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Continuing increase in mesothelioma mortality in Britain

Julian Peto, John T Hodgson, Fiona E Matthews, Jacquefine R Jones

Summary

Mesothefioma is closely related to exposure to asbestos,
and mesothelioma mortatity can be taken as an index of
past exposure 1o asbestos in the population. We analysed
mesothelioma mortality since 1968 to assess the current
state of the mesothelioma epidemic, and to predict its
future course,

We found that rates of mesothelioma in men formed a
clear pattern defined by age and date of birth, Rates rose
steeply with age showing a very similar pattern in all five-
year birth cohorts. By date of birth, rates increased from
mid-1893 to mid-1948, and then fell. Relative to the
1943-48 cohort, the risk for the 1948-53 cohort is 079
and for the 1953-58 cohort Q:48. Despite these falls, if the

age profile of rates for these cohorts follows the pattern of -

past cohorts, thelr predicted lifetime mesothelioma risks
will be 1.3%, 1-0%, and 0-6%. Combining projections far all
cohorts results in a peak of annual male mesothelioma
deaths in about the year 2020 of between 2700 and 3300
deaths. If diagnostic trend is responsible for a 20% growth
In recorded cases every 5 years—an extreme but arguable
case—and if this trend has now ¢eased, the peak of annual
male deaths will be reduced to 1300, reached around the
year 2010. Analysis of occupations recorded on death
certificates indicate that building workers, especially
plumbers and gas fitters, carpenters and electricians are
the largest high-risk group.

These data indicate that mesothelioma deaths will
continue 1o increase for at teast 15 and more fikely 25
years. For the worst affected cohorts—men born in the
1940s—maesothelloma may account for around 1% of afl
deaths. Asbestos exposure at work in construction and

‘building maintenance will account for a [arge proportion of
these deaths, and it is important that such workers should

be aware of the risks and take appropriate precautions,
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Introduction
Mesothelioma - is almost always fatal; most patents
affected die within a year of diagnosis. The majority of
cases are pleural in origin, although peritoneal tumours
are equally common in some groups of workers exposed
to amosite (brown) asbestos. The risk is neghgible up o
10 years after first asbesros exposure and very low up to
15 years, but increases thereafter as the third or higher
power of time since first exposure.! ‘
The association of mesothelioma with asbestos was first
noted in 1960, and since 1968, the UK Health and
Safety Executive has maintained a register of deaths in
England, Wales, and Scotland for which mesothelioma is
mentioned on the death certificate. Annual deaths
mcreased from 154 in 1968 to 1009 in 1991, and
increases have also occurred in other countries* The
ncrease in rates in individuals sbove the age of 60 is the
expected continuation of trends observed over the past 20
years, reflecting asbestos exposure when those now aged
over 60 began their working lives in the early 19505 and
earlier. However, there is a continuing increase in the
death rate among men now aged under 50, most of whom
began work in the mid 1960s or later. The increase
suggests that asbestos exposure was greater arcund 1970
than in any previous period, and that mesothelioma rates
will contnue to increase as this generation ages, We
describe projections of future rates calculated from these
data, and discuss the possibility that eccupational
exposure may sull be common, particularly among
building workers. ’

Data and methods _

Mesothelioma death rates in England, Wales, and Scotland for
both sexes since 1968 (table 1) and male rates for men born in
successive 5-year periods since 1 July 1893 were calculated from
the mesothelioma register and populadon numbers for each year
by single years of age.

The distibution of male deaths by age and year of birth (table
2) was analysed by Poisson regression, fitting the simple age and
birth cohort model: annual age-specific death rate=k,cy, where
k, are predicted age-specific rates with a=1 for 25-29, 2 for
30-34, . .. 13 for 85-89 and ¢y, are birth cohort specific relative
risks with b=1 for 1893-98, 2 for 189B8-1%03, . . . 13 for
1953~38. The relative risk (RR)} for the 194348 birth cohorr
(¢,,) was arbitrarily set at unity. The birth cohort RRs are thus
measured reladve to the 1943-43 cohort, and the kes are the
predicted age-specific death rares for this cohort. Because the
observadon period is defined by calendar year of death, when the
data are presented by year of birth and age at death, as in table 2,
the observatians for the youngest and oldest deaths for each birth
cohort are incomplete, Thus for men born between mid-1913
and mid-1918 the youngest deaths during 1968-91 fall in the age
group 45-49, but all these deaths are at ages 495 and more. The
men contributing to this ceil of table 2 are thus on average nearly
two and a half years older than those contributing to the 45-4%
age group for the 192328 .cohort, for whom the observations in
this age range arc complete. The second youngest-and the oldest
cells for each birth cohort are also incomplete, and have- mean
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Year Age
25-34 5= 45-54 £5-84 65-T4 T5-84 B5+ Tersi
Maoles
1568-71 Obs 5 28 83 215 139 45 2] 524
Rate 037 216 £33 1753 | 1854 1520 1953 838
1972-76 Obs 12 35 198 335 322 84 iz 1008
: Rate 0-64 221 1197 2372 30-83 2322 1891 12-85
1877-81 Obs : 7 . 68 265 529 562 242 i8 1691
Rate 036 an 1704 36-31 50.96 5763 2682 06
1982-86 Dbs ] 87 3ig B30 829 434 43 2547
Rate 0631 4480 - 2102 . 5644 - 785 87-67 5726 3049
1957-91 Obs 5 107 471 1133 1341 105 B2 - 3844
Rate 024 557 3029 80-B4 12230 128-39 8073 44.02
Fomsles ' .
196871 Cbs 2 13 30 48 47 19 2 - 161
Rate 015 101 219 352 4-45 343 1-56 228
1972-76 Obs ] a 35 75 93 23 g9 249
Rate 027 058 206 464 664 310 4.72 296
197781 QObs 5 2l a2 120 . 133 70 9 380
Rate 026 132 243 749 924 B51 4.21 4-25
1982-BG Obs 5 22 T 36 123 174 73 20 453
Rale 026 122 2:37 7T -12:73 8:04 8.04 486
1987-91 Obs 3 18 60 132 245 13% 24 614
Rate 0:14 054 385 8:94 18-02 1368 784 6-36

Table 1; Numbers of mesotheliomas mentioned on death certificates (Obs) and death rates per miliion (Rate) in Engiand, Wales,

and Scotland by age and sex 1968-91

ages abour 0-7 years higher and 13 years lower, respectively,
than the mid-point of the age-group ranges. In the regression
analysis, the fit to cells with incomplete observations was
iteratively adjusted by log-linear interpelstion to allow for their
differenice in mean age from the corresponding complete cells.
‘The cstimates ko and o, were multiplied to give predicted death-
rates for each age group and birth-cohort. The fitted nurnbers
shown in table 2 are the product of these predicted rates and the
man-years in cach cell. The predicred rates were then used to
calculate future mesothelioma deaths in men and the lifetdme (10
age 90) probability of dying of mesothelioma for e¢ach birth

cohort by siandard actwarial methods, assuming 1992 Briush
male death-rates for all other causes of death in the Ruture
(fgures I and 2).

Indirectly  age-standardised  occupstopal  proportional
mortality ratios (PMRs) for male mesothelioma deathis are shown
in table 3. These were calculated in the standard way according
to the last full-time occupanon as recorded on male death
cerrificares for ages 16 w 74 during 197990 (sacluding 1981,
when a swrike by registrars made the occuparonal data less
reliable). Complete datz and a description of the occupational
classification will be published separately.?

Year of birtht Age (denth rata-ir,*)

treisthm fisic)  op oo 3035  35-39 4044 4549 5054 5559 G064 6560  70-74 7579 BOB4  E5E9
{0-43) (067) (277} (812 . (230) (556  (128)  (244) (418  (730)  (L103) {1661)  [1737)

1893-1898 0 45 53 46 24

[0-923} 0-3 380 588 49:3 218

18891903 a 67 120 139 140 57

{0-048) 05 67-2 140-1 1408 1184 550

1803-1908 0 92 158 230 263 208 27

(0-088) 05 TL 1740 2358 2445 2068 313

1508-1813 69 191 288 oz 305 81

{D-107) 04 723 190-8 2797 -386-7 3836 94.5

1913-1918 2 34 144 242 ars 480 135

(0-153) 02 413 ‘1418 2454 3629 461 1454

1915-1973 1 28 9 277 432 638 204

(@240 o1 336 1133 2457 4200 6100 1842

1523-1928 0 17 76 182 374 606 187

{0-382) o1 175 720 1680 663 6090 2180

19251933 0 7 22 81 189 413 1350

(0-460} 00 73 296 822 1:8 3990 1611

1933-1938 0 2 1z 43 108 250 112

{0-634) 0.0 22 138 401 1134 2459 1134

19381943 4 5 18 &2 160 6

{0-504) 23 52 211 609 1583 772

1043-1948 3 7 a3 77 31

(1-000) a4 &7 273, 74.2 383

1948-1953 4 4 19 12

(0-788) 33 50 182 116

1953-1958 1 4 2

{0-479) 20 20 21

Each cell shows the cbserved number {isiiclsad) of mesothelioma deaths, and the fitted number derived from the birth cohoet modet by multiplying the populatinn manyesrs (not
shown) by e product of ¢, and &, [see methods) . Fitted (to age 49) and predicted (from age 50) death rates per milllon for 1643-2948 birth cohort. (K.}, TMidyear 10 micyear,

Table 2: Mesothelloma deaths In British men 1968-91, and fitted numbers based on birth cofiort analysis
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" wretime probabilty {%) of mesoinelioma death

Resuits

Age and birth cohort

Close agreement bemween numbers of mesothelioma
deaths and fitted numbers derived from the age and birth
cobort analysis (table 2} shows that this model accounts
well for the observed wends. Figare 1 shows the
corresponding predicted lifedme probability of dying of
mesothelioma for men born in different periods. The
estimated lifedme risk (to age 90} increases steadily from
0-03% for men born between 1893 and 1898 ro 1-3%, or
abour 1 in 80, for men born in 194348 (mid-year
ranges). The estimated liferime risks for the last two birth
cohorts are 1-0% (1948-53, based on 39 deaths) and
0-6% (1953-58, based on 7 deaths), bur with wide
confidence intervals. Predicted numbers of mesothelioma
deaths in men over the next 50 years based on these
estimates are shown in figure 2, Ignoring the possibility of
secular trends in under-diagnosis or over-diagnosis, these
predictions are reasonably reliable up to abour 2020,
when over 70% of all mesothelioma deaths will stll be
gccurring in men horn before 1948. After 2020, however,
the predicdon will rapidly be dominated by men born
after 1958 for whom no data are vet available. If their sk
is negligible, the epidemic will peak ar aboutr 2700 deaths
per year and will disappear rapidly after 2020. If their
lifetime risk is 50% of the 194348 maximum, the angual
total will peak ar about 3300 deaths around 2020 and
then fall o about 2300 deaths per year. The eventual risk
is likely to lie somewhere between these limits. C

Diagnostic trend

The main reservation concerning these predicdons is the
possibility that part of the increase in recorded death rates
is an artifact of misdiagnosis. If the true rate is k,o, for
age-group, a, and birth cohort, b, an increase tn recorded
rates ar all ages by a constant factor r from each 5-year
period to the next due to a continuing increase in
completeness of diagnosis {or of over-diagnosis} will
mimic an epidemic with age-specific rates proportional to
r'k, and hirth cohort relative risks, Pc, suggesting a
spuriously steep increase in risk, both with increasing age
and in successive birth coborts, Such a secular trend in
diagnosis would be- statistically indistinguishable from a
real increase, but would cease as soon as reasonably
complete diagnosis was achieved.
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Figure 1. Predicted etime probabliity of dying from
mesothelioma for British men hy year of hirth (95% confidence
Intervats)
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Figure 2: Predicted mesothelloma deaths In British men and
UK ashestos lmports

One aspect of our analysis sugpgests some diagnostic
trend. The mesothehoma rate among USA insulaton
workers' was approximately proportional o time since
first exposuxe raised to the power 3-2, and a similar value
(3-5) was esdmated for Anstralian crocidolite (blue)
asbestos miners, but the increase with age of our
predicted death rartes k, (table 2) suggests a power greater
than 4. Assuming an average age at first exposure of 25,
for example, the rates for ages 45-79 estimated from our
simple age-cohort model are roughly proportonat to (age
minus 25) to the power of 4-5. Refitting the age-cohort
model with the addition of a diagnostic factor of 1-2 (ie, a
20% increase in recorded rates from each five-year period
to the next) produces a fit to past observadons identical to
that shown in table 2, bur with age coefficients
proporuonal to {age minus 25) to the power of 3:2. A
diagnostic factor of around 1:2 thus brings the pattern of
age coefficients more closely in line with the increases in

Joby PMR (sll  Mumber Parcent  Cumulative
nten=100} percsit

Metat plate workers T00-4+ 110 25 25
Vehicle body builders G187+ 35 Q8 32
Plumbers ark! gas fitters 442-8* 201 4.5 77
Carpenters 3657 258 " BT 135
Etectricians 2905+ 161 38 i7rG
Upholsterers 283-3t 19 04 Y L)
Construction workers nec 2556" 187 42 216
Beller operators 253-9* 39 L] 22.5
Eiectrical plant operators 253.54 18 04 229
Chemical engineers & scientists  248-4% 18 04 23-3
Sheet metal workers. 2332 43 11 24-4
Scatfelders 22561 11 0.2 246
Production Atters 216-3* 304 68 21-4
Professionat engineers ne¢ 2106* 105 23 337
Flasterers 202.8* 27 06 . 343
Welders 2026+ 70 16 35.9
Managers In construction 196-8+ 40 09 368
Dockers ard goads porters 18514 69 1-5 383
Electrical englneers 187.0v ag 09 392
Technicians neg 171.8¢ 24 05 357
Buildings ardl handymen 164-4* g 22 41-8
Laboratory tathmicians 164.2¢ Fi) 06 425
Draughtsmen 160-64 28 06 431
Machine tool aparators 1330+ 179 40 47-1
Painters and decomtors 1310t 100 22 49-4

*p<0-001, $p<0-01, $p<0-05. Highest 25 occupational PMRs based on 10 of more
deaths.

Table 3: Proportional movtallty ratlos (PMR) of men aged
16-74 from mesothelloma in England and Wales 1979-80,
1982-90 .
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risk with time since first exposure seen in other cohort
stadies.

Projections with these lower age coefficients, together
with the assumprion that no further diagnostic increases
will occur after 1995, would imply that the number of
male mesothelioma deaths will Hse much more slowly,
reaching a peak of about 1300 around the year 2010, and
about 1500 per year including women.

Occupations at risk

The propordonal mortality ratios (PMR) for different
occupadons in table 3 show the highest risk in meral-plate
workers (the occupational calegory which includes
shipyard workers) and vehicle body builders. These two
occupational categories accounted for 3% of all male
mesothelioma deaths. The next three highest PMRs are
for plumbers and gas fitters, carpenters, and elecricians,
and a further six of the 25 occuparional groups shown in
table 3 are also in construchon or related trades. These
nine groups account for 1083 deaths, or 24% of the total.

Discussion _

The prediction that British mesothelioma rates will
continue to tise for many years is fairly secure. Whether
the eventual total will be of the order of 3000 deaths per
vear, as the simple cohort analysis suggests, depends on
several factors. Our analysis is based on death certificates
on which mesothelioma is mentoned, with no systematic
histological review. Misdiagnosis was certainly comumon in
the past, pardcularly for peritoneal mesotheliomas;
pathological review of deaths occurring arnong insularion
workers in the USA up to 1976 increased the number of
peritoneal mesotheliomas from 23 recorded on the
original dearh certificate to 1127 The corresponding
figures for pleural mesothelioma were 37 by death
certification and 63 after review. The UK misdiagnosis
rate during the 1970s was also substantgial. 38% (17/45)
of mesotheliomma dearths among workers in a London
asbestos factory were originally armributed to other
cancers.® There may also have been some degree of over-
diagnosis in recent yecars.” There are, however, several
gualitatve arguments which suggest that diagnostic wends
cannot account for a large part of the recent increase in
recorded rates. First, the increase in rates from 1982-86
to 1987-91 was as great as in earlier pedods. Such a
striking diagnostic increase over the last decade seems
urdikely. Second, mesothelioma rates in cohort studies of
asbestos workers continue to rise with increasing time
since first exposure. In contrast, the national mortality
data suggest a roughly constant death-rate above age 55
for 1968-7] and now show a peak in the death-rate at
about age 75 (table 1), a patrern characteristic of cross-
sectional rates in a progressive epidemic. The strongest
reason for accepting that the generatdon of British men
born between 1940 and 1950 may have a high nisk of
mescthelioma is that the first 10-20 years of their working
lives coincided with the peak of asbestos imports to
Britain during the 1960s apd 1970s (figure 2). But
although improvements in diagnosis cannot entirely
account for the observed increase in rates, even a small
diagnostic trend could substantially affect the long-term
projecdons. Our long-term predictions also depend on the
assumpton that the death-rate in men born since about
1940 will continue to increase with increasing age as
sharply as in castier generations. The relatonship between
age and the predicted death rate shown in table 2 arises

from men whose asbestos exposure often continued
throughout their working lives. If asbestos exposure fell
sharply after (say) 1980, this will not be the case for men
born after 1940, beczuse their exposure will have largely
ceased by the age of 40. The rates for this and subsequent
cohorts may therefore not continue to rise as steeply 4s in
carlier generations. There is a5 yet no direct evidence of
any change in the patiern of age dependence, but the
tower rates recorded for the 1948-53 and 1953-58 birth
cohoris indicate that population exposure has indeed
fallen. v

Irrespective of furure trends and past errors of
diagnosis, toral asbestos-related cancer deaths in the UK
must be substantially greater than the number of recorded
mesothelioma deaths. As noted sbove, diagnostic review
of deaths among asbestos workers increases the number of
deaths attributed to mesothelioma, especially those
originating in the peritoneum. Cohort studies of workers
heavily exposed to asbestos also show an excess of Iung
cancer similar to the mesothelioma risk for crocidolite end
grearer for other types of asbestos.!

Since the carcinogenic effects of asbestos were widely
recognised by the mid 1960s, it is surprising that the
worst effects should have been- experienced by the
generation of men who began work after this date. The

_ explanation is that most exposures (not the most intense,

but affecting large numbers) occurred in ocoupational
setiings, particularly in the building indusoy, which were
and still are largely unmonitored. After introduction in
the UK of the 1969 Asbestos Regulations, HM Facrory
Inspectorate (HMFT) adopted the hygiene standard
recommended by the British Occupatdonal Hygicne
Society (1968), which was 2 fibres/ml. for chrysotile
(white), amosite, and fbrous anthophyllite asbestas. On
the basis of its link with mesothelioma, a more stringent
standard of 02 fibres/mL was adopted for crocidolite.” In
1971, the Medical Services Division of HMFI established
& prospective mortality study of men in a limited nuraber
of workplaces which were covered by the 1969 Asbestos
Regulations, subsequently extended to cover most fixed
workplaces, and in 1986 1o all individuals having statutory
medical examinadons under the Asbestos Licensing
Regulations.** 183 mesothelioma deachs occurred in this
cohort from 1971 1o 91. Over the same period, 10 585
mesothelioma deaths occurred nadonally; this figure
suggests that the vast majority of workers actually ar risk
from asbestos were not employed in occupadons where
this risk was recognised. 24% of male mesorhelioms
deaths are listed under conswruction-related occupations
in rable 3, but the proportion due to exposure in the
construction industry is probably considerably higher.
Thble 3 is based on the most recent full-ime occupation
as recorded on the death certificate, so men who leave the
building industry would not be included in this number.
Asbestos imports were at their peak in the 1060s and
1970z (figure 2}. In that period the major use of
amphibole asbestos was in amosite itisulation board used
in the constroction industry, where monitoring and
control of exposure were limited. In addition, more than
half the tonnage of chrysorile imported went into
products for the construction industry, mainly asbestos
cement products and Hoor tles,

Most of the asbestos imported to the UK berween 1960
and 1980 is sdll in place in buildings, and carpenters,
phambers, elecaicians and other workers involved in
building renovadon, maintenance, and demolition may
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sll suffer upsuspected exposure, These workers often
operate  individually or in small unmonitored
organisarions, and it may be impossible to obtain reliable
information on the extent of their exposure. A public
information campaign to alert such workers to the
potential danger seems justified.

We have confined our anmalysis to male rates, because
there are too few deaths in women ar younger ages to
provide stable predictions of future mortality. Trends in
fernale rates over the last 25 years have been similar to
those in men, although at a much lower level, as would be
expected for an occupational cancer (table 1), Death-rates
in- UK women in 1968-71 were similar to incidence rates
in Los Angeles in the 1970s in both men and women with
no- suspected asbestos exposure.® This may reflect a
spontaneous background risk unrelated to asbestos,
although some cases in both sexes may be due to
environmental asbestos  exposure  unrelated to
oCcupation. ’

The eventual magnitude of the British mesothelioma
epidernic is likely to be greater than in the USA. There is
na narianal mesothelioma death registry in the USA, but
the SEER cancer incidence data indicate that the USA
epidemic has already reached its peak.* Overall incidence
increased rapidly during the 1970%, and in the carly
1980s male incidence rates were similar to UK death rates
m men aged over 65. Since 1980, USA rates have
declined in borh sexes below age 55, however, and are no
longer increasing in men aged under 75, in contrast o the
pattern in the UK. Overall numbers in the USA are
therefore likely to fall over the next 20 years. The tuming
of the peak in the USA epidemic reflects the pattern of
asbestos use, which reached a platesu soon after World
War I1.%

Any contribution of asbestos removal to the
mesothelioma epidemic cannot yet be assessed. Asbestos
removal did not develop as a specialised industry uncit the
1980s, and the latency is stll too short for these workers
to have developed mesothelioma. The campaign to
remove all asbestos from schools and other public
buildings on the grounds that occupants might be at high
risk was founded on fear rather than evidence. Average
airborne asbestos levels in such buildings are invariably
very low during normal use, and arc often unafected by
removal and may event be increased.* Whatever its effect
on building occupants however, the creadon of the new,
and inidally inadequarely regulared, industry of asbestos
removal may well have increased the burden of furure
occupartional asbestos disease.

The risk to recent birth cohorts could also be modified
by changes in the prevalence of infection with the simian
virus SV40, which was a contaminant of poliovaccines
which were widely used in the 1950s. According to a
recent report,'® SV40-like DNA sequences are present in
most pleural mesotheliomas, Most mesotheliomas
containing - SV40-like DNA were also associated with
ashestos exposure, so this effect, if confirmed, is hkely o
be synergistic with that of asbcstos.

The Institute of Cancer Research reccives fingncial vupport from the
Cancer Reszarch Campaign. We acknowledge the conmibation of support

) staff in HSE and OPCS for sasembling and managing this data over many

years.
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