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Mortality of slate workers in north Wales
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ABSTRACT In a study in 1975 of the mortality experienced over six years by two groups of men one

group had been exposed to slate dust and the other had had no previous exposure to dust. In
non-smokers there was no material excess mortality associated with past exposure to dust but in
smokers there was a pronounced (26%) excess. In the slate workers the risk for smokers was on

average 76% greater than for non-smokers, and increased with severity of pneumoconiosis; in those
who had not been exposed to dust the risk was 50% greater for smokers than non-smokers. In
ex-smokers among those who had been exposed to slate dust the risk of death was higher in those
with the lower lung function initially. No such association was detected in the other groups.

The results of a survey of slate workers and other
residents in north Wales in 1975 have been given by
Glover et al.1 That study was mounted because it had
been found that there was an excessive proportion of
respiratory deaths in slate workers, not including
deaths from pneumoconiosis, compared with others
in previous years. A high prevalence of disabling
pneumoconiosis was discovered. We now report mor-
tality in a cohort of slate workers and in subjects who
had not been exposed to slate or any other industrial
dust.

Method

In the original survey in 1975,1 725 men had been
identified who had been exposed to slate but not to
any other industrial dust. Another group of 530 men
had never been exposed to any industrial dust. In
what follows these are referred to as slate workers and
controls.
By courtesy of the Office of Population Censuses

and Surveys the deaths of any of these 1255 men were
notified to us, together with the date and a copy of the
medical certificate of cause of death. The deaths
occurred during the period of changeover from the
8th to the 9th revision of the International
Classification of Causes of Death, so deaths occurring
after the change were recoded as necessary so that all
causes were in accordance with the 8th revision.

Notification of deaths is continuing, but in the
present paper an analysis is presented of the mortality
experienced up to 31 July 1981, a period of about six
years. Because the survey continued over a period of
Accepted 27 January 1986

several months the data available consisted of age at
date of interview in 1975, the number of days from
interview until death or 31 July 1981, smoking habits,
radiological score derived from the ILO radiological
classification of the pneumoconiosis by the method of
Oldham,2 anthropometric data, forced expiratory
volume in one second (FEV1), and forced vital capac-
ity (FVC), all at date of interview. Men were grouped
by smoking at the time of the 1975 survey: non-
smokers had never smoked as much as one cigarette a
day for a year: ex-smokers had smoked cigarettes in
the past but had not smoked for at least the past three
months. A group of men who smoked a pipe but no
other form of tobacco were also identified. No men
smoked cigars without also smoking cigarettes.
To allow for the variation of risk of death with age

(which ranged from 16 to 94) and with period of
observation (which varied from 2206 to 2271 days) as
well as with the factors of interest (lung function and
radiological score), it was supposed that each man
had a characteristic risk of dying, a function of his
characteristics at the time of interview, which could
be taken as remaining constant over the six years of
follow up. A simple linear function was assumed, and
this was set equal to the logarithm of the assumed
constant risk. Thus, in its most general form, we
assume for a man in a particular smoking group a
constant risk A of dying each day, where logel is a
constant plus a multiple of his age, a multiple of his
FEV1, a multiple of his radiological score, and so on:

log.A = a + b1x1 + b2x2 + ...
On this basis the risk of an individual being dead by
time t is 1 - e -A. The constants were estimated by
the method of maximum likelihood.
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Mortality of slate workers in north Wales

Results

Table 1 shows the numbers of men for whom data is
available. All the data necessary to explore the role of
the FEV,, FVC, smoking, and severity of pneumo-
coniosis in determining the risk of death were avail-
able for 89% of the slate workers. Among the con-
trols 87% had complete information but of those who
died only 74% were completely documented.

Table 2 shows the age distributions of the two
groups and of the 202 deaths. The unusual age distri-
bution of the control subjects is a consequence of the
sampling strategy in the original survey.' Figure 1
shows the death rates by age, and clearly the groups
do not differ appreciably, although the rates in the
slate workers are never less than those of the controls
between the ages of 40 and 60.

Table 3 shows the 202 deaths grouped by cause,
and again there are no important differences between
the two groups. The small excess in proportion dying
in the slate workers (17-8% compared with 13-8% in
the controls) is not eliminated if the eight deaths
attributed to pneumoconiosis are removed. The num-
bers of deaths expected on a 129:73 partition are
shown in brackets, and no cause shows pronounced

Table 1 Numbers ofsubjectsfor whom data is available

Slate workers
Complete data: 647
Lung function missing 72
Height missing 57
Smoking information missing 3
X ray score missing 52

Partial data 78
All slate workers 725

Controls
Complete data: 466
Lung function missing 61
Height missing 57
Smoking information missing 3

Partial data 64
All controls 530

Table 2 Age distributions ofslate workers and ofcontrols.
(Numbers ofdeaths in parentheses)

Age (years) Slate workers Controls

15- 71 (-) 20 (-)

25- 108 (1) 80(-)
35- 105(5) 117(2)
45- 137 (14) 136 (10)
55- 161 (38) 79 (12)
65- 111 (45) 79 (34)
75- 27 (21) 18 (14)
85- 5(5) 1 (1)
95-ae 73
All ages 725 (129) 530 (73)
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Fig 1 Proportion dead in slate workers and controls.

disproportionality. The 11 miscellaneous deaths com-
prised two from diseases of the nervous system, one
from diabetes, three from "senility," and five from
violence.
The smoking habits of the men could clearly be

relevant to their mortality. Table 4 shows how they
were distributed. There were six men whose smoking
habits were not known, three slate workers who all
survived, and three controls of whom one died. The
59 pure pipe smokers were too few to be treated sepa-
rately: 10 of the 30 slate workers had died, four of the
29 non-dusty. The remaining six classes are all
sufficiently numerous to be treated individually.
The linear regressions of log.A on age are listed in

table 5. The more negative the constant the lower the
risk of death. The age coefficients are all similar
except that for ex-smokers in the slate workers, which
is far smaller than the others. Excluding this group, a
common age coefficient of 0-1030 + 0-0070 could be
fitted, the constants then changing slightly as shown
in the second part of table 5. A likelihood analysis
indicates that there is no significant loss of goodness

Table 3 Distribution ofdeaths by certified cause. (Deaths
expected on a proportional basis shown in
parentheses)

Cause Slate workers Controls

Cancer 36 (31-9) 14 (18-1)
Cardiovascular 61 (65-1) 41 (36-9)
Respiratory:

Tuberculosis 4 (3.2) 1 (1.8)
Pneumoconiosis 7 (4 5) - (2-5)
Both above 1 (0-6) - (04)
Interstitial fibrosis 1 (1-3) 1 (0-7)
Other 10 (12-1) 9 (6.9)

Gastrointestinal 3 (3.2) 2 (1.8)
Miscellaneous 6 (70) 5 (40)

All causes 129 (129 0) 73 (73-0)
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Table 4 Age distributions by smoking habits. (Nwnbers ofdeaths in parentheses)

Age (years) Nil Cigarette Ex-smoker Pipe Unknown

Slate workers
15- 24 35 12 - -
25- 15 71 (1) 18 3 1
35- 10 76 (5) 17 2 -
45- 12 97 (9) 22 (5) 5 1
55- 22 (1) 76 (21) 57 (15) 5 (1) 1
65- 17 (7) 47 (23) 36 (10) 11 (5) -
75- 4 (3) 11 (10) 9 (5) 3 (3) -
85- 3(3) - 1 (1) 1 (1) -

Totals 107 (14) 413 (69) 172 (36) 30 (10) 3

Controls
15- 6 11 3 - -
25- 18 45 16 1 -
35- 27 56(2) 27 7 -
45- 16 85 (9) 28 (1) 7 -
55- 1 1 (2) 40 (4) 19 (4) 6 (1) 3 (1)
65- 9 (2) 38 (19) 25 (11) 7 (2) -
75- 3 (3) 10 (8) 4 (2) 1 (1) -
85- 1 (1) - - - -

Totals 91 (8) 285 (42) 122 (18) 29 (4) 3 (1)

of fit by using a single, average age coefficient:
Log likelihood

Separate constants and age
coefficients

Separate constants but a single
- 1449-154

age coefficient -1450-409
Difference 1-255

X2 (4df) = twice difference = 2-51, 0 70 > p > 0 50
The regression lines for log5R are now almost identical
for non-smokers in both the slate and control groups.
Smokers in the slate workers had the highest overall
risk (the least negative constant), then came smokers
in the control group, then ex-smokers in the controls,
then the two non-smoking groups. The standard

Table 5 Dependence ofrisk ofdeath on age, by smoking
group. (Log,A = a + b.age)

Class a b

Controls:
Smokers
Non-smokers
Ex-smokers

- 152463
- 16-1448
- 16-6331

0-1007
0-1066
0-1186

Slate workers:
Smokers -14-5674 0-0941
Non-smokers -17-8964 0-1305
Ex-smokers -12-8020 0-0617

With average age coefficient b for first five classes
Controls:
Smokers -15-3914
Non-smokers -15-8865
Ex-smokers -15 5827 0*1030

Slate workers:

Smokers -15 1306
Non-smokers -15-8889 J

Ex-smokers -12-8020 0-0617

errors of the constants are too large for many pair-
wise comparisons to be significant, but their total
variation from group to group is significant:

Log likelihood
Separate constants and a single

age coefficient -1450-409
One single constant -1455-885

Difference 5-476
X2 (4 df) = twice difference = 10X952, 0-05 > p > 0-02

Figure 2 shows the death rates by year of age
resulting from this analysis. The ordinate is the value
of 1 - exp(- 365A) for each group expressed as a
percentage. The exceptional group of ex-smokers
among the slate workers is marked by its higher death
rate up to age 60 increasing less rapidly with age. The
fit of the data is illustrated in table 6; there are no
obvious discrepancies except for a slight under-
estimation of the number of deaths. This seems to be

.30 ,

20-,,,'3
1.0. ./. . 2&5

~10-

20 30 L0 50 60 70 80
Age (years)

Fig 2 Risk ofdeath by age and smoking group in slate
workers and controls (I = control who smoked; 2 = control
non-smokers; 3 = control ex-smokers; 4 = slate workers
who smoked; 5 = slate workers who did not smoke; 6 =
slate workers ex-smokers).

552 Oldham, Bevan, Elwood, and Hodges
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Table 6 Distributions ofobserved deaths by age, and numbers ofpredicted deaths by the regressions in table S

Age group Slate workers Controls

Observed Predicted Observed Predicted

15- 0 0-5 0 0-1
25- 1 1-7 0 0-8
35- 5 4-2 2 2-6
45- 14 12-5 10 8-3
55- 37 33-7 10 11-3
65- 40 41-4 32 28-1
75- 18 16-1 13 12-6
85- 4 3-5 1 1-0

119 113-0 68 64-8

Pure pipe smokers 10 - 4
Unknown smoking 0 -

129 73

Table 7 Regression coefficients ofrisk ofdeath in the controls on age and lungfunction (standardised to a common
mean height)

FEV FVC

Estimate SE Estimate SE

Smokers:
Age +0 090 +0.017* +0-093 +0-020*
Lung function -0-155 +0246 -0-093 ±0-262

Ex-smokers:
Age +0-095 +0.029* +0-092 +0-029*
Lung function -0-392 ±0-261 -0-443 ±0-278

Non-smokers:
Age +0-149 +0-074* +0-174 +0.081*
Lung function +0-080 ±0 507 +0-478 ±0-977

*Statistically significant at p < 0-05.

Table 8 Regression coefficients ofrisk ofdeath in slate workers on age, x ray score, and standardised lungfunction

FEV FVC

Estimate SE Estimnate SE

Smokers:
Age +0-082 +0.015* +0-083 ±0.015*
Xray +0-587 +0-171* +0-595 +0-171*
Lung function -0-107 +0-237 -0-067 +0-208

Ex-smokers:
Age +0-031 +0-021 +0-026 ±0-020
X ray -0-042 ± 0-240 -0-047 +0-227
Lung function -0-981 +0-248* -1-140 ±0.219*

Non-smokers:
Age +0-114 +0.038* +0-112 ±0-036*
X ray +0-326 ±0-361 +0-215 ±0-411
Lung function -0-511 +0-730 -0-505 ±0+585

*Statistically significant at p < 0-05.

the result of using a common slope for five classes; it
is not present in the slate ex-smokers.
The other characteristics of the men known were

their radiological scores and their lung function. The
few abnormal radiographs among the control men

were in many cases known to be caused by disease
other than pneumoconiosis, and it was assumed that
this was true in all cases. The dependence of mortality
on FEV1 and FVC was therefore explored. Both indi-
ces were standardised to a height of 1-7m by dividing

Mortality of slate workers in north Wales 553
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by the square of the man's height and multiplying by
the square of 1P7 as recommended by Cole.3 There
was no statistically significant dependence on mor-
tality on either index, and the calculated regression
coefficients for FEV1 and FVC were neither similar
nor consistent with a real effect (table 7).

In the slate workers the results for both FEV1 and
FVC were similar: in the non-smokers no significant
effect on mortality or either lung function or radio-
logical score, in smokers a significantly increased risk
of death with increasing radiological score but no
relation to lung function, and in ex-smokers no effect
of radiological score but a pronounced dependence
on lung function, rather more on FVC than on FEV1
(table 8). Indeed the decline of lung function with age
was such that there was no additional effect of age
after lung function was allowed for.

Discussion

The first conclusion that appears from this study is
the relatively small excess of mortality in men exposed
to slate dust, compared with men from the same area
who had not been exposed to dust. This is despite the
fact that many showed considerable radiological evi-
dence of pneumoconiosis and this had previously
been found to be associated with a loss in lung func-
tion.1

Table 9 Numbers ofobserved deaths by smoking and
exposure classes, and the numbers expected on the basis of
the mortality rates ofall 1255 men in five year age groups

Slate workers Controls

Non-smokers 14 (19-8) 8 (10-9)
Smokers 69 (56-3) 42 (41-2)
Ex-smokers 36 (38.3) 18 (20-4)

Pure pipe smokers 10 (9-2) 4 (5-2)

Unknown 0 (0-2) 1 (06)

129 (123-7) 73 (78-3)

Oldham, Bevan, Elwood, and Hodges

As soon as cigarette smoking is allowed for, how-
ever, a different conclusion is suggested. In non-

smokers the excess risk of death in slate workers is no
more than 0 25%; in smokers it is 26% (the difference
in log.A, with a common age coefficient, is 15 39 -

15-13 or 0-26). In slate workers the risk for smokers is
76% greater than for non-smokers; in the controls
50% greater. These estimates have large standard
errors but provide a good fit to the model assumed.
Table 9 shows that effects of this type accord with the
results; the death rates in five year age groups experi-
enced by all 1255 men have been applied to the two
occupational groups subdivided by smoking class to
give expected numbers of deaths which may be com-

pared with observed numbers, as in calculating age
standardised mortality rates. The one conspicious
feature is the excess mortality experienced in the
smoking slate workers, which is balanced by
deficiencies in non-smokers, both slate workers and
controls. These relative rates confirm the appearance
of an excess effect when smoking is combined with
exposure to slate dust.
The radiological data on the severity of pneu-

moconiosis again pick out this group of smokers as
the only one whose mortality increases significantly
with pneumoconiosis score. In non-smokers and ex-
smokers it appears irrelevant. It must be remembered
that in so far as the amount of pneumoconiosis tends
to increase with age, it is only when mortality can be
seen to occur at a rate increasing with the amount of
pneumoconiosis in men of the same age that a joint
effect may be detected. Rather than the smokers being
in any way unusual, it may be solely that they are
sufficiently numerous for such trends to show them-
selves. Table 10 shows distinct trends of mortality
increasing with radiological score in men of the same
age. Even in these 384 smokers with x ray data the
numbers in individual cells are small, and in the other
smoking classes the numbers are less than half the
size.
The lack of a relation between mortality and lung

function except in another single group, this time the
ex-smokers in the pure slate workers, again must be

Table 1o Distribution ofdeaths by age andx ray score in the slate workers who smoked

Age X ray score
group

Normal 06- 1- 1-5- 2-0- 2-5- 3-0-

15- 30 3 1 - - - -

25- 48 9 9 2 - - -
35- 39(2) 17(1) 12(1) 4 1 (1) - -

45- 50(3) 17(1) 10(4) 9 3 - -

55- 24 (6) 12 (4) 16 (2) 7 (2) 2 (1) 6 (1) I (1)
65- 13 (3) 5 6 (4) 5 (3) 4 (3) 6 (6) -

75- 4(3) 1 (1) 2(2) 3 (3) 1 (1) - 2(2)

Totals 208 (17) 64 (7) 56 (13) 30 (8) 11 (6) 12 (9) 3 (3)
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Fig 3 FEV1 by age in slate workers who smoked.

8o

interpreted in the light of the fact that lung function
declines on average with age, so that in so far as risk
of death inevitably increases with age, loss of lung
function will only be detected as a relevant factor if,
among men of the same age, deaths occur to excess in
those with reduced lung function. Figures 3 and 4
show the relation between FEV1 and age in the slate
workers, smokers, and ex-smokers respectively, and
those who died are marked. In the smokers almost
equal numbers of the deaths fall above and below the
regression line giving average FEV1 by year of age: in
the ex-smokers there is a significant excess of deaths
in men with below average FEVjs
(X2= (20 - 8 - 1)2/28 = 432, 0-05 > p> 0.02).
The significance of the dependence of mortality on
lung function reflects this but its explanation remains
obscure. The FEV1s of the smokers and ex-smokers
are, age for age, similar, and there is little difference
between those of the smokers who died and those who
did not. On the other hand the FEV1s of the ex-
smokers who died were between 300 and 500ml
lower, and those of the survivors somewhat higher. It
appears likely that, at the point when a smoker
decides to become an ex-smoker, there is a dichotomy
between those whose lung function improves or
remains the same and those whose lung function con-
tinues to decline. How these types could be dis-
tinguished is not clear.

Peto et al have established a pronounced cor-
relation between low FEV1 and death from chronic
obstructive pulmonary disease in 2718 men followed
up for 20 to 25 years.4 It is not to be expected that in
the present study, in which only 35 men died of any
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Fig 4 FEV1 by age in slate workers who were ex-smokers.

respiratory disease, such an effect would be detected,
but it is slightly surprising that the role of FEV1 in
this study was so limited.

It remains to consider how the grounds for mount-
ing the original survey, a considerable proportional
excess of respiratory mortality in slate workers
(excluding deaths attributed to pneumoconiosis), may
be reconciled with the trifling excess now discovered.
One obvious possibility is that the present proportion
of smokers, 57% in slate workers in 1975, is far less
than it was in the ten years from 1962 to 1971 used to
estimate the proportional mortality and the pro-
nounced excess risk now discovered for the combina-
tion of exposure to slate dust and smoking produced
the excess. There seems to be no clear way to explore
this hypothesis.
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