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Summary

Background There is growing concern regarding a global epidemic of asbestos-related
diseases (ARDs). We assessed the ecological relation between national mortality rates of
ARD:s (all, pleural and peritoneal mesothelioma, and asbestosis) and historical
consumption level of asbestos.

Methods Age-adjusted average mortality rates (cases per million population per year)
of each ARD during 2000-2004 and average per capita asbestos consumption (kg per
capita per year) during 1960-1969 were calculated across the fullest range of countries
with available data, differentiating for sex. Historical asbestos consumption was
regressed on recent ARD mortality, weighted by the size of sex-specific national
populations.

Findings Historical asbestos consumption was a highly significant predictor of
mortality for all mesothelioma in both sexes (adjusted R?=0-74, p<0-001, 2-4-fold
mortality increase was predicted per unit consumption increase for males; R?=0-58,
p<0-001, 1-6-fold for females), male pleural mesothelioma (R*=0-29, p=0-002, 1-8-fold),
peritoneal mesothelioma in both sexes (R*=0-54, p<0-001, 2-2-fold for males; R2=0-35,
p<0-001, 1-4-fold for females), and male asbestosis (R2=0‘79, p<0-001, 2-7-fold). Linear
regression lines consistently had intercepts near zero.

Interpretation Within the constraints of an ecological study, clear and plausible
relations were shown to exist between mortality of the studied ARDs and historical

asbestos consumption, markedly for all mesothelioma in both sexes and male asbestosis.

Keywords: Asbestos; World Health; Environment and Public Health; Occupational
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Introduction
There is widespread concern regarding the possibility of a global epidemic of asbestos-related
diseases (ARDs). The milestone serial research on ARDs by Selikoff and colleagues urged such
caution as early as the 1960s."* More recently, the work by Peto is of seminal importance. Based
on birth-cohort modeling, Peto predicted a drastic increase in future mesothelioma deaths in
Britain® and Europe.* Follow-up investigations showed close agreement between projected and
observed numbers on the one hand and tapering’/deceleration® of the mesothelioma epidemic on
the other. Lately, statistical projections of mesothelioma have expanded to include a host of
countries, ' and suggested substantial increases in the respective countries.

The current global impact of ARDs has also been estimated: the annual number of
asbestos-related cancer deaths in workers may reach 100 000-140 000."" 5-7% of lung cancer

cases may be attributed to occupational asbestos exposure' L2

although estimates for lung cancer
would vary also with tobacco consumption. The International Expert Meeting on Asbestos,
Asbestosis and Cancer of 1997, in discussing the “global asbestos epidemic,” agreed that every
year, 20 000 asbestos-induced lung cancer and 10 000 mesothelioma cases occur in West Europe,
North America, Japan and Australia.'® The International Labour Organization (ILO) and the
World Health Organization (WHO) jointly communicated that elimination of ARDs is a priority
area for collaboration. Currently ILO is expressing a high level of concern about an ongoing and
evolving epidemic of ARDs giving due regard to the long latency period required for disease
manifestation.'* Recently, ILO adopted a resolution to promote a global asbestos ban."

The global spread of exposure to asbestos is far more difficult to grasp, primarily because

quantified measurement data are limited. A rough estimate is that 20-40% of adult men held jobs

that may have entailed asbestos exposure.'>!® However, attempts to estimate the proportion of
y p p prop



the exposed in populations are generally hampered by a lack of reliable estimates for women, the
extent of environmental exposure, or even levels of exposure in the occupationally exposed
population. A wide disparity in exposure status of populations is likely, but this should be
contingent at least upon the country and timeframe concerned. As such the volume of asbestos
consumption and its chronological trend have been used for characterization of various
populations. By virtue of these indices, it is suggested that the center of asbestos consumption is
shifting towards developing countries.'""”

An ARD is a health effect on individuals related to past exposure to asbestos, mostly but
not exclusively by occupations. When the experience is aggregated in populations, it should
manifest as a global ARD epidemic. To the extent that per capita consumption volume can be
treated as a surrogate for the exposure level of a population, ecological relations can be evaluated
against statistical rates of ARDs. Preliminary investigations have been made for mesothelioma

and have produced plausible findings,'>'®"

albeit limited by the scope of available data.
Exploring the ecological relation for national populations can be improved by incorporating the
fullest range of available information on ARDs and by using refined methodologies. We
precluded lung cancer from the analysis because of its apparent causal link with smoking and
lack of reliable comparable data to adjust for this. The objective of the present study is thus to

explore on a global basis the ecological relation between national rates of ARD-induced

mortality and historical asbestos consumption.
Methods

The ARDs evaluated were all mesothelioma, pleural mesothelioma (C45-0, International

Classification of Diseases, 10th Revision or ICD-10), peritoneal mesothelioma (C45-1, ICD-10),



and asbestosis (J61, ICD-10). All mesothelioma was defined as follows: mesothelioma (C45,
ICD-10) as an independent category and/or composite of all or any of its subcategories, i.e.,
pleural (C45-0), peritoneal (C45-1), pericardial (C45-2), other sites (C45-7), and unspecified
(C45-9), as reported by the respective countries. The annual number of deaths during 2000-2004
for each ARD by sex and 5-year age category was obtained from the WHO Mortality Database.?’
National population data were obtained from WHO,20 the United States Census Bureau
(USCB),?! and the United Nations (UN),? prioritized for use in this order. For each country, sex-
and age-specific mortality rates (cases per million (M) population per year) were calculated by
dividing the number of sex-specific deaths during 2000-2004 by the size of the corresponding
sex-specific national populations, and then age-standardized to the World Standard Population
published in 1966.% These rates were then averaged for the same period.

Historical asbestos consumption rate was defined as annual average per capita asbestos
consumption (kilograms or kg per capita per year) for the period 1960-1969 (i.e., the average of
data for 1960 and 1970, the two years for which data are available for this period). For each
country, the volume in number of tons for asbestos production, import and export was extracted
from the United States Geological Survey (USGS) Report.** The definition of consumption
followed the conventional definition of (production + import — export)* and was divided by the
national population of the corresponding period. The period of asbestos consumption
(1960-1969) was chosen a priori to allow for a sufficient time lag of about 30-40 years between
this and the annual average ARD mortality rates of 2000-2004. This was deemed reasonable
because mesothelioma is known to have latency periods of approximately 40 years. Although
variable latency periods have been reported for asbestosis morbidity, we postulated the same

latency period in asbestosis patients accounting for the additional period required from incidence



to death.

There was a maximum of 33 countries with both consumption and mortality data available
for analyses. These countries consumed 63% of the world’s consumption level during
1960-1969 and accounted for nearly one-fourth (22%) of the world population in 2000-2004,
comprising 84%, 74%, and 48% of the population in the Americas, Oceania, and Europe (but
only 8% and 5% in Africa and Asia), respectively.

For each ARD, linear regression analyses were conducted separately for each sex, with
age-adjusted mortality rates of each ARD as the dependent variable and historical asbestos
consumption as the independent variable. The national mortality rates were log-transformed to
comply with the assumptions underlying the random errors in the regression model. Parameters
in the regression model were estimated by the least-square method, weighted by the size of
sex-specific national populations of 2000-2004. All statistical procedures were performed using
SAS V8:-02 (SAS Institute Inc., Cary, NC, USA). Graphs were drawn using SigmaPlot V9-01
(Systat Software Inc., Richmond, CA, USA). A p-value less than 0-05 was considered
statistically significant in this study. This research was supported in part by a Grant-in-Aid for

“Research of Asbestos in the World” from the Ministry of Health, Labor and Welfare of Japan.

Results

The figure shows the scatter plot of national data for each ARD (the sex with the higher adjusted
R? value was chosen for presentation in the panel, i.e., males), in which a clear positive linear
relation between historical asbestos consumption and log-transformed ARD mortality rate was
demonstrated. The sex-specific association of each ARD is expressed as a linear regression

model in the table, with the parameters (intercept By and slope B;) and adjusted R? values.



Strong linear relations are apparent for all mesothelioma in both sexes, male asbestosis and
peritoneal mesothelioma.

Panel A shows the relation for all mesothélioma in males, where a higher asbestos
consumption clearly corresponded to a higher log-transformed mortality rate. As the table shows,
historical asbestos consumption was a highly significant positive predictor of all mesothelioma
mortality rate with an adjusted R value of 0-74 in males (p<0-001). In females, asbestos
consumption was a highly significant positive predictor of all mesothelioma mortality rate with
an adjusted R? value of 0-58 (p<0-001). The slope (B)) of the regression lines indicated that, for
an increment in asbestos consumption of 1 kg per capita in the entire population, males had a
2-4-fold (10°**%") increase and females a 1-6-fold (10°2°®*!) increase in mesothelioma mortality
rate. The intercepts (By) were small at 10791%%=0-73 (95% CI=0-47-1-14) for males and
1079326=0-47 (95% CI=0-33;-O-67) for females. The mortality rate predicted for the mean
consumption value (1-67 kg per capita) was 3-18 (95% CI=2-55-3-82) and 1-05 (95%
CI=0-56—1-54) (per M population per yr) in males and females, respectively. Thus the
male/female mortality rate ratio was 3-0.

Historical asbestos consumption was a significant positive predictor of pleural
mesothelioma rate in males (Panel B, R*=0-29, p=0-002, B;=10""%%=0-39 (95% CI=0-18-0-87)).
The slope indicated a 1-8-fold (10°%°”™!) increase in male pleural mesothelioma mortality rate per
incremental asbestos consumption in the entire population. By contrast, the relation was not
statistically significant (p=0-107) in females.

The relations for peritoneal mesothelioma mortality rate were positive and statistically
significant for both sexes (Panel C, R>=0-54, p<0-001, Bg=10""4"=0-03 (95% CI=0-02—0-07) for

males and R?=0-35, p<0-001, Bo=10"""=0-06 (95% CI=0-04—0-10) for females). The slope



indicated a 2-2-fold (10%****) and a 1-4-fold (10°"*?*!) increase in peritoneal mesothelioma
mortality rate in males and females, respectively, per incremental asbestos consumption in the
entire population. The mortality rate predicted for the mean consumption value (1-67 kg per
capita) was 0-12 (95% CI=-0-72-0-96) and 0-11 (95% CI=—0-40-0-61) (per M population per yr)
iin males and females, respectively. Thus the male/female mortality rate ratio was 1-1.

The relation for asbestosis mortality rate was positive and statistically significant in males
and yielded the highest adjusted R? among all studied ARDs (Panel D, R*=0-79, p<0-001,
Bo=10""%=0-06 (95% CI=0-03-0-09)). The slope indicated a 2-7-fold (10°****') increase in
male asbestosis mortality rate per incremental asbestos consumption in the entire population. By

contrast, the relation was not statistically significant in females.

Discussion
We found that recent national mortality rates of ARDs were highly related to historical asbestos
consumption rates of 1960—-1969. The ecological relations were consistently positive for all
ARDs in males. In females positive ecological relations were found for all and peritoneal
mesothelioma but not for pleural mesothelioma or asbestosis. The relations were particularly
strong for male asbestosis (R?=0-79), male all mesothelioma (R?=0-74), female all mesothelioma
(R*=0-58) and male peritoneal mesothelioma (R?=0-54). For these diseases, mortality rates
increased 2-7, 2+4, 1-6 and 2-2-fold, respectively, per incremental asbestos consumption.

For all studied ARDs, the increase in mortality rate per incremental increase of asbestos
consumption was higher in males than females. In males, the highest increase was for asbestosis
at 2-7-fold and lowest for pleural mesothelioma at 1-8-fold. In females, increases in mortality

rates were generally lower, with the highest increase occurring for all mesothelioma at 1-6-fold



and lowest for asbestosis at 1-1-fold (this model was not significant, NS). Although the positive
correlation in females was more apparent for all mesothelioma than pleural mesothelioma, this
may be related to the fact that pleural mesothelioma was relatively fewer, and some countries
lacked data for the specific subcategories of mesothelioma. But it should also be considered that
the level of statistical significance for the positive relation was close to marginal (p=0-107). This
problem could also have occurred in males.

For all mesothelioma, the male/female rate ratio of 3-0 for the predicted dependent value
was within, but closer to the lower boundary, of the reported range of 2 to 10,2 although the
male/female distribution of exposure differs by population. The male/female rate ratios for
pleural and peritoneal mesothelioma were 3-7 (the regression model for females was NS) and 11
(the regression model for both sexes was significant), respectively, which were similar to
previously reported values of 5 and 2.2” The male/female rate ratio for asbestosis was 8-1. There
are no reports with which to compare our results, but the results are within plausible range.

Although our findings cannot be extrapolated beyond the data range, the regression lines
had intercepts close to zero for all ARDs. This suggests that minimal historical asbestos
consumption is predictive of minimal mortality rates for ARDs.

A demonstration of the ecological relation between lung cancer and historical asbestos
consumption, as it pertains to national rates, would provide leads to estimating the attributable
fraction of lung cancer to asbestos exposure in the general population. The issue on
asbestos-induced lung cancer has been under-appreciated®® as current scientific knowledge is
restricted to asbestos-induced lung cancer/mesothelioma ratios (i.e., ratio of excess cases of lung
cancer and of cases of mesothelioma) reported by epidemiological studies of occupationally

exposed populations, ranging from 1-2 to 30—40 with 2 as the most cited figure.? "> No



