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Table 35 Unadjusted and adjusted relative risk of mortality from cerebrovascular
disease for stripping/removal workers post-ALR, in Poisson regression analyses

Cases RR  (95% CI) LR test (df)  aRR' (95% CI) LR test (df)

Stripping type worked with 2.46 (2) 3.28(2)
Wet only * 12 1.0 1.0
Dry only 5 0.6 (0.2-1.6) 04 (02-1.3)
Both 1 0.3 (0.04-2.4) 0.3 (0.04-2.5)
Respirator type used 3.45 (6) 4.35(6)
Positive pressure mask 17 1.0 1.0
Airstream helmet 0 - -
Full face unpowered 1 0.3 (0.04-2.4) 0.3 (0.04-2.3)
Half face mask 0 - -
Minimal 0 - -
None 0 - -
Mixture 1 0.5 (0.1-3.5) 0.5 (0.1-3.5)
Average weekly hours spent stripping 2.79 (3) 4.27 (3)
<20° 9 1.0 1.0
20- 5 1.6 (0.5-4.9) 23 (0.7-17.0)
30- 2 0.7 (0.1-3.1) 1.0 (0.2-4.6)
40+ 7 1.9 (0.7-5.0) 25 (0.9-6.8)
Smoking status 1.68 (2) 0.64 (2)
Never smokers * 4 1.0 1.0
Current smokers 14 1.5 (0.5-4.7) 1.5 (0.5-4.5)
Former smokers 5 24 (0.6-8.9) 1.2 (0.3-4.4)
Age at first exposure (years) 26.50 (3)" 1.96 (3)
<30°% 4 1.0 1.0
30- 5 2.7 (0.7-10.2) 24 (0.7-8.4)
40- 9 11.0" (3.4-35.6) 3.0 (0.5-18.7)
50 + 5 172" (4.6 -63.9) 1.6 (0.2-143)
Length of time in survey 0.54 (1) 0.32 (1)
One examination 12 1.0 1.0
> 2 examinations 11 14 (0.6-3.1) 1.3 (0.6-2.8)
Length of exposure (years) 0.58 (1)
<5? 16 1.0 1.0 0.20 (1)
5+ 7 14 (0.6-3.5) 1.2 (0.5-3.0)

" Relative risk adjusted with Poisson regression for age, period and sex; * significant at p<
0.05; ** significant at p < 0.01; LR test, Likelihood ratio test of goodness-of-fit; df, degrees of
freedom; RR, relative risk, relative to reference group from Poisson regression analyses; *
Reference category, CI, confidence interval
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Table 36 Unadjusted and adjusted relative risk of mortality from respiratory
disease for stripping/removal workers post-ALR, in Poisson regression analyses

Cases RR  (95% CI) LR test (df)  aRR' (95% CI) LR test (df)
Stripping type worked with 0.19 (2) 0.13 (2)
Wet only * 10 1.0 1.0
Dry only 8 1.1 (0.4-2.7) 09 (0.4-2.5)
Both 2 0.8 (0.2-3.5) 0.8 (0.2-3.5)
Respirator type used 7.83 (6) 9.21 (6)
Positive pressure mask 18 1.0 1.0
Airstream helmet 0 - -
Full face unpowered 0 - -
Half face mask 0 - -
Minimal 0 - -
None 0 - -
Mixture 3 1.3 (0.4-45) 1.2 (04-4.1)
Average weekly hours spent stripping 2.88 (4) 321 (4)
<10°% 9 1.0 1.0
10- 1 0.5 (0.1-3.7) 0.6 (0.1-4.6)
20- 2 0.5 (0.1-25) 0.8 (0.2-34)
30- 3 0.8 (0.2-3.0) 1.2 (0.3-43)
40+ 7 1.5 (0.6-4.1) 2.1 (0.8-54)
Smoking status 8.53(2)" 6.01 (2)"
Never smokers 1 1.0 1.0
Current smokers 15 6.6 (0.9-49.7) 6.6 (0.9-50.5)
Former smokers 6 114 (1.4-94.8) 5.9 (0.8-46.0)
Age at first exposure (years) 23.42 (3)** 3.45(3)
<30°% 3 1.0 1.0
30- 8 58" (1.5-21.9) 25 (0.6-9.5)
40- 6 9.8 (2.4-139.0) 09 (02-44
50 + 5 22.9" (5.5-96.0) 0.6 (0.1-3.7)
Length of time in survey 0.67 (1) 0.81 (1)
One examination 8 1.0 1.0
> 2 examinations 14 0.7 (0.3-1.7) 0.7 (0.3-1.6)
Length of exposure (years) 3.10 (1) 4.89 (1)
<59 20 1.0 1.0
5+ 2 03 (0.1-1.4) 0.3 (0.1-1.1)

" Relative risk adjusted with Poisson regression for age, period and sex; * significant at p<
0.05; ** significant at p < 0.01; LR test, Likelihood ratio test of goodness-of-fit; df, degrees of
freedom; RR, relative risk, relative to reference group from Poisson regression analyses; *

Reference category, CI, confidence interval
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Table 37 Adjusted relative risk (aRR) of mortality from respiratory disease for
stripping/removal workers post-ALR, in multivariable Poisson regression

analyses
Variable Cases aRR' (95% CI) LR test (df)
Smoking status 6.21 (2)
Never smokers ¥ 1 1.0
Current smokers 15 6.8 (0.9-51.9)
Former smokers 6 6.1 (0.8—47.6)
Length of exposure (vears) 517 (1)
<58 20 1.0
5+ 2 02 (0.1-1.0)
Age 32.90 (5"
<40°% 4 1.0
40- 2 25 (04-14.5)
45- 4 7.5 (1.9-30.4)
50- 3 82" (1.9-35.8)
55- 2 8.7 (1.5-51.8)
60 + 7 39.4™ (10.9 - 142.3)
Calendar period 0.85(2)
<1995°% 2 1.0
1995- 6 20 (04-9.7)
2000 + 14 1.9 (04-8.1)
Sex 0.16 (1)
Male ® 22 1.0
Female 0 -

Deviance of model was 338.81 on 95851 degrees of freedom (p=1)

" Relative risk adjusted with Poisson regression for all variables listed; * significant at p< 0.05;
** significant at p < 0.01; LR test, Likelihood ratio test of goodness-of-fit; df, degrees of
freedom; ¥ Reference category, CI, confidence interval.
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Adjusted relative risk

All causes All MN MN Trachea, Circulatory disease Ischaemic heart Cerebrovascular
bronchus & lung disease disease
I Dry only I Both — — — Reference category: Wet only ‘

Respiratory
disease

(Rates are adjusted by age, calendar period and sex; Error bars represent 95% confidence intervals.)

Figure 16 Adjusted relative risks from Poisson regression, by stripping method used
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Adjusted relative risk

Respiratory
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(Rates are adjusted by age, calendar period and sex; Error bars represent 95% confidence intervals.)

Figure 17 Adjusted relative risks from Poisson regression, by respirator type used
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than the date (if different) reported at a later time. This had implications for three key factors,
namely the age at first occupational exposure to asbestos, the calendar period at first exposure,
and the latent period. This issue was addressed in the analysis that compared mortality by
latency periods for short-term workers who only had one medical examination with mortality by
latency periods for longer-term workers. These analyses showed that the SMRs and rate ratios
by latency were very similar for short-term and longer-term workers, and that the small
differences were unlikely to be due to a strong bias in reporting the date of first occupational
exposure among longer-term workers. If there were errors in the date of first occupational
exposure that workers reported at subsequent medicals, it is likely they that these errors were
randomly distributed.

4.1.4 Length of follow-up

One of the objectives of the asbestos survey was to monitor how effective regulations were in
reducing the health risks associated with occupational exposure to asbestos. A number of the
analyses were stratified by whether workers were first exposed to asbestos before or after the
implementation of the ALR in 1984. For workers first exposed to asbestos pre-ALR, 78% of
deaths occurred after a latency period of at least 20 years. Only 8% of the 15,496 deaths
occurred among those first exposed after 1984 although 56% of all workers were first exposed
post-ALR. Many of the asbestos related diseases have long latency periods and a follow-up
period approaching 40 years or more is required to monitor any change in asbestos related
disease risk following changes in the work environment. The data collected by the survey are
beginning to capture the full extent of these diseases for those recruited at the start of the survey,
but a longer follow-up period is required before the data can provide strong evidence of benefits
derived from the implementation of the ALR and subsequent legislation.

4.1.5 Job and industry classification

For the main part of the analysis, workers were classified according to which industry they had
spent most time working in. A potential concern with this system was that a worker may have
spent some time working in a high-risk industry but spent the majority of their time in a
relatively low risk industry. As a result of this type of “contamination”, the low risk industry
might have a higher SMR than if a more homogeneous industry classification system had been
used. To address this issue, an alternative classification system was used which had two
completely homogeneous categories, namely “manufacturing only” and “stripping/removal
only”, plus two more general categories, “stripping/removal plus work in any other asbestos
industry” and “mixed”, which represented a catchall for any other combination of industries an
individual may have worked in. Comparison of the results from analyses using the two systems
for classifying workers into industrial categories showed that SMRs for “mainly manufacturing”
and “manufacturing only” were very similar, as were “mainly stripping/removal” and
“stripping/removal only”, and “other exposed workers” and “mixed”. This clearly showed that
either system of classifying workers could have been used for the main analysis and that the
system adopted was robust. Consequently the classification according to the industry a worker
had spent most time in was used for the main analysis in order to maintain continuity with the
previous analysis of this survey”.

Insulation workers were placed into a separate industry category. Insulation workers were only
recruited into the survey until 1985 because the installation of asbestos insulation was
prohibited in 1985. The questionnaires did not provide an option for classifying jobs into
manufacturing, stripping/removal, or “other” before 1988 so that insulation workers were not
included in any of these job categories (Appendix 3). In addition, insulation workers were
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generally at higher risk of mortality from asbestos related diseases than other types of asbestos
worker. Inclusion of these insulation workers who were recruited only during the first 14 years
of the survey into one of the three job categories would have inflated the risks associated with
that category.

4.1.6 Confounding

The SMRs observed were likely to be confounded by other risk factors. Potential confounders
include lifestyle factors, such as smoking and alcohol consumption, and socio-economic status.
At the start of the survey, the asbestos workers had similar smoking rates as the GB population.
However during the course of the survey national smoking rates fell, while the rate among the
asbestos workers remained the same. By the end of the analysis period, the asbestos workers
had smoking rates approximately double the GB national rates for smoking among adults over
16 years. In 2004, 24% of the GB adult population were cigarette smokers’, while 54% of the
asbestos workers were cigarette smokers at their last medical examination. Smoking is
associated with many cancers' ', respiratory'? and cardiovascular diseases'’. Workforces with a
large number of transient workers, such as the construction and lagging industries, and other
trades that were traditionally dusty or dirty, tend to have a large proportion of single, unattached
men (reviewed in Browne and Gee'*). These men experience higher SMRs for violence, suicide
and lung cancer, and have higher consumption of tobacco and alcohol than the general
population. If these reported associations were applicable to the GB asbestos workers, even in
the absence of exposure to asbestos, an excess of deaths would be expected amongst them. The
PMRs were also reported so that an internal comparison of the proportion of deaths observed
could be made. This comparison reduces the confounding resulting from higher smoking rates
among the asbestos workers, and confounding by other socio-economic and lifestyle variables
that would be similar among the asbestos workers but different to the GB population as a whole.
However both PMRs and SMRs have their limitations and should be interpreted with caution.
PMRs are not an absolute measure of risk, and they may underestimate the risk if overall
mortality in the study population is greater than in the comparison population. If the difference
in mortality rates is sufficiently large, PMR and SMR analyses on the same data can give
conflicting results'’. The PMR is affected by the relative frequency of other causes of death: if a
PMR indicates an excess of deaths from a particular cause, the excess may be a consequence of
a deficit of deaths from other causes or may represent a true difference. SMRs do provide a
measure of absolute risk, but two age-adjusted SMRs cannot be compared unless either the age
structure of the two populations is very similar or the age-specific mortality ratios within each
population are similar across the age groups'®. In order to address some of these issues, both
SMRs and PMRs were calculated. In this report, an excess of deaths from a particular cause of
death was regarded as evidence for an association between occupational exposure to asbestos
and disease only if both the SMR and the PMR were significantly elevated.

4.1.7 SMR and Poisson regression analysis

The two types of analysis used provide complementary insights into the mortality experience
among stripping/removal workers. The SMR analysis compared mortality among the workers
with the GB population. The Poisson regression was a more detailed examination of mortality,
comparing only individuals within the cohort. This internal analysis also dealt with potential
confounding by factors such as social class that were not measured but were likely to be similar
between participants in the survey. The Poisson regression of the whole cohort highlighted
some associations with asbestos not observed in the SMR/PMR analysis. For example, the
SMRs for colorectal cancers indicated a significant excess mortality from these two cancers
compared with the GB population, but the PMR analysis suggested that there was no evidence
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of excess mortality. However, in the Poisson regression analysis restricted to men and women
with at least 20 years’ follow-up, important relationships between age at first occupational
exposure to asbestos, duration of exposure, and latency and the risk of colorectal cancer
mortality emerged. For diseases with less established associations with asbestos exposure, the
type of analysis employed, to some extent, affected the results and the subsequent interpretation
of the results. Combining the results from the SMR, PMR, and Poisson regression analysis
provided different levels of evidence for associations with asbestos exposure. The strongest
evidence was observed when the SMR and the PMR showed significant excess mortality and
the Poisson regression found important relationships between explanatory variables, such as age
at first exposure, duration of exposure, and latency. Less convincing evidence of an association
with asbestos exposure was observed where the SMR was statistically significantly elevated, the
PMR showed no evidence of excess mortality, but the Poisson regression analysis showed
important associations between explanatory variables and the risk of mortality.

Poisson regression analysis was also used to investigate the association between the exposure
variables collected on the stripping/removal workers and mortality (see Panel S, Appendix 2).
The Poisson regression analysis focused on the stripping/removal workers because they
comprise the largest group of licensed asbestos workers in GB currently.

4.2 MORTALITY ANALYSIS

Overall, the asbestos workers experienced higher mortality rates than the GB population, with
significantly high SMRs for all causes of death (SMR 141; 95% CI 139-143), all malignant
neoplasms (SMR 163; 95% CI 159-167), respiratory disease (SMR 162; 95% CI 154-171) and
circulatory disease (SMR 141; 95% CI 138-145), and substantially higher SMRs than these for
specific causes of death. There was no evidence of the “healthy worker effect” among the
asbestos workers. The majority of asbestos workers were based in England and Wales, and were
male. Consequently the main analyses combined the data by geographic region and by sex.
With two exceptions, cancers of the kidney and of the pleura, the SMRs were similar for
workers in Scotland and in England and Wales. For these exceptions the SMRs in Scotland
were higher. Comparing mortality rates for men and women in England and Wales, women had
higher SMRs for circulatory disease and asbestosis, and a lower SMR for all malignant
neoplasms. In many instances, non-significantly raised SMRs were found. These tended to
occur in categories, which included relatively few workers or where the follow-up period was
relatively short, and could only be considered as indicative of increased risks.

4.2.1 Jobtype

Job type gave some indication of the type and level of asbestos exposure. The risk of lung
cancer tends to be lower for individuals working with asbestos fibres which are contained in a
matrix than for those working with loose and processed fibres'’. At the same time, asbestos
fibre type also affects risk: the risk is lower for exposure to chrysotile than for amosite and
crocidolite, with the risk differential for lung cancer ranging between 1:10 and 1:50%. The risk
posed by occupational exposure therefore depends on the combination of type and state of the
fibres. Asbestos textile workers would be exposed primarily to chrysotile as processed fibres
whereas manufacturing, stripping/removal and insulation workers would be exposed to mixed
fibres, and depending on the industrial sector, in a matrix or as loose fibres'’.

There were clear differences in mortality rates between the various asbestos industries included

in the survey. Overall, the lowest rates were seen among manufacturing workers. This may
reflect the fact that it may be easier to control asbestos exposure in a stable factory environment
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than it is for workers in other occupations, such as shipbuilding. Workers employed in
manufacturing asbestos cement and in maintenance were the main exception to this. They had
high mortality from the major asbestos related diseases. The highest mortality rates in the cohort
overall were observed among insulation workers. Although there is debate about the potency of
different asbestos types, there is general agreement that induction of mesothelioma and lung
cancers are related to industry specific exposures'®. It has been proposed that the body’s defence
mechanism initially copes with the carcinogenic effects of asbestos and that mesothelioma only
develops once a relatively high cumulative dose has been received'”. There is some evidence of
an inverse relationship between the intensity of asbestos exposure and the length of the latency
period": trades with heavy exposure to asbestos tend to have a shorter latency period than those
with less heavy exposure.

A meta-analysis of data from 69 cohorts occupationally exposed to asbestos found that
occupation influenced lung cancer rates™. Asbestos product manufacturers and cement workers
had the highest meta-SMRs (SMR 192, 95% CI 176-209 and SMR 170; 95% CI 156-185
respectively), followed by asbestos miners and millers, and shipyard workers. In the GB
asbestos survey, there were differences between occupations in lung cancer rates, but there were
also differences in rates between occupations for other causes of death.

Among Israeli former asbestos cement workers, the highest standardised incidence rates (SIR)
were observed for mesothelioma (SIR 5,676) and pleural cancer (SIR 2,777)*'. Non-
significantly raised SIRs were reported for liver cancer (SIR 294) and lung cancers (SIR 135).
Among Italian asbestos cement workers, SMRs were significantly raised for asbestosis (SMR
120,000) and pleural cancers (SMR 2,500) and, nonsignificantly raised for lung cancer and
gastric cancer””. Mortality in the GB workers was consistent with these reported findings. The
GB asbestos cement workers had significantly raised SMRs for asbestosis (SMR 5,497),
peritoneal cancer (SMR 687), pleural cancer (SMR 1,188), mesothelioma (SMR 421), lung
cancer (SMR 174), and stomach cancer (SMR 173).

Among Italian asbestos textile workers, the highest SMRs were reported for pleural cancer
(SMR 4,105), peritoneal cancer (SMR 1,817), and lung cancers (SMR 1282); the SMR for all
cancers was 1917, These ratios were substantially higher than were observed in the GB textile
manufacturing industry. Among the latter, the SMR for pleural cancer was 879 and for lung
cancer was 180, but there were no deaths from peritoneal cancer recorded. In the GB asbestos
textile workers, the highest SMR was for asbestosis (SMR 4,188). Likewise, mortality from
asbestosis (SMR 23,250) and lung cancer (SMR 195) were elevated among a cohort of
chrysotile textile asbestos workers in South Carolina®.

The risks associated with insulation work, and a possible association between asbestos exposure
and gastrointestinal cancers were first reported in the 1960s>. Subsequently increased risks of
lung cancer, mesothelioma, laryngeal cancer, and gastrointestinal cancer have been reported
among insulation workers in various studies (reviewed by Ulvestad et al”®). A number of these
studies have also observed a higher incidence of peritoneal cancer than pleural cancer among
insulation workers. Among the GB asbestos workers, there were significant excesses of lung,
peritoneal, pleural, and stomach cancers, and of mesothelioma and asbestosis. The ratio of
peritoneal to pleural cancer was approximately 1:1. The SMRs and PMRs for all these causes of
death were highly significant, except for stomach cancer. The PMR for stomach cancer among
insulation workers was not significant (PMR 103), though the Poisson regression did provide
support for an association between asbestos exposure and stomach cancer among the GB
insulation workers.

There are currently no published reports on mortality among asbestos stripping/removal
workers. This may in part be due to a lack of follow-up time and in part to the dispersed nature
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of the workforce. Despite the relatively short follow-up time for the stripping/removal workers
in the GB asbestos survey, there was evidence of significantly increased mortality among them,
including excess deaths from peritoneal, pleural and lung cancers, mesothelioma and asbestosis.

4.2.2 Tobacco smoking and other lifestyle factors among the asbestos workers

A large proportion of the asbestos workers were current smokers (53%). This was higher than
the national average in GB, even in the 1970s when the survey first started. In 1974, 45% of the
GB population over age 16 years were smokers. The percentage of smokers in GB dropped
steadily to 35% in 1982, 27% in 1992, and 24% in 2004°. Consequently, in addition to any
health risks associated with exposure to asbestos, over half of the workers were at risk of
smoking related diseases. In the general population, an estimated 90% of lung cancers are
attributable to tobacco smoking, plus smaller proportions of cancers of the mouth, pharynx,
oesophagus, larynx, bladder, kidney, and stomach'®. Smoking is also associated with a greater
risk of cardiovascular disease and respiratory disease'’. Between 50-55% of strokes”’ and over
80% of all deaths from chronic obstructive pulmonary disease'” ** are attributable to smoking.
The high mortality from cancer, cardiovascular disease, and respiratory disease among asbestos
workers was partially explained by the high proportion of smokers.

Smoking, alcohol consumption, poor diet, physical inactivity and lower levels of education tend
to cluster”'. Although not measured in this survey, it is likely that a significant proportion of
the GB asbestos workers had lower levels of education, a poor diet, and high alcohol
consumption. A high prevalence of these factors, along with smoking, would adversely affect
their morbidity and mortality from many chronic diseases, including cancers and circulatory
disease. The PMRs were calculated since they provide a measure of mortality in relative terms.
By comparing the proportional mortality from a particular cause within the cohort with that in
the general population, the PMR analysis adjusts for those characteristics common to
individuals in the cohort but which differ from the general population. The PMR analysis
therefore adjusted, to some extent, for the effect of smoking and other unmeasured lifestyle and
socio-economic variables. Since overall mortality in the cohort was higher than in the general
population, the PMRs tended to be smaller than the SMRs. However the PMR analysis showed
similar trends to those observed in the SMR analysis. The SMRs and the PMRs were
significantly high for all malignant neoplasms, cancers of the stomach, lung, peritoneum and
pleura, mesothelioma, cerebrovascular disease, respiratory disease, and asbestosis.

4.2.3 Cause specific mortality
4.2.3.1 Stomach cancer

Stomach cancer was the fifth commonest cancer in men and the tenth commonest cancer in
women in England and Wales in 1997'’. The published evidence for an association between
asbestos exposure and stomach cancer is inconclusive’>. A meta-analysis of 69 asbestos-
exposed cohorts found no evidence that asbestos exposure was related to stomach cancer and all
gastrointestinal cancer mortality™, and there was no evidence that asbestos increased the risk of
gastric cancer among 400,000 Swedish construction workers®. On the other hand, a death
certificate study of American workers reported significantly raised PMRs for gastrointestinal
cancer (PMR 110; 95% CI 106-113) for workers, who were in occupations that had elevated
PMRs for mesothelioma®. Further studies and reviews (summarised by Kang et al’?) show
similarly conflicting results. A major review overseen by the US Institute of Medicine
concluded that the evidence for a causal relationship between asbestos exposure and stomach
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cancer is “suggestive but not sufficient””, although an earlier IARC review found that the
9935

evidence for a causal relationship with gastrointestinal cancer was “sufficient””.

There was a significantly raised SMR and PMR for stomach cancer among the GB asbestos
workers, and insulation and “other exposed” workers had significantly raised mortality.
However in the SMR analysis there was no evidence of association between stomach cancer
mortality and age at first occupational exposure to asbestos, year of first exposure to asbestos,
years since first exposure to asbestos, or year of birth. In the Poisson regression analysis,
adjusted for age and sex and restricted to workers with at least 20 years’ follow-up, stomach
cancer mortality was associated with birth cohort, year of first occupational exposure to
asbestos, age at first exposure, length of exposure, latency, smoking status, and main job. This
may indicate that although mortality from stomach cancer is higher than in the general GB
population and is likely to be associated with occupational exposure to asbestos, other risk
factors are also important. Research suggests that the risk of stomach cancer could be reduced
by an estimated 66-75% by following a diet rich in fruit and vegetables and low in salt’®. A
meta-analysis of tobacco smoking and gastric cancer indicated that 11% of stomach cancer may
be attributable to cigarette smoking®’. Smaller positive associations with the risk of stomach
cancer have been reported with alcohol intake™, obesity™®, and low socio-economic status®. The
high SMR and PMR for stomach cancer observed in this cohort probably reflected a high
prevalence of these risk factors as well as occupational exposure to asbestos.

4.2.3.2 Colorectal cancer

In 1997, colorectal cancer was the second most common cancer in men and the third most
common cancer in women in England and Wales'’. Approximately 33% of colorectal cancers
were in the rectum and 67% in the colon'’. There were 297 deaths from colon cancer and 183
from rectal cancer in the GB asbestos workers, a similar ratio to that seen in England and Wales.
For “other exposed” workers, there was a 1:1 ratio of colon:rectal cancers, while manufacturing,
stripping/removal and insulation workers had ratios of approximately 2:1. Among the GB
asbestos workers, there were significantly raised SMRs, but non-significant PMRs, for colon
and rectal cancer. The Poisson regression analysis showed important relationships between
colorectal cancer mortality and age at first exposure, duration of exposure, latency, and main
job, which were suggestive of a link with exposure to asbestos. Men at an asbestos factory in
East London who had been exposed to very high levels of asbestos for at least two years or who
had worked as laggers had a significant excess of colon cancer®’. A death certificate study
among American workers also reported a small effect of asbestos exposure on colorectal cancer
(PMR 109; 95% CI 107-110)*2. However whether there is an association between asbestos
exposure and colorectal cancer is unclear. The meta-analysis of 69 asbestos exposed cohorts
found no evidence that asbestos exposure was related to colorectal cancer mortality™.
Conflicting results were reported in other reviews, with some reviews supporting a link between
asbestos exposure and colorectal cancer and others finding no evidence of an association
(reviewed by Kang et al’*). The recent review by the US Institute of Medicine Committee on
Asbestos found that the evidence for a causal relationship between asbestos exposure and

colorectal cancer was “suggestive but not sufficient™'.

As with stomach cancer, the major risk factor for colorectal cancer is poor diet, with an
estimated 70% of colorectal cancers preventable through dietary intervention™. In the US
population 12% of colorectal cancer deaths are attributable to smoking®, and high alcohol
consumption and physical inactivity are other risk factors for colorectal cancer’' **. The
significant excess of deaths indicated in the SMR analysis but not in the PMR analysis probably
reflected a high prevalence of these risk factors among the GB asbestos workers in addition to
occupational exposure to asbestos.
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4.2.3.3 Laryngeal cancer

Laryngeal cancer is rare in women but was the fourteenth commonest cancer in men in England
and Wales in 1997'. It is rare in men under the age of 40 years. The major non-occupational
risk factors for laryngeal cancer are tobacco smoking and alcoholic drinks, and there is strong
evidence of a synergistic effect of smoking and alcohol on the risk of laryngeal cancer'®. A
socio-economic gradient in risk was observed in the early 1970s in the UK and the USA:
unskilled manual workers had three times the risk of laryngeal cancer compared to professional
and managerial workers (reviewed by Browne and Gee'*). A diet rich in fruit and vegetables
may be protective against laryngeal cancer*. Consequently, the significantly elevated SMR for
laryngeal cancer among the GB asbestos workers (SMR 148) could be attributed partly to the
large proportion of smokers among the workers and partly to the socio-economic gradient and
other correlated lifestyle factors. The non-significant PMR (PMR 101) and the lack of any
associations, other than with smoking status, in the Poisson regression analysis suggested that
exposure to asbestos was not a major risk factor for laryngeal cancer among the GB asbestos
workers. The published evidence for an association between asbestos exposure and laryngeal
cancer is inconsistent. A meta-analysis published in 1999 of 69 asbestos exposed cohorts
reported meta-SMRs for laryngeal cancer of 157 with a latency period of at least 10 years and
an SMR of 133 without latency®. Reviews by Browne and Gee in 2000'* and by Griffiths and
Malony in 2003* concluded that there was no evidence that the risk of laryngeal cancer was
increased by exposure to asbestos. A more recent analysis of over 300,000 Swedish construction
workers found a significant association between asbestos exposure and laryngeal cancer™. After
reviewing the evidence IARC and the US Institute of Medicine Committee on Asbestos
concluded that the “evidence was sufficient to infer a causal relationship between asbestos
exposure and laryngeal cancer” *>*.

4.2.3.4 Cancers of the trachea, bronchus and lung

Lung cancer is the commonest cancer in the world. In the UK it is the leading form of cancer in
men and the third commonest among women'’. The peak age-standardised incidence in England
and Wales occurs among men aged 80-84 years and among women aged 70-84 years'’. The
male:female ratio is approximately 2:1 in England and Wales. An estimated 90% of lung cancer
is caused by smoking tobacco'’. The latency period for lung cancer attributable to smoking is at
least 20 years, and incidence below the age of 50 is low. The high SMR for lung cancer for GB
asbestos workers (SMR 187) reflected the high prevalence of smoking among the workers. For
current smokers, the SMR was 306. The PMRs for the whole cohort (129) and for smokers
(164) were also statistically significantly elevated, suggesting that occupational exposure to
asbestos was associated with lung cancer risk. The Poisson regression analysis provided further
evidence of a link with asbestos exposure, confirming the known association between asbestos
exposure and lung cancer.

Lung cancer is the commonest cancer associated with occupational exposures*®. Estimates of the
proportion of lung cancers with an occupational aetiology range from 9-15%*. Asbestos is an
established risk factor for lung cancer® *°, and asbestos related lung cancer may have accounted
for 2-3% of all lung cancer deaths among men in GB during 1980-2000%”. A meta-analysis of
69 asbestos exposed cohorts reported that the meta-SMR for lung cancers with at least 10 years’
latency was 163 (95% CI 158-169) and without latency was 148 (95% CI 144-152)*. A dose-
response relationship between occupational exposure to asbestos and lung cancer risk has been
demonstrated in several studies. An Italian textile workers study showed a clear relationship
between cumulative exposure to asbestos and increasing SMR for lung cancers™. The SMR for

lung cancers for those employed less than one year was 139, 1-4 years was 251, 5-9 years was
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233, and for workers employed > 10 years the SMR was 531. An exposure-response
relationship was also observed among South Carolina chrysotile textile asbestos workers**.

Few asbestos cohort studies have information on smoking status. In the GB asbestos survey,
excess mortality from lung cancer was restricted to current smokers. Although there were deaths
from lung cancer among former and never smokers, the PMRs for lung cancer in these two
groups were significantly less than 100. For the current smokers, the PMR was statistically
significantly elevated (PMR 164, 95% CI 156-172). There were few trends in the PMRs across
the categories of year of birth, age at first exposure, years since first exposure, or calendar
period of first exposure. The PMR was a little higher for those first occupationally exposed to
asbestos aged less than 20 years than for those first exposed aged over 20 years. The PMRs
were largest for latency less than 10 years since first exposure and smallest for latency of more
than 60 years since first exposure to asbestos, though the PMRs were statistically not
significantly different. Strong trends were however observed in the Poisson regression analysis,
particularly in the analysis restricted to workers with at least 20 years’ follow-up. A future in-
depth analysis of the risk of lung cancer among the GB asbestos workers will examine these
issues and the interaction between asbestos and smoking that has been observed in other
cohorts.

4.2.3.5 Mesothelioma

Peritoneal and pleural mesotheliomas are rare in the general population. According to the
International Agency for Research on Cancer (IARC), the age-standardised (world) incidence
rates of mesothelioma in the period 1993-1997 varied between 1 and 54 per million for men and
between 1 and 12 per million for women®'. The age standardised (world) rates for England and
for Scostlland were 27 and 34 per million respectively for men, and 4 and 5 respectively for
women’ .

An estimated 60-88% of mesothelioma cases are due to occupational exposure to asbestos™>, and
even short exposure to asbestos can cause mesothelioma' >. A recent review concluded that
the evidence for an association between exposure to asbestos and peritoneal mesothelioma is not
as strong as it is for pleural mesothelioma®. In one study, a history of asbestos exposure was
present in approximately 80% of cases of pleural mesothelioma but in only 50% of cases of
peritoneal mesothelioma’.

Peritoneal mesothelioma is less common than pleural mesothelioma. In case series and case-
control studies, peritoneal mesotheliomas constitute 10-50% of all mesotheliomas™. Not
including the mesotheliomas coded using ICD-10, 37% of deaths coded to peritoneal or pleural
cancer were coded as peritoneal cancer among the GB asbestos workers. There is some
evidence that peritoneal mesotheliomas are more common than pleural mesotheliomas in highly
exposed individuals® *’: it has been predicted that above certain exposure levels (90 f/ml/y for
crocidolite and 55 f/ml/y for amosite) peritoneal cancers will be more common and below these
levels pleural cancers will be more common™®. Taking the ICD-8 and ICD-9 coded deaths in the
GB cohort overall, the ratio of peritoneal:pleural cancer was 1:1.6. However the ratio varied
considerably between industries: among manufacturing workers the peritoneal:pleural cancer
ratio was 1:5, among stripping/removal workers 1:0.9; “other exposed workers” 1:4.8, and
among insulation workers was 1:0.8. This suggests that insulation workers and
stripping/removal workers were highly exposed. Similar comparisons could not be made using
the mesothelioma deaths that occurred after 2000. Of the 152 mesothelioma deaths coded to
C45, 25 were coded as pleural mesothelioma (C45.0), 27 were peritoneal mesothelioma
(C45.1), and 100 deaths were coded to other and unspecified sites (C45.7 and C45.9).
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An analysis of the GB Mesothelioma Register indicated that the death rate for mesothelioma in
men was highest for those born around 1940°®. Mesothelioma mortality was highest in the 1940-
50 birth cohort in Italy’* and in Norway for those born around 1945, In the GB asbestos
workers cohort, the highest mortality from peritoneal cancer was observed among those born
1940-49. For pleural cancer and ICD-10 mesothelioma, the SMRs were lowest for those born
before 1930 and increased progressively for subsequent birth cohorts. Following the regulation
of occupational exposure to asbestos, the mesothelioma epidemic is predicted to peak between
2010 and 2020 in GB™® and in other European countries.

The long latent period for most asbestos related diseases means that it can be many years before
symptoms of the disease appear. Mesothelioma has a long latent period, with forty or more
years’ latency common. Among Italian textile workers, the highest mortality from pleural
cancer was observed for 25-34 years’ latency”. A review of 21 published papers that
documented the latent period for mesothelioma concluded that the median latent period was at
least 32 years after first exposure to asbestos and that it was unlikely that cases of mesothelioma
would occur within 10 years of first exposure®. However excluding deaths that occur within a
short time of first exposure would ignore particularly susceptible individuals®'. Furthermore, if
as some research suggests latent period is related to exposure intensity, then valuable
information would be lost by excluding such deaths®'. In the GB asbestos survey, there were 21
deaths from mesothelioma, peritoneal or pleural cancer within 10 years of first exposure and 44
deaths within 20 years of first exposure. The short latency for these individuals may reflect
errors in the estimated date of first occupational exposure, non-occupational exposure to
asbestos, non-asbestos actiology, misclassification of the cause of death, individual
susceptibility, exposure intensity, or a combination of these factors. Among GB asbestos
workers the highest SMRs for pleural and peritoneal cancers, and for mesothelioma were
observed after 40-49 years’ latency. A decrease in mesothelioma mortality and a steady decline
in lung burden concentrations of crocidolite with time since exposure were observed among
participants of the Nottingham Gas Mask Cohort study®’. The observations suggested that
crocidolite is slowly cleared from the lungs and that the data are consistent with a half-life as
short as 10 years®.

Previous reports indicate that the risk of mesothelioma is independent of smoking status'’, and
the findings from the GB asbestos workers were consistent with this. The SMRs were
statistically not significantly different between the smoking categories. The SMRs were directly
comparable since the age distributions of current smokers and never-smokers were very similar,
although former-smokers tended to be a little older’. Excess mortality from mesothelioma,
peritoneal and pleural cancers was highest among those first occupationally exposed to asbestos
at age less than 20 years and lowest among those aged 40-49 years at first exposure.

Mesothelioma can be difficult to diagnose so misclassification may have been an issue in this
analysis®. Pleural mesotheliomas may be misdiagnosed as lung cancers and peritoneal
mesotheliomas misdiagnosed as gastroinstestinal cancers. Consequently, mesothelioma tends to
be under-reported and gastrointestinal cancers over-reported on death certificates. Before the
introduction of the ICD-10 code for mesothelioma (C45), mesothelioma was frequently coded
as “malignant neoplasm, site unspecified”. The previous analysis of the asbestos survey data
indicated that the underlying cause of death for 42 (23%) of the 183 mesothelioma cases was
“malignant neoplasm, site unspecified”. Deaths from all causes were recorded for the asbestos
workers, so there was no under-reporting of disease related to asbestos among the workers. This
can be a concern when data based on workers’ compensation claims are used®'.

The tenth revision of the ICD introduced a separate code for mesothelioma (C45). Before this,
mesothelioma deaths were mainly coded to peritoneal cancer, pleural cancer, and other
malignant neoplasms (site unspecified). Deaths from mesothelioma among the GB asbestos
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workers were coded using ICD-10 code C45 from January 2001. Consequently there was a
discontinuity when ICD-10 coding was implemented as mesothelioma deaths were then
separated from the pleural and peritoneal cancer cause of death codes (C38 and C48
respectively). The large fall in pleural and peritoneal cancer mortality in the period 2000-2005
was largely attributable to the change in ICD coding. A future analysis of the participants of the
GB asbestos survey, who are on the GB Mesothelioma Register, will investigate the pattern of
underlying cause of death coding.

4.2.3.6 Bladder cancer

In England and Wales, bladder cancer is the fourth commonest cancer in men and the ninth
commonest in women'’. Nearly 50% of all bladder cancer deaths in men and approximately
37% in women are attributable to smoking''. With the high percentage of smokers among the
GB asbestos workers, the significantly increased SMR for bladder cancer (SMR 140) was not
unexpected. The PMR was not raised (103) and the Poisson regression analysis provided little
support for a link with asbestos, suggesting that asbestos was unlikely to have an important
effect on the risk of bladder cancer among these workers. This was consistent with other
findings™®. An estimated 10-20% of bladder cancer risk is attributable to occupation®, but
asbestos is not one of carcinogens generally associated with it. Workers exposed to occupational
carcinogens in rubber, organic dye, the leather industry, metal refining, and paint, as well as
truck and other vehicle drivers, are reported to have excesses of bladder cancer®® *’. In
particuﬁlﬁar, occupational exposure to aromatic amines is associated with a high risk of bladder
cancer .

4.2.3.7 Kidney cancer

Kidney cancer is the eighth most common cancer in men in England and Wales and the
fourteenth most common in women'®. Kidney cancer is rare before the age of 40 years, but
incidence generally increases with age. Nearly 50% of all kidney cancer deaths in men and
approximately 12% in women are attributable to smoking''. The SMR for the GB asbestos
workers was significantly elevated (153), but the PMR was not (101) and the Poisson regression
analysis provided no evidence of associations with important explanatory variables such as
duration of exposure and latency. The high SMR may be at least partially attributable to the
large proportion of smokers in the cohort though there was no association between smoking
status and the risk of kidney cancer mortality in the Poisson regression analysis. Previous
reviews have concluded that there was no evidence that occupational exposure to asbestos posed
an important increase in the risk of kidney cancer® ®® although some studies suggested that high
exposure to asbestos may be associated with an increase in risk®. Kidney cancer has been
linked with occupational exposure to polycyclic aromatic hydrocarbons, tetrachloroethene,
tricholoroethene, cadmium, petrol and petroleum products®”'. Despite this, there is no
convincing evidence for an association between occupational exposures and kidney cancer’® "
the major established risk factors for kidney cancer currently are smoking and obesity".

4.2.3.8 Circulatory disease

Smoking, obesity and physical inactivity are the major, modifiable risk factors for circulatory
disease’™. As discussed in section 4.2.2, the prevalence of these three risk factors was likely to
be high among the GB asbestos workers, and this would have influenced their risk of circulatory
disease. There was a statistically significant excess of deaths from circulatory disease overall,
ischaemic heart disease, and cerebrovascular disease in the SMR analysis. However in the PMR
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analysis, there was a small deficit in circulatory disease and ischaemic heart disease while the
significant excess of deaths from cerebrovascular disease remained. The excess of deaths from
cerebrovascular disease even in the PMR analysis suggested that there was an association
between exposure to asbestos and cerebrovascular disease, and the associations observed in the
Poisson regression analysis provided support for this association. The published evidence for an
association between particulate air pollution in general and cerebrovascular disease is sparse,
and results are inconsistent (reviewed in Torén ef al”). The suggested pathogenic mechanism
for such an association may involve an inflammatory reaction induced by the small particles. A
study of Swedish construction workers found no association between exposure to inorganic dust
(including asbestos) and cerebrovascular disease, but it did find an increased risk of ischaemic
heart disease”. However a number of asbestos cohort studies have reported associations with
cerebrovascular disease. The SMRs for ischaemic heart disease and cerebrovascular disease
were elevated among Canadian chrysotile miners and millers™ and South Carolina chrysotile
textile workers®, and the SMR for cerebrovascular disease was elevated among the Tyler
asbestos (amosite) pipe insulation manufacturing workers”>. Among the GB asbestos workers,
there was no clear trend in SMRs for mortality from cerebrovascular disease across the
categories of age at first exposure or the years since first exposure. However those first
occupationally exposed to asbestos before 1930 and during the 1960s and 1970s tended to have
higher SMRs and PMRs (not shown) than those first exposed in other time periods. Those born
before 1940 had higher SMRs than those born after 1939.

4.2.3.9 Asbestosis

A strong ecological relationship exists between historical asbestos use and asbestosis mortality
in men, with a 2.7-fold increase in asbestosis deaths per 1 kg increase in asbestos consumption
in the population’. Due to the ecological fallacy, these types of studies are generally considered
to be hypothesis generating rather than evidence of causal association. Research has however
shown that asbestosis is only associated with occupational exposure to asbestos’’ and is found in
workers directly exposed to asbestos fibres, in those working near the application or removal of
asbestos, and among family contacts of exposed workers’®. Environmental exposure to asbestos
is insufficient to cause asbestosis’’. Among the GB asbestos workers, there was a strong
association between occupational exposure to asbestos and asbestosis: the SMR was
significantly elevated (1,880) and the PMR was similarly elevated (1,326). Poisson regression
analysis provided further evidence of a convincing relationship between occupational exposure
to asbestos and asbestosis mortality.

Asbestosis results from the inhalation of asbestos fibres, generally over an extended period, in
concentrations high enough to overwhelm the lung’s normal clearance mechanisms™ ’*. Onset
and progression of asbestosis is determined by average and cumulative asbestos dust exposure’”’,
and the latent period is generally of the order of 20-30 years after the peak asbestos exposure™.
Among the GB asbestos workers, nearly 90% of deaths occurred more than 20 years after first
occupational exposure to asbestos, and there were no deaths less than 10 years after first
exposure. The highest excess mortality occurred 50-59 years after first exposure. The risk of
chronic pulmonary fibrosis is higher among smokers than non-smokers’®, and among the GB
asbestos workers, the SMR for smokers and former-smokers was approximately three times
higher than for never-smokers. On a log scale there was a linear decrease in SMRs as age at first
occupational exposure increased, and there was a tendency for excess mortality to decrease with
later calendar period of first exposure.

The true burden of asbestosis is likely to have been underestimated. The mortality analysis was
based on the underlying cause of death; for individuals with asbestosis, the underlying cause of
death is often not asbestosis. It has been reported that of 63 deaths with asbestosis mentioned on
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the death certificate, 44 (70%) had asbestosis listed as the underlying cause of death®'. The HSE
maintains a register of all those in GB who have “asbestosis” mentioned on their death
certificate. In 2005, of the 373 deaths where the certificate mentioned asbestosis, only 134
deaths (34%) had the underlying cause of death recorded as asbestosis*’. Of the 178 cases of
asbestosis identified in the previous analysis of the GB asbestos survey, 47 (26%) had asbestosis
recorded as the underlying cause of death®. Since the underlying cause of death is not asbestosis
for a substantial proportion of individuals with asbestosis, mortality will underestimate the
overall burden of disease. If the health effects of asbestos are ranked in terms of underlying
cause of death case fatality rates, then mesothelioma is likely to be first, followed by lung
cancer, asbestosis, diffuse pleural thickening, and finally pleural plaques'’. However ranking by
the frequency of disease among those exposed to asbestos for at least 20 years almost reverses
the order with pleural plaques ranked first, followed by asbestosis, diffuse pleural thickening,
lung cancer, and mesothelioma in last place'”.

4.3 WORKERS IN THE STRIPPING/REMOVAL INDUSTRY

The stripping/removal worker specific analysis was restricted to those participants who were
first exposed to asbestos post-ALR. The ALR required that workers had a medical examination
before starting work and subsequently at least every two years while still in that work. There
were participants who were initially exposed pre-ALR but had information for the
stripping/removal worker specific variables post-ALR. However, it was not possible to state
with confidence that the participant was only ever involved in, for example, dry stripping due to
an incomplete history. Therefore the imposed restriction meant that only participants with as
complete a history as possible, which included changes in variables such as smoking status, the
method of dust suppression and the type of respirator used, were included in the analysis. This
also meant that there were just seven causes of death that had sufficient number of cases to be
considered for the analysis, namely all causes, all MN, MN of the trachea, bronchus and lung,
circulatory disease, ischaemic heart disease, cerebrovascular disease, and respiratory disease.
Although this was a data-driven approach to selecting the causes of death, they were initially
chosen for the main analysis based upon evidence in the published literature. Also, this study
found evidence of significantly increased mortality among stripping/removal workers, including
excess deaths from five of the seven causes considered in the Poisson regression analyses (all
causes, all MN, MN of the trachea, bronchus and lung, circulatory disease, and cerebrovascular
disease).

Poisson regression was used to obtain estimates of the relative risks associated with mortality
from the cause of death of interest before and after adjustment for confounding variables.
Confounding can result in biased estimation, which can mean that a causal effect is suggested
where none exists or that a true effect is hidden™. This was observed in the analysis for the
rates obtained when considering the age at first exposure. There was an association between
age at first exposure and mortality from the seven causes of death, with risk of mortality
increasing with age. However, this association no longer existed once the rates had been
adjusted for age attained, calendar period of death, and sex, and the positive trend was no longer
observed. As mentioned previously, the date of first exposure reported at the first medical was
overwritten by the exposure date reported at subsequent medicals, possibly introducing errors
into this variable. Also, the observed positive trend before adjustment was not consistent with
previous studies, which found either an inverse U-shape® or decreasing trend®, depending on
the cause of death being investigated.

For the Poisson regression analysis, person-years at risk started from the reported first ever
exposure to asbestos. As discussed previously, there were possible errors in this date and so an
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alternative would be to start from the date of first examination. However, this would introduce
a different set of errors, and possibly some bias, into the estimate of latency.

The maximum length of follow-up possible in this analysis was approximately 20 years.
However, the latency period for asbestos related diseases is 10 to 40 or more years” * and so
any diseases related to exposure in this group were only beginning to emerge in the analysis
time frame.

To maintain consistency with the categorisation of age, calendar period was also grouped into 5-
year categories. However, the small number of cases and the relatively short period included in
the analysis (1983-2005) meant that the categories were often reduced to pre- and post-2000
examinations. An analysis over time would therefore not have been very informative.

It is also worth noting that until 1985, when the installation of asbestos insulation was
prohibited, insulation workers were included in the stripping/removal category. Insulation
workers were generally at higher risk of mortality from asbestos related diseases than other
types of asbestos workers, and this could potentially affect 4% of participants included in the
analysis (10% of examinations).

4.3.1 Dust suppression method

There were differences in the mortality rates between dust suppression methods. The lowest
rates were seen among workers who had used both wet and dry stripping/removal methods
during the study period. Non-significantly reduced rates were found in all but one of the causes
of death (all causes) when workers used only dry stripping methods in comparison to wet
methods. Wetting the area where removal is being carried out controls the asbestos fibres and
reduces airborne contamination®®®, and so a reduced risk of mortality from asbestos related
diseases might be expected when the worker uses only wet stripping methods. It is also worth
noting that the effectiveness of any control method is dependent on the individual and how
closely they follow procedures®. Failure to sufficiently wet debris and the surface being
worked on has previously been associated with elevated airborne contamination®,

4.3.2 Respirator type

There were no differences in the mortality rates between respirator types. The majority of
participants used the positive pressure mask (70% of records), which resulted in few cases in the
other categories and difficulty in making comparisons. The level of protection provided by
respirator use is associated with correct maintenance and usage®, which is not always followed
in the workplace. It has been found that through improvements to the cleaning of protective
overalls, changing facilities, and filter replacement, the asbestos fibre concentrations inside the
respirator helmet of workers were significantly reduced”. It has also been suggested that
effectiveness of the respirator is influenced by the outside concentration of asbestos fibres:
respirators become more efficient when the outside concentration is higher’ and impose
unnecessary physiological stress on the worker when the concentration is low’>. This difficulty
in uncoupling respirator effectiveness and procedure could go towards explaining the lack of
differences between mortality rates for the various respirator types.

4.3.3 Average weekly hours spent stripping

Although there were no significant differences between the average weekly hours spent in the
stripping enclosure as compared to spending less than 10 hours a week, there was a trend of

109



increasing risk of mortality as time increased for four out the seven causes of death. All MN,
MN of the trachea, bronchus and lung, and cerebrovascular disease showed no obvious trend.
Spending more than 40 hours per week in a stripping enclosure will expose workers to more
asbestos fibres, but it will also expose them to risk factors associated with working long hours.
The trend observed may be at least partially associated with long working hours.

4.3.4 Smoking status

It has been suggested that the asbestos industry today, especially the stripping/removal industry,
is over-regulated and that workers are unlikely to experience elevated exposure to airborne
asbestos”. However, a high percent of smokers place this group at increased risk™, with 60%
of records in this analysis having “current” smoking status. Smoking status was a significant
variable in five out of the seven causes of death, with current smokers having significantly
increased risk of mortality as compared to never smokers. As mentioned previously, an
estimated 90% of lung cancers are attributable to tobacco smoking. This could explain why
smoking status was the only significant variable, once adjusted by age, calendar period, and sex,
for all MN and MN of the trachea, bronchus and lung, and also why the mortality rates
associated with the dust suppression method used and average weekly hours spent stripping did
not follow the same pattern as the other diseases. For respiratory disease mortality, former
smokers had a higher risk than current smokers. This may be a consequence of the presence of
smokers who gave up smoking because of illness (“sick quitters”) in the former smoker
category.

4.4 CONCLUSIONS

The asbestos workers experienced significantly higher mortality than the GB population, and
greatly increased mortality for a number of specific causes of death. There was no evidence of
the “healthy worker effect” in this group of workers. For a number of causes of death, the
increased mortality may be attributable at least in part to lifestyle factors, such as the large
proportion of smokers, the transient nature of the workforce, and to the socio-economic
gradient.

There was evidence of an association between occupational exposure to asbestos and mortality
from cancers of the stomach, lung, peritoneum and pleura, mesothelioma, cerebrovascular
disease, and asbestosis. For these causes of mortality, the SMRs and the PMRs were
significantly elevated, and the Poisson regression analysis provided additional support for an
association with asbestos exposure. There was also evidence, though not as strong, of an
association between asbestos exposure and colorectal cancers. For cancers of the peritoneum
and pleura, mesothelioma and asbestosis, the PMRs were greatly increased and ranged from 490
for mesothelioma to 1,693 for peritoneal cancer. The highest mortality was seen for those first
occupationally exposed aged less than 20 years and lowest for those aged 40-49 years. Higher
mortality was also seen for those first exposed before approximately 1960. Mortality generally
rose after 20 years’ latency, reaching a peak at 40-49 years’ latency. However for asbestosis,
mortality rose after 30 years’ latency and continued to increase with increasing latency.

There were clear differences in mortality between the industrial sectors. Insulation workers,
stripping/removal workers, and those employed in manufacturing asbestos cement were at
particularly high risk of asbestos related diseases. The insulation and manufacturing sectors no
longer exist. However asbestos stripping/removal now dominates the industry and there are an
estimated 4,000 licensed workers operating in this sector each year. Since the start of the survey,
a series of regulations has sought to control and minimise occupational exposure to asbestos.
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The survey will need to monitor the workers first exposed after the latest asbestos regulations
were implemented for at least 40 years in order to determine how effective they were in
reducing the risk of asbestos related diseases among licensed workers.

The only published source of information to date that has described mortality among
stripping/removal workers has been the GB asbestos survey®. These workers are now in the
majority in the asbestos industry in GB and in other countries where the manufacture and use of
asbestos products has been prohibited. Consequently, information gathered on these workers is
of great importance. The follow-up time for stripping/removal workers, who were first exposed
after the implementation of the ALR, was a maximum of 20 years. There were few deaths
among these workers from the main asbestos related diseases with long latency. This may be a
result of lower levels of exposure to asbestos but may also be due to the relatively short follow-
up period. There were no clear reductions in risk associated with a particular method of dust
suppression. Compared to workers using a positive pressure mask, the risk of lung cancer
mortality was significantly higher for those who used an airstream helmet or used no respiratory
protective equipment. There was very clear evidence that smoking increased the risk of
mortality among the stripping/removal workers. For all CODs analysed except respiratory
diseases, there was a substantial reduction in risk for former smokers.

45 RECOMMENDATIONS

= The asbestos survey should continue to recruit workers into the survey in order to assess the
effectiveness of the 2006 Control of Asbestos Regulations, and to monitor morbidity and
mortality among these workers for at least 40 years.

= The mortality analysis should be repeated so that any reduction in asbestos related mortality
could be established. This is particularly important for the stripping/removal workers, who
currently have a maximum follow-up time in the study of twenty years.

= Smoking is a risk factor for many diseases, and may interact with exposure to asbestos to
increase the risk of, for example, lung cancer. Promoting smoking cessation among the
asbestos workers would have potentially large health benefits.

=  Further analyses, which were not the main objective of this report, are recommended:

0 Smoking is an important health issue among asbestos workers since more than 50% of
licensed workers were smokers. A detailed analysis of the effects of tobacco smoking
on the morbidity and mortality of asbestos workers should be undertaken. There is some
(inconclusive) evidence in the literature that the combined effects of tobacco smoking
and asbestos exposure on the risk of lung cancer are more than additive. If this
interaction were observed among the GB asbestos workers, then targeted smoking
cessation activities would be particularly beneficial.

0  The cancer incidence rates should be analysed. There is a difference between cancer
incidence and mortality, particularly for those cancers with high survival rates following
treatment. This will give a better understanding of the total burden of disease than the
mortality analysis. A comparison of the incidence to mortality ratio observed among the
asbestos workers and the ratio observed in the GB population will provide an insight
into survival rates among asbestos workers. If lower than the GB population, this would
be another area for targeted intervention activities.

O An analysis should be carried out of the incidence of mesothelioma and asbestosis, as
measured by the Mesothelioma and Asbestosis Registers, among asbestos workers. This
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will provide a better measure of the true burden of these diseases: in the case of
mesothelioma, because it is difficult to diagnose, and in the case of asbestosis, because
it is frequently not the underlying cause of death.

The ratio of excess lung cancers to mesothelioma among the asbestos workers should be
identified. The ratio may be a marker for exposure to asbestos, both in terms of quantity
and in terms of asbestos type. The range for this ratio is reported to be between 1:1 and
10:1, and is thought to be approximately 1-2: 1 in the UK as a whole. The ratio in this
occupational cohort is likely to be substantially higher and may differ between
industrial sectors and over time.
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APPENDIX 2 SURVEY QUESTIONNAIRE (MS75)

=15

HSE

Health & Safety
Executive

Click here for guidance

Restricted - Medical ) Factory/company name | ‘
Employment Medical Advisory Service

Control of Asbestos at Work Regulations 2002

Factory/company code | ‘

- - HSE
Medical survelliance form &= —

Section A

1. NI number |

(omit final letter)

4. Surname |

2. Date of hirth l:l 3. Date of examination I:I

|5. sex (wiF) |:|

Section B - ONLY TO BE COMPLETED IF THIS IS WORKER'S FIRST ASBESTOS MEDICAL EXAMINATION

1. Full forenames ‘ | 2. Maiden namefsurname‘

at birth (if different)

3. Place of birth ‘ | 4. NHs number(ifknown)‘ ‘

5. Address

‘ | 6. GP's name ‘ ‘

7. Date of first exposure to asbestos |:| 8. IF DIFFERENT: Date of first ever |:|
occupational exposure to asbhestos

in current employment

9. Total time NOT in asbestos work between the datesl:| years
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APPENDIX 3 LIST OF JOB CODES USED TO MARCH 1988

1" Textile manufacture

01" Raw material store

02  Raw material & finished product transport
03  Disintegrating/heating/opening/fibrising
04  Hopper feeding

05  Carding

06  Weaving

07  Spinning

08  Doubling/twisting

09  Braiding

10  Warping

11 Detritus handling

12 Inspecting

13 Supervising

14 Finished product store & dispatch

15  Other exposed workers

2 Asbestos cement mixture board and pipe
manufacture

16  Supervising

17 Raw material store

18  Raw material transport

19 Disintegrating

20  Mixing/beating

21 Wet board or pipe manufacture

22 Wet board or pipe handling

23 Drying

24 Dry board handling

25  Machining or cutting

26  Sanding

27  Inspecting

28  Finished product store/packing/dispatch/transport
29 Detritus handling wet

30  Detritus handling dry

31  Other exposed worker

3 Manufacture of asbestos/rubber/resin bitumen
mixtures

32 Raw material store

33 Transporting raw materials

34  Disintegrating

35  Handling raw fibre (bag tipping/weighting/mixing)
36  Pressing/moulding

37  Cutting/finishing/machining

38  Transporting finished products

39  Finished product storage/packing/dispatching
40  Inspecting

41 Supervising

42 Other exposed worker

4 Asbestos board and paper manufacture
43 Raw material store

44 Raw material transport

45  Disintegrating/opening/fibrising

46  Mixing/beating

47  Handling wet mixture

48  Drying

49  Handling dry mixture

50  Cutting/machining

51 Store/transport/packing/dispatching products
52 Supervising

53 Detritus handling

54  Inspecting

55  Other exposed workers

Y Industrial sector
¥ Job code

70

72
73
74

75
76

Garment manufacture
Cloth store
Cutting out
Stitching
Transport of materials
Storing/packing/dispatching
Inspecting
Supervising
Other exposed workers

Insulation workers
Supervising

Lagging

Spraying

Mate

Mattress maker

Other exposed workers

Manufacture of dry mixes for insulation &
plastering
Raw material stores
Raw material handling/bag tipping/weighing/mixing
Packaging
Stores and dispatch
Other exposed workers

Maintenance workers all industries
Supervising

Fault finder/machine fitter/installation engineer/plant
engineer

Labour to plant engineers etc
Carpenters/joiners

Electrician

Plumber

Other building trade craftsmen eg painter
Labourer to building trade craftsman
Ventilation plant servicing

Factory cleaning

Ship building, repair, & breaking
Asbestos storeman
Lagging
Boilermakers and installers
Carpenters/joiners
Plumbers
Engine fitter
Other exposed workers
Asbestos stripping
Cleaner
Shipbreaking

Building & construction

Heating engineer

Asbestos board cutting/fitting

Asbestos roofing construction and maintenance
Demolition

Miscellaneous factory processes
Fitting clutch and brake pads
Machining/cutting asbestos/resin board
Machining/cutting asbestos board

Use of asbestos string/rope/felt

Workers employed outside the regulations
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