


Development of radiological and clinical evidence ofparenchymal fibrosis

radiography in the dockyard. Follow-up was

started for those in whom the diagnosis had been
confirmed. The survivors of those who had been
exposed at work in the dockyard and examined in
1966 (when full protective measures were introduced)
were recalled for radiographic and clinical examin-
ation in 1976, to determine the attack rates of paren-
chymal fibrosis, mesothelioma, and bronchial
carcinoma over a 10-year period. For most of those
who had died by 1976 there were records and
radiographs made at routine examination within the
year before death. Asbestos exposure was assessed
from a detailed occupational history,14 but actual
exposure measurements were not available.
The full-size posteroanterior chest radiographs

taken in 1966 and 1976 were read independently, in
random order, and without knowledge of date, to an
extended version of the ILO U/C 1971 classification
by three experienced readers (Drs G Sheers, J C
Gilson, K P S Lumley). The extension of the 1971
classification required pleural changes to be differen-
tiated into pleural plaques or diffuse pleural thicken-
ing.

In an attempt to reduce inter-reader variation a

selection of full-size chest radiographs from other
surveys of the dockyard population, which were
considered to exhibit the complete range of asbestos-
related lesions, other pathologies, orno abnormalities,
was presented to the three readers in committee, and
they were required to agree on the ILO U/C classifi-
cation of each radiograph. These radiographs could
not be distinguished from the survey films and were
mixed randomly in the ratio 1:7 in each batch of
films during the independent reading. Each reader's
clerk could identify the "trigger films" from the
reading sheet and after the reader had dictated his
classification he was presented with the agreed
classification for comparison.
For every aspect of radiographic abnormality the

agreed reading of at least two of the three readers has
been used in the tabulations. Small irregular
opacities were considered to be present when this

reading was category 1/1 or more. The agreed
reading of the 1966 radiographs showed asbestos-
related pleural lesions without co-existing small
opacities, mesothelioma, or carcinoma in 201 cases.

These men are the subjects of this report. The
classification of the 1966 radiograph was used to
allocate each of these men to one of four categories
of pleural abnormality; uncalcified pleural plaques,
calcified pleural plaques, diffuse pleural thickening,
or diffuse thickening with plaques. The difference
between that film and the follow-up film thus
allowed assessment of the development of new
lesions in relation to the pre-existing pleural lesions.

Results

Altogether 169 of the 201 men were alive in 1976, and
155 (92 %) attended for examination. Nine refused to
attend, two had moved away, and three were ill (not
chest disease). Of the 32 men who had died, 20 had
had a follow-up radiograph and examination within
the 12 months before their death. Data on these 175
men (155 living, 20 dead) have been combined in
several of the tabulations. Separate tabulations for
the living and dead show similar results. The
percentage of men re-assessed (table 1) ranged from
69% of those who had diffuse pleural thickening to
96% who had calcified plaques. All the responders
were clinically examined (80% GHGM, 20% GS*):
134 had lung function tests (FEV1, FVC, RV, TLC,
and gas transfer factor) immediately after examina-
tion. The remaining 21 refused further examination,
either in whole or in part, and results of lung function
tests performed in the previous year or so were used.
Among the responders those who had had

uncalcified plaques in 1966 were on average six
years younger than those with calcified plaques and
three years younger than those with diffuse pleural
thickening at that time. As might be expected, those
who had died by 1976 were the older men born about

*G Sheers, Plymouth General Hospital.

Table 1 Men in study population related to 1966 pleural abnormality

No 966 pleural abnormality
of men

Uncalcifiedpleural Calcified plaques Diffuse thickening Diffuse thickening
plaques and plaques

Total No of men 201 133 27 13 28
Re-examined in 1976 155 (77%) 107 (80%) 22 (81%) 8 (62%) 18 (64°)
Dead with predeath examination 20 (10%) 10 (8%) 4 (15%) 1 (8%) 5 (18%)
Total included in analysis 175 (87%) 117 (88%) 26 (96%) 9 (69%) 23 (82%)
Death with no predeath examination 12 5 - 3 4
Non-responders

III 3 3 - - -
Moved away 2 1 1
Refused 9 7 - 1 1
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Table 2 Inter-reader variation on ILO/UC classification
offollow-up radiographs

Abnormality Reader Chi'

1 2 3

Uncalcified pleural plaques
Present 116 129 127 3-95
Absent 39 26 28

Calcified pleural plaques
Present 65 62 58 0-66
Absent 90 93 97

Diffuse pleural thickening
Present 39 39 46 1-08
Absent 116 116 109

Small opacities 1/1 or more
Present 10 45 18 32.79*
Absent 145 110 137

*p < 001.

10 years before the survivors, but the relationship
between age and pleural abnormality was similar to
that seen in the survivors. On average those with
diffuse thickening and no plaques in 1966 had a
shorter period in occupations with potential exposure
to asbestos dust and shorter time since that period
began than those with plaques alone or together
with diffuse thickening. There were no significant
differences in smoking habits between the pleural
abnormality groups.
The 1976 radiographs were used to assess inter-

reader variation as the 1966 radiographs were the
basis of selection of the subjects and by definition
included none showing small opacities 1/1 or more.
There was no significant variation with respect to

pleural abnormalities but, despite the use of trigger
films and the long experience of the readers, reader
2 read significantly more cases of small opacities 1/l
or more (table 2). This variation has caused us to use
the agreed reading of at least two readers for every
aspect of radiographic abnormality. All readers
considered all films to be of acceptable quality.
Of the 175 men, 23 (13-1 %) attained a classifi-

cation of small opacities category 1/1 or more by
1976 or their death (16 survivors, 7 dead). This is
related to the 1966 radiographic classification and
mean age, mean duration of exposure, and time
since that started, and smoking history (tables 3-7).
Fifteen (12 8%), ten living and five dead, of the 117
with simple plaques in 1966 developed small
opacities I/I or more, giving attack rates of 9 3% in
the living in a 10-year period and 50% in the dead
followed on average for five years. They were slightly
older than those who did not develop small opacities,
and their duration of exposure and time since
exposure started were similarly slightly longer. The
six (23-1 %), four living and two dead, of 26 with
calcified plaques who developed small opacities
were also slightly older than those who did not, and
their exposure duration and time since that started
were also slightly longer.

Based on the other three pleural abnormality
groups, one man with diffuse thickening only would
have been expected to have developed small opacities.
In fact none did, but no firm conclusions can be
drawn from this as there were only nine men in that

Table 3 Number ofmen in each radiographic classification in 1966 and in 1976

1966 1976 radiographic classification
radiographic
classification Without small opacities 1/1 or more With small opacities 1/1 or more

Nil UCP CP DT DTP All UCP CP DT DTP A 11
(n = 152) (n = 23)

UCP 2 65 17 3 15 102 8 3 4 15
CP 11 9 20 4 2 6
DT 1 1 7 9 0
DTP 2 1 4 14 21 1 1 2

UCP = Uncalcified plaque. DT = Diffuse pleural thickening.
CP = Calcified plaque. DTP = Diffuse pleural thickening and plaques (uncalcified or calcified).

Table 4 Mean age (years) in 1966 of men in each radiographic classification in 1966 and in 1976

1966 1976 radiographic classification
radiographic
classification Without small opacities 1/1 or more With small opacities 1/1 or more

Nil UCP CP DT DTP All UCP CP DT DTP All
(n = 50) (n = 53)

UCP 46 48 43 52 59 49 49 51 57 51
CP 53 54 54 59 67 62
DT 47 57 50 51 -

DTP 51 61 54 54 54 38 54 46
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Table 5 Mean duration of exposure to asbestos (years) up to 1966 ofmen in each radiographic classification in 1966
and in 1976

1966 1976 radiographic classification
radiographic
classification Without small opacities 1/1 or more With small opacities 1/1 or more

Nil UCP CP DT DTP All UCP CP DT DTP All
(n = 20) (n = 24)

UCP 21 19 19 17 21 19 23 20 23 22
CP 24 23 23 26 32 28
DT < 1 12 11 10
DTP 17 27 23 29 27 20 36 28

Table 6 Mean time up to 1966 since first exposure to asbestos (years) ofmen in each radiographic classification in
1966 and in 1976

1966 1976 radiographic classification
radiographic
classification Without small opacities 1/1 or more With small opacities 1/1 or more

Nil UCP CP DT DTP All UCP CP DT DTP All
(n = 25) (n = 28)

UCP 26 25 22 27 25 25 25 32 24 26
CP 28 30 29 27 39 31
DT 27 13 17 18 -

DTP 31 27 28 32 31 20 36 28

Table 7 Smoking habits of men in each radiographic classification in 1966 and in 1976

1966 Past or 1976 radiographic classification
radiographic present
classification smoking Without small opacities 1/1 or more With small opacities 1/1 or more

history
Nil UCP CP DT DTP All UCP CP DT DTP All

UCP Yes 2 55 14 2 12 85 7 3 4 14
No 0 10 3 1 3 17 1 1

CP Yes 11 8 19 4 1 5
No 1 1 1 1

DT Yes 1 1 6 8
No 1 1

DTP Yes 2 1 3 12 18 1 1
No 1 2 3 1 1

Smokers and ex-smokers 130 Smokers and ex-smokers 20
Non-smokers 22 Non-smokers 3

group. Two (8-7%) of the 23 with diffuse thickening
and plaques did develop small opacities. They were
both alive in 1976 and were a little younger than
those who had not so progressed, but their durations
of exposure and time since first exposure were
similar. Two men considered to show uncalcified
plaques on the 1966 radiograph had no pleural lesions
recorded on the reading of the 1976 radiograph.
Twenty (87%) of the 23 who developed small

opacities had a positive history of tobacco smoking
compared with 85% of the 152 who did not. This
small difference was not statistically significant.
The proportion of men in each smoking category
(smoker, ex-smoker, and non-smoker) was similar to
that found in other surveys of dockyard employ-
ees.21415 There was no evidence in this group of

men of any consistent relationship between smoking
habit and development of small opacities.
The 155 men who were still alive in 1976 were

allocated to an exposure group on the basis of their
occupational history (table 8). Those in group 1 were
in occupations with the greatest risk of exposure to
asbestos dust and those in group 3 the lowest risk.
The incidence of small opacities was 5 *5% in group 1,
9-1% in group 2, and 15-8% in group 3.
Data from the independent radiograph reading

were combined with clinical and lung function
findings in such a way that men with a 1976 film in
which at least two readers agreed on the presence of
small opacities 1/1 or more, persistent basal crackles,
and a reduction in gas transfer factor below 75% of
predicted value in the absence of significant airway
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Table 8 Comparisons of attack rates of small opacities category 1/1 or more, clinically confirmed, parenchymal
fibrosis, smoking habits, and duration ofpotential exposure in men with pleural lesions in 1966, group A (this paper
-survivors only) and with no pleural lesions in 1966, group B (McMillian et al14)

Exposure Occupations Group No % in each smoking Mean duration % (No) with % (No) with % (No) wit/
group followed-up category (y) of SO* 1/1 or SO* 1/1 or clinical and

__-- occupational mnore nmore, signs, radiographic
S Ex-S Non-S exposure and LFT diagnosis of

changes of parenchymal
parenchymal fibrosis
fibrosis

Lagger, asbestos A 18 61 22 17 20 5 5 5 (1) 5-5 (1)
sprayer, sailmaker, B 29 41 41 17 18-5 3-4 (1)
lagger, asbestos
storeman, painter
afloat

2 Electrical fitter, A 99 47 36 17 22-0 9.1 (9) 3 0 (3)
caulker, riveter, B 607 44 29 27 18-3 0 5 (3)
coppersmith, ship
fitter, boilermaker,
driller, welder,
burner, joiner,
plumber, ship-
wright,
mechanical fitter

3 All other A 38 58 39 3 20-8 15-8 (6) 8 0 (3)
occupations in B 335 56 29 15 17-6 0-6 (2)
dockyard

1-3 All occupations A 155 51 35 14 21-5 10-3 (16) 4 5 (7)
B 971 48 29 22 17-8 0-6 (6)

SO = Small opacities.
LFT = Lung function tests.

obstruction were considered to have definite
evidence of asbestos-induced parenchymal fibrosis.
Seven (4 5%) of the 155 responders satisfied these
strict criteria; one in group 1, three in group 2, and
three in group 3.
No cases of mesothelioma nor of bronchial

carcinoma were found among the responders. Three
of the dead had mesothelioma(2 pleural, 1 peritoneal)
and another died from bronchial carcinoma. That
man and one of those with pleural mesothelioma
also had small opacities 1/1 or more and have been
included in relevant tables.

Discussion and conclusions

The radiological data suggest that some 13 % of men
in Devonport Dockyard who have had sufficient
exposure to asbestos dust and time since that
exposure to have developed pleural changes (but not
small opacities of category 1/1) can be expected
subsequently to develop small opacities category 1/1
or more within 10 years of identification of the
pleural lesion. The type of pleural lesion, time since
first exposure, occupation, age, and smoking habit
do not appear to be the factors that determine which
of the men will be affected.
The relatively low attack rate in group 1, men with

the heaviest exposure who have shown the highest
prevalence of parenchymal fibrosis in previous
studies of random samples of the dockyard popula-

tion2 1415 is explained by the method of selecting men
for this study: many men in group 1 had developed
small opacities category 1/1 or more by 1966 and
thus were excluded. The attack rate of clinically
confirmed parenchymal fibrosis of 4 5 % is in sharp
contrast to that in responders in a large random
sample of men drawn from the same dockyard
population'4 and who had neither pleural nor
parenchymal lesion in 1966 (table 8). In 1977 these
latter men were examined by the same physicians as
the present study group. Data from that study have
been reviewed in the light of the slightly different
lung-function criteria applied to the 155 men, and
the attack rate of 0-6% is confirmed. This strengthens
but does not confirm our opinion that men with
pleural lesions are more likely to develop parenchy-
mal fibrosis than their similarly employed colleagues
with no pleural lesions. Our caution is based on
important differences between the two groups ofmen
(table 8). When the groups were divided by occupa-
tion, an indicator of severity of exposure, there were
relatively more men from the 155 men with pleural
lesions in the heaviest exposure (group l) and fewer
in the lightest exposure (group 3). Overall there were
relativelymorenon-smokers in the larger sample, and
their mean duration of exposure was about four
years shorter. Nevertheless, the relative number of
men and smokers were similar in exposure group 2,
but the attack rates were very dissimilar (log
likelihood ratio 443-p = 0-036). Furthermore,
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100-mm radiographs were used to screen the larger
sample and determine which men required further
examination by full size radiograph. Although a very
low threshold of suspicion was maintained when
examining the smaller films it is likely that some
cases of small opacities were missedl6 though unlikely
that these included any of classification 1/1 or more.
The attack rates for group 3 are also very dissimilar
(log likelihood ratio = 7-52, p = 0 006).

Since 10 3 %of the men who were re-examined had
developed small opacities ten years later (131 0%, if
those who had died are included) we concluded that
asbestos-related pleural lesions may not be merely
"markers" of previous exposure to asbestos but may
identify those at greatest risk of developing parenchy-
mal fibrosis. The number of cases of mesothelioma
(3) and of bronchial carcinoma (1) is too small to
establish a relationship with benign pleural lesions.

We gratefully acknowledge the co-operation of our
subjects and the work of the staff at the Medical
Research Unit and Beaumont House Chest Clinic,
Plymouth, especially that of our colleagues who read
the radiographs.
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