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national population, and then age-standardised to the
world standard population published in 1966.2 These
death rates were then averaged for the same period.

The amount of historical asbestos consumption was
defined as the yearly average asbestos consumption per
head (kg per head per year) for 196069 (ie, the average of
data for 1960 and 1970, the 2 years for which data are
available). For every country, the volume of asbestos
production, import, and export (in metric tonnes) was
extracted from the US Geological Survey report.* The
definition of consumption was production plus import
minus export,* and the resulting number was divided by
the national population for that period. The period of
asbestos consumption (1960-69) was chosen a priori, to
allow for a disease latency of about 30-40 years between
exposure and the average yearly deaths from asbestos-
related diseases in 2000-04. Although variable latency
periods have been reported for asbestosis morbidity, we
postulated the same latency period in asbestosis patients
to account for the additional period from onset of
symptoms to death.

33 countries had both consumption and mortality data
available for analyses. These countries accounted for 63%
of all asbestos consumed worldwide in 1960-69 and for
22% of the world’s population in 2000-04—849, 74%, and
48% of the population of the Americas, Oceania, and
Europe, respectively, but only 8% in Africa and 5% in Asia.

For individual asbestos-related diseases, separate linear
regression analyses were done for each sex, with age-
adjusted mortality rates of each asbestos-related disease as
the dependent variable and historical asbestos consumption
as the independent variable. 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, and weighted by the size of sex-

specific national populations in 2000-04. All statistical
procedures were done with SAS version 8-02. Graphs were
drawn with SigmaPlot version 9-01. A p value less than
0-05 was deemed statistically significant.

Role of the funding source

The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to the data in the study and had final responsibility
for the decision to submit for publication.

Results

The figure shows scatter plots of national data for the
diseases associated with asbestos (male sex had the highest
adjusted R? value and was therefore chosen for presentation
in the figure). A positive linear relation between historical
asbestos consumption and log-transformed death rates can
clearly be seen. The sex-specific association of individual
asbestos-related diseases was expressed as a linear
regression model in the table, with the parameters intercept
B, and slope B, and adjusted R’ values. Strong linear
relations are apparent for all mesothelioma in both sexes
and asbestosis and peritoneal mesothelioma in men.

The relation for all mesothelioma in men (see figure A)
shows high asbestos consumption corresponding to a
high log-transformed mortality rate. Historical asbestos
consumption was a highly significant positive predictor
of all mesothelioma mortality (see table), with an
adjusted R? value of 0-74 in men (p<0-0001). In women,
asbestos consumption was a significant positive
predictor of all mesothelioma mortality, with an adjusted
R? value of 0-58 (p<0-0001). The slope (B)) of the
regression lines suggested that for an increment in
asbestos consumption of 1 kg per head in a population,
men had a 2-4fold (95% CI 2-0 to 2-9) (10%¥>

n Regression parameters AdjustedR* pvalue
B, (95% C1) SE pvalue B, (95%CH) SE pvalue
All mesothelioma
Male 32 ~-0-135 (-0-325 to 0-055) 0-093 01567  0-382(0-299t0 0-465) 0041  <0-0001 0738 <0-0001
Female 31 -0-326 (-0-477t0-0-175) 0074 0-0001 0208(0143t00274) 0032  <0-0001 0578 <0-0001
Pleural mesothelioma
Male 29 ~0-408 (-0-756 t0 -0-05G)  0-170 00237 0257 (0108t0 0-406)  0-073 0-0015 0293 0-0015
Female 25 ~0-748 (-1-10810-0-388)  0-174 00003 0:123(-0-029t0 0:275) 0-073 01066 0071 0-1066
Peritoneal mesothelioma
Male 25 -1-475 (<1779 t0-1-171) 0147 <0-0001 0-333(0-205t00-461) 0062 <0-0001 0-539 <0-0001
Female 27 -1190 (-1:359 to~1-021)  0-082 <0:0001 0-132(0-061t00204) 0035 0-0008 0345 0-0008
Ashestosis
Male 27 -1.255 (-1-462 t0-1-048)  0-100 <0-0001  0-439(0-348t0 0-530) 0044 <0-0001 0789 <0:0001
Female 19 -1.513 (-1-718 to-1.307) 0-098 <0-0001 0-050(-0-036t00-135) 0041 0-2375 0027 0-2375
n=number of countries. B,=intercept of regression line. B,=slope of regression line. *Regression model: log,,(age-adjusted mortality rates of asbestos-related diseases)
(deaths per million population per year)=B,+B,xhistorical asbestos consumption (kg per head peryear) . 12000-04. $1960-65.
Table: Regression analyses* for age-adjusted mortality ratest of asbestos-related diseases versus historical asbestos consumptioni weighted by the size
of sex-specific national populations
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[95% CI 10°#*'t0 10°**) increase and women had a
1-6-fold (1-4 to 1-9) (10*%® [10°**to 10°7*]) increase in
deaths from mesothelioma. The intercepts (B,) were
small at 10°™=0.73 (0-47 to 1-14) for men and
10°%=0-47 (0-33 to 0-67) for women. Death rate
predicted for the mean consumption value (1-67 kg per
head) was 3-18 (2-55 to 3-82) in men and 1-05 (0-56 to
1-54) (per million people per year) in women. Thus the
male-to-female death rate ratio was 3-0.

Historical asbestos consumption was a significant
positive predictor of pleural mesothelioma rate in men(see
figure B; R*=0-29, p=0-0015, B,=10"**=0.39 [0-18 to
0-87)). The slope suggested a 1-8-fold (1-3 to 2-5) (10°*™
[10°7 o 10™*]) increase in pleural mesothelioma
deaths in men per 1kg rise in asbestos consumption in a
population. However, the relation was not statistically
significant (p=0-107) in women.

The relations for peritoneal mesothelioma mortality
rate were positive and significant for both sexes (see
figure C; R?=0-54, p<0-0001, B=10""=0.03 [0-02 to
0-07) for men and R’=0-35, p=0-0008, B=10""=0-06
[0-04 to 0-10] for women). The slope suggested a 2- 2-fold
(1-6 to 2:9) (10 [10°® to 10°%*]) and a 1-4-fold
(1-2 to 1-6) (10°">[10°%™ to 10°**)) increase in deaths
from peritoneal mesothelioma in men and women,
respectively, per 1 kg incremental rise in asbestos
consumption in the population. The mortality rate
predicted for the mean consumption value (1-67 kg per
head) was 0-12 (~0-72 to 0-96) in men and 0-11 (-0-40 to
0-61) in women (per million people per year). Thus the
male-to-female death rate ratio was 1-1.

The association for asbestosis mortality rate was positive
and statistically significant in men and yielded the highest
adjusted R?in all studied diseases (see figure D; R*=0-79,
p<0-0001, B=10""<0-06 [0-03 to 0-09]). The slope
showed a 2.7-fold {2-2 to 3-4) (104> [10"** to 10°™])
increase in deaths from asbestosis in men per 1 kg
incremental rise in asbestos consumption in the
population. Again, the association was not significant in
women.

Discussion

We recorded that recent national death rates from
diseases associated with asbestos were closely related to
historical asbestos consumption rates in 1960-69. The
ecological association was consistently positive for all
studied diseases in men. In women, significantly
positive  ecological relations between asbestos
consumption and deaths from associated diseases were
recorded for peritoneal and all mesothelioma, but not
for pleural mesothelioma or asbestosis. The associations
were especially strong for asbestosis in men, all
mesothelioma in men, all mesothelioma in women,
and peritoneal mesothelioma in men. For these
categories, mortality rates increased from between 1.6-
fold and 2-7-fold per 1 kg incremental rise in asbestos
consumption.
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For all studied asbestos-related diseases, the increase
in deaths per incremental increase of asbestos
consumption was higher in men than in women, with
the highest increase in men for asbestosis and lowest for
pleural mesothelioma. However, in women, the highest
increase was for all mesothelioma and lowest was for
asbestosis. The positive correlation in women was more
apparent for all mesothelioma than pleural mesothelioma,
which could be because there were fewer overall cases of
pleural mesothelioma, and some countries had no data
for specific subcategories of mesothelioma. These
drawbacks could also have affected the data for pleural
mesothelioma in men. The positive relation between
asbestos and pleural mesothelioma was not significant in
women (p=0-107). For all mesothelioma, the male-to-
female death rate ratio of 3-0 for the predicted dependent
value was within, but closer to the lower boundary, of the
reported range of 2-10,** although the male-to-female
distribution of exposure differs by population. The male-
to-female death rate ratios for pleural and peritoneal
mesothelioma were 3 -7 (the regression model for women
was non-significant) and 1-1 (the regression model for
both sexes was significant), respectively, which were
similar to previously reported values of 5 and 2.7 The
male-to-fernale rate ratio for asbestosis was 8-1. There
are no reports with which to compare our results, but the
results are within a plausible range.

Although our findings cannot be extrapolated beyond
the data range, the regression lines had intercepts close
to zero for all diseases associated with asbestos. Small
amounts of historical asbestos consumption is therefore
predictive of few deaths from such diseases.

Development of a model of the ecological relation
between historical asbestos consumption and frequency of
lung cancer is needed to allow estimation of the proportion
of lung cancer caused by asbestos in a population. The
public-health importance of asbestos-induced lung cancer
has been underappreciated® because scientific knowledge
is restricted to ratios of asbestos-induced lung cancer (ie,
excess cases of lung cancer) and mesothelioma reported by
epidemiological studies of occupationally exposed
populations, ranging from 1-2 to 3040, with 2 as the most
frequently cited figure®* No comparable information
exists for such ratios in the general population. Within the
framework of an ecological study, however, the assertion of
lung cancer is not straightforward since more than 80% of
lung cancers in men and 45% of lung cancers in women
are attributable to smoking.” Comparable data for historical
tobacco consumption that could be feasibly analysed are
few. Thus the ecological relation between national death
rates from lung cancerand historical asbestos consumption,
with adjustment for the concurrent effect of smoking,
needs further investigation.The independent variable was
defined as the national asbestos consumption volume
divided by the size of the national population, and thus
represented the general amount of asbestos consumed by
a person for individual countries. As such, sex, age,
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occupation, and other attributes of a population, or
consumed fibre types (eg, amphiboles, chrysotile) were not
accounted for. We also do not know whether the consumed
amounts of asbestos equate to exposure amounts. However,
this index has been widely used to describe the asbestos
situation nationally and regionally™** including in
ecological studies cited earlier.®™® Such previous use of
this index allowed us to regard it as a reasonable surrogate
for general exposure amounts in a national population.

The dependent variables were the national death rates
from diseases associated with asbestos for the most recent
period with available data. The most recent update to
WHO mortality database included 2004 data and provided
sex-specific data, which were incorporated into our
analyses. Generally, risks and death rates of diseases
associated with asbestos are much higher in men,
probably because men have had higher exposure to
asbestos, usually through their occupations.* On the
other hand, biological responses to asbestos exposure
could differ by sex. Thus regression models for all
asbestos-related diseases were done separately on the
basis of sex-specific mortality rates. However, the exposure
variable did not account for sex difference because those
data could not be apportioned between sexes.

We extracted data for consumption and mortality from
a single, authoritative, and widely-used global database,
which probably enhanced the comparability of data.
Nevertheless, the quality of data from developing
countries is probably poorer than those from developed
countries, because underrecogniton of asbestos-
associated diseases and absence of statistics about
asbestos consumption are morelikely in such countries,**
leading to a negative bias. Data points near the origin,
representing developing countries, tended to fall below
the regression line, suggesting that such a bias existed.
The incorporation of data from developing countries
contributed to a good representation of the situation
worldwide, with inclusion of data close to the origin (low
consumption and low mortality), allowing a valid
interpretation of the intercept.

We used data for 1960-69, when consumption and
production of asbestos is known to have increased
greatly in most continents.* The resulting time
difference until death in 2000-04 is 37-5 years on
average (range 3144 years). These timescales correspond
to the higher consensus values typically reported for
latency periods of diseases related to asbestos. Our
choice of consumption years can be justified because
our analyses assessed deaths rather than incidence (ie,
additional time to death is needed after disease
manifestation). Moreover, similar relations were
generally maintained when data from other but close
consumption periods were used, (eg, the adjusted R’
range was 0-16-0-83 when a consumption period of
1950-79 was applied to the models).

Our study has several strengths, including that it was a
comparative assessment of a wide range of diseases

associated with asbestos, we used the largest possible
number of countries in the analyses, allowed for a
sufficient latency time, applied age-adjustment to mortality
rates for valid comparisons, and weighted by the size of
sex-specific national populations in the regression model.
A limitation of our study, however, is that we were
restricted to analyses that included only countries for
which both consumption and mortality data were available,
leading to the preclusion of populous countries such as
China, India, and Russia. Furthermore, lung cancer, as an
important contributor in the total burden of asbestos-
related diseases, warrants a separate analytical framework.
Thus, all findings should be cautiously interpreted within
the constraints of an ecological study.

In conclusion, this ecological study incorporating
country-specific data revealed clear and plausible positive
relations between amounts of historical asbestos
consumption and deaths from diseases associated with
asbestos. These relations were most apparent in men,
but were also apparent in women. Historical asbestos
consumption alone explained the bulk of the variance in
subsequent death rates from such diseases. Our results
lend support to the notion that all countries should move
towards eliminating the use of asbestos.
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