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BACKGROUND: All forms of asbestos are now banned in 52 countries. Safer products have replaced
many materials that once were made with it. Nonetheless, many countries srill use, import, and
export asbestos and asbestos-containing products, and in those that have banned other forms of
asbestos, the so-called “controlled use” of chrysotile asbestos is aften exempted from the ban. In
fact, chrysotile has accounted for > 95% of all the asbestos used globally.

OBJECTIVE: We examined and evaluated the literature used o support the exemption of chrysotile
asbestos from the ban and how its exemption reflects the political and ecenomic influence of the
asbestos mining and manufacturing industry.

Discussion: All forms of asbestos, including chrysotile, are proven human carcinogens. All forms
cause malignant mesothelioma and lung and laryngeal cancers, and may cause ovarian, gastro-
intestinal, and other cancers. No exposure to asbestos is without risk. Ilnesses and deaths from
asbestos exposure are entirely preventable,

ConcLusions: All countries of the world have an obligation to their citizens to join in the inter-
national endeavor to ban the mining, manufacture, and use of all forms of asbestos. An inter-
national ban is urgently needed. There is no medical or scientific basis to exempt chrysotile from the
watldwide ban of asbestos.
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The Collegium Ramazzini first called for a
universal ban on the mining, manufacture,
and use of asbestos more than a decade age
(Collegium Ramazzini 1999). All forms of
asbestos are now banned in 52 countries, and
safer products have replaced many matcerials
that once were made with it. Nonetheless, a
large number of councries still use, import,
and export asbestos and asbestos-containing
products. In many countries that have banned
ather forms of asbestos, the so-called controlled
use of chrysotile asbestos is exempted from the
ban, an exemption that reflects the political
and economic influence of the asbestos mining
and manufacturing industry lobbies.

All forms of asbestos cause asbestosis, a
progressive, debilitating fibrotic disease of
the lungs. All forms of asbestos also cause
malighant mesothelioma and tung and laryn-
geal cancers, and may cause ovarian, gastro-
intestinal, and other cancers (Scraif et al.
2009}, More than 20 years ago, asbestos
was declared a proven human carcinogen by
the U.S, Environmental Protection Agency
(U.S. EPA 1986), the International Agency
for Research on Cancer (1977) of the World
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Health Organization (WHO), and the U.S.
National Toxicology Program (NTP 1980).
The scientific community is in overwhelming
agreement that there is no safe level of expo-
sure to asbestos (Welch 2007; Welch et al.
2009). Moreover, there is no evidence of a
threshold level below which there is no risk of
mesathelioma (Hillerdal 1999).

The Asbestos Cancer Pandemic

Occupational exposures to asbestos. About
125 millien people around the world are
exposed to asbestos in their work environments
(WHQ 2006), and many millions more work-
ers have been exposed to asbestos in years past.
As noted by Stayner et al. (1997), the U.S.
National Institute for Occupational Safecy
and Health (NIOSH) has estimated that cur-
rent occupational exposures to ashestos, even
at the U.S. Occupational Safety and Health
Administration (OSHA) permissible exposure
limit, will cause five deaths from lung cancer
and two deaths from asbestosis in every 1,000
workers exposed for a working lifetime.

In 2000, an estimated 43,000 deaths world-
wide resulted from malignant mesothelioma,
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and a much larger numbser of lung cancer deaths
were due to occupational exposures to asbestos
(Driscoll et al. 2005). Population-attributable
tisk for lung cancer among males exposed to
asbestos ranges between 10% and 20% (Albin
et al. 1999). An estimated 20,000 asbestos-
related lung cancers and 10,000 cases of
mesothelioma occur annually across the popu-
lation of Western Europe, Scandinavia, North
Ametica, Japan, and Australia {Tossavainen
2000). The national incidence rates for meso-
thelioma in Australia are the highest in the
world {Leigh and Driscoll 2003).

In the United Kingdom, at least 3,500
people die from asbestos-related illnesses each
year, and this number is expected to increase
to 5,000 in future years. Asbestos accounts
for more than half of the work-related cancer
deachs in Great Brirain (Rushton et al. 2008).
The British mesothelioma death rate is now
the highest in the wotld, with 1,749 deaths
in men {1 in 40 of all cancer deaths in men
< 80 years of age) and 288 in women in 2005
(Rake et al. 2009). The projected lifetime risk
of fatal mesothelioma in all British men born
in the 19405 is 0.59%, or about | in 170 of all
deaths. By 2050, there will have been approxi-
mately 90,000 deaths from mesothelioma in
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Great Britain, 65,000 occurring after 2001
{Hodgson et al. 2005).

Environmental exposures to asbestos.
Nonoccupational, environmental exposute to
asbestos from the use of construction materials
that contain asbestos is also a serious and often
neglected problem throughout the world. In
developed countries, large quantities of asbestos
remain as a legacy of past construction prac-
tices in many thousands of schools, homes, and
commercial buildings. [n developing countries,
where asbestos is used today in large quantities
in construction, asbestos-contaminated dust
is now accumulating in thousands of com-
munities, with virtually all people burdened
with asbestos fibers in their lungs and badies
{Brophy et al. 2007; Kazan-Allen 2005).

Both community-based and industrial
exposures to asbestos and asbestiform fibers
increase risks for mesochelioma (Pasetto
et al. 2005). In a study of women residing
in Canadian asbestos-mining communities,
Camus et al. (1998) found a 7-fold increase
in the mortality rate from pleural cancer. In
California, residential proximity to naturafly
occurring asbestos was significantly associated
with increased risk of mesothelioma (Pan et al.
20053); the risk of mesothelioma decreased
approximately 6.3% for every 10-km increase
in residenrial distance from the nearest asbes-
tos source. Driece et al. (2009) reported that
environmental exposures to asbestos waste on
the surfaces of roads and yards in a conrami-
nated community of 130,000 residents in the
Netherlands result in several cases of malig-
nant mesothelioma each year. The currently
observed increase in female cases of mesothe-
lioma in the United Kingdom, many with
no accupational exposure o asbestos, sug-
gests widespread environmenral contamina-
tion (Rake et al. 2009). In a study in Libby,
Montana, (Vinikoor et al, 2010), respiracory
symptoms were positively associated with the
frequent handling of vermiculite insulation.
Residents of this mining community who were
children when the mine closed experienced
respiratory symptoms associated with asbestos-
contaminated vermiculite exposure,

Science and Controversy

Asbestos is a general term applied to certain
fibrous minerals of two configurations: serpen-
tine and amphibole. The only type of asbestos
derived from serpentine minerals, chrysotile
{also known as white asbestos), accounts for
100% of the asbestos used in the world today
(Natural Resources Canada 2006). Amphibole
minerals include five asbestos species: amosite,
crocidolite, tremolite, anthophyllite, and
actinolite. Two of these are the most com-
mercially valuable forms: amosite, or brown
asbestos, and crocidolite, or blue asbestos.
Other minerals sometimes containing fibers
that are not defined by industry as asbestos,
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such as erionite, taconite, and talc, are clearly
capable of causing asbestos diseases, as are cer-
tain man-made fibers, including some nano-
fibers (Dikensoy 2008; Ryman-Rasmussen
et al. 2009; Sanchez et al. 2009), The thermal
and chemical resistance and tensile scrength
of asbestos fibers gave rise to a burgeon-
ing industry before their detrimental health
effects—which often rake years and decades o
appear—became known.

The asbestos industry has relied on scien-
tific debates over the roles of fiber types,
viruses, and genetics in the development of
mesothelioma to obfuscate the problem of
asbestos-related disease (Castleman et al.
1998}. The risk of lung cancer among workers
exposed to chrysotile asbestos increases slightly
with exposure to longer and thinner fibers
{Loomis et al. 2009). However, efforts to use
statistical models to characrerize relative can-
cer potencies for asbestos fiber types and sizes
have not been able to overcome limitations
of the exposure data. Epidemiologic, experi-
mental, and molecular evidence suggests that
the arguments for the role of fiber size relative
to dose, dose—response effect, and genetic sus-
ceptibility are fraught with enormous uncer-
aintes (Terracini 2007; Tomatis et al. 2007).
Scientists from NIOSH (2010} contend that
the uncertainties have been so great thar these
estimates should not be used to determine
occupational and environmental healch policy
until the agency can perform further research.
The U.S. EPA has rejected and discontinued
work on its proposed methods for quantifying
potency factors for partitioned asbestos Aiber
types and sizes (Silverstein et al. 2009).

Concern has been raised chat mesothe-
lioma deaths might be partly attributable to
poliovirus vaccines used during the 1950s and
1960s that were contaminated with simian
vitus 40 (SV40), a monkey virus that is tumori-
genic in rodents (Leithner e al. 2006; Price
et al. 2007). However, sex- and age-specific
trends in pleural mesothelioma incidence rates
were not consistent with an effect of exposure
to $V40-contaminated poliovirus vaccine. In
addition, studies reporting a high prevalence of
SV40 DNA in human tumeors were based on
molecular assays that are prone to false-positive
results (Lopez-Rios et al. 2004).

Some researchers have suggested chat sus-
ceptibility to ashestos-related diseases is related
o genetic differences berween individuals
within populations. A study of a mesothe-
lioma clustering in Turkey advocated the role
of genetic susceptibility and familial inheri-
tance in the etiology of the disease (Roushdy-
Hammady et al. 2001; Saracci and Simonato
2001}, A genetic facror identified in chree vil-
lages in Cappadocia, Turkey, where 50% of
individuals die of mesothelioma, may con-
tribute o the high incidence of the disease.
In these villages, genetic predisposition for

mesothelioma works together with erionite
{Carbone and Rdzanek 2004), However, in
European studies the low proportion of famil-
ial cases does not suggest the influence of a
large genetic component for mesothelioma in
blood relatives {(Ascoli et al. 2007).

Controversies such as these have helped
to make the disease experiences of asbestos-
exposed workers and people in asbestos-
contaminated communitics invisible and
uncompensated, allowing the asbestos industry
to escape accountability (Braun e al. 2003).
The problem extends well beyoand asbestos.
“Product defense papers™ are commissioned
by a wide range of industries seeking to blunt
regulators’ efforts and to defeat the cases
brought by plaintiffs. Even physician-scientists
reporting on hazards of asbestos have been dis-
ciplined by their politically motivated govern-
mens (Joshi ex al. 2009).

Industries have the resources to seed the
literature with strategic science that is less likely
to be subjected to the same scrutiny routinely
applied to science that is explicitly case specific
(Boden and Ozenoff 2008). Many articles,
published primarily in toxicology journals, are
termed “product defense” science articles and
are frequently sponsored by ashestos interests
such as the defendants in personal injury asbes-
tos litigation in the United States (Axelson et al.
2003; Michaels 2008). These articles are distin-
guished from other science papers in that they
are written by scientific consultants and con-
sulting firms that are approached and paid mil-
lions of dollars to publish and promote articles
used to 1y to defeat liability claims (Michaels
2006). General Motors, Ford, and Chrysler
sponsored the writing of review articles and
meta-analyses of previously published wark,
and paid almost $37 million between 2001
and 2008 to scientist-consultants at ChemRisk
and Exponent, Inc., for presencations of these
papers at scientific meetings and expert testi-
moiny on the articles (Dietz et al. ». ACandS
Inc. et al. 2009}, These companies were defen-
dants in damage suits brought by mechanics
over their ashestos exposures and disease arising
from auromorive friction matetials.

When there is consensus in the public
health community about the health effects of
a compound—particularly one that is as well
researched as asbestos-—povernment agen-
cies and other funders are not interested in
additional research that will merely demon-
strate what is already known. The only people
who have an incentive to continue to fund
research on the healch effects of chrysotile
ate those with an economic incentive to raise
doubt about its harm. Sponsorship by parties
invalved in litigation leads to an imbalance in
the literature {Michaels and Menforton 2007).
As a result, subsequent literature reviews that
report a predominance of articles reaching a
cerrain conclusion may then mistakenly report
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there is a new “consensus” in the literature
when that consensus is an artifact of sponsor-
ship (Michaels 2009), Wealthy sponsors have
simply paid to have more papers published.

A Conference on Asbestes and
Mesothelioma was held in May 2010 and
was sponsored by both plaintiff and defense
lawyers who paid scientists 10 come to a
resort center to discuss asbestos issues (Perrin
Conferences 2010). The conference discussed
maiters on which there is broad scientific con-
sensus that are still questioned as parc of the
defense in litigation seeking to reject compen-
sation. Such conferences can serve to perpetu-
ate the illusion of uncertainey about issues
for which there is ample evidence concerning
the dangers of all forms of asbestos. Indeed,
asbestos interests have a record of seizing
opportunities to challenge the carcinogenicity
of chrysotile, trying to create the impression
thar it is still 2 marcer of legitimate scientific
debate; this creates doube about legitimare
scientific findings and renders policy inter-
ventions unlikely (McCulloch and Tweedale
2008). The complex ties of the asbestas indus-
try with international groups are numer-
ous and problematic (Ashford et al. 2002;
Castleman 2001; LaDou 2004),

Chrysotile Asbestos

Chrysotile represents nearly 100% of the
asbestos produced and used wotldwide today
(Natural Resources Canada 2006) and 95%
of all che asbestos used worldwide since 1900
(Virta 2005). There is general agreement
among scientists and physicians, and wide-
spread support from agencies in countries
around the wotld, that chrysotile causes various
cancers, including mesothetioma and lung can-
cer (Agency for Toxic Substances and Disease
Registration 2001; American Conference of
Governmental Induserial Hygienists 2001;
International Labour Organization 2006;
Internarional Social Security Association 2004;
National Cancer Institute 2003; NTP 2004;
OSHA 1994; United Nations Environment
Program 1998; WHO 2006; World Trade
Organization 2001].

Early suggestions and industry reports thar
chrysotile might be significandy less dangerous
than other forms of asbestos have not been
substantiated. Although chrysotile accounts
for almost all the asbestos ever used, the ashes-
tos industry continues to claim that asbestos-
related cancers are the result of the amphibole
varieties (McCulloch 2006}. Defenders of
the chrysotile asbestos industry contend that
“exposure to chrysotile in a pure form seems
likely to present a very low if any risk of meso-
thelioma” (Gibbs and Berry 2008).

The Chrysotile Institute {Montreal,
Quebec, Canada), a registered lobby group for
the Quebec asbestos mining industry, takes
the position that chrysetile can be handled

safely {Chrysotile Insticute 2008). Numerous
epidemiologic studies, case reports, controlled
animal experiments, and toxicological studies
refute the assertion that chrysotile is safe (Bang
et al. 2006; Landrigan et al. 1999; Lemen
2004b; Lin et al. 2007; Smith and Wright
1996; Stayner et al. 1996; Tossavainen 1997).
These studies demonstrate that the so-called
contrelled use of asbestos is a fallacy (Lemen
2004a; Welch et al. 2009). Workers exposed
to chirysotile fiber alone have excessive risks of
lung cancer and mesothelioma (Frank et al.
1998; Li et al. 2004; Mirabelli et al. 2008).

The Canadian Cancer Society (2010), the
Canadian Medical Association (2009), and the
Canadian Public Health Association (2010}
oppose the export of asbestos to developing
countries. The National Public Health Instimre
of Quebec has published 15 reports, all of them
showing a failure to achieve “controlled use” of
asbestos in Quebec itself (Takaro et al. 2010),
Par Martin, a member of Canada’s parliamenc
and a former asbestos miner, asks, “If we in the
developed world haven't found a way to handle
chrysotile safely, how can we expect them to do
so in developing nations?” {Burki 2010).

Some countries have banned forms of
asbestos no longer in use anywhere, yet they
exempt the use of chrysotile. This exemp-
tion reflects the close relationship the asbestos
industry has with many governments, the lack
of public health information and regulation
in these countries, and the lack of compensa-
tion for asbestos victims (Castleman and Joshi
2007; Greenberg 2005; Kazan-Allen 2003).
The tolt in mest countries still using large
amounts of asbestos may never be fully ascer-
wined or recorded.

Current Production and Use
of Ashestos

Despite all that is known about the dangerous
and adverse health effects of asbestos, annual
world production remains at > 2 million
tons [U.S. Geological Survey (USGS) 2009].
Russia is now the leading producer of asbestos
wotldwide, followed by China, Kazakhstan,
Brazil, Canada, Zimbabwe, and Colombia,
These six countries accounted for 96% of the
world production of asbestos in 2007. Russia
has mines rich enough in asbestos deposits to
last for > 100 years at current levels of pro-
duction (Encyclopedia of the Nations 2010).
Most of the 925,000 tons of asbestos extracred
annually in Russia is exported.

All forms of asbestos are now banned
in 52 countries {International Ban Asbestos
Secretariat 2010), including all European
Union member countries. Nonetheless, these
52 countries make up less than one-third of
WHO member countries. A much larger
number of WHO member countries still use,
import, and export asbestos and asbestos-
containing products (WHO 2006). These are
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almost all countries in Asia, Eastern Europe,
Latin America, and Africa. Most of the world’s
people still live in countries where asbestos
use continues, usually with few safeguards.
Morte than 85% of the world production of
asbestos is used roday to manufacture products
in Asia and Eastern Europe (Virta 2005). In
developing countries, where too often there
exists little or no protection of workers and
communities, the asbestos cancer pandemic
may be the most devastating, China is by far
the largest consumer of asbestos in the world
today, followed by Russia, India, Kazakhstan,
Brazil, Indonesia, Thailand, Vietnam, and
Ukraine (United Nations Statistics Division
2009; USGS 2009).

Position of International
Agencies on Asbestos
International organizations have condemned
the continuing use of chrysotile asbestas, In
2006, the WHO called for the elimination of
diseases associated with asbestos. The WHO
supports individual countries in developing
national plans to ban asbestos and eliminate
asbestos-related disease, stating that “the most
efficient way to eliminate asbestos-related
disease is to stop using all types of asbestos”
(WHO 2007). The International Labour
Orpanization (2006) expressed concern about
an evolving epidemic of asbestos-related dis-
cases ﬂﬂd paSSEd a rCSOlU[iOn to P[O[HO[E a
worldwide asbestos ban. The World Trade
Organization has accepted the conclusion that
the “controlled use” of asbestos is a fallacy
(Castleman 2002),

The Rotterdam Convention (2003) is an
international agreement intended tw regu-
late global trade in dangerous chemicals—
chemicals that have been banned or severely
testricted because of their hazards to human
health or the environment. It was entered
into force in 2004, and 131 nations are cur-
rently Parties to the Convention. The geal
is to protect the world’s most vulnerable
countries—developing countries and coun-
tries with economies in transition—against
importation of hazardous pesticides and other
listed chemicals without their prior informed
consent (PIC).

PIC is the core principle of the Rotterdam
Convention. This legally binding proce-
dure requires that governments in all coun-
tries be provided full information about the
risks to health and the envirenment of each
of the hazardous materials regulated by the
Convention before importation. Annex 111 of
the Rotrerdam Convention lists the chemi-
cals—40 in number—currently covered by the
Convention’s PIC requirement: 25 pesticides,
4 severely hazardous pesticide formulations,
and 11 industrial chemicals.

Repeated efforts to include chrysotile
asbestos under the Rotterdam Convention
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have failed, not because its Chemical Review
Commitcee has nat recommended the listing
of chrysotile, but because of the Convention’s
requirement for unanimity and as a result of
the determined opposition of asbestos mining
and manufacturing countries. At the 2008
conference of parties on the Convenrion,
Kazakhstan, Kyrgyzstan, Vietnam, Russia, and
Zimbabwe opposed listing chrysotile asbestos
in Annex III [TISD (International Insticute for
Sustainable Development) Reporting Services
2008]. A few asbestos-importing countries
thwarted the will of > 100 other countries.

The Need for a Universal Ban
on Asbestos

The profound tragedy of the asbestos pan-
demic is that all illnesses and deaths related
1o asbestos are prevenrable. Safer substicutes
far asbestos exist, and they have been intro-
duced successfully in many nations. Currently,
ashestos cement products account for > 85%
of world consumption (Virra 2005), and in
about 100 countries, asbestos-containing pipes
and sheets are manufactured to be used as low-
cost building materials (Tossavainen 2004).
However, these ashestos cement water-pipe
products could be replaced with ductile iron
pipe, high-density polyethylene pipe, and
metal-wire—reinforced concrete pipe. Many
substitutes exist for roofing as well as interior
building walls and ceilings, including fiber-
cement flat and corrugated sheet products that
are made with polyvinyl alcohol fibers and
cellulose fibers. Virtually all of the polymeric
and cellulose fibers used instead of asbestos
in fiber-cement sheets are > 10 pm in diam-
eter and therefore nonrespirable (WHO 2005).
For roofing, lightweight concrete tiles can be
made and used in the most remote locations
using locally available plant fibers, such as jute,
hemp, sisal, palm nut, coconut coir, and wood
pulp. Galvanized iron roofing and clay tiles are
among the other alternative materials (World
Bank Group 2009).

If global use of ashestos were to cease
today, a decrease in the incidence of asbes-
tos-related diseases would become evident in
approximately 20 years (WHO 2006). The
asbestos cancer pandemic may take as many
as 10 million lives before asbestos is banned
worldwide and all exposure is brought to an
end {(LaDou 2004}, But the world’s current
production of asbestos continues at an alarm-
ing rate; therefore; these figures may not reflect
the true burden of this pandemic.

An international ban on the mining and
use of asbestos is urgently needed. The risks of
exposure to asbestos cannot be controlled by
technology or by regulation of worls pracrices.
Scientists, physicians, and responsible authori-
ties in countries allowing the use of asbestos
should have no illusion that “controlled use” of
chrysotile asbestos is an effective alternative to
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a ban on all use of ashestos (Castleman 2003;
Egilman and Roberts 2004), Even the best
systems of workplace controls cannot prevent
occupational and environmental exposures
to products in use, or exposures to asbestos
discarded as waste. Safer substicute products
are in use in countries all over the world where
asbestos is banned.

To prorect the health of all—now and
in future environments—the Collegium
Ramazzini again calls on all countries of the
world to join in the international endeavor 1o
ban the mining, manufacture, and use of all
forms of asbestos.
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Abstract: Malignant mesothelioma occurred in a female
Aborigine after environmental exposure to asbestes. Al known
cases of the disease in Aborigines in Western Australia were
reviewed; all ocourred in Pilbara residents. Most were exposed
while involved in the transport of asbestos from the Wittenoom cro-
cidolite operation. Based on recent estimates of the size of the
Aboriginal population in the Pilbara region, their incidence of
this disease (250 per million for ages 15 and over) is one of the
highest population-based rates recorded. (Aust | Public Health
1995; 19: 520-2)

A_ ustralian Aborigines and Torres Strait Islanders

e currently the least healthy identifiable sub-
population in Australia.! For all major disease cate-
gories, death rates for Aborigines are much higher
than for other Australians, and life expectancy is
about 20 years less. Although the biggest differences
occur in circulatory diseases, infectious diseases, and
injuries, neoplasms still rank as the fourth most com-
mon cause of death.! The causes of these neoplasms
are likely to be external factors such as smoking. A
notification to the Mesothelioma Register of
Western Australia has highlighted 4 problem that is
likely to increase.

Case report
A bbyearold Aboriginal woman was referred for

- investigation after she presented to the Aboriginal

Medical Service in Roebourne with a two-month his-
tory of cough, increasing breathlessness and pro-
gressive left sided chest pain, She had physical signs
of a left pleural effusion, which was confirmed with
a chest X-ray. She was given antibiotic treatment but
the effusion increased over six weeks. She had a his-
tary of obesity, non-insulin-dependent diabetes mel-
litus, hypertension, and an iron deficiency anaemia,
for which she was receiving oral hypoglycaemic and
iron therapy.

Physical examination and plain chest X-ray con-
firmed that she had a large left pleural effusion. She
had a4 blood haemoglobin level of 13.6 g/dL, white
cell count 8.9 x 10°/L and an electrolyte sedimenta-
ton rate of 23 mm/hour. Plasma creatinine, urea

Correspondence to Dr N.H. de Klerk, Department of Public
Health, University of Western Australia, Perth, WA 6907. Fax (09)
330 1199.

and electrolyies were normal, but liver function tests
showed an elevated level of alkaline phosphatase
(156 TU/L). Her random blood glucose level was
10.8 mmol/L and glycated haemoglobin was 9.4 per
cent, suggesting poor diabetic control. Aspirated
pleural fluid was lightly blood-stained, with a protein
content of 4.6 mg/L and malignant mesothelia! cells
which contained glycogen but no epithelial mucin
{periodic acid-Schiff positivity removed by diastase)
and which were negative to the carcinoembryonic
antigen immunoperoxidase reaction. Pleuroscopy
revealed multiple white nodules 2 to 3 mm in diam-
eter on both visceral and parietal pleural surfaces.
Biopsy of these nodules showed infiltrating malig-
nant pleural mesothelioma of epithelial type. She
was discharged from hospital with no specific ther-
apy and died early in 1995,

Environmental history

The woman had been born in a mission about 100
km from Port Hedland, When she was a child, her
family moved around the Pilbara where her father
worked as a stockman. From the age of 16 she lived
with her grandmother for about three years at a mis-
sion near Wittenoom and was then a cook at a
nearby station, where she lived in open camps and
tin sheds about 50 km from the homestead. During
her time at the station she visited Witienoom about
once a fortight for supplies, sometimes attending
the races and sleeping overnight. During this period
she may also have been exposed to crocidolite at
Yampire Gorge (near Wittenoom), which she
recalled visiting occasionally. She then spent about
five years living in the Onslow area in open-air
camps, and for the next 15 years she lived in the
Pilbara region and worked intermittently as a cook
on sheep and cattle stations. After that, she lived
about 20 kms outside Wittenoom, visiting the town
periodically to buy stores.

Discussion
This Aboriginal woman, who developed malignant
pleural mesothelioma, had only occasional and tran-

sient nonoccupational exposure to asbestos during 2
long period while living in the Pilbara region nearby
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to where both chrysotile (white ashestos) and croci-

" dolite (blue ashestos) were mined. Her first expo-
- - sure to both forms occurred about 38 years ago.

The records of the Occupational Respiratory

= Epidemiology group and the Western Australian
- . Mesothelioma Registry contain information on 1}
- - other Aborigines who contracted mesothelioma

after 1975 in Western Australia (Table 1). All 12
Aborigines lived in the Pilbara region of Western
Australia, but this was the first Aboriginal female to

) develop the disease. Eight of these people are
" known to have worked with crocidolite at

Wittenoom or Point Samson in the past, and one was
a child living near Point Samson where Wittenoom

. ashestos was loaded on to state ships for wansport to

Perth. He had played in the storage sheds on the
wharves as a child of 10 or 11 years of age. The other
two had lived at Wittenoom or nearby but had no
documented occupational exposure to asbestos.

Mesothelioma due to nonoccupational exposure
to mineral fibres has been well established for many
years and has been reviewed elsewhere.? The disease
has been reported among people exposed through
naturally occurring sources of asbestiform minerals,
through household contact with asbestos workers
and through proximity to asbestos mines or produc-
ton plants.

Crocidolite has probably caused more mesothe-
lioma than any other of the commercially available
forms of asbestos; workers who have been exposed
to crocidolite have the highest rates of any occupa-
tonally exposed groups.® A follow-up study of nearly
5000 people who had lived at Wittenoom but had
never worked for the mining company, Australian
Blue Asbestos, found 24 cases of mesothelioma to
the end of 1992.% .

The practice of transporting the asbestos from
Wittenoom in hessian bags was the cause of at least
8 of the 12 cases reported here and was carried out,
throughout the life of the mine. Such practices were
explicitly banned in asbestos-processing factories by
the British Asbestos Regulations of 1981, and
strongly criticised again in the Chief Inspector of
Factories Report for 1940.% '

Previous studies of workers at Wittenoom showed
that the risk of mesothelioma following crocidolite
exposure is dose-dependent and increases exponen-
tially with time from first exposure, indicating that
many more cases will continue to occur® It has also
been predicted that at least 250 cases of mesothe-
lioma among former Wittenoom woarkers,” or 366
further cases among workers and former residents
combined could still arise,® even though the median
duration of exposure to crocidolite in the workforce
of nearly 7000 people was only four months and the
median cumulative exposure only 6 fibres per ml-
years.? The number of Aboriginal people inhabiting
the region of Wittenoom and Point Samson over the
years, who may have had Similar exposures to the
reported patient or to former workers or residents
has never been documented and the possibility of
continuing exposure still exists, The size of the pop-
ulation that received transient exposure during peri-
ods of casual employment in the industry is also
unknown, as employment records for Aborigines
were never made. It is therefore impossible to pre-

MALIGNANT MESTOTHELIOMA, IN ABORIGINES

Table 1: Aborigines known 1o the Western Ausiralian
Maesothelioma Ragistry, 1961 to 1994

Diugnosis Exposure
Age Sex Year Yeor Typa Place
61 M 1975 ~1955  Lumping Roehourne,
Pt Samson
48 M 1980 ~1955%  Trucking Wittenoom,
Pt Samsan
54 M 1980 ~1956  Trucking Wittenoom,
. Pt Samson
45 M 1985 1958  Trucking Wittencom
50 M 1986 ~1940  Fotherwos  Wittenoom
cracidalite
prospector
75 M 1987 1965 Pipelaying  Wilenoom
79 M 1989 ~ 1955 None specific  Witlenoom,
Roebourne
52 M 19%0 1960  Lumping Pt Somson
40 M 1992 1962  Playing in Pt Samsen
storage sheds
5 M 1993 ~1957  Lumping Pt Somson
55 F 1993 ~1957  Regular visits  Wittenoom
to Wittencom
58 M 1994 ~1957  lumping Pt Samsan

dict what future incidence of mesothelioma may
occur in the people of this region.

The wtal population of Aborigines in Western
Australia is about 40 000, of whom about 6000 live in
the Pilbara region where all those affected lived at

the time of their exposure. Over the last six years, .

therefore, the crude incidence rate of malignant
mesothelioma has been about 250 per million per-
son—years for those aged 15 and over, 5 to 10 times
higher than any of the other population-based
rates,® apart from the extremely high rate due to
exposure to erionite in Karain, Turkey!®
Unfortunately, it is probable that the risk of
mesothelioma resulting from past exposures will
continue to increase with time. Studies to establish
the Jikely extent of the problem appear indicated.
These should inciude registration of people thought
likely to have been exposed, fibre-counting of any
available lung tissue specimens, and estimation, pos-
sibly through simulation, of likely airborne ¢xposure
levels in and around Wittenoom and Point Samson
over the years.

Addendum

A further case of malignant mesothelioma in a 60-
year-old Aboriginal man in Western Australia was
confirmed by needle biopsy in early 1995. He had
worked on a sheep station near Wittenoom and vis-
ited the Wittenoom mine workshop for repairs to
station machinery for a few hours on about 40 to 50
occasions, staying in the town overnight a few times.
He had also been a bulldozer driver in open-cut tin,
gold, manganese and tantalite mines in the area.
Plain chest X-ray showed a mass at the right lung
base, extending into the chest wall and the posterior
mediastinum. He developed progressive compres-
sion of his oesophagus and inferior vena cava and
died 14 weeks later.
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Abstract: To ascertain whether the diet of young students in
health-related courses conformed to Australian dietary targels for
1995 and to identify nutritional needs in view of dielary 1a

Jor 2000, 246 undergraduate students enalysed their weighed
diel for three or ftue days. Eight of ten male participants were ezt~
ing the dietary gools for 1995 for fibre and fat intake and six of
ten were meeting the goals for 2000. More female participants
were meeting the goals for fat, but less than half of the females were
meeting the 1995 goals for fibre. Some 84 per cent of females, but
only 29 per cent of males, were mesting the 1995 distary goals for
sodium, Few participants derived 10 per cent or less of their energy
Jrom saturated fai or 10 per cent of their energy from polyunsotu-
raled fatly acids. Substantial numbers of pariicipants failed to
meel the recommended daily intakes of zine, calcium, magnesium
and iron, (females). Education of specific subgroups and modifi-
cations to food produstion and processing are Lrofrosed, (Aust [
Public Health 1995; 19; 522-4) '

In 1987, the Australian Department of Health pub-
lished nutriion targets for improving the health
of "Australians. The dietary goals for Australia
include a reduced consumption of fat, sodium, alco-
hol and refined sugar and an increased intake of
fibre. The taskforce believed that such targets were
realistic, and the short-term viability of such a pro-
gram has been confirmed.? Despite deliberations
about implementing these guidelines,? the adequacy
of food choices alone to achieve a substantive
change in Australian dietary health has been ques-

Correspondence to Professorf]ennil‘er R. Jamison, Professor of
Diagnestic Sciences, Faculty of Biomedical and Health Sciences,
Royal Melbourne Insdtute of Technology, Bundoora Campus,
Bundoora, Vie 3083, Fax (03) 9467 2794,

tioned.* Production, processing and distribution,
and nutrition along with consumption, all deserve
attenton in the endeavour to enhance healthy
diets.® Although a population-based strategy intro-
ducing health promoting modifications in food pro-
duction and processing may achieve a more
pervasive outcome than consumer education, an
educational approach is consistent with the ethos of
self-determination in health care.

This paper reports on how well a convenience
sample of ‘informed’ participants conformed to the
1995 dietary goals of the Australian health care sys-
tem, identifies sex differences in the dietary habits
of participants and recognises the potential for pre-
cipitating an untoward dietary imbalance by adher-
ence to dietary goals. ‘

Methods

Analysis of the diets of 126 males and 120 females
between the ages of 18 and 35 with an interest in
health maiters was undertaken in the 10 months
before 1995, the due date for the first Australian
dietary target. During 1994, students undertaking
bachelorlevel courses with a health orientation were
required to perform, for three to five days, a
‘weighed personal dietary analysis’ as part of their
undergraduate nutrition course. All food and drink
consumed during the study period was weighed
using a digital scale. Data were analysed using the
Diet/3 nutrient-analysis Xyris software, This system
is based upon the 1992 NUTTAB database and pro-
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Smoking, exposure to crocidolite, and the incidence
of lung cancer and asbestosis

Nicholas H de Klerk, A William Musk, Bruce K Armstrong, Michael S T Hobbs

Abstract

In 1979 all former workers from the Witten-
oom asbestos industry who could be traced to
an address were sent a questionnaire to deter-
mine smoking history. Occupational exposure
to crocidolite was known from employment
records. Of 2928 questionnaires sent, satisfac-
tory replies were received from 2400 men and
149 women. Eighty per cent of these had
smoked at some time and 50% were still smok-
ing. Since that time 40 cases of lung cancer and
66 cases of compensatable asbestosis have
occurred in this cohort. The incidence of both
lung cancer and asbestosis was greatest in
those subjects with the highest levels of
exposure to crocidolite and in ex-smokers.
Statistical modelling of the joint effects of
these exposures on the incidence of each dis-
ease indicated that crocidolite exposure multi-
plied the rates of lung cancer due to smoking
and that smoking had no measurable effect on
the rates of asbestosis. There was also some
evidence that the incidence rate of lung cancer
is falling with time.

Crocidolite was mined at Wittencom in Western
Australia from 1937 untif 1966. From 1943 until 1966
the principal leases were mined by a single company,
Australian Blue Asbestos (ABA), which employed
over 6000 people, mostly for short periods. The
employment records of the company have formed the
basis of a continuing cohort mortality study of the
workforce.! 2 The workforce has been shown to have
raised incidence and mortality from asbestosis, lung
cancer, and malignant mesothelioma. The increases
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in incidence of these three known asbestos related
diseases have shown clear associations with both level
and duration of exposure to asbestos.' ?* Higher than
expected mortality from alcohol related diseases and
other smoking related diseases has also been recorded
as well as excesss mortality from tuberculosis,
attributed to the migrant state of the workers.'

Cigarette smoking and exposure to one or other
form of asbestos are both known to cause lung cancer
and most evidence suggests that their effects are
multiplicative in its production.*’ This is to be
expected because smoking and asbestos probably act
at different stages in the process of carcinogenesis.®
The combined effects of smoking and exposure to
crocidolite alone on risk of lung cancer have not
previously been shown prospectively except by
Baker' in an earlier study on the Wittenocom workers.
That study used only rough groupings of worksite to
estimate exposure to crocidolite and was restricted to
cases of lung cancer arising in Western Australia.

It has long been known that diffuse interstitial
pulmonary fibrosis can be caused by asbestos and that
the occurrence of this disease and its severity have
declined consistently since the introduction of dust
suppression methods throughout industries in which
asbestos has been used.® Although asbestosis does not
occur in the unexposed general population, radiogra-
phic abnormalities consistent with asbestosis have
been found in 10% or more of members of the
families of amosite factory workers and shipyard
workers’ '* and 5% to 30% of occupational cohorts
mostly exposed to mixtures of types of asbestos."
Definite exposure reponse relations between both
level and duration of exposure to asbestos and
presence of definite radiographic abnormalities have
been shown by many authors,'' and similar rela-
tions exist for mortality from asbestosis. Many, but
not all, studies*’ have alsc shown that smoking
increases the prevalence of abnormal findings on x ray
films in populations of asbestos workers,'™™ that
smoking may increase the rate of progression of
parenchymal asbestosis,’* and that prevalence of
abnormal radiographs is also related to age.”*'"® One
longitudinal study has also shown independent effects
of cumulative exposure, smoking habit, and age on
the incidence of abnormality.”

The Wittenoom cohort provides a unique oppor-
tunity to study these exposure response relations for
subjects exposed almost exclusively to crocidolite.
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Previous studies on the Wittencom cohort have
shown positive effects of cumulative exposure on the
prevalence® and the severity of radiographic asbes-
tosis, on mortality from asbestosis,’ * and on the rate
of progression of established asbestosis.”

The aim of this study was to examine the separate
and combined effects of smoking and exposure to
crocidolite on the incidence of lung cancer and
asbestosis in workers exposed only to crocidolite.

Subjects

There were 6500 known employees of the Australian
Blue Asbestos Company between 1943 and 1966. A
total of 2928 of these workers were traced in 1979 and
were sent a questionnaire on smoking and other
occupational exposures, Two thousand four hundred
men replied. These constitute the cohort for this
study. Follow up of this cohort has been maintained
since that date.

Methods

Methods of follow up, ascertainment of vital state,
and estimation of levels of exposure to crocidolite
have been described in full previously,'? Briefly,
demographic and basic exposure data were obtained
from employment records supplemented, when
incomplete, by records of the Perth chest clinic,
which performed compulsory pre-employment and
subsequent periodic examinations by chest x ray film
of all employees, and by records of the Western
Australian Mineworkers Relief Fund, a compulsory
benevelent fund to which the company paid monthly
subscriptions deducted from each employee.

Ascertainment of vital state in this cohort of
questionnaire responders has been chiefly carried out
by periodic mailing since 1979. Where necessary this
information has been supplemented by access to
death registries in all States of Australia from 1
January 1981 to 31 December 1986, all State and
Commonwealth electoral rolls current in 1986 or
later, and all Australian telephone directories current
in 1986 or later.

A survey of airborne respirable fibres of crocidolite
greater than 5 um in length was carried out at various
work sites at Wittenoom in 1966.>* These
measurements were used to obtain estimates of fibre
concentrations for all 87 job categories in the various
worksites. A subjective ranking of the degree of
dustiness of these jobs, both before and after Septem-
ber 1957, when a less dusty mill commenced opera-
tion, had been provided by an ex-superintendent of
operations at Wittenoom and verified by the indus-
trial hygienist whe conducted the 1966 survey.' The
subjective ranking of each job was combined with the
results of the 1966 survey of fibre concentrations to
provide an estimate of dust exposure for every job at
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Wittenoom. The scale was used to estimate fibre
concentrations in earlier periods and in jobs not
included in the survey.

This study was designed as a case-control study
within the cchort of 2400 people.” The incident cases
of asbestosis and lung cancer were identified by a date
of diagnosis after the date of returning the question-
naire up to December 1986. The date of diagnosis of
asbestosis for each subject was established through
the records of the Pneumoconiosis Medical Panel of
Western Australia, which handles workers compen-
sation claims for dust diseases in this State and from
death certificates obtained from the Registrars Gen-
eral throughout Australia, The date of diagnosis of
lung cancer for each subject was established through
the Pneumoconiosis Medical Panel and death cer-
tificates as well as through all cancer registries in
Australia. Each case of asbestosis and lung cancer
was matched to all subjects from the cohort who were
not known to have developed asbestosis, lung cancer,
or malignant mesothelioma by the year of diagnosis
of the case, who were the same age (exact year), and
who were known to be alive in the year of the case’s
diagnosis of asbestosis or lung cancer. Thus subjects
could be controls for more than one case and some
cases could be controls for other earlier cases. Vari-
ables compared between cases and controls were
smoking state, average intensity of exposure to
crocidolite (fibres (f)/ml), duration of crocidolite
exposure {days), time since first exposure (years), year
of birth, year of starting work (before 1950, 1950-6,
after 1956), cumulative exposure to crocidolite and
work site (mill only, mill and elsewhere (including
mine and unknown), mine only, mine and elsewhere
(not including mill), neither mine nor mill, and
unknown.

Smoking habit was categorised as that given on the
questionnaire and was assumed not te change
throughout the study. For ex-smokers it was
therefore assumed that the time since they had last
smoked was the time between giving up and the time
of diagnosis of their disease or that of the matched
case.

Statistical methods

The frequencies of the variables of interest in the
matched sets of cases and controls were compared
using conditional logistic regression analysis to
estimate odds ratios by use of the computer program
EGRET.® For tabular presentations, because cases
were matched to sets of controls of varying sizes,
variables were averaged across each control set before
taking the overall average.

The odds ratio was taken to approximate the
relative risk or rate ratio. Interaction odds ratios were
also estirated to examine the goodness of fit of the
multiplicative model to the data. A poor fit would be
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suggested by interaction odds ratios that were dif-
ferent from one; terms less than one showing that the
relative effect of asbestos was less in smokers than
non-smokers (or conversely, that the relative effect of
smoking was less in those exposed to asbestos than
those unexposed) and that the combined effects
would be likely to be additive, with terms greater
than one implying a combined effect that would be
more than multiplicative, as for example in initial
analyses of American insulation workers where no
lung cancers occurred in non-smokers.”

Other workers have gencrally expressed the
relative risks of lung cancer for asbestos workers in
terms of their cumulative exposure (the product of
duration of exposure and level of exposure summed
over all different jobs, sites, etc).®* ¥ Although this
may be an inappropriate measure from the
theoretical point of view” and is certainly in-
appropriate for mesothelioma,’® analogous to the
inappropriate use of pack-years of cigarette-smoking
when assessing risk from tobacco,™ it has received
widespread use and often appears to fit available data
better than the separate terms. Accordingly, in this
study, different measures of exposure were used in
alternative models and the relative goodness of fit of
these non-hierarchical models was assessed using
differences in the residual deviance.”

Results

LUNG CANCER

There were 40 cases of lung cancer and 1799 matched
controls. The mean duration of exposure to
crocidolite for cases of lung cancer was nearly twice
that of the control subjects (table 1). The intensity of
exposure to crocidolite and time since exposure did
not appear to be different between the cases and
controls. The proportion of subjects who had never
smoked or who had stopped smoking more than 10
years before replying to the questionnaire was lower
in the control subjects than in those with cancer,
whereas the proportion of subjects who had recently
stopped smoking or who continued to smoke was
greater in the lung cancer cases than in the controls.

The relative risk associated with exposure to
asbestos was slightly greater in smokers than in non-
smokers (table 2). The larger effect of exposure to
asbestos in smokers was not significantly different
from previous findings of a likely multiplicative
model, for which the relative effect of asbestos would
be expected to be one.

When all the variables listed in table 1 were
included in the same model the relative risk of lung
cancer in the current smokers was roughly five (table
3). This was slightly greater in heavier smokers. It
rose to 13-9 in subjects who had stopped smoking
within six years of the date of diagnosis of the index
case and then fell to 7-2 in those who had stopped

de Klerk, Musk, Armstrong, Hobbs

Table I Lung cancer: asbestos and cigarette smoke exposure
variables

Cases Controls
fn=40} (n= 1799}

Crocidolite exposure state:

Mean duration (days) 726 450
Mean intensity (fifml) 28 24
Mean cumulative (f/ml-years) 49 26
Mean time since first exposed (y) 25 28
Smoking state (%):
Never smoked 75 25
Ex > 10y 75 20
Ex6-10y 15 8
Ex <6y 125 4
Current <20/day 25 . 19
Current > 20/day 325 24

*Mean of the mean of each set of controls,

Table 2 Lung cancer: relative effects of smoking and
asbestos exposure

Asbestos exposure®

Non-smokerst  Smokers

High  Low High Low
Cases 4 2 25 9
Controls 357 399 521 522

Relative risk
Matched analysis (95% CI) 1-90 (0-62-5-85) 2-62(1-18-5-79)
Relative asbestos effect (N8:S) 0-7%(945)% Cl, 0-11-5-80)
(p=07

*1 ow exposure here is Jess than 10 f/ml-years.
1Non-smokers include ex-smokers of longer than 10 years.

Table 3 Lung cancer: relative risks for combined cigarette
smoking and asbestos exposure, all variables included together
in a single model

Relative risk
(95% CI)

Asbestos exposure:

Total cumulative (per log (ffml-years)) 1-40 (1-12-175)

‘Time since first exposed (> 25 y) 0-48 (0-24-098}
Smoking state:

Never 1-0

Ex > 10y 1-30 (0-25-6-90)
Ex 6~10y 7-21(1-63-31-9)
Ex <6y 13-0 (2-84-67-T)
Current < 20/day 4-49(1-17-17-2)
Current > 20/day 576 (1-51-22-0)

smoking 6-10 years previously. It then fell to 1-3 with
more than 10 years since stopping smoking. Adjust-
ment of the relative risks for both smoking and
exposure to crocidolite made no difference to either
set of relative risks indicating little or no confound-
ing. These relative risks were all significantly greater
than one, except for ex-smokers of longer than 10
years duration. There was no significant interaction
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term between smoking and exposure to crocidolite
(p > 0-4in all cases) showing that the multiplicative
model fitted the data reasonably well.

The relative risk of lung cancer was significantly
related to the duration of crocidolite exposure and
also to cumulative exposure to crocidolite. When
added to a model including duration of exposure, the
effect of intensity of exposure, although small, was
almostsignificant(p = 0-10). Relativeriskswere1-18
(95% confidence interval (95% CI) 1-04-1:33) per
year of exposure and 1-08 (95% CI 0-97-1-20) per 10
f/ml. An apparently better fit to the data was,
however, obtained using log (cumulative exposure)
in place of the separate terms for intensity and
duration of exposure with the residual deviance
lower by 3-3 with one less parameter estimated.

The only other significant variable was a term for
years since first exposed. The best fit for the data here,
indicated by examining the effects of the variable after
categorisation, was a single term with a lower relative
risk of 0-48 (95% CI 0-:24-0-98) for those first exposed
more than 25 years ago (table 3).

ASBESTOSIS
The mean duration of exposure to crocidolite was
nearly three times as high in the 66 subjects with
asbestosis as in the 2647 contro! subjects (table 4).
Intensity of exposure was also higher among cases
than controls, as was cumulative exposure. No dif-
ference in smoking habits between the two groups
was found.

The best fitting model for exposure to asbestos
(table 5) included a quadratic term in either duration
of exposure or cumulative exposure. As with lung
cancer, the model with cumulative exposure was a
better fit (a reduction of 2-5 in the residual deviance
with one less term estimated).

The only other significant effect was that for work
site (p = 0-005) with the highest rates associated
with work in the mine proper. Smoking had no

Table 4  Asbestosis: asbestos and cigarette smoke exposure
variables
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Table 5 Asbestosts: relative risk for combined cgarette
smoking and asbestos exposure, all variables included together
in a single model

Cases Controls*
fn=66}) (n= 2647}

Crocidolite exposure state;

Mean duration (days) 1000 394
Mean intensity (ffml) 35 25
Mean cumulative (fimi-years) 71 23
Mean time since first exposed (y) 25 26
Smoking status (%):
Never smoked 21 21
Ex >10y 21 19
Ex6-10y 9 8
Ex <6y 11 6
Current <20/day 15 20
Current =20/day 24 26

*Mean of the mean of each set of controls.

Relative risk
{95% Cl)
Asbestos exposure:
Total cumulative (per (f/ml-years)) 1-033 (1-021-1-045)
Total cumulative? {per (f/ml-years)”) 0-999 (0-999-1-000)
Site of work:
Neither mine nor mill 1-0
Mill only 2-71 (1:13-6-20)
Mine only 699 (3-43-14-23)
Mill and elsewhere 645 (2:66-15-65)
Mine and elsewhere 7-60(1:22-47-43)
Unknown 4-69(2:18-11-32)
Smoking state:
Never 1-0
Ex >10y 0-99 (0-44-2-23)
Ex6-10y 0-95 (0-3¢-2:67)
Ex <6y 230 {0-80-6-65)
Current < 20/day 072 (0-30-1-76)
Current > 20/day 107 (0-49-2:34)

consistent effect (p = 0-57) on the relative risk of
asbestosis. The effects of the smoking variables were
almost the same even without the adjustment for
exposure to asbestos included in table 5, indicating
little confounding between the two exposures,

Discussion

This study has shown that smoking state is related to
the rate of lung cancer in Wittenoom crocidolite
workers. The risk in current smokers was dose
related and the risk in ex-smokers was greatest in the
period up to six years from stopping. There was a
smaller but still highly significant effect of crocidolite
exposure on the rate of iung cancer. In our study this
was best expressed in terms of the logarithm of total
cumulative exposure rather than with separate terms
for duration and intensity as was found previously.’

Statistical modelling of the effert of sioking and
exposure to crocidolite on the risk of lung cancer
indicated that these effects acted multiplicatively as
reported in cohorts exposed to other forms of
asbestos.

Previous studies have found a reduction in relative
risk from asbestos associated lung cancer long after
exposure has ceased.*” That this should be so is
supported by theoretical principles of the multistage
theory of carcinogenesis if it is assumed that asbestos
acts at a late stage in the disease process and there is
elimination of asbestos from the lungs.® Because of
the way the cohort for this study was defined long
after exposure had ceased, any such effect would,
however, probably be overemphasised because of
survivoreffects analogous to the healthy worker effect.

The high relative risks in ex-smokers could be due
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to inaccuracies in self reporting or, more likely, to
people quitting after either experiencing symptoms
or being advised to stop smoking after reporting
symptoms, The higher risk for asbestosis among
recent quitters supports this interpretation.

Both duration and intensity of exposure to
crocidolite as well as cumulative exposure have been
shown to be strongly related to the risk of asbestosis.
The better fit of the quadratic model and the use of
cumulative exposure has also been shown before!®
and has some theoretical support from consideration
of lung clearance mechanisms.”

Other studies have shown that increasing age and
smoking have an effect on producing minor grades of
abnormality on the chest x ray films even in the
absence of exposure to asbestos.”** Hence it may
not be that smoking is making any difference to the
process of asbestosis as has been assumed in the
analysis. The radiological abnormalities related to
smoking that mimic pneumoconiosis probably result
from peribronchiolar fibrosis rather than diffuseinter-
stitial fibrosis. If this is true, a small additive effect of
smoking on radiographic abnormalities might be
anticipated. Where it is possible to judge, other
studies have shown such an additive effect,®® al-
though neither study was able to adjust for level of
exposure to asbestos™ as has been done here. A
specific measure of the severity of diffuse interstitial
fibrosis would be needed to show with any certainty
an effect of smoking on asbestosis.

The strong effect of site of work on incidence of
asbestosis has been noted before® and is likely to be
caused by the greater awareness of asbestosis and
claims procedures among miners than among millers
and also the possible prejudices of members of the
Pneumoconiosis Board in regarding exposure out-
side the mine and mill as not being heavy.

One problem with this study is that only the
smoking history obtained in 1979 was used for
analysis and this did not allow for change in smoking
habits thereafter. Given the comparatively short
follow up this is unlikely to be a major problem. Loss
to follow up was a serious problem in other studies of
the Wittenoom cohort where the whole cohort of
workers was included®? but for the cohort studied
here, restricted to those traced and responding, no
subject was lost to the end of 1986. It is unikely that
the differences between responders and non-respon-
ders in the 1979 survey would include differences in
their reaction to smoking or to exposure to asbestos.

This study has shown that the effect of crocidolite
on the incidence of lung cancer multiplies that of
smoking, a finding that is consistent with previous
studies of exposure to other forms of asbestos. In the
Wittenoom cohort the diagnosis of asbestosis for
compensation purposes or as the cause of death is
closely related to the degree of exposure to crocidolite
but not to smoking habits.
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COVER STORY

Is there a killer in your house?

fhe suburban hease wade in part with
mareriv! contuining avhesios, is cne uf the
most funniliar features of the Australion
tundscape. Some of the niinerul, ws pipes or
it 1fi2 voof, can be found in viriwally every
hoite. As brake linings und for fire pro-
rective olodhung it Js tndisponsable.

But along with spreading usefilness has
come spreading doub: s s ing safer. A
frst doubis were associared with  the
niining of the miineral Now miors und niore
evidence {s piling up of the grave danger to
people who use matevials made from blue
asieaton I the course of their work, The
greatest danger munv be an the building
indusiey, end pardvularly o those engaged
in demolition of older houses and fiazs.

The Builetia’s TING HALL has beeu
ivestigating the history of blue asbestos
mming in Ausiralia, talking to academics
and medical experts on the present, and
poesiide Brrern, ddoash risk froe ]
wiili the miaerd and

yesed, raacd the ([LJ.'.‘S’;;'-" 15,

[t

Stdoaihfa il

How

P
g wvisd

i

i

ASBESTOS hus been recognised us a
malor heallk hazand ioe lopg time. The
earliest known risk was the crippling and
ofien fatal hardening of the lungs known
as asbestazis w hich was caused by inhafing
the nunule asbestos fibres. Then in 1934
it was shown that cancer of the lung could
he cansed by asbestos dust: and tn 1957 4
digect relationship was proved between
crocidolite, or blue asbestos, »nd a much
rurer cancer called mesothelioma. This
alfecied not the fung {self bl the pleura
or outside bmng of the lung; and
oceastonally the peritonium,

It udded up 10 a potentially very
dangerous mineral, but what kepl it from
beecining an wecepted hazard on a much
larger scale was that heavy and prolonged
exposure 0 the fibre was thought to be
necessary before there was any danger of
gelling either asbestosis or lung cancer.
With mesathelioma it was different. It
wis dose-response telated only in as
much as increased exposure speeded up
the time it ook the disease to manifest
iself. A woman died whose only contact
with blue ashestos was ke dust which she
shook out of her husband’s overalls. I
addition the first cases in South Africa
and  England  suggested that the
dormancy period was very long -- even
30 vears and more. For all of this time it
was undetectable but once it manifested
itsell it was invariably fatal.

The discovery of this new risk
mvolving crocidolite should have caused
profound concern in every country that

30

used it Ahhough
compizalivety  small

producad
quantities  blue

asbestos was commonly added 1o most
ashestos produsts because of the peculiar
properties of ity long, fine fibres, They
are the same propatlies which make the

B ’ ,.

Or Jim McNulty: a lireles
CSR mine

S
s critic of the

fibres so dangerous to man: they are s
finc and sharp that they can g0 siraight
through the wall of the tung when the,
are breathed in and lodge themselves in
the pleura,

But apart from a lew attempts to have
crocidolite  banned alizgethar wothing
happened at all. In South Africs which

produces  most of the woids  hlue
asbestos and where (he first cases of

mesothelioma were found the viclims
were nearly all black and the high
ncdence o dhie disease  passed
unnoticed. The mine which employed
them, Cape Asbestos Pty Limited, was
the wholly owned subsidiary of a British

company. The American Government
was sitting  on huge  stockprles  and
brought pressure to  hear on  the

manufactuce to play down the risk: and
buropean mdifference  easured  that
nothing was done there,

Awstralia had  good reason 0 be

particularly  conczrned by this  new
developmenl. It was the only country iy
the world apart from South Africa that
was actually producing blue asbestos; yei
in spite of thus its only mine centinued 1o
work with dust levels that were lar abave
those which were considered safe in any
other operation involving usbeslos. Wha
fappened has been deseribad by Western
Australia’s Minzs Medical Officer, Dr
Peter Maguire as “a wagic chaprer in our
mining history.”

Of the 20,000 man who worked there,
most of them new  migtane. il i
estimatad (hat 0 and perhaps sven |3
percent Hkely o contract
mescthelioma. Basides them there are
(Lhzir wives and children and nuraerons
other people whe have been exposed to
the blue dust in the vears since the mine
clesed and whils i@ was working Only
i Ay the shortest dormaney periods
end o the possible enonmily of the
trugeds becoming clear,

@

@i

Almod by coincidence i rish
rvolved in all the other uses of ashostos
have  Deen questoned o, althou

=41

hardly st allin Ausizalia. 1 has aow be
established [or instance thal with one
cxceplion all the vanations of asbestos
can to some degree cause mescethelioma,
Pramarily the dangers are greatest for
those whe ere working with asbestos; bui,
as Dr Robert #ames, specialist medical
offiver with the Worker's Compensation
(dust diseass) Board in Sydney. points
oul Fenvironmental caposure (o asbesios
is 2 hasard 1o all and not just 1o thosz
engaged directly 12 s manufacture and
wse.”

Few people share the view of the
Ashestos companies  that the risk of
exposure  from  such sowices as e
demolition of old propertics is too small
W be worth considering. Al a recenl
meeting of the woeld's [aremost experts
in ashestos held in Geneva under the
auspices ol the ILO Q0 was agreed that
“probably the pgreatest problem in
cantrelling harralul dust exposure occurs
during the ramoval of old insulation and
in the demolition of premizes and plant.”
One of the eaperts atiending from
Australin  was Dr E. § “Terry™
McCullagh, Chief Medical Officer of
James Hardie & Company. Australia’s
largest asbestos producer.

Austrulia’s single blue asbestos mine
wase al Wittenoom Gorge., 1200 miles
rotth of Perth in ths Hamersleys. The
deposits were found in 1939 by Lang
Hancock who worked at  them
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hall-hzartedh  wndil ey were iwhen
ceer o 1943 by OS8R Operaiing through
ity wimlly owned b Susirahian
Bipe Ashasion Laroaid, € R ,"\L!V"\_‘L‘ ar
WiHlenoom for 23 vedrs

Froan the hmie the mioe opensd (b way

obvious that i wias guing e bz o durs
uperation The nuatere of the azbzatos
tisell meant thai o danzerously polluczd
atmosphere was almost enavendable e
1932 the fiest taevitable vise of dsbastosss
was diagnosed there and tsa years later o
Laborer disd foo mesahzhion th=
first reporied cais of 1his cancer 1nan
ashastos worker ouside Souwh Africa,

The caxes wus L!Llé:]li‘xi'l_‘ v i him
Metdul
Hesbth Comrnission. diregi
of public Lzl yor the Sude, Frois than
on Be was aoirsless eriae of th o wav that
CSR operited then imng '
Lven by omaiing
twenever of siall i Wit
i ome vedrs S0 p
ot tints Gl 2

i chrest shvsician witke the

IR I TR

standuirds  the
sin g begl
ereent. [ was because
COD men pras through
the plant while the work foree alany ens
G neser grvended S0

In 1939 conditious waere so had tho
the men put R o clun foo an additions!
allpwance of 206 porweek W compeinsaty
for the dust wlach Wil
who had to go near the il aind (e
mine  The vlame sus opposzd by SR
and & board of review spant three days at
Witznoom before deciding in favaer of
the company and rejecting the claim

By the end ol thel vear men were
contracling nehesiase at Wittznaam aiter
heing exposed 0 the dinst for only 12
mrontths and  the  crsualiv rate e
chmbing fas. Of a group of 41 men seen

ciobed oy
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By Aetulee 14 died and Ll were witally
disablad  CSE now puartain that there
was anl cneuzh evidence ac the pme W
sreve a spevial dangs bevand doubt:
whether (s was s o ol thore wore
carintnly uple grouads Toi the grusest
AUSPUCLOC ahout whetlier st wos safe to 2o
an workug the mine antil the dust levels
were treuzht down ooz level which at
[2ast was conanfered ather
Coctivilios.

i is a dreadind tagedy”
Elder  copior chast
phvsician au the Sy Chirles Gardiner
Hospital o the Lpversity of Western

safv in

Janet

oy of o viclims

Wi VoY youlie and LEn frowhen they

Asdialin Thoodtise so
wons Lore, Flowever Do wd carelas
¢S were Tdont thnl ey were antirety
fo blane F vor reesgnising the pecabiar
dangers of mestheliom
bai e preosation:
safiiciant b preveat asheswoss”

There < e debe that they were wld
this by Moty vhethe thay avecptad it
o1 not L was” he sivs. “always on thelr
backs” When he disgnosed Lis liest case
ol mesatl.2ioais i 1960 e eaplaned the
Wianee o 0w the company's
AR T whzn it wis putlished o
the Muodical Journad b sont thon o eopy.
Eoncluded his oconvicton that il
ehudvele shor perad ol expoaurs (o

wl that stage:

AURSTREI T

[SRRNI]

0

tlue  wbestos dust conlims the
eSS o that these wmors may
atis:  after ransitoty  exposure o
crocdolie”

CSE O insist thar ey or ABA

mvariably  did  cverything  that was
recemmian-ded by the Hzulth Lzpartment
arad the Mines Departiment. Carrespond-

ence that 15 stll on the Mines Depart-
mens fites hardly supports s In a
confidential letter dated Ociober 2, 1961,
to the under secretary  for mines,
MeNuly wrote, i would appeac that
repeated  advice and warmings of the
health hazard from dust have been
ineffective and that stronger action will
have to be taken.”

The Mines Departrient W00 wis
putting what pressure il could on the
company “Twice,” says chielinspecior of
mines lor  Western  Australia.  Jack
Bovland. 1 threatened to close the mine
if the company didn't do something
about it.”” But it was an empty threat and
presumably the company  knew it
Neither the Health Department nor the
Mings Department had - er still have -
the suthority w close Tie ine na matier
how dangerously it is being run. It is a
situation which the State minss mesdical
olficer Dr Perzy Maguire deseribes as
“disgracerul and quite mad.” The Health
Pzpartment couldn't even prosecate the
company becausz responsitality for the
mes welfare and safety was vestzd in
the Minzs Depariment.

Western Australia is not alone in this.
[n New South Wales are the only two
asbestos mines sull warking in Australia,
hoth producing chrysotle At Baryulgit.
rnorth ot Graiton. James Hardie has a
soall 20-man opesation which is m the
last year of its hife. And al Barraba pear
Tamwori the unhappy Woudsteel Mine
stiugeles on from day @ day. plagued by
wildeat sirikes and in the hands ol (e
recsiver. The  New  South  Wales
Qccupational Health Depariment doesn’t
even have the gt w go into a LU, 34y s
I3 Esic Longley. Acting Head of the
Departmant “We are usually aliowed i
alier considerable wheedling but we've
often wished 1w differently.”

After thesz verbal lashings Australian
Blire  Asbestos  did  do  something
construclive. Bul it was never enough
Undl the day it closed it was tie dirtiest
mine that McMulty had ever seen in
Austradia with it dust levels far above
any avceptable level of safety. Even when
the expensive eslractor plani which ABA
installed was working properly - which
becavse  of  poor  maintenance it
frequently wasn’t — the conditions were
still deplorable. but in a different place.
Jim McMulty remembers it well, w1t took
the dust out of the mill beautifully — and
blew it all over the lawns outside, [t was
mare dangerous 1o siand vut there than it
was to work in the mifl.”

There were ather incidents which will
stiil need an  explanation.  McNulty
arrived in the lown one day to find that
the company had sent a load of tailings
with numerous fibres in them to the
school playground to fill it small potboles,
The children were siiting digging in it. On
that occasion he was able to have the
tailings removed.
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Cevidahits Doy parpase ot all” Some
Cotniie s dAre alreaddy working tow ardds

thi

20

Tt Elder mirees I and think
Wi e acvent this there is s link,
quen biue ashestos shouldn’t be used at
AU For some lme it was cases of
respirateny fuilure (hat we were seeing
[rore Witlenogu. but now we are getling
e canzers and mesatheliomas. I think
wo're  gomg o o get  many  more
mesoiheliomas. especially in the nesl five
ears a8 we stari to reach the end of the
istent period for many of these people.”

Pratessor  Mobbs shares her opinioa.
“Ihe cuses cropping up now are early in
the incubation period vwhich could herald
aredl disasrer to come.”

What happens next depends as much
v governmient as on the self-disciptine ol
praducing  and nsing
comipanies.  With  the exception  of
Quesnsland theee is no legislation of any
kind conirallimg the purchuse or use of
blue asbestos Says Dr Longley ol the
New Sawl Wales Oueupaticnal Hzalth
Dt‘[).mhncm “Wwe o osgll find  people
S$praving jton ceibngs from tme to time.”

Vhe wmain difticulty s te control the
small unregistered compzmies whom the
departinent cant even hind w0 educate.
Maost of them probably know little of the
dunger involved. Tt cotld take 2 long time
F(.\r thern o fiod oul. Twe women who
dieg recently  from mesothelioma 10
L?”dun contracted the disease during
World War il when they were making
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Wi fashs Ui cantinned cocnioine, Arnd

HoA At e fre siae dizd
recentdy whe contractod iz decase at
ol the semte dme whon i wdrnd
workineg as welders on ponwes: The

handles of their welling rods coulasal
blue ashestos. )

The wnisk s undoubtedly  therc,
although Terry MeCwilagh of Hardies
naisis that there ie aat a worthwhile
hazard from  the dust i pipes and
shzetings.

Most of the evidence now coming
avalable suggests that he mught be o
optimistic. Dr Bengt Fristedt of the
Industrial Medical Clinic in Stockhelm
vestigated A48 worlery b
Xeray who wire deing houss and fla
repair - wurk, St bon
considerad to he due (o ashestos Said
Fristedt echoing the TLA ipecung ia
Geneva, Vle 1s known dust on
building sites and. above all. dust created
during demelition ated repair work can
coptain ashestos fihees

It s UnusULl o 300 anyone
invoived in demolition work e Ausiralia
aking precautions cgawesi e dusl even
when that dust mey well conain ashestos
iibros.
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up aonvnd porneles o vhestng
dust.

Lie children ot Witienoom,
souvenir shop keeper with hev “hay

ashestos, the domabion coniradior whe
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ares the dust and the handy man who

Svs L el

sot o aehzstos aee ali WRing
an unnecessary risk. With e sheeting or
most other ashesios poducts which were
made until about 1968, 20 percent of the
fitre -vas uspalh Blue fooost cases 1
has now been replaced by amosite, This
has pow been shown to be the second
most hazardous of the fibres so fun as
mesothelioma is concerned.

It iv wot in dhe inlerest of the
manufacturers  that there should he
widespread concern abuur the safery of
asbestos. but 3t is a Fact that apart fyom
the woerk which they carry oul o
safeouard their own employees they do
peacticells nothing (o vducaie the public
to the dangers ol ashastos.

There is a danger in vaiting Loo long
o act it not aleayve with wach uugic
results as at Witlenoom. As e 1LO
concluded. it is unnecessan 1o watl [oi a
complete undorstanding or e Crataim iny
proof of one point w make Hie nasdmum
use of existing knuwledge 10 reduce risks
o a minimuam in the future.
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Malignant Mesothelioma in Australia, 1945-2000
JAMES LEIGH!*, PATRICIA DAVIDSON!, LEIGH HENDRIE? and

DALE BERRY?

!Centre for Occupational and Environmental Health, Department of Public Health and Community
Medicine, University of Sydney, Sydney, NSW; 2National Occupational Health and Safety Commission,

Svdney, NSW, Australia

Australia has maintained a national malignant mesothelioma register since 1980. The register
includes all cases in Australia. Currently 450-600 cases are nofified annually in a populatien
of 20 million. Australia has had 6329 cases of mesothelioma in the peried 1 January 1945-
31 December 2000, A further 680 cases have been notificd in the peried 1 January 2001-31
December 2001. Annual incidence rates for Australia per million population =20 yr (1998) were
male, 59.8; female, 10.9; total, 35.4. Incidence rates have been continually increasing in males
and females and are the highest reported national rates in the world. While Western Australia
has the highest rate (1998, 52.8), most cases arise from the two most populous eastern states,
New South Wales and Victoria. In 88% (male 90%, female 61%) of cases a history of ashestos
exposure was cbtained. Exposures occurred in a wide variety of occupational and environ-
mental circumstances. In 81% of cases with no history of exposure, TEM lung asbestos fibre
connts >200000 fibres >2 pm length/g dry lung were obtained, suggesting unrecognized
exposure. Australia’s high incidence of mesothelioma is related to high past asbestos use, of all
fibre types, in a wide variety of occupational and environmental settings, The number of cases

in total is expected to be about 18000 by 2020, with about 11000 yet to appear.

Keywords: malignant mesothelioma; incidence; Australia; ashestos exposure; future predictions

INTRODUCTION

Asbestos was mined in Australia for over one
hundred years and Australia was the world’s highest
user per capita of asbestos in the 1950s, Given the
ecological relationship between per capita asbestos
consumption and mesothelioma incidence (Takahashi
et al., 1999), it is no surprise that in the last 20 yr of
the 20th century Australia has had the world’s highest
reported incidence of malignant mesothelioma.
Australia has one of the world’s most complete
national surveillance systems for mesothelioma and
this has been in operation since 1980. It is the purpose
of this paper to describe the history of asbestos use
and the incidence of mesothelioma in Australia as a
whole, rather than concentrating on the well-known
Wittenroom crocidolite mining operation and town-
ship in Western Australia (Musk ef al., 1992), The

*Author to whom correspondence should be addressed.
Centre for Occupational and Envirenmental Health,
Department of Thoracic Medicine, Concord Hospital 2139,
NSW, Australia. Tel: 61-2-9767-7338; fax: 61-2-9767-7603,;
e-mail: jleigh@bigpond.com
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paper updates and enhances previous reports (Leigh
etal.,, 1991, 1997, 1998; Leigh, 1994).

MATERIALS AND METHODS

Australian Mesothelioma Surveillance Program
(Ferguson et al., 1987)

The Program began on 1 January 1980 after
preliminary work from 1977. Formal voluntary noti-
fication of cases was actively sought from a network
of respiratory physicians, pathologists, general and
thoracic surgeons, medical superintendants, medical
records administrators, state and territory departments
of occupational health, cancer registries, compensa-
tion authorities or any other source. Notifications from
other than the diagnosing physician were confirmed
with him/her. After gaining the appropriate consents
a full occupational and environmental history was
obtained for each case, either from the patient or next
of kin. The history taking was non-directive but
included specific questions on ashestos exposure at
the end. These histories were coded by two occupa-
tional hygienists, who naturally could not be blinded
to case status. They also discussed cases together and
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were thus not independent. The diagnosing patholo-
gist was requested to provide slides and or tissue
specimens. These were circulated among a pathology
panel for confirmation of diagnosis. Post-mortem
examination was actively sought for in every case in
order to confirm diagnosis and to obtain lung tissue
free of tumour for lung fibre content analysis,

Australian Mesothelioma Register

From 1 January 1986, a less detailed notification
system has operated, with a short questionnaire on
occupational and environmental exposure history,
which is followed up assiduously; there is no
pathology panel diagnosis and only sporadic lung
tibre counts. In the case of New South Wales and
Western Australia (60% of all Australian notifica-
tions), histories are obtained from direct detailed
questioning by compensation authorities or cancer
registries. Only histologically confirmed cases are
accepted and full reconciliation with all state cancer
registries and compensation authorities is carried out.
This is now known as the Australian Mesothelioma
Register but is a continuation of the Program.

Incidence rates are periodically calculated on cases
notified to the Register. An annual report series is
produced (NOHSC, 1989-2001). Incidence rates
have been calcuiated vp to the end of 1998 only,
because of the up to 2 yr delay in notification experi-
enced while awaiting confirmed diagnosis and recon-
ciliation with the state cancer registries.

RESULTS

The incidence of mesothelioma in Australia

From | January 1980 to 31 December 2000, a total
of 5671 notifications had been received by the

500

Program and Register. Between 1945 and 1979 there
were 658 cases (535 male, 123 female) in Australia
(Musk et al., 1989). Thus the total number of meso-
theliomas in Australia from 1945 to 2000 inclusive
was 6329. A further 680 cases have been notified
in the period 1 January-31 December 2001. Notifi-
cations show a continuing upward trend in both
males and females (Fig. 1). The notifications prior to
1982 were probably the result of bedding in of a new
Program and are artificially low (1980, 16; 1981,
104), although a smooth curve of increasing inci-
dence starting from the early 1960s has since been
demonstrated by a retrospective search (Fig. 2). The
Australian population increased from 14.5 million in
1980 to 20 million in 2001. Mesothelioma incidence
rates have increased from 12.8 per million population
220 yr agelyr in 1982 to 35.4 per million/yr in 1998
(males and females combined), 50.6 per million/yr
(males) and 9.0 per million/yr (female). Figure 3
shows rates by time and sex. If the 1981 figure is
accepted il can be claimed that mesothelioma inci-
dence rates have increased 4- to 5-fold in 19 yr in
Australia. Both male and female rates have increased
but the male rate is over five times the female rate.
These are the highest reported incidence rates in the
world (Hillerdal, 1999; Peto er al., 1999; Takahashi
et al,, 1999; Kjellstrom and Smartt, 2000) and equal
to the Australian (NSW) incidence rate of liver cancer,
and in mortality terms equal to the mortality rates of
kidney cancer in males and uterine cancer in females
(NSW Cancer Council, 2000). Mesothelioma is no
longer a ‘rare disease’.

Table 1 shows notifications by state up to 31
December 2000.

Western Australia has the highest incidence {1998
rates: total 52.8, male 96.2, female 9.4) but contrib-
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Fig. 1. Australian Mesothelioma Register notifications, 1979-2000 (by sex).
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Fig. 3. Time trend of annual incidence rate (per million population >20 yr) of mesothelioma in Australia by sex, 1982-19938.

utes only 15% of the total cases. Wittenoom contrib-
utes only 5% of the Australian cases yet is certainly
the most publicized and best known internationally.
Most of the cases come from the two most populous
and industrialized states, New South Wales and
Victoria.

In 93.2% of all Program cases the mesothelioma
was pleural in site, 6.5% peritoneal and only 0.3% of
cases in other sites. Among men 94.3% were pleural,
5.3% peritoneal; among women 86.3% were pleural,
13.7% peritoneal. These proportions have been
generally maintained in Register cases although the
female peritoneal proportion has dropped to 10.4%.

The most common occupational exposures were
repair and maintenance of asbestos materials (18%),
shipbuilding (11%), asbestos cement production
(7%), asbestos cement use (7%), railways (6%),
Wittenoom crocidolite mining/milling (6%), insula-
tion manufacture/installation (4%), wharf labouring
{(3%), power stations (3%), boilermaking (2%, para-
occupational hobby and environmental {(15%). When
the earlier cases classed as ‘no history of exposure’
were reviewed it was found that 57 of the 203 so
classified actually had a history of some exposure
recorded. Thus only 19% had no known history.
Moreover, of this ‘no known history” group, 81% had
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Table 1. Mesothelioma notifications in Australia, 1980-2000

NSW VIC QLD WA SA TAS NT ACT Totals
1980 15 1 0 0 0 0 0 0 16
1981 51 3 18 22 5 5 0 0 104
1982 90 20 9 0 20 2 0 1 142
1983 53 23 26 46 19 6 0 0 173
1984 76 38 20 26 14 1 1 2 178
1985 71 39 27 30 19 1 0 2 189
1986 46 34 38 32 18 2 1 1 172
1987 54 40 26 28 32 0 0 2 182
1988 57 28 45 23 36 | 0 2 192
1989 124 25 35 44 22 3 0 1 254
1990 111 82 43 26 25 l 0 1 289
1991 105 44 46 66 55 10 0 2 328
1992 117 45 40 37 39 3 | 1 283
1993 99 34 42 47 25 5 0 0 252
1994 151 41 74 32 30 8 0 1 337
1995 124 89 49 33 43 11 1 3 353
1996 87 157 53 127 30 4 1 4 463
1997 107 32 64 82 24 5 0 4 318
1998 160 84 65 66 21 8 0 I 405
1999 252 113 73 79 20 7 0 7 551
2000 168 106 99 47 60 7 0 3 490
All 2118 1078 892 893 557 90 5 38 5671
% 373 19.0 157 5.7 9.8 1.6 0.1 0.7 100

700 4

y =-0.0002x" + 1.5363x° - 4551.4¢ + BE+0Bx - 3E+00

600 R?=0.9951

500 -

400

300 4

Number of cases

200 4

100 |

1945 1950 1855 1980 1985 1970 1975 1980 1885 4990 1995 2000 2005 2010 2015 2020

Year of diagnosis

Fig. 4. Incident cases of malignant mesothelioma in Australia 1945-98 and extrapolation to 2020 assuming maximum at 2010.

fibre counts >200000 fibres/g dry lung detected in 1o be the case in females. Indeed even absence of
the lungs, 30% with more than 106 fibres/g >2 pm  fibres in the lungs does not negate exposure as fibres
including ‘long’ (>10 pm) fibres, suggesting that  may have initiated mesothelioma and then been cleared
nearly all cases had been exposed. Past exposure is  before death, The shortest duration of exposure was
not always recognized as such and this is more likely 16 h (waterside worker loading crocidolite fibre (Musk
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etal., 1991 ). Three percent of cases had exposures of
less than 3 months. According to history assessment
of the first exposure of the first 530 cases by the two
hygienists, most cases {55%) had mixed amphibole—
chrysotile exposure, 13% amphibole only, 7%
amphibole, plus possible chrysotile, 6% chrysotile,
with possible amphibole, and 4% chrysotile only,
with 15% unknown fibre type (Grimwood, 1988).
Mean latency from first exposure to presumptive
diagnosis was 37.4 yr (Ferguson et al., 1987). The
range of latencies was 4-75 yr.

In the cases reported since 1 January 1986, when
less detail of history of exposure was sought, 89.9%
of males responding to the questionnaire and 61.2%
of females gave a history of asbestos exposure
(overall 86.4%) (non-response 22% males, 30%
females). The pattern of exposure history is changing,
and more product, domestic, environmental and para-
occupational exposure is apparent, compared to the
older traditional industries. Exposure occurred in a
wide range of occupations and industries and non-
occupational settings. Some common exposure
histories were: repair and maintenance of asbestos
materials (139%), shipbuilding (3%), asbestos cement
production (4%}, railways (3%), powerstations (3%),
boilermaking (3%), Wittenoom (5%), wharf labour
(29), para-occupational, hobby, environmental (4%),
carpenter (4%), builder (6%), navy (3%), plumber
(2%}, brake linings (2%, multiple (12%).

Risk in particular occupational groups

Approximate lifetime risks in occupational groups
exposed 30-50 yr ago were obtained as follows:

Lifetime risk (%) = (70 x number of mesothelioma
cases notified 1986-2000 x 100)/(population in
occupation category in Australia x 15)

Table 2 shows the results for the major identifiable
occupational groups.

Population denominator data was estimated from
census data, Australian Burcau of Statisiics (ABS)
data, cohort data for Wittenoom, defence data for the
navy and union data for waterside workers. As the
range of latencies was 4-75 yr, the relevant occupa-
tional group population sizes were estimated as the
mean of the 1933 and 1997 value, except for
Wittenoom, navy and waterside workers, where
industry, defence and union data was used.

CONCLUSION

The high and increasing incidence of meso-
thelioma in Ausiralia is due to high asbestos use in
the past, combined with poor hygiene practice, rela-
tively high amphibole use in asbestos cement
products, slow recognition of chrysotile meso-
theliomagenicity and excessive focus on Wittenoom

Table 2. Mesothelioma risks in occupational groups

Occupation Lifetime risk of
mesothelioma (%)
Wittenoom mine or mill worker 16.6
Power station worker 11.8
Railway labourer 6.4
Navy/merchant navy 5.1
Wittenoom town 3.1
Carpenter/joiner 2.4
Waterside worker 2.1
Plasterer 20
Boilermaker/welder 1.9
Bricklayer 1.8
Plumber 1.7
Painter/decorator 1.2
Electrical fitter, mechanic, electrician 0.7
Vehicle mechanic 0.7
All Australian men 0.39
All Australian women 0.07

to the exclusion of other more common exposures.
There was also a reluctance to recognize the causal
significance of low occupaticnal and non-occupa-
tional exposures.

The expected total number of mesothelioma cases
in Australia from 1945 to 2020 is estimated to be
about 18000, based on medels by Berry (1991) and
de Klerk er al. (1989) for Wiltenoom, extrapolated to
Australia as whole (assuming Wiitenoom contributes
5% of cases), and direct extrapolation from the best
fit to the empirical incidence curve, constrained to
have a maximum value at 2010, following a 40 yr
latency from the time of maximum exposure (1970)
(Fig. 4). This will create a heavy clinical and compen-
sation load. Cases will arise from a large variety of
occupations and workforces and environmental and
para-occupational circumstances. Although classic
cohorts related to insulation work and crocidolite
mining will have the highest risks, oceupations such
as carpenters, builders, plumbers and electricians,
because of numbers employed, will generate similar
case loads.

With asbestos-related ung cancer estimated to
accur at a ratio of 2:1 to mesothelioma (Barroetavena
et al, 1996) the expected future case load of
asbestos-related cancer can be expected to be of the
order of 30 000—40 000 by 2020. These predictions
are consistent on a population and asbestos use
adjusted basis with those made for Europe (Peto et
al., 1999, Scandinavia, USA, Japan (Takahashi et
al., 1999) and New Zealand (Kjellstrom and Smartt,
2000).

The various Australian state and federal government
preventive, clinical and compensatory authorities are
now developing a national strategy for dealing with
this problem.
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Smoking Intervention in Subjects at Risk
of Asbestos-Related Lung Cancer

Halfrid P. Waage, MD,'* Lars J. Vatten, mD,2 Einar Opedal, mp,® and Bjgrn Hilt, mp!

A smoking intervenrion counseling program was applied among asbestos-exposed male
smokers younger than 635 years of age to examine the effect of an intervention based on risk
communication. Intervention subjects (n = 431) were invited to a health status checkup
combined with physician-delivered smoking intervention counseling. Control subjects (n =
141) received no intervention. After 1 year, 5% of the responders in the intervention group,
versus 3.4% in the confrol group, had stopped smoking. Corresponding conservative
estimates were 3.5% and 2.6%, respectively. The quitters had been exposed to a higher "dose”
of asbestos but had smoked less, and for a shorter period, than had the continuing smokers.
Counseling by a general physician increased successful quitting threefold, compared to
counseling by a physician in a specialized institution. These results suggest a potential for
smoking cessation among subjects ar high risk of lung cancer due to asbestos exposure.
General practice care may be an appropriate setting both for identification of such subjects

and for intervention. Am.J.Ind. Med. 31:705-712, 1997.

© 1997 Wiley-Liss, Inc.

KEY WORDS: smoking cessation; reduction of smoking; asbestos workers; general practice

INTRODUCTION

Exposure to asbestos and smoking may synergistically
increase lung cancer risk more than to 50-60 times, com-
pared to being an unexposed never-smoker [Hammond et
al., 1979]. In two Norwegian studies, lifetime prevalence of
asbestos exposure was 36% in a male population aged 18-73
years [Bakke et al., 1990] and 32.5% among men aged
3948 years [Waage and Hilt, submitted 1997]. In both
studies, about 50% reported current smoking, resulting in
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15-20% asbestos-exposed smokers in these populations.
Tobacco abstinence for 10-15 years reduces the risk of lung
cancer among asbestos-exposed subjects by 60-70%, com-
pared to continuing the habit [Hammond et al., 1979; Waage
et al., 1993]. Even so, smoking cessation programs have not
been widely or systematicaily applied among asbestos-
exposed smokers [Langdrd, 1992; Langird and Waage,
1990], One reason may be that tracing of exposed subjects is
difficult unless systematic and large surveys are conducted,
or company records of formerly exposed workers are
available.

In the present study, we wanted to evaluate the effect of
an intervention based on communication about the increased
lung cancer risk in asbestos-exposed smokers, The interven-
tion was either done in a secondary setting of an institution
of occupational health or in a public primary health care setting.

SUBJECTS AND METHOD
Recruitment of Subjects

The study base was responders in a population-based
questionnaire survey on asbestos exposure and smoking
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habits in Telemark county in 1982-1983 [Hilt et al., 1986],
In all, 572 males living in five industrialized municipalities
who were younger than 65 years of age in 1989 were
eligible, The intention was to compile a study group with
varying levels of exposure to asbestos and tobacco smoke,
Accordingly, all subjects with asbestos exposure of either
“light” intensity for 15 years+, “moderate™ intensity for 7
years+, or “high” intensity for any period of time, as
reported in the questionnaire, were selected (n = 491). A
projected lifetime tobacco consumption (as defined below)
exceeding 150 kg was also required, To include some
subjects with low/medium exposure, we selected 81
subjects with any level of asbestos exposure, whose
projected lifetime tobacco consumption could be estimated.

Projected lifetime tobacco consumption

A projected lifetime tobacco consumption was calcu-
lated by accumulation of the individual’s tobacco consump-
tion to the age of 70, assuming a constant consumption at the
reported level (one manufactured cigarette = 1 g, one pack
of tobacco for own-rollers = 50 g, one cigar = 3 g).
Eligibility for heavy smokers with a short duration of
smoking was thus provided.

Allocation to Intervention and Control

Since the industrial structure of the municipalities was
similar, study subjects were allocated to intervention (n =
431) or control {(n = 141} based on geographical residence.
Subjects living in four of the municipalities were selected
for intervention, and the remaining were controls. The
control group was not contacted and received no information
until the evaluation 1 year later.

Intervention Program

The intervention took place between March 1989 and
February 1990, Subjects were invited to a free consultation,
comprising a brief health status checkup and counseling on
smoking cessation, A leaflet explaining the risks of lung
diseases related to the combination of asbestos exposure and
smoking as well as the benefits of smoking cessation,
accompanied the invitation letter. Subjects were urged to
respond, or at least report their current smoking status.

The intervention was conducted at the Department of
Occupational Medicine at the county hospital and by the
public primary health care in one of the municipalities, The
intervention was performed according to an outlined proce-
dure, The only deviation was that expired carbon monoxide
was not monitored in those who received intervention by the
primary health care.

The participants were interviewed on health history, and
on cancer among relatives. A brief medical examination was

performed. The results have been reported elsewhere {Waage
etal., 1996].

Asbestos exposure

The background information on asbestos exposure was
supplemented by interview. Exposure intensity was assessed
on a scale from 1 (low) to 4 (very high), based on knowledge
of the work environment in various occupations, and on the
subject’s own description. Grade 1 was sporadic exposure
(e.g., mechanics and electricians who had handled asbestos-
confaining gaskets). Grade 2 characterized more frequent
exposure (e.g., automobile mechanics, carpenters, and weld-
ers). Grade 3 designated daily or almost daily exposure (e.g.,
work in ship engine rooms or industrial maintenance work),
Grade 4 indicated heavy exposure, implying most of the
working time f{(e.g., insulators or masons of industrial
furnaces). If the type of work or the exposure intensity had
varied, an intensity was assigned for each period. The
cumulative asbestos exposure was calculated by adding the
products of intensity and years of exposure for each period.

Information on smoking history

Information on weekly tobacco consumption, age of
starting the habit, duration, previous quitting attempts, and
other smokers living in the home was recorded by interview,

Counseling

The presumed risk of ling diseases was explained to
each participant. To motivate smoking cessation, the effect
of smoking and asbestos exposure on airway symptoms and
lung cancer risk was outlined. The risk of adverse health
effects was related to each person’s exposure and smoking
history, chest radiographic findings, shortness of breath,
sputum production, and cough. The benefits of smoking
cessation were discussed, As a didactic device carbon
monoxide was menitored in expired air [Waage et al., 1992],
A display showed a red column escalating to the exact value
{ppm) of carbon monoxide. How to prepare for smoking
cessation was discussed (e.g., shift of brand, smoking with
the opposite hand, and postponing the “after-meal ciga-
rette’”), Whenever the subject was regarded as motivated, a
date for quitting within 2-3 weeks was agreed upon. The
likelihood of relapse in certain sitnations (e.g., emotional
stress or alcohol consumption was dealt with). Relapse
prevention was discussed (e.g., aversive techniques, exer-
cise, and change of immediate surroundings in the case of
craving for tobacco). Prescription of nicotine polacrilex was
offered. Dietary advice to minimize potential weight gain
was routinely given [Coates and Li, 1983]. A brochure with a
self-scoring questionnaire was handed out as a motivating
device [National Council of Tobacco and Health, 1989].
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TABLE |. Description of the Ashestos-Exposed Study Group, Based on Information from the Questionnaire Survey In 1982-1983
Intervention group {n = 431) Control group {n = 141)
N2 Mean Range SD N2 Mean Range SD

Year of birth 43 1933 1924-1947 5.7 141 1932 19241944 5.7
Weekly lobacco consumption (g) 429 105.6 7-500 48.6 139 1017 42-250 399
Number of years smoked 429 309 10-58 7.0 140 307 445 6.8
Projected lifetime tobacco consumpticn 428 28238 17-1,508 136.1 138 2112 114-688 1123
Number of years exposed to asbestos n 147 <1-37 10.2 102 154 <1-41 109

Those who had given sufficient information to calculate the given varizbles. Those remaining had Just reported their status of ashestos exposure or Smoking.

Total abstinence from tobacco was recommended. However,
reducing the consumption was suggested as an alternative
for resistant subjects, although it was emphasized that the
aim should be to abandon the habit in due course. Each
session lasted 30—60 min., and additional appointments were
offered. Participants were informed that they would receive
postal questionnaires on smoking habits after 3 and 6
months as a follow-up procedure.

Evaluation of Smoking Cessation

After 1 year, a postal questionnaire was sent to all
subjects who had initially been invited. They were asked
about current weekly tobacco consumption, and the number
and duration of any cessation attempts following the invita-
tion letter. After another year, subjects who had actually
attended the intervention were invited to a second health
examination and to an interview on smoking habits.

In the controf group, information on smoking status,
weekly tobacco consumption, and the time of cessation (if
an ex-smoker) was obtained by a postal questionnaire that
was distributed on average 1 year after the intervention. The
same leaflet that had been distributed to the intervention
group, explaining the risks of lung diseases related to
asbestos exposure and smoking, as well as the benefit of
smoking cessation, was enclosed with the questionnaire,
Also, a contact person was given,

Analysis

Smoking cessation is given in percentages. Ex-smokers
were considered as inclined to respond. Hence, nonre-
sponders at each contact were regarded as continuing
smokers for calculation of conservative estimates. The
relative risk (RR) of smoking cessation was calculated as the
ratio between probabilities of cessation, given by the
formula 1-eM€U /1-¢MC2 ) where IC is the conservative
estimate of incidence of smoking cessation throughout a
defined time period [Kleinbaum et al., 1982]. For this
purpose, person-time was accumulated by responders and

nonresponders. Subjects who reported to have quit smoking
at a given contact time contributed person-time uatil their
respective dates for quitting. The cumulative probability of
smoking cessation is shown in a Nelson plot [Andersen and
Vath, 1988]. Nonresponders were regarded as continuing
smokers. Each step in the plot represents an event of
quitting.

Test-based 95% confidence intervals were calculated
for the RRs. Other 95% confidence limits and P-values were
calculated by approximation to the normal distribution. For
computations, BMDP version 386, was used [Dixon, 1990].

RESULTS
Effect of the Intervention Program

In the intervention group (Table I}, subjects known to
be deceased, those with unknown address, or who wished
no further contact (n = 12) were omitted from the cal-
culations (Fig. 1). After one reminder, 348 of 419 eligible
subjects (83.1%) responded to the invitation. Among these,
232 smokers wished to attend the intervention program,
and 49 persons reported to have already stopped smoking.
Accordingly, 11.7% among all the invited subjects had
ceased smoking during the period 1982-1983 to 1989,
resulting in a yearly rate of 1.5%.

At the !-year evaluation, another three subjects had
unknown address or were deceased. Among the remaining
367 smokers that initially had been invited, 70.8%
responded. Thirteen subjects reported to have quit, re-
sulting in 3.5% cessation as a conservative estimate,
alternatively 5% among the responders (Table II}. Twelve
of these had attended the program.

In the control group (Table I), eight subjects had
unknown address or were deceased, and 106 out of the
remaining 133 subjects (79.7%) answered the questionnaire
(Fig. 1). Only three subjects reported a cessation date after
the start of the intervention program in 1989, resulting in a
conservative estimate of 2.6% cessation, or 3.4% among
the responders (Table 1),
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Intervention group N=431

12 subjects
excluded

232 smokers
attended

67 smokers not
interested

-

1 - r
3 subects 3 ex-smokers

excluded

71 nonresponders

107 nonresponders

Study base N=572

Control group N=141

49 ex-smokers

3 subjects & subjects
exciuded excluded
1-year evaluation, all invited subjects N=367
247 smokers 85 smokers

21 ex-smokers
27 nonresponders

2-year evaluation, participants only n=226

132 smokers
14 ex-smokers

80 nonresponders

FIGURE 1. Flowchart for the study group of asbestos-exposed smokers in the cessation counseling program.

The RR of cessation was 2.2 (CI = 1.2-4,1) when the
probability of cessation following the intervention was
compared to the probability of cessation before the
intervention in the intervention group, i.e., during the time
period 1982/83-1989. When compared to the control
group, the RR was 1.7 (CI = 0.5-6.0).

At the 2-year follow-up, 64.6% among the participants
in the intervention group responded. Fourteen persons
reported ex-smoking (Table III), of whom three had quit
during the previous year. During the 2 years, 12 people had
stopped smoking for more than 2 weeks but later relapsed.
The cessation potential of the relapsers is illustrated in the
Nelson plot (Fig. 2}. The plot also shows that the intensity
of both cessation and cessation attempts was highest just
after the intervention, and lapsed after 6-7 months.

Patterns of Smoking Cessation

The quitters had smoked for a shorter period and had
initially lower weekly tobacco consumption than the continu-
ing smokers and the relapsers. Conversely, the quitters
reported higher asbestos exposure in terms of both duration
and cumulative exposure (Table III).

Successful quitting was nearly tripled when the interven-
tion was conducted by the primary health care, compared to
a specialized institution of occupational health, viz. 13.5%
versus 4.8%. Further analysis (not shown) revealed that this
was not related to skewness of other variables listed in Table
IV. Previous cessation attempts were associated with success-
ful quitting, and the prescription of nicotine polacrilex
enhanced cessation attempts. These three findings were
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TABLE Ii. Proportion of Smoking Cessation and Probability of Cessation in the Asbestos-Exposed Intervention

Group and Control Group®

Before intervention

One year after intervention

Intervention group

Control group  Intervention group  Control group

Smakers (N) 299
Ex-smokers {N) 49
Honresponders (N) 71
Cessation among responders (%) 14.1
Cessation among all subjects (%) 1.7
Probability of cessation among all subjects® 18.110%

88 247 85

18 13 new 3 new

27 107 27

17.0 5.0 34

135 3.6 28
22.4/10% 39.3110% 23310

*Figures are given for the period belore intervention (1982/83-1989) and for the year after intervention {1989-1990).

2Assuming that nenresponders were smokers.

TABLE 1. Summary Descriptions of the 226 Asbestos-Exposed Participants of the Smoking Cessation Program, Related to Continuous Smoking,

Quitting, and Nonresponse at the 2-Year Evaluation®

Smokers (n = 126) P-value? Quitters {n = 14) Relapsers® (n = 12) Nonresponder (n = 74)
Year of hirth 1933 {0.5) 1934 (1.4) 1932 (1.4) 1933 {0.7)
Tobatto consumption {g/wk) 107.4% (4.5 a1 86.1 (11.7) 72.3(10.9) 105.9 (5.9)
No. of years smoked 37.7 (0.6} <0.05 32.5(2.4) 38.6 (1.4) 379(0.8)
Projected tobacco litetime dose (kg) 289.5 (12.5) <0.05 216.7(30.9) 193.6 (30.5) 2851 (16.7)
Duratlon of asbestos exposure (yr) 21.2(1.0) <0.001 28.7 (2.0} 233i2.6) 20.6(1.1)
Cumulative ashestos exposura 43.7 (2.2) <0.001 67.7 (9.4} 54.9(7.3) 42.8(2.7)
Tobacco consumption after 2 years (g/iwk) 93.57(4.2) — 64.74{9.3) -—

*Subjects who reported relapse during the 2 years are presented as a separate group. The exposure information on asbestes and tabaceo is from the time of starting the intervention. Mean

values with standard error of the mean in parentheses arg given.
*Comparing mean values among smokers and quitters.

"Classified as smokers or nonresponders in Figure 1, since only six of them responded ak the 2-year evaluation.

<0ne subject missing.
dFigure based on six subjects.

statistically significant. Absence of other smokers in the
home, presence of lung or peptic disease, or cancer among
first- or second-degree relatives was insignificantly associ-
ated with increased percentages of both quitters, and quitters
and relapsers combined. Neither ischemic heart disease at
any time, nor additional consultations, nor monitoring of
expired carbon monoxide increased the likelihood of cessa-
tion.

DISCUSSION

We found that 5% among the responders, alternatively
3.5% among all invited subjects, had stopped smoking one
year after the intervention. The RR of smoking cessation
was RR = 2.2 (CT = 1.2-4.1) by comparison to historical
controls. The increase was not significant when compared to
the control group [RR = 1.7 (CI = 0.5-6.0)]. The continu-

ing smokers at the 2-year evaluation had reduced their
weekly tobacco consumption with an average of 14 g/week.

In contrast to our fairly comprehensive intervention,
behavioral counseling lasting 3—5 min. among asbestos-
exposed shipyard workers resulted in 8.4% abstinence over
a 11-month period, compated to 3.6% after a minimal
warning [Li et al., 1984]. An explanation of the modest
effect following our intervention could be that the public
attention on the adverse health effects of asbestos exposure
during the time period from the mid-1970s may have
stimulated smoking cessation. Consequently, the present
target group may already have been “exhausted.” Subjects
may thus have been more resistant to antismoking counsel-
ing than average smokers {Rose and Hamilton, 1978;
Hughes et al., 1981].

In another group of asbestos-exposed smokers (n =
2,627), information-based smoking intervention similar to
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FIGURE 2. Successful quitting (quitters) and quitting attempls (quitters + relapsers), lustrating the effect and potential of the smaking cessation program in
asbestos-exposed subjects. The time period was from the intervention until the 2-year evaluation.

ours, was applied [Kilburn and Warshaw, 1990]. After 6-25
months, 29.8% among the 192% responders had quit
smoking. Telephone interview among 131 of the nonre-
sponders indicated that 17.0% of them had stopped smoking.
In historical controls the proportion of cessation was 4.7%
for the year prior to intervention. It may be that this
intervention had a greater effect than ours. However, the
estimate of smoking cessation in nonresponders (17%)
seems uncertain. It is likely that quitters are eager to report
their success. Accordingly, the vast majority of quitters
could be expected to respond to an evaluation. Possibly,
nonresponders tend to state the most acceptable outcome,
i.e. quitting, upon questioning. In order to deal with this
problem in our study, we calculated conservative estimates
of smoking cessation, assuming that nonresponders were
continuing smokers. The possible bias introduced by assum-
ing that ex-smokers are inclined to report, will be toward the
null value. Moreover, the study by Kilburn and Warshaw
actualizes the problem with comparison between studies.
Participants in an intervention study are likely to be more
motivated than the ncnattenders. Thus, intervention ap-
proaches that attract few but highly motivated participants
may seem more effective than other interventions, when
only the participants are evaluated.,

Those who had abandoned the smoking habit at the
2-year evaluation had the greatest asbestos exposure (Table
IlI}. Conversely, the quitters had lower values of the
tobacco-related variables than continuing smokers, but at
statistically insignificant or borderline significance levels,
The results suggest that risk caused by asbestos exposure

may motivate for smoking cessation, and indicate an effect
of using risk-based estimates in the counseling.

Counseling by the primary health care had a more
pronounced effect than counseling by a specialized institu-
tion in occupational medicine (Table IV). It seems likely that
*“the house doctor™ is more convincing and thus provides
counseling with more authority. The contact between patient
and physician is often already established considering that
70% consult a general practitioner each year [Kottke et al.,
1988]. At such consultations, subjects at risk can easily be
identified by a brief routine interview. Repetitive and rein-
forced intervention, as well as maintenance can be applied
[Kottke et al., 1988; Russell et al., 1988]. Subjects can be
reached irrespective of their motivation. Only 27% of the
smokers who consult a general practitioner experience anti-
smoking advice. Accordingly, the potential for intervention
by the primary health care is significant [Silagy et al,, 1992],

Coronary heart disease has been reported as a predictor
for smoking cessation [Rose and Colwell, 1992; Freund et
al,, 1992; Burt et al., 1974]. Further, chronic bronchitis may
be more prevalent in ex-smokers than in smokers [Kato et
al., 1989]. In the present study, it could not be demonstrated
that prevalent lung disease, peptic disease, or ischemic heart
disease enhanced smoking cessation. Those who have ever
had ischemic heart disease may have been subjected to more
anti-smoking advice than those with current lung or peptic
disease, and may thus constitute a hard core of smokers.

Previous cessation attempts have been shown to facili-
tate abstinence [Kottke et al., 1988; Daughton et al., 1990],
which was also found in the present study. Prescription of
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TABLE IV. Percentage of Quitters and “Quilters and Relapsers'’ After 2 Years Related to Risk Factors at Time of Intervention and Modalities
of the Intervention Program Among Ashestos-Exposed Smokers
Quitters (n = 14) Quitters and relapsers {n = 26}
n % SE diff%3 Diff% (CL)® % SE diff%? Diff% (CL)®
Cancer among relatives
Yes 147 6.8 34 1.7{-4.9-8.2) 1.7 45 0.3(—8.4-9.0)
No 79 5.1 14
Cureent lung disease
Yes 24 125 5.2 71(-31-17.3) 16.7 6.9 58 (-7.7-193)
No 202 54 109
Ischemic heart disease at any time
Yes 29 0 48 —-7.1{-16.5-2.3} 649 6.4 -53(-178-7.2)
No 197 71 12.2
Gurrent peptic disease/symptoms
Yes 17 11.8 6.1 6.1 (—5.8-18.0) 17.7 8.1 6.7 {(—9.1-22.5}
No 209 57 110
Stopped smoking previcusly®
Yes 61 11.5 36 7.3{0.2-14.4) 16.4 4.8 6.7 (—2.7-16.1)
No 165 42 9.7
Other smokers residing in the home ¢
Yes 59 5.1 5.1 —85(—18.6-1.6) 10.2 5.9 -5.9{—17.4-5.6)
No 8 1386 16.1
Nicotine gum prescription
Yes 78 9.0 34 4.3{-2.3-10.9) 17.9 45 9.8 (1.1-18.5)
No 148 47 a1
Carbon monoxide monitoring®
Yos 94 3.2 31 —-3.1(-9.2-3.0) 43 4.3 —10.4{-18.8--2.0)
No 95 6.3 147
More than ane consultation
Yes 38 5.7 33 -0.8{-7.3-6.7} 14.8 4.4 54(-3.1-139)
No 138 6.5 94
Primary health care setting
Yes 37 135 43 8.7 (0.2-17.2) 21.6 5.7 12.1 {0.8-23.4)
No 189 48 9.50

aStandard error of the ditference hetween percentages.

bDiffgrence between percentages {yes and na). Significant at 95% level if the confidence limits in parentheses are ahove zerp.

cAbstinence exceeding 3 months.
“Informaticn available on 140 subjects.
eMeasurements were not obtained for residents in one ol the municipalities.

18.5% In the municipality, where subjects with any asbestos exposure and any projected Iietime tobacco consumptlon were invited, 3.0% and 3.3% in the two other municipalities.
#15.2% in the municipality where subjects with any asbestos exposure and any projected Iiletime tobacco consumptien were invited, 4.5% and 3.3% in the two other municipalities.

nicotine polacrilex may have enhanced smoking cessation
and also contributed to its maintenance [Ockene, 1987;
Fortmann et al., 1988]. However, the desire for polacrilex in
the present study may have been an expression for motiva-
tion and not a cause of quitting. Although most subjects
expressed that the measuring of expired carbon monoxide
with a portable monitor was illustrative, a positive effect as
reported by others [Jamrozik et al., 1984] was not found in
the present study.

In conclusion, this study indicates that guitting smoking
is hard even for those at increased risk of lung cancer due to
a combined exposure to asbestos and smoking. For those
with greatest asbestos exposure, an individual risk-based
intervention resuited in enhanced motivation for smoking
cessation. The results should stimulate efforts for further
developing an appropriate intervention strategy for asbestos-
exposed smokers in order to reduce their high lung cancer
risk. Maintenance management of the quitters should be
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promoted, and a strategy delivered by the primary health
care services seems preferable,
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Increasing incidence of malignant
mesothelioma after exposure to asbestos
during home maintenance and renovation

alignant mesothelioma

(MM) of the pleura or perito-

neum is a universally fatal
disease predominantly caused by
exposure to asbestos. In Australia, the
incidence of MM has increased stead-
ily since the early 1960s, initially
affecting workers mining and milling
raw asbestos and manufacturing
asbestos products (the first wave), and
then workers who used asbestos
products in industry (the second
wave). Over the past 20 years, there
has been increasing concern about a
third wave — people diagnosed with
MM after short-term and/or low-
level exposure to asbestos in the
home or workplace.! Home mainte-
nance and renovation involving
asbestos-containing building prod-
ucts is one of the activities most fre-
quently associated with this third
wave. It is a source of ongoing concern,
given the widespread distribution of
asbestos-containing products in
homes and other buildings in Austra-
lian cities and towns.

Two forms of asbestos — serpent-
ine (chrysotile or white asbestos) and
amphibole {(crocidolite or blue asbes-
tos, and amosite or brown asbestos)
— have been mined in and imported
into Australia. Chrysotile was the
main form of asbestos mined in Aus-
tralia until crocidolite was mined at
Wittenoom in the north of Western
Australia, beginning in 1943 and con-
tinuing until 1966. More than 60% of
the crocidolite produced was used in
the manufacturing of asbestos cement
products, For many years, Australia
also imported both raw asbestos and
manufactured asbestos goods. By
1954, Australia was ranked fourth
among Western countries (after the
United States, the United Kingdom
and France) for gross consumption of
asbestos cement products. However,

Objective: To determine trends in incidence of malignant mesothelioma (MM)
caused by exposure to asbestos during home maintenance and renovation.

Design, setting and participants; Using the Western Australian Mesothelioma
Register, we reviewed all cases of MM diagnosed in WA from 1260 to the end of
2008, and determined the primary source of exposure to asbestos. Categories
of exposure were collapsed into seven groups: asbhestos miners and millers
from Wittenocom:; all other asbestos workers; residents from Wittenoom:

home maintenance/renovators; other people exposed but not through their
occupation; and people with unknown asbestos exposure; or no known
asbestos exposure. Latency periods and age at diagnosis for each group

weare calculated and compared.

Results: In WA, 1631 people (1408 men, 223 women) were diagnosed with MM
between 1960 and 2008, Since 1981, there have been 87 cases (55 in men) of
MM attributed to asbestos exposure during home maintenance and renovation,
and an increasing trend in such cases, in both men and women. in the last

4 years of the study (2005-2008), home renovators accounted for 8.4% of

all men and 35.7% of all women diagnosed with MM. After controlling for sex
and both year and age at diagnosis, the latency period for people exposed to
asbestos during home renovation was significantly shorter than that for all
other exposure groups, but the shorter follow-up and difficulty recalling when
exposure first occurred in this group may partly explain this.

Conclusions: MM after exposure to ashestos during home renovationis an
increasing problem in WA, and these cases seem to have a shorter latency
period than other types of exposure. MM cases related to renovation will
probably continue to increase because of the many hames that have contained,
and still contain, asbestos building products.

on a per capita basis, Australia was
top of the list.”

After World War II, asbestos cement
products were commonly used as a
building material in Australia. Asbes-
tos cement products used in building
include fibro sheeting; water, drainage
and flue pipes; roofing shingles and
guttering. Until the 1960s, 25% of all
new homes were clad in asbestos
cement.? The use of asbestos was
slowly phased out in the 1970s and
1980s, but it is still found in structures
built in the late 1980s. A total ban on
the use of any type of asbestos was
not introduced in Australia until 2003.

Direct occupational exposure to raw
asbestos or asbestos products remains
the predominant cause of MM, and
the number of cases is not expected to
peak until 2020.° However, with the
ban on mining and asbestos use, the
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number of occupational cases will
decrease over the next 20-30 years.”
On the other hand, MM cases as a
result of non-occupational exposure
to asbestos are increasing, and there is
little understanding of when, and at
what level, this third wave will peak.

We describe here the changing
trend in incidence of MM in WA, and
the increasing numbers and relative
proportions of people with MM
whose exposure is unrelated to their
occupation, especially those exposed
to asbestos during home maintenance
and renovation.

Cases were identified from the West-
ern Australian Mesothelioma Regis-
ter. The Register was formally
established in 1982, although earlier

2N
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1 Malignant mesothelioma in Western Australia, by exposure category and sex,

1960-2008
Exposure category Total cases (%) Menr { %) Women (%)
Asbestos workers
Wittenoom workers 290 {17.8%) 270 (19.2%) 20 (9.0%)
Other asbestos woarkers 813 (56.0%) 896 (63.6%) 17 {7.6%)
Non-occupational exposure
Wittenoom residents 58 {3.6%) 28 (2.0%) 30{13.5%0)
Other non-occupational 50 (3.1%) 13 (0.9%) 37 {16.6%)
Home rencvators B7 (5.3%}) 55 (3.9%) 32 (14.3%)
Exposure source not identified
Na known 75 (4.6%) 40 (2.8%} 35 (15.79%)
Unknown 158 (9.7%) 106 (75%) 52 (23.3%)
Total 1631 (100%) 1408 (100%) 223(100%}

versions existed from 1960. Since
1960, when the first person was diag-
nosed with mesothelioma, every MM
case in WA has been recorded, and
these are now included in the Regis-
ter. Each case has been reviewed at
periodic meetings of the Western
Australian Mesothelioma Register
Committee, comprsing a pathologist,
an occupational physician, a respira-
tory physician, an epidemiologist, the
manager of the Western Australian
Cancer Registry and a research officer.

The WA Mesothelioma Register
entry for each case includes age, sex,
and date, as well as methods of diag-
nosis, histological type, site of disease,
date of death, and available history of
asbestos exposure. The written report
of the pathologist responsible for the
cytelogical or histopathological diag-

2 Malignant mesotheliomain Western Australia, by exposure
category and calendar period, 1960~1964 to 2005-2008

Exposure categories
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nosis of each case is reviewed to con-
firm the diagnosis and, in difficult
cases, the original diagnostic material
is reviewed by the Register’s patholo-
gist, and clinical and radiological
information is also considered.

Classification of exposure

Until the late 1980s, a questionnaire
detailing occupational and non-
occupational exposure to asbestos
was completed for as many MM cases
as possible. However, questionnaires
are no longer used, and exposure
information is gathered from sources
such as clinical notes, doctors’ letters,
and advocacy groups. If possible,
patients are still asked about occupa-
tional histories, including descriptions
of tasks involving exposure to asbes-
tos, as well as residential or other
non-occupational exposure,

In reviewing each case, the Meso-
thelioma Register Comunittee seeks to
classify the source of asbestos expo-
sure. There are 29 exposure codes (22
occupational, five non-occupational,
plus “unknown” and “no known”).
“No known” exposure is coded if the
person has been intensively ques-
tioned, but no source of exposure to
asbestos can be identified. “Unknown”
exposure is coded if the person has not
been questioned at all, or if some
source of asbestos exposure has been
noted but sufficient details of the expo-
sure are lacking. The five codes for
different types of non-occupational or
residential exposure include a code for
“handyman, home maintenance and
do-it-yourself {DIY)” exposure.

If there is more than one source of
asbestos exposure, the committee

.

considers the most significant expo-
sure for coding, taking account of
when the exposure occurred, and how
much exposure was involved. For
example, occupational exposure
would usually be considered more
significant than non-occupational
exposure. To be coded as having
“handyman, home maintenance and
DIY” exposure means that no other
source of exposure could be identified.
In such cases, exposure has been dur-
ing “participation in home renova-
tions/fhome maintenance or as a
bystander while such activities
occurred”. If possible the date of first
exposure is also recorded; in some
cases, the date of first exposure to any
asbestos may be earlier than the date
of the most significant exposure,

For this report, the coding was col-
lapsed from 29 categories to seven.
There were two occupational cat-
egories: asbestos miners and millers
from Wittenoom (Wittenoon workers);
and all other asbestos workers (other
asbestos workers); three non-occupa-
tional categories: residents from the
town of Wittenoom (Wittenoom resi-
dents); handyman, home maintenance
and DIY (home renovators); and other
types of non-occupational exposure
(other non-occupational); and people
whose exposure could not be identi-
fied (unknown) or who had no known
exposure (o known).

Statistical analyses

MM cases coded as home renova-
tors, for the whole group and sepa-
rately for men and women, were
grouped by sex, 5-year age-groups
from 40 years onwards (with 85 and
over as the oldest group), and 5-year
periods from 1980 to the end of 2008
(except for the final 4-year period,
2005-2008).

A Toisson regression model was
used to examine the changing trend
in incidence over time. The log of the
WA population was used as the offset
variable in the model. Comparisons of
age at diagnosis and latency periods
between the five exposure groups —
two occupational and three non-
occupational — were calculated using
linear regression, controlling for sex
and year of diagnosis. Linear regres-
sion analyses were performed with
SPSS version 17.1 (IBM, Armonk, NY,
USA) and Poisson regression analyses



with Stata version 10.1 (StataCorp,
College Station, Tex, USA).

Ethics approval

The study was approved by the
Department of Health WA Human
Research Ethics Committee,

Between 1960 and December 2008,
there were 1631 cases of MM in WA
(1408 men and 223 women), 1562 of
whoin have died. There were 1510
cases of pleural MM (1305 men), 114
cases of peritoneal MM (97 men) and
seven cases of MM at other sites (six
meny.

Occupational exposures were the
main source of exposure to asbestos
for men (82.8%) but not for wornen
(16.6%) (Box 1). There were about
10% of cases (158/1631) with
unknown exposure and about 5%
{(75/1631) with no known exposure,

Malignant mesothelioma and non-
occupational asbestos exposure

A total of 195 cases (96 men) were
associated with non-occupational
exposures, Fifty-eight cases (28 men)
were ex-residents of Wittenoom, 87
(55 men) were home renovators and in
50 cases (13 men) their “other non-
occupational” exposure included visit-
ing Wittenoom (15 [nine men]); living
with an asbestos worker (22 [three
men]) and various other residential
exposures, such as dusting asbestos
louvres or playing (as a child) in sheds
used to store asbestos cement products
(13 cases [one man]). For men, non-
occupational exposure accounted for
6.8% of all cases; for women, it
accounted for 44.4% (Box 1).

The first case of MM associated
with exposure attributed to home
maintenance and renovation was
registered in 1981. Of the 87 cases
recorded, 85 men and 32 women, 84
had pleural MM (53 men) and three
peritoneal MM (two men). There has
been a steady increase in both the
number and incidence rates of home
maintenance/renovation cases since
the mid 1980s (Box 2). Incidence rates
for the last two periods {2000-2004
and 2005-2008) were significantly
higher than the base rate {1980-1984)
(Box 3, Box 4). For both men and
woinern, home renovators now consti-

tute the largest proportion of all non-
occupational cases. Between 2005 and
2008, 8.4% of MM cases in men and
35.7% of those in women were attri-
buted to home renovation.

After controlling for sex and both
year and age at diagnosis, the latency
period for home renovators was found
to be significantly shorter than that
for all other groups (Box 5). At diag-
nosis, home renovators were older
than the peaple in the other two non-
occupational groups but slightly
younger than those in the two
occupational groups (Box 5).

The number of cases of MM in WA is
still increasing, although the number
associated with occupational asbestos
exposure appears to be reaching a
plateau. However, MM cases associa-
ted with home maintenance and ren-
ovation have increased markedly over
the past 10 years and remain on an
upward trend. Most of the exposures
reported in this group occurred in the
1960s and 1970s, but many WA
homes still contain asbestos building
products and home renovations have
continued, and possibly increased,
since that time. Therefore, the poten-
tial for MM cases from home renova-
tion exposure to continue to increase
remains a concern. It is not possible to
predict for how long this increasing
trend will continue, as there are no
published data on past or current
community exposure ko ashestos.
Most MM cases attributed to home
renovation have occurred in imen,
although this type of exposure as a
proportion of all cases is much higher
in women. For both men and women,
there has been a marked increase in
MM cases related to exposure from
home maintenance and renovation
over the past two decades, For men,
the proportion of home renovation
cases increased from about 3% in the
1990s to over 8% over the last 4 years
of the study. For women, home reno-
vation cases have increased from
around 5% of all cases in the 1990s to
over 35% for the pericd 2005-2008.
Of all known exposures, home main-
tenance and renovation is the main
cause of MM in women. For men,
occupational exposures remain the
dominant cause of MM, but home
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maintenance and renovation is the
most important non-occupational
exposure,

To be included in the home renov-
ator category, people had to have
been exposed to asbestos either while
performing simple renovations to
their homes or, as family members, to
have been exposed while these activi-
ties took place. The types of reported
activities in this category included

3 Age-adjusted increase in relative incidence rates of
malignant mesothelioma attributed to asbestos exposure
during home renovation — Western Australia

70
60 p- 777
50
40 h
or N

ar s

Adjusted rate (per millicn)

Calendar period

4 Relative change, 1980-1984 to 20052008, inincidence
rates of malignant mesothelioma attributed to asbestos
exposure during horne renovation (adjusted for age and

sex) — Western Australia
Incidence rate ratios

Perlod {95% Cl}) P
1980-1984 100
1985-1989 1.87 (017-20.59) 0.610
19901994 8.01 (1.02-62.55) 0.047
1995-1999 416 {0.50-34.59) 0187
2000-2004 13.03 {1.76-96.65) 0.012*
2005-2008 44,06 (619-326.32) 0.001*

*|ncidence rates for 2000-2004 and 2005-2008 are 5|gn|f|cantly
higher than the base rate (1980-1984).

5 Adjusted mean latency period between exposure and
diagnosis of malignant mesothelioma in Western
Australia, by exposure category and mean age at diagnosis

Latency period,
years {95% Cl}*
369 (314-423)F
39.6 (34.3-45.2)
437(38.0-49.5)!
397 (33.9-45.6) 61,6 {56.7-66.7)

33.1(27.5-38.8) 66.5 (B19-711}

* Adjusted for sex, age at diagnosis and year of diagnosis. 1 Adjusted
for sex and year of diagnosis. 1 Significantly different from home
rencvation group (P < 0.05), *

Age at diagnosis,
years (95% Ci'

68.2 (63.8-727)
70.4 {66.1-74.7)
57.6 (527-625)

Exposure category

Wittenoom workers
Other asbestas workers
Wittenoom residents
Other non-occupational

Home renovators
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sanding asbestos cement walls in
preparation for painting; lifting lino-
leum floors; replacing “tilux” {asbes-
tos cement used in place of ceramic
tiles) in bathrooms; and using asbes-
tos cement sheeting for putting up
fences and sheds, extending laun-
dries, and enclosing verandas to cre-
ate “sleep-outs”. Some of these
activities, particularly those involving
the use of power tools, can produce
short-term, high concentrations of
asbestos fibres,* and major renovation
works may increase background fibre
concentrations in the medium term,
contributing to increased cumulative
exposure. In most instances in this
series, exposure was limited to a sin-
gle task, which may have lasted for
only a few days.

Based on reported first exposures,
the home renovator group had the
shortest estimated latency period.
Latency periods have mostly been
observed to be shorter in groups with
occupational rather than non-occupa-
tional exposure.”” There are two rea-
sons which may explain why we
found a shorter latency period tor MM
cases with home renovation exposure.

First, there has been a shorter fol-
low-up period of this group. Exposure
in the home renovator group started
in the 1960s, while exposure for the
occupational groups commenced in
the mid 1940s and early 1930s. As
time from exposure increases o, nec-
essarily, does the average latency
period.

Second, recalling when exposure
first occurred is difficult, particularly
for non-occupaticnal exposures. This
is likely to be reflected in the greater
proportion of women, compared with
men, who could not recall any asbes-
tos exposure {‘no known” exposure)
{Box 1). This difficulty in recalling
nen-occupational exposures means
that some patients may have been
exposed lo asbestos before the
recorded renovation episode and
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therefore their latency period has been
underestimated.

With the wide use of asbestos prod-
ucts in Australian homes after World
War 112 the exact number of homes
containing asbestos cement or other
asbestos products is not known accur-
ately. In one survey, 62.9% of homes
in the Australian Capital Territory
were found to contain asbestos® It
was more common in older homes,
with over 70% of homes built before
1965 containing asbestos, but was
found in fewer than 1% of homes
built after 1984.F A recent survey of
Australian adults found that over 80%
of respondents reported exposure to
asbestos either at work or at home.”

Home renovation is a common
activity in Australia."""" In a survey of
home owners in Adelaide, major
renovations were undertaken in about
34% of homes over a 5-year period
{1986-1991).11 Renovations were
more common in older homes, partic-
ularly those over 50 years otd."" In the
10-year period to 1999, 66% of homes
across Australia, built between 1920
and 1949, had been renovated.' In
the Australian survey on potential
asbestos exposure mentioned above,
only about a third of respondents
reported taking precautions to reduce
exposure to asbestos fibres or dust in
their homes.” Although a Code of
Practice for the safe removal of asbes-
tos has been published,'* advice con-
tained in the code is directed to
owners of large buildings and asbes-
tos removalists and not to small oper-
ators, individual tradesmen or home
renovators. ™

Our study confirms the rising trend
in diagnosis of MM resulting from
exposure to asbestos during renova-
tion activities in and around the
home, The continued widespread dis-
tribution of asbestos cement products
in WA homes, and the long latency
period between exposure and diagno-
sis of MM, means that there is likely

to be a further increase in cases of
MM attributable to home renovations.
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the extremes of incomprehensibility. The Commission is
nevertheless concerned that its arguments should be com-
prehensible and irs recommendartions unambiguous—aims best
achieved by a clear prose style, unencumbered by jargon and
circumlocution, If it is readable, even to the uninitiated,
this target will have been reached. No work of literature has
ever been written by a committee, and anyone who has ex-
perienced the attempts of a group to compose a flowing para-
graph knows its impossibility. The style of the final report
therefore depends particularly on the secretary, but members
are free to offer amendments or even large-scale rewrites if
they feel so disposed. This is mostly done in correspondence,
and the tactful secretary incorporates these offerings judiciously.
Arresting phrases or a few incisive sentences are often inter-
polated in this way.

The end in sight

Unless there is a determined minority, acrimony recedes by
subsequent meetings, for the end is in sight. Giggles sometimes
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break out and the Commission’s own family jokes are heard
more often; murmurs of a final party or dinner after the signing
ceremony are heard. As the drafis improve in style, compro-
mises over the sticky parts are reached, and at last a final draft
is agreed. A very senior civil servant reads it and talks to the
Commission about obscurities and difficulties. Then the smooth
machinery of Whitehall takes over. The chairman utters grave
warnings against ‘‘leaks,” intended or inadvertent. A date
for release has to be considered and press conferences are
arranged. The date must not clash with any expected public
event, for the Commission does not want its press impact to
be diminished. Each member has to state precisely the form
in which his name, style, and titles are to be published. While
members begin to relax, the chairman tenses. A government
reception is given on the day of signing, with cocktail party
courtesy from important figures, longing to know what has
been said but forbidden to ask. On the day before publication
the members each receive a printed copy of the volume, but
without its blue cover to indicate its still unofficial status,
Finally, publication day dawns, with eager perusal of press
response, and then—a slow decline into obscurity.

Occasional Revieww

The natural history of chronic airflow obstruction

CHARLES FLETCHER, RICHARD PETQO

British Medical Fournal, 1977, 1, 1645-1648

Summary

A prospective epidemiological study of the early stages
of the development of chromnic obstructive pulmonary
disease was performed on London working men. The
findings showed that forced expiratory volume in one
second (FEV,) falls gradually over a lifetime, but in most
non-smokers and many smokers clinically significant
airflow obstruction never develops, In susceptible people,
however, smoking causes irreversible obstructive changes,
If a susceptible smoker stops smoking he will not recover
his lung function, but the average further rates of loss of
FEV| will revert to normal. Therefore, severe or fatal
obstructive lung disease could be prevented by screening
smokers’ lung function in early middle age if those with
reduced function could be induced to stop smoking.
Infective processes and chronic mucus hypersecretion
do not cause chronic airflow obstruction to progress
more rapidly. There are thus two largely unrelated
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disease processes, chronic airflow obstruction and the
hypersecretory disorder (including infective processes).

Introduction

Chronic bronchitis and emphysema are often referred to together
as the “British disease” because they are such a common cause
of death and disability in Britain. Since their cardinal feature
is irreversible obstruction to bronchial airflow, they are often
referred to jointly as chronic obstructive pulmonary disease.
This term includes chronic obstructive bronchitis and emphy-
sema but excludes asthma or any localised cause of airways
obstruction,}

Although the number of deaths certified as being due to these
conditions has declined in the past 10 years, there were still
some 25 000 in England and Wales in 1974, There were also
about 1000 deaths due to respiratory heart disease plus an
unknown number, perhaps as many as 10 000, certified as being
due either to other forms of heart disease or to pneumonia
where chronic obstructive pulmonary disease was not certified
as the underlying cause of death even though it caused the
fatal condition or aggravated a condition that would not other-
wise have been fatal. The total mortality attributable to chronic
obstructive pulmonary disease is thus about the same as the
total mortality attributed to lung cancer. If it were possible to
identify all deaths that would not have occurred in the absence
of chronic obstructive pulmonary disease it would probably be
found that the proportion misleadingly certified as being due to
other underlying causes is even larger in other countries, includ-
ing the USA, than in Britain.® Although the certified death
rates in other countries are lower than those in Britain, they
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therefore represent only a fraction of the total mortality actually
atiributable to chronic obstructive pulmonary disease.

When airflow obstruction first causes breathlessness that
leads a patient to consult a doctor, it is usually sufficiently
severe to reduce the forced expiratory volume in one second
(FEV,) to about 1 litre, which is less than half the normal
value. Thereafter the course of the condition usually progresses
relentlessly over five or more years, with further loss of FEV,
causing more and more distressing disability and, finally, death
from respiratory failure. This often occurs in an episode of
bronchial infection complicated by cor pulmonale.

These later phases of the disease have long been well docu-
mented®* and it has been found that the severity of airflow
obstruction, usually measured by FEV,, is the main determinant
of prognosis.*—* Since the damage to the lung appears to be
irreversible at this late stage of the disease, afdy preventive
actiont must be taken much ecarlier. The esgential role of smoking
has long been clear,®'* but stopping smoking in the terminal
stage is too late,® * and general health education has not had much
effect on the people (male manual workers) who suffer the
greatest risk of this disease.!? Perhaps it could be more effective
if concentrated on potential patients at an earlier stage, but how
could they be identified ?

In the late 1950s!* and again more recently*® it was suggested
that such people could be recognised by their having a produc-
tive cough (simple bronchitis). Pathologists suggested that
mucus hypersecretion encouraged bronchial infection, which
caused obstructive damage to bronchioles and alveolar
tissues,1*1* The fatal consequences of infections in terminal
patients with terminal obstruction lent plausibility to this latter
view, but it remains an unproved hypothesis.

In 1960 the Medica! Research Council’s committee on the
aetiology of chronic bronchitis became concerned with the
question of how smoking interacts with other factors in causing
airflow obstruction and commissioned a prospective study of
respiratory symptoms and changes in ventilatory function over
a period of eight years in a large group of working men, few
of whom had any clinical disease. The full results of this study
were recently published!* together with some new statistical
considerations.?® We report here a short summary of the methods
and main results and conclusions of this study, some of which
conflict with current orthodoxy, to stimulare debate in a wider
circle than those who will read a specialist epidemiological
monograph.

Methods

In 1961 a stratified random sample of men (mostly skilled manual
or clerical) aged 30-5%9 working in West London was taken. Of an
initial sample of 1136 men 792 were seen regularly enough over the
next eight years to provide sufficient data for analysis. The men were
seen every six months, when the following measurements were made,

Mucus hypersecretion was assessed by standard questions about
chronic phlegm production and by six-monthly measurements of the
volume of phlegm brought up during the first hour after waking on
three separate mornings, These two independent measures enabled
us to rank the men with respect to chronic expectoration more reliably
than has been done in other studies, in nearly all of which single
estimates based on questionnaires have been used.

Bronchial infections were assessed by standard questions about
chest colds or illnesses in the previous six menths during which phlegm
production had increased; by recording the purulence of all phlegm
specimens posted to us; and by measuring serum antibodies to
Haemophilys influenzae on one occasion.

Airflow obstruction was estimated by measuring FEV,. After two
practice blows into a spirometer the FEV, readings of three subsequent
blows were recorded. The maxirmum of these three was used, contrary
to MRC recommendations,? because it was definitely more repro-
ducible than the mean (p 164'*). These six-monthly FEV, measure-
ments over eight years allowed us to estimate the average rate of decline
of FEV, for each man during the study. These estimates are called
“FEV, slopes.” Unfortunately, FEV, slopes of individuals could
not be measured accurately enough to be useful, but averages of the
FEV, slopes of groups of a dozen or more men were accurate enough
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for our analysis of causal factors. To ensure that FEV, loss was a valid
measure of development of airflow obstruction 18 men with condi-
tions that could cause restrictive loss of FEV, were excluded.

Results and comment
SMOKING AND LOSS OF FEV,

The following conclusions are summarised in figs 1 and 2.

Firstly, we found that FEV, declines continuously and smoothly over
an individual’s life (fig 1). We believe that sudden large irreversible
falls are very rare, for the 9190 measurements that we made of the
changes in FEV, berween successive six-monthly surveys were dis-
tributed exactly symmetrically about their mean, with no evidence of
any “tail’” due to sudden substantial losses (p 224'%). The rate of loss
seems to accelerate slightly with aging (p 67'%).
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F1G 1—Risks for various men if they smoke: differences between these lines
illustrate effects that smoking, and stopping smoking, can have on FEV,
of man who is liable 10 develop chronic obstructive lung disease if he smokes.
t=Death, the underlying cause of which is irreversible chronic obstructive
lung disease, whether the immediate cause of death is respiratory failure,
pneurnonis, ¢cor pulmonale, or aggravation of other heart disease by respira-
tory insufficiency, Although this shows rate of loss of FEV, for one particular
susceptible smoker, other susceptible smokers will have different rates of
loss, thus reaching “disability” at different ages.

59 Normal range
4
o
@ Average
- non-smoker
g-é 3 25D=1kitre
=c
-2
o
w f_,»z Remainswell
E Disabitity NN
| o T—Disabled in
Death retirement
8] T T T v T T T
25 50 75
Age |yeors)

FIG 2—Identifying susceptible smokers in time to prevent death: various
patterns of FEV, decline (—) with age that are consistent with certsin
observations of FEV, in middle age {(@®). Smokers who eventually die of
chronic obstructive lung disease have usually already suffered apprecisble
FEV, loss in their 40s. Most smokers whose FEV, is already below the nor-
mat range for non-smokers by early middle age are thus at grave risk of later
death from airflow obstruction unless they stop smoking immediately, while
smokers whose FEV), is still above average in middle age will probably not
get serious obstruction. If, however, FEV, at age 25 was originally above
average for other men (of the same age and height) then FEV, may still lie
within the normal range for middle-aged non-smokers even though con-
siderable FBV, loss has occurred. It is therefore impossible to be sure of the
prognosis of a smoker whose FEV, in middle age ig just one or two standard
deviations below the average for non-smokers, although many of those
around two standard deviations below average will become disabled over the
coming decades. Other tests may enable those at greatest risk to be detected,
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Secondly, non-smokers lose FEV, slowly and almost never developed
¢clinically significant airflow obstruction. None of the 103 non-smokers
in our study had any evidence of even moderate obstruction {p 831%),

Thirdly, many smokers lose FEV, almost as slowly as non-smokers
and never develop clinically severe airflow obstruction. They appear
to be largely resistant to the effects of smoke on their airflow. Smokers
who are more susceptible to these effects develop various degrees of
airflow obstruction, which in some ultimately becomes disabling or
fatal. “‘Susceptibility” is not an all-or-nothing artribute: rather, it
appears to be a continuum, where the more susceptible a man is the
sooner he will be disabled if he smokes (p 210'%).

Fourthly, stopping smoking will, of course, make little difference
to the FEV, of a non-susceptible smoker whose lungs are not being
much affected by his smoking. But it may make all the difference
to a susceptible smoker. A susceptible smoker who stops smoking will
not recover lost FEV,, but the subsequent rate of loss of FEV, will
revert to normal. This finding is based on a small group of men, but
it has been reported by Comstock er af*? and is strongly supported by
both the low death rate from bronchitis and emphysema among smokers
who have given up more than 10 years earlier (observed in the major
prospective studies of smoking and health®") and the minor degrees
of emphysema found by pathologists in dead ex-smokers.? * It is,
of course, true that severely affected patients derive little benefit from
stopping® 7 because the darnage already done to their lungs is by then
severe, and merely slowing its further development will not restore
adequate function. The quantitative aspects of these effects of smoking
on FEV, are summarised in the table, where the men aged 50-59
at the start of our study were divided into those who did and those
who did not have mild airflow obstruction, as indicated by a slightly
low FEV, for their age and height. The percentages of men with such
airflow obstruction were: 0% of lifelong non-smokers; 28°%, of ex-
smokers (some of whom had probably stopped because of moderate
disability); 24°; of light smokers (less than 15 cigarettes per day);
46 %, of heavy smokers (15 or more cigarettes per day). The means of
the FEV, slopes of non-smokers and of ex-smokers (whether obstruc-
ted or not) were similar. The non-obstructed smokers had slightly
steeper slopes, and the obstructed smokers had much steeper slopes.

Among smokers who have already developed moderate obstruction,
the effect of giving up in early middle age will presumably be 1o make
their subsequent rate of loss of FEY | approximate to that of the ob-
structed ex-smokers in the rable instead of that of the obstructed
smokers. This twofold difference in mean FEV | slope may not seem
very impressive, but, as indicated by the line in fig 1 marked “Stopped
at 43,” it can make the difference between a normal lifespan and
premature death. The average effect of stopping is, of course, small
since most smokers are not very susceptible and so have normal lungs
that do not benefit much from stopping smoking. Those who con-
tinue smoking until they are disabled (see, for example, the line
marked “Stopped at 65) will also derive little benefit. The important
finding is that if those who would eventually die from airflow obstruc-
tion stop smoking in early middle age then their subsequent rates of
loss of FEV, will on average be normal, so that most such individuals
will keep well, whereas had they gone on smoking until they became
short of breath it would have been too late.

Measuring FEV, might thus perhaps be used as a screening test
to detect susceptible smokers in middle age, when the fact that the
test showed them that smoking was damaging their lungs might help
to persuade them to stop. (Care would have to be taken not to imply
that smoking is safe for those smokers with normal lung function.)
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Peak expiratory flow is even quicker and cheaper to measure and so
could also be used for screening. The disadvaniage of both of these
tests for screening (peak flow perhaps even more than FEV)) is their
wide range of normal values. As shown in fig 2, 2 man whose FEV, is
neat the lower end of the normal range for non-smokers may be at
high risk or may be quite free from disease. Such borderline cases
could be referred for more derailed lung function tests which might
help to discriminate between “low normal” and “low abnormal”
FEV, values. Preliminary results of a study® of functional tests to
diagnose small airways disease suggest that the best tests for this
purpose would be the airflow rate as forced expiration nears completion
—the Vmax 25—and the expiratory nitrogen slope, both of which
can?? be used as field screening tests.

The real effect of smoking on susceptible smokers may be under-
estimated by looking only at the mean FEV, level in all smokers {or
the mean FEV /height® in the total column of the tabie), as is usually
done in prevalence surveys. There are two reasons for this. Firstly,
smoking has only a small effect on not-very-susceptible smokers, but
they, being in a majority, conceal the more severe effect on the most
susceptible minority. Secondly, we found that smokers with symptoms
tend to cut down their cigarerte consumption, so that many of those
who are most susceptible, and thus most severely affected, appear
among the lighter smokers or the ex-smokers.

EFFECT OF MUCUS HYPERSECRETION AND BRONCHIAL INFECTION

Neither mucus hypersecretion nor bronchial infection cause chronic
airflow obstruction to progress more rapidly. This was shown in two
ways. Firstly, we found that after adjusting for FEV, level, smoking,
age, and height there was no independent correlation between FEV,
slope and indices of either mucus hypersecretion (p 94'*) or bronchial
infections (p 87'*), This suggests that neither can play any causal part
in accelerating the development of chronic airflow obstruction. Since
this was a surprising finding, we sought confirmation by looking at
changes of FEV, level in relation to changes in expectoration and to
episodes of bronchial infection in individual men, and no consistent
or significant effects were found. The loss of FEV, that an individual
man suffered from one six-monthly survey to the next was on average
the same if a chest cold, chest illness, or attack of sputum purulence
intervened as if it did not {p 917%). We are forced to conclude that
neither mucus hypersecretion nor bronchial infections, as we measured
them, play any substantial part in actually causing irreversible airflow
obstruction. Moreover, the chief anatomical site of chronic mucus
hypersecretion (the main bronchi) is different from the (peripheral)
usual chief site of fatal airflow obstruction. We therefore feel that
chronic airflow obstruction and chronic hypersecretion should cease to
be viewed as closely related disease entities {p 141'%). Both are caused
by smoking, but they are otherwise largely unrelated conditions,
chronic phlegm production being much tess important. The term-
inology that refers to both conditions as one form or another of
“‘chronic bronchitis” is unfortunately sanctioned by usage, but may
lead to confusion: those terms that unmistakably refer to efther the
obstructive or the hypersecretory disorder are preferable. Infective
processes are related strongly only to the hypersecretary disorder, But
can we teally dismiss infective processes as early causes of chronic
airflow obstruction ? Qur negative evidence is very strong, and is
supported by clinical studies,® 9 while positive evidence of any effect

Mean FEV, 1961-9 and FEV | slope 1961-9 according to smoking habits among men with and without mild obsiruction* who were aged 50—59 on entry to study.
Data for men in late middle age are rabutared because health benefits obrained by giving up early in middle age depend on subsequent rares of loss later in middle age

(ref 19; table G1)

With mild obstruction* Without mild obstruction® ‘Toral
Mean Mean FEV, Mean FEV,
%o of FEV/ FEV, slope “, of FEV,/ slo;s:e % of FEV,/ slope
such height* +1SE such height? L 15E such height? + ISE
men {cl/m?*) (ml{year) men (ci/m?®) (ml/year) mernt {clim?) (rmd/year)
Lifelong non-smokers .. Ve . 0 100 65 -42+06 100 65 —42+6
Ex-smokers, 1961-9 .. . .. 28 44 —~3748 72 62 -30+t5 100 57 —-32+5
Light smokers {average <15 cigarettesf
day) .. i .- e s 24 41 —62 +5 76 62 -42+3 100 57 —47+3
Heavy simnokers (average 15 cigarettes/
day) . - .. “. 46 43 —-80-.6 54 60 -55:6 100 52 ~66+4
All men .. .. .. .- .. 29 42 —-64 +3 71 62 —-42+2 100 56 ~43+2

*The age-standardised FEV Jheight® was defined, in units of ¢l/m?, by (mean FEV 1961-9}/ height® + 0'5 (age in 1965-60), and a cut-off point of 50 cl/m?® was then imposed to
define “mild obstruction.”” This cut-off point represents very mild obstruction indeed, for in a tan of }-71 metres aged 60 it would be 2'5 litres, and even a small percentage

of lifelong non-smokers would, in & larger series fall below it.
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is virtually non-existent. When challenged to produce evidence to
support his contrary opinion,3* the editor of the British Medical Journal
could produce no data, just published opinions? *—one of them being
that of the MRC committee which organised the present study to
test its opinjons. If infections are an important cause of irreversible
airflow obstruction, it should not be difficult to show this, but it has
never been successfully done.* We suggest that those who disagree
with, or want more details of, our present conclusions should consult
the monograph in which our results are more fully set out and dis-
cussed.’? If it is felt that some point would be clarified by a tabulation
or correlatiog which has not been presented in our monograph, RP
can probably provide this quite easily on request, especially if full
and precise details of just what is wanted are specified.

The future

Our study has emphasised the importance of smoking in
causing airflow obstruction and shown how it might be possible
to detect susceptible smokers in time to prevent disability,
but many problems remain. What is the basis of susceptibility ?
It does not seem to lie in overt allergy, for we found no correla-
tion between FEV, slope and either sputum eosinophilia or a
history of allergic illnesses. Nor does height increase suscepti-
bility, as might be expected from mechanical stresses in the lung,
for we, and Cole, found that percentage losses of FEV, as men of
different heights get older are similar. Is susceptibility in any
way analogous to «,-antitrypsin deficiency or due to quantitative
differences in leucocyte proteolytic enzymes ? Can it be induced
by infections in childhood that are associated with impaired
lung function?

What causes of obstruction other than smoking are there?
The British decline in certified death rates from bronchitis
and emphysema over the past three or four decades while
cigarette smoking has increased indicates (unless these changes
are chiefly due to differences in death certification practice for
infective disease) that some important cause or agent must have
been declining in severity. Was this just air pollution? The
large social class gradient of mortality, which was (unless this,
too, was severely biased by nosological artefacts) present long
before there was any social class gradient in smoking, suggests
that there must be causes related to style of living that have not
yet been identified.

Our study has disposed of some misconceptions, and provided
a simpler picture of the natural history of airflow obstruction,
New ideas to be tested by prospective epidemiology will now
be needed to further our understanding of this common, dis-
tressing, and often fatal disorder.

The study whose main findings we have described was financed by
the Medical Research Council and organised by Dr Cecily Tinker. The
analysis, in Sir Richard Doll’s department, involved extensive use of
the Science Research Council’s Atlas Computing Laboratory, We
are grateful to the unions, management, and men who participated for
eight years, and to many others, particularly Mr I D Hill, Mrs H
Joyce, Ms G Mead, Professor G A Rose, Dr F E Speizer, and Ms M
Stuart.

Requests for reprints should be addressed to Mr R Peto.

*Clinical histories given by patients with severe airflow obstruction often
suggest an onset of the obstruction at the time of a particular chest illness.?
An example is one man in our study who was admitted o Hammersmith
Hospital in cor pulmonale (p 236'*). On admission to hospital in 1967, he
reported that he had been quite fit, even rowing with an amateur rowing
club, until 1964, when he had pneumonia, but that after this he had had
chronic disabling shortness of breath. Our study records, however, showed
that his FEV, had already been only 1 litre in 1961 and that in 1961 he had
said that he could not keep up with other men when walking on the level
because of breathlessness. His FEV, declined steadily from 1 litre in 1961
to 0-2 litre just before his death in 1970 in respiratory failure. There was thus
no sudden change in FEV, level after his pneumonia in 1964. Perhaps this
pneumonig increased ventilatory demand on exertion but it did not increase
his airflow obstruction. It is obvious how the history given in 1967 could
mislead a clinician about the effect of this man’s pneumonia on the develop-
ment of airflow obstruction.
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What might be the cause of pain in the testicles after intercourse ?

I think this man probably has referred pain from the lower lumbar
spine, Lower lumbar disc pain can be referred to the groin or lower
abdomen, including the hemiscrotum of the side in question. Clearly,
we are assuming here that there is no clinical abnormality in the testis,
cord, or hernial orifice, and that there is no abnormality on abdominal
and rectal examination. There may be a history of backache or his
testicular pain may be induced by strenuous exercise of the back under
other circumstances. Treatment should be on the usual lines for a
lumbar disc leston and in this case his wife should rake a more active
role during intercourse until such time as a clinical improvement is
reached.

My sphygmomanometer has a cuff calibrated to enable one to make
reductions on the observed dial reading cecording to the circumference of
the patient’s arm. I recently saw a patfent who was applying for life
insurance whose uncorrected diastolic reading was 100 while his corrected
diastolic reading was 89. Is one justified in giving the lower reading—that
is, with cuff correction—uwhen completing a life insurance report ?

I do not believe that one would be justified in giving only the “cor-
rected” lower reading of the blood pressure after measuring the blood
pressure in a patient with large arm. It would be reasonable to give the
actual blood pressure reading plus the suggested correction for arm
size {clearly indicating that this was an extrapolated number and not
the one that was actually measured).



