effect was much less apparent over shorter
follow up periods and, again, those earlier results14
were similar to those found, after 20 years, in the
Rhondda survey.89 Indeed, the similarity between
results from the two studies at that time was remark-
able in this respect, including concordant indications
that some subgroups of miners who had developed
simple pneumoconiosis at an early age (under 45 at
start of follow up) did have poorer survival prospects
than miners with no pneumoconiosis. In both studies,
however, the averages of results over all age groups
did not support the idea that simple pneumoconiosis
was associated with higher mortality914; nor was
there any sign of a trend for mortality to increase with
increasing profusion of small shadows, from catego-
ries I to 3.
The slightly reduced survival rates among men with

simple pneumoconiosis shown now in our data, with
a longer follow up, are more consistent with what
might be expected from the higher mortality in men
with PMF and the increasing risk of developing PMF
with increasing category of simple pneu-
moconiosis.2930 Yet the absence of any tendency for
mortality to increase with increasing category of sim-
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pie pneumoconiosis remains conspicuous. We do not
interpret the lack of such a gradient as necessarily
conflicting with a suggestion that in the long run
coalminers with simple pneumoconiosis may be
expected to have lower probabilities of survival than
similarly aged colleagues with no radiological signs.
Our reasoning is as follows.
With further exposure to dust, some of those whose

radiographs were classified as category 1 at the outset
will have developed category 2 or 3 (or even PMF)
within the 22 year observation period that we consid-
ered. Similarly, there will have been a non-trivial inci-
dence of simple pneumoconiosis from category 0 dur-
ing the same period. This is true in all prospective
studies of coalminers' mortality, and it is bound to
obscure contrasts based on initial categories of pneu-
moconiosis.
Many of the miners included in the present study

were examined again at subsequent radiological sur-
veys; and we have those results. In principle, there-
fore, it is possible to take into consideration temporal
changes in radiological status as the follow up pro-
ceeded, at least in some subgroups. Formidable statis-
tical and computing problems are implicit in an anal-
ysis along these lines, but recent developments in both
these areas suggest that those problems are not insu-
perable. We hope to report further on this aspect of
our data.

MORTALITY AND DUST EXPOSURE
The third major result to which we want to draw
attention is the tendency for men with higher
exposures to dust at the outset, particularly those in
the two older age groups, to have reduced survival
rates from all non-violent causes. Note that one con-
sequence of the reduced survival rates for men with
pneumoconiosis, recorded above, is as follows: if there
is a bias in the results with respect to dust exposure
because of the non-availability of occupational histor-
ies for some men, then that bias is more likely to be in
the direction of underestimating, rather than of over-
estimating, the gradients with dust exposure.

It is a fact, however, that the exposures we have
calculated are but approximations to the exposures
that were actually experienced. The estimates were
derived partly from information obtained at inter-
views, which is subject to errors arising from lapses of
memory, particularly among the older men. More-
over, the conversion of these historical records into
exposure units is based on an unverifiable assumption
about the approximate equivalence ofmean dust con-
centrations measured during the first 10 years of fol-
low up to mean concentrations at similar workplaces
before the medical surveys.
Yet the exposure related gradient for all non-violent

causes is more obvious in these data than that indi-
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cated by category of simple pneumoconiosis. This
reinforces our opinion that the quantitative estimates
of exposure that we have used here are more realistic
reflections of the miners' actual exposures to respira-
ble dust up to start of follow up than the radiological
classifications at that time. That view is founded on
more general grounds. Although there is a clear quan-
titative relation between cumulative exposures to
respirable coalmine dust and risks of developing
pneumoconiosis, the relation is essentially proba-
bilistic, not deterministic. Most miners who are
exposed even to fairly high levels of dust do not
develop radiological signs. For instance, one study
shows that fewer than 7% of 1018 miners, who had all
been exposed to 200 gh/m3 dust or more over periods
exceeding 20 years, showed signs amounting to cate-
gory 2 simple pneumoconiosis at the end of those
periods.3' In the present study some 13% of the min-
ers who were traced had pneumoconiosis (category I
or higher) at the outset. But our estimates of exposure
to dust for 80% of those traced suggest that at least
a quarter had experienced exposures exceeding 180
gh/m3; and in that higher exposure range 3101 men
(64%) had radiographs classified as category 0.

CAUSES OF DEATH
The analyses confirmed that, as expected, an
important element in the relation between exposure to
dust and mortality from all non-violent causes was a
strong association between the exposures and death
certified as due to pneumoconiosis. Nevertheless,
there was also an unambiguous and highly significant
trend for higher exposures to be associated with
higher risks of death in other men, where bronchitis
and emphysema were nominated as the underlying
causes.

It is well recognised that the primary cause of death
as recorded on the death certificate is not necessarily
an accurate statement of the real cause of death.3234
Clearly, this source of error makes it difficult to inter-
pret "cause specific" mortality data that are based
solely on death certifications.1435 Nevertheless, we
think that the difficulty is reduced when considering
contrasts within this particular group of miners.
Whatever errors there may be in the certifications,
there is no reason to suppose that they should occur
more or less often in one or other subgroup defined
according to an index of dust exposure that has been
derived independently of radiological or necropsy
appearances. If that assumption is valid then it is
reasonable to conclude that high exposures to
coalmine dust were related to deaths from bronchitis
and emphysema (p < 0-001).

Support for the idea that the exposure related
deaths attributed to bronchitis and emphysema reflect
pathology characteristic of those respiratory condi-
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tions (rather than just nosological artefacts or certi-
fying doctors' prejudices) comes from studies of other
material generated by the same project. Measured
exposures to dust have been related both to reductions
in levels of age standardised lung function assessed
cross sectionally3637 and to an acceleration of the
decline in function with age.38 Symptoms of chronic
bronchitis have also been related to dust exposures in
young miners. 9 Additional support comes from post-
mortem studies which show that in miners whose
lungs exhibit one or more palpable lesions measuring
at least 1 mm in diameter there is a direct relation
between their exposures to dust in life and the proba-
bility of having pathologically diagnosable cen-
triacinar emphysema post mortem.39
The other group of certified causes of death which

the data suggest may be related to dust exposure is
that embracing cancers of the digestive system. Most
of these (274 of the 318 observed over the 22 year
period) were cancers of the stomach. The evidence
pointing to an association with dust is not as con-
vincing here as it is for bronchitis and emphysema; but
it is consistent with several reports of excess stomach
cancer in coalminers40 44 and it was found also in
our earlier follow up.14 The weak association that we
find now between the occurrence of these cancers and
initial radiological category might reflect an under-
lying effect of ingested coalmine dust; or it may indi-
cate a more complex carcinogenic mechanism associ-
ated with dust induced lung damage; or indeed it may
be a statistical artefact, perhaps connected with covar-
iation between the geographical distribution of these
cancers in England and Wales, past levels of dust in
the different coalfields, and the corresponding preva-
lences of pneumoconiosis. Our analysis to date of this
material is not able to distinguish effectively between
these different hypotheses, but the findings are
sufficiently suggestive to merit further research.
There have been conflicting reports about lung can-

cer in coalminers. Some results could be interpreted as
indicating that the risk may be lower in coalminers
than in the general population.45 -48 This has led to
speculation that either the presence of pneu-
moconiosis or exposure to coalmine dust might pro-
tect miners from lung cancer to some extent. Other
studies show no association,94950 or record equivocal
findings435' -5 that some have interpreted as point-
ing in the opposite direction.
The confused picture is probably due partly to vari-

tions in smoking habits between the various groups
considered. For instance, the most recent report on
occupational mortality in England and Wales records
relatively high death rates for lung cancer in miners
and quarrymen in 1970-2 (SMR = 116).54 But on its
own this does not implicate occupational factors,
since the same report shows also that there was a

relatively high proportion of smokers in that
occupation order.
Our results now, and those from earlier analyses of

part of this material,55 show that neither the study
group as a whole, nor those with pneumoconiosis,
were immune to the lung cancer hazard associated
with smoking. A trend suggesting that among the
smokers, risks of lung cancer were lower in those with
pneumoconiosis than in those without was not con-
vincing (p = 0-12). Our lack of conviction on this
point is based partly on the difficulty of interpreting
death registration data as evidence of real cause of
death. It is reinforced by the fact that the analysis with
respect to estimates of dust exposure showed no pat-
tern that could be interpreted as indicating either a
protective or a potentiating effect of exposure to
coalmine dust. It would be unwise, however, to gener-
alise from this observation of no association to
coalmine dusts with mineral compositions different
from those found in Britain, since several reports indi-
cate that workers exposed to respirable dusts contain-
ing high proportions of silica may be at an increased
risk from lung cancer.5658 (The quartz contents of
respirable dusts to which miners were exposed in the
collieries considered here were generally low.)'7

Conclusion

We believe that, in the light of all the information
available now, the answer to the question "Does the
inhalation of coalmine dust increase risks of pre-
mature death?" must be "yes." The additional risk
certainly occurs if miners have been exposed to levels
of dust sufficiently severe to cause massive fibrosis of
the lung identifiable radiologically as category A or
higher on the ILO's scale. It occurs also when such
exposures have not resulted in massive fibrosis, or
perhaps even in the absence of the small radiographic
shadows characteristic of coalworkers' simple pneu-
moconiosis, if the dust exposures are sufficient to
cause or enhance lung damage recognised by certi-
fying doctors as chronic bronchitis and emphysema.

It should be recalled, however, that the starting
point for the mortality follow up that we have
reported is a group ofminers who were all active in the
industry at least a quarter of a century ago. Dust
conditions underground then were very different from
what they are now and, as a result, the incidence of
pneumoconiosis has certainly been reduced substan-
tially, particularly during the past 15 years.59 But the
results presented here, and the conclusions that they
suggest, re-emphasise the importance of the Coal
Board's warnings against complacency: "... it is
essential that effective techniques of dust suppression
continue to be applied if ground, laboriously and
expensively gained, is not to be lost."'60
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