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This study aimed to estimate the induction period from causal action
of asbestos exposure to the manifestation of mesothelioma. We included
the 9 countries for which we could find published aggregate data on the
use of raw asbestos for a relevant time period. We extracted the annual
numbers of cases of pleural cancer among men from the World Health
Organization mortality database for those years using the International
Classification of Diseases, 9th revision, classification. For the Scandi-
navian countries, we used published national cancer incidence data. In
autoregressive Poisson regression modeling, we invoked different time
lags of the mean annual use of asbestos to specify which time span
produced the best correlation between the 2 time series. The ecologic
analysis suggested that the most probable estimate for the mean
induction period (use versus morbidity at society level) is approximately
25 years. (J Occup Environ Med. 2003;45:1107–1115)

T he future occurrence of mesotheli-
oma resulting from past exposure,
predominantly occupational, to as-
bestos is of great interest to health
authorities, workers, and society at
large. Hence, estimating accurately
the induction period1 from the initi-
ation of the causal action of a risk
factor to the manifestation of the
disease is of importance. Disease, in
its initial stage, will not necessarily
be apparent. The time span for which
the illness remains inapparent has
been termed the latent period,1 al-
though others have used this term for
the time delay between exposure to a
disease-causing agent and the ap-
pearance of manifestations of the
disease.2 In practice, the period be-
tween etiologic action and illness
detection can rarely be separated em-
pirically into induction and latent
periods. It is also difficult to exactly
assess the onset of exposure and the
onset of disease on an individual
level. Thus, Rothman1 has referred
to their sum, that is, the time between
causal action and illness detection, as
the empiric (or apparent) induction
period. This is the epidemiologic
concept that we are, at an ecologic
level, concerned with in this article.

Data from the Australian Mesothe-
lioma Register,3 the most complete
mesothelioma registry extant, sug-
gests that mesothelioma incidence
matches asbestos consumption with
an induction period of approximately
35 years (range, 20–50 years).4,5 The
asbestos consumption was high in
many countries in the 1960s and
1970s. In Australia, for example, the
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peak use was around 1975.3 Because
of the long induction period of me-
sothelioma, a worldwide mesotheli-
oma epidemic is expected in the
coming decades.6,7 In Britain, for
example, the peak incidence for male
mesothelioma is estimated to occur
around 2020, and the incidence will
probably tail off rapidly thereafter.8

In contrast, the worst-affected Amer-
ican male cohort was exposed ear-
lier, so that the peak will probably
have been reached before the year
2000.9 In fact, the latest Surveil-
lance, Epidemiology and End Re-
sults (SEER) data confirm that me-
sothelioma incidence in North
America seem to be decreasing.10

The consensus is that the peak inci-
dence of mesothelioma in Canada
and the United States should now be
passing. In Australia, the maximum
incidence was estimated to occur in
2010.3 In France, mortality burden of
mesothelioma was predicted to occur
around 2020 and was found to be
intermediate between the estimates
of the United Kingdom and the
United States, but there was still high
uncertainty about the time of occur-
rence of the peak incidence between
2020 and 2060.11

As a result of the enforced strict
exposure limits in the manufacture of
asbestos-containing products and the
introduced legislation to ban the use
of asbestos, the trend in mesotheli-
oma incidence is predicted to decline
eventually, say within the next 20
years.12 However, the effects of as-
bestos exposure in the maintenance,
removal, and demolition work of
older buildings during the 1980s and
1990s, although not yet apparent,
could prove considerable.6 Some
countries have not banned the use of
asbestos completely. For example,
Japan just adopted a ban policy, but
until recently has imported a signifi-
cant amount of chrysotile asbestos
and also produces many asbestos-
containing products under the con-
trolled-use policy.13

Estimation of the induction period
has commonly been based on the
period of time between first exposure

to asbestos (usually the year of first
employment in a risk-involved occu-
pation) and the first manifestation of
mesothelioma.4,14–16 For example,
in the Australian study,4 the delay
was from the year of first exposure to
the year of presumptive diagnosis,
that is, clinical diagnosis before final
histologic confirmation (J. Leigh,
personal communication–June 18,
2002). The generally accepted model
for the estimation of incident cases
of pleural mesothelioma involves as-
bestos type, dose, and a power func-
tion of time since first exposure.17–19

For example, Berry20 used such a
model to predict future incidence of
mesothelioma from the Wittenoom
crocidolite mine in Western Austra-
lia. However, as a result of uncer-
tainty about the functional form of
the relation between mesothelioma
rate and time, and insufficient data to
estimate the elimination rate of cro-
cidolite from the lungs, Berry pro-
posed a wide range of projections.
Rogers14 used an alternative ap-
proach that assumed an induction
distribution in the Wittenoom cases
similar to that in the occupational
histories observed in the Australian
mesothelioma statistics. Both ap-
proaches yielded compatible esti-
mates. Projections can also be based
on a demographic age and birth co-
hort model for mesothelioma mortal-
ity.6 Because mesothelioma is a rap-
idly progressing fatal illness,
analysis of future trends in incidence
rates can be estimated reliably from
past cohort mortality data.

The time interval between the clin-
ical appearance of the mesothelioma
and the terminal course is short, with
an estimated median survival time of
approximately 1 year.16 Moving
back in time from the mesothelioma
incidence by the estimated induction
period must conceivably locate the
point in time somewhere between the
occurrence of first exposure to asbes-
tos and the first manifestation of the
progression of the malignancy (the
time of actual onset of the patho-
genic process remains unknown).
This retrospective approach provides

a better temporal referent for the
timing of the etiologically relevant
experience than reference to a time
period since first exposure.21 This
viewpoint is useful for characterizing
protracted exposures. We can think
of a protracted exposure as a se-
quence of short-term exposures ex-
perienced annually by cohorts de-
fined by calendar year. The total
effect of the protracted exposure on
the disease risk is then the sum of the
cohorts’ annual exposure intensities.
Langholtz et al.22 provided a general
statistical framework for conceptual-
izing and modeling the effect of in-
duction period on disease risk in
epidemiologic cohort studies con-
ducted at an individual level.

We describe the aggregate expo-
sure and disease incidence datasets
and the statistical model for disease
risk, present the results of the model
fitting to the data, and discuss meth-
odologic issues and uncertainties in-
volved in the estimation of the induc-
tion period for mesothelioma
incidence.

Data and Methods
Our approach to the estimation of

the interval of time between the
causal action of asbestos exposure
and the incidence of mesothelioma
uses aggregate data on the consump-
tion of asbestos from 9 coun-
tries.8,23–30 We included the coun-
tries for which we could identify
both published data on the use of raw
asbestos for a relevant time period
and data on annual numbers of cases
of pleural cancer among men (Inter-
national Classification of Diseases,
9th revision [ICD-9] code 163) from
the World Health Organization
(WHO) mortality database for those
years using ICD-9 classification.31

(The Australian3 asbestos consump-
tion data were excluded because the
statistics were grouped for decades
and not for quinquennials.) For Den-
mark,32 Finland,33 and Sweden,28 we
used published national cancer inci-
dence data that were available for a
considerably longer period than the
ICD-9-based mortality data. Both the

1108 Pleural Mesothelioma • Nurminen et al



data on the use of asbestos and the
data on pleural cancer incidence
were grouped into 5-year periods and
all the years given refer to the start-
ing year of these periods. The last
incidence rate for Denmark was de-
leted as a statistical “outlier” because
it was based on an incomplete 5-year
period. Data on the male population
were extracted from the WHO mor-
tality database.

In the statistical analysis, we ap-
plied a Poisson regression model34

for the logarithm of the mean annual
number of incident cases of pleural
cancer. The primary explanatory
variate was the total annual con-
sumption of asbestos. The size of a
country’s male population 15 years
of age and over (the denominator of
the incidence rate) was used as an
“offset” (ie, a regression term with a
constant coefficient of 1 for each
observation). The “intercept” param-
eter in the regression equation is
interpreted as the mean value of the
logarithm of the disease incidence at
the reference level (at which the
coefficients of the calendar year and
time-lagged variate equal zero). The
method invoked different induction
periods (from 20–50 years) to ex-
plore which time span provides the
best correlation between the 2 time
series. As a result of the changes in
industrial hygiene standards, in the
type of asbestos products, and in the
proportion of amphiboles, the same
amount of asbestos used could cor-
respond to a different risk of me-
sothelioma for different time periods.
Therefore, the calendar year was also
included in the model. However, cal-
endar year and induction period vari-
ates were correlated. Thus, we con-
sidered also models in which
induction period was the single pre-
dictor variate. Information on smok-
ing was not included in the model
because mesothelioma risk is not in-
fluenced by tobacco smoking.35

We computed Chi-squared devi-
ance statistics for assessing the good-
ness of the model-fitted values with
the observed number of cases. When
a model is consistent with the data,

the deviance statistic will stochasti-
cally be expected to equal the de-
grees of freedom (ie, the number of
observations minus the number of
estimated regression coefficients);
there were 3 (or 2) parameters in all
the models. Overdispersion did not
affect the Poisson model because the
distribution was scaled. The scale
parameter was estimated by the
square root of the deviance divided
by the degrees of freedom.

We considered a correlation struc-
ture that assumes each time series to
be an autoregressive process36,37

covering the years 1900 through
1995 for asbestos use and the years
1950 through 1995 for incidence. In
the first-order autoregressive covari-
ance structure, the correlation be-
tween 2 measurements decreases ex-
ponentially as the length of time
between the measurements increases.
The generalized linear modeling pro-
cedure, GENMOD, with generalized
estimating equations was applied for
the analysis of the longitudinal data
in SAS.38 Confidence limits for the
predicted number of cancer cases
were obtained using the variance and
covariance estimates of the regres-
sion coefficients as described by
Greenland.39 A graphical inspection
of the datasets was used to discover
any indication of a downward trend
in the incidence rates reflecting past
reduction of exposure to asbestos. To
display the data, we produced Trellis
Graphics40 in S-PLUS.41

Results
Figure 1 depicts a panel of graphs

that shows that the peak consump-
tion of asbestos (5-year average)
took place in Finland in the quin-
quennial starting in 1960; in Great
Britain and Sweden in 1965; in Den-
mark, France, Germany, Japan, and
New Zealand in 1970; and in Italy in
1980. With the exception of Den-
mark, Germany, and Sweden,43 the
incidence rate of pleural cancer was
still rising linearly in 1990 through
1995.

For the induction periods of 20,
25, 30, 35, 40, 45, and 50 years, the

deviance statistics (the smaller the
better), with the number of degrees
of freedom in parentheses, were 67,
(56), 68 (53), 70 (49), 77 (44), 86
(39), 96 (33), and 91 (24), respec-
tively. It is evident that the observed
values deviated considerably from
the expected ones. In all the regres-
sions, the effect of the calendar year
was highly significant. The regres-
sion coefficient was positive for the
induction periods of 25, 30, and 35
years, indicating excess risk, and sig-
nificantly so only for the 25-year
induction period (P � 0.013).

In this modeling, however, the
numbers of observations were not
equal as a result of missing values
(ie, for some time-lagged exposure
data, there were no matching inci-
dence figures). To achieve compara-
bility, we used the same number of
observations (ie, 24 degrees of free-
dom) in the model fittings. We chose
the years of cancer incidence that
had no missing values for any of the
induction period (time-lagged) vari-
ates considered. The corresponding
analysis yielded similar results as the
previously mentioned analysis.
Again, the induction periods of 25,
30, and 35 years gave the best model
fits to the data, and the risk parame-
ter was statistically significant only
for the 25-year induction period
(P � 0.049).

Because the calendar year and in-
duction period variates were corre-
lated, we also estimated models in
which time-lagged asbestos use was
the single predictor variate. The
ranking of the induction period ac-
cording to their predictive signifi-
cance was again the same as in the
modeling that included both the cal-
endar year and asbestos use variates.
More importantly, the induction pe-
riods of 25, 30, and 35 years were the
best predictors; P values were 0.006,
0.059, and 0.044, respectively. We
note that despite the correlation be-
tween calendar year and the time-
lagged variates, the model-based (na-
ı̈ve) and empiric (robust) covariance
estimates of their coefficients were
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similar, indicating an adequate
model for the covariance structure.

Therefore, the analysis would
seem to suggest that the most likely
estimate of the induction period is
approximately 25 years. However,
there was a rather large variation
around the fitted models, for exam-
ple, as shown in the 2-dimensional
scatterplot (without the calendar year
dimension; Fig. 2). The estimated
regression function is almost linear,
and the confidence bands for the
predicted mean incidence of pleural
cancer are log-symmetric and valid
only within the range of the observa-
tions. For example, for the annual
asbestos use of 4.2 (overall mean
level in these data), the model pre-
diction was 13.1 per million man-
years (95%) for pleural cancer, with
the model-based 95% confidence in-
terval of 8.8–19.7 per million man-
years.

In Figure 3, a smooth regression
surface was fitted to the predicted
incidence rates according to asbestos
use (lagged 25 years) and calendar
year. The graph depicts a linear in-

crease in incidence with increasing
use and passage of time with the
slope of increase becoming steeper
along both axes. There is no indica-
tion that the incidence rate would
have leveled off during the study
period.

Discussion
Our approach to the estimation of

the induction period of asbestos-
related mesothelioma was to model
for the autoregressive aggregate data
with time-dependent variates repre-
senting the assumed time delays in
cancer incidence. Frequently, when
epidemiologists make calculations of
an induction period, they focus on
the point estimate of the mean induc-
tion period they have obtained from
their analysis. This gives the impres-
sion that the data have given one
answer regarding the length of the
induction period. Clearly, data are
typically consistent with an array of
values, and the point estimate is
merely the value that is most likely.
We would be much better off to
think of an interval estimate as rep-

resenting the values of the induction
period that are consistent with the
empiric evidence. The estimated pos-
sible range of 25 to 35 years is not a
confidence interval, in the sense that
30 years would be the best estimate
of the induction period, and that 25
years and 35 years would be equally
probable lower and upper limit esti-
mates. Rather, it is the lower limit of
the time range, 25 years, that we rank
as the best estimate. This estimate of
the induction period is 10 years
shorter than, for example, the Aus-
tralian4,5 register-based estimate of
the “mean latency” of 35 years. This
discrepancy is probably the result of
the different conceptualizations of
induction period (time since causal
action versus first exposure to me-
sothelioma incidence) and the type
of data (aggregate statistics versus
individual information) used in these
studies.

An induction period is of theoret-
ical interest for contemplating the
causal mechanisms that produce ill-
ness in an individual, and it is of
practical value for compensation

Fig. 1. Mean annual incidence of mesothelioma cases in men (per million man-years) in relation to the annual use of asbestos (kilogram per adult
man). Data for the 5-year periods obtained from nine countries. Symbols: f use of asbestos; Œ incidence of mesothelioma.
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schemes. It has been remarked,42

“Although it is not possible to reduce
the induction period proper by earlier
detection of disease, it may be pos-
sible to observe intermediate stages
of a causal mechanism.” The recent
interest in biomarkers such as DNA
copy number changes in malignant
mesothelioma is an example of at-
tempting to focus on causes more
proximal to the disease occurrence,44

Such biomarkers could reflect the
effect of earlier-acting agents on the
organism.45 In litigation cases, a
minimum induction period is used in
the decision to accept or reject com-
pensation claims, because the con-
cept constitutes a prerequisite for the
attribution of cause as a result of a
particular exposure to an agent such
as asbestos. This is important be-
cause it has been argued on mathe-
matical grounds that the probability
of causation is not estimable from
epidemiologic data without resorting

to strong assumptions about the bio-
logic mechanisms by which expo-
sure affects cancer risk.46

The time difference between the
occurrence of the peak exposure to
asbestos and the peak incidence of
mesothelioma could be taken as an
approximate estimate of the induc-
tion period. In most countries, expo-
sure to asbestos has reached its peak,
whereas mesothelioma incidence is
still rising. In such circumstances,
the prediction of the latter is impre-
cise. For example, in France, the
peak was predicted to occur between
2020 and 2060.11 Another study23

presented a more accurate estimation
of mesothelioma’s peak mortality in
France using a risk function model
that links mortality to past exposure
to asbestos. According to this study,
peak mortality is expected around
the year 2030 based on both optimis-
tic and pessimistic scenarios of fu-
ture exposure to asbestos. The differ-

ence between the 2 scenarios shows
up only after 2020. Knowing that in
France asbestos was banned in 1997
adds credibility to the approximately
25-year induction period estimated
in the present study. Note that using
our modeling approach, it was not
necessary for the peak incidence to
have occurred. We only needed to
have matching time-lagged exposure
and incidence time series for a suffi-
ciently long period of time.

The induction period could well be
modified by the type of asbestos or
the intensity of exposure. For exam-
ple, data from the German Mesothe-
lioma Register indicate that the
heavier the exposure to asbestos, the
shorter the induction period.16

Therefore, the ecologic correlation
between the total use of raw asbestos
and the incidence of mesothelioma
would also fit varying induction pe-
riods depending on how the total use
was distributed in terms of asbestos

Fig. 2. Occurrence (incidence/mortality) of pleural mesothelioma among men over 14 years of age (cases per million man-years) in relation to
the use of asbestos (kilogram per adult man) with a 25-year induction period. Aggregate data combined from 9 countries. Regression equation
(without calendar year term): number of cases � exp (2.07 � 0.12 � [asbestos use, lagged 25 years]). Symbols: ‚ Denmark; � Finland; � France;
E Germany; ƒ Great Britain; F Italy; Œ Japan; f New Zealand; � Sweden; —fitted regression function; ������ upper and – � – � – lower 95%
confidence limits for the predicted mean incidence.
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type or intensity of exposure. A
study conducted in Italy15 dealt with
induction period dependent on the
type and intensity of exposure; the
study supports the German finding
that heavy exposure results in a
shorter induction period. Induction
periods ranged from 14 to 72 years
(mean, 49 years) and differed signif-
icantly from one occupational group
to another. These data suggest that
intensity of exposure is a relevant,
but not the only, factor in determin-
ing the duration of induction time.
One should note also that in previous
studies, the induction periods have
been calculated from the start of
employment in the risk occupation
and not from the intensity-weighted
time of exposure. One cannot be sure
that exposure always started on the
first day of employment or that the
heaviest exposure occurred at the
beginning of the employment. One
could also postulate a level of expo-
sure below which there would be no
risk of mesothelioma, even in long-
term exposure. However, the avail-
able data do not allow the identifica-
tion of such a “threshold” level.
Therefore, in the absence of defini-

tive information, we deemed it ap-
propriate to assume a nonthreshold
model for the asbestos exposure, me-
sothelioma risk relation.

The diagnosis of mesothelioma is
often difficult, and misdiagnosis was
especially common in the past. In the
historical cohorts, as many as one
half of the pleural mesothelioma
deaths were originally attributed to
other cancers.8 In the absence of a
specific ICD-9 code for mesotheli-
oma, deaths from pleural cancer have
been used as a surrogate for me-
sothelioma mortality. We adopted
the same approach. Britain and
France are the only countries for
which relevant data to estimate the
ratio between pleural cancer and real
mesothelioma mortality have been
published.6 In Britain, the ratio of
male mesothelioma to recorded pleu-
ral cancer is approximately 1.6:1,
and in France a ratio of approxi-
mately 1:1 is obtained by including
all possible cases and a ratio of
1:0.81 is obtained by including only
certain and probable mesotheliomas.
In our analysis, the incidence of me-
sothelioma was much lower in Japan
than in the other countries (Fig. 1). In

part, this discrepancy is certainly the
result of the later timing of the peak
use of asbestos. Yet, there is also
some indication that the coding prac-
tice of pleural cancer could have
been different in Japan. After the
implementation of the ICD-10 cod-
ing, which has a specific code for
mesothelioma, there have been ap-
proximately 450 annual deaths from
mesothelioma among men in 1995
through 2000, as compared with an
average of approximately 140 deaths
from pleural cancer in 1990 through
1994. From 1994 on, the figure
jumped from 196 pleural cancers to
356 mesotheliomas in 1995.

We restricted our analysis to men
15 years of age and older, but we did
not restrict our exposed population
according to industry or occupation.
We assumed that a given level of the
use of raw asbestos in the society
would in one way or another incur a
certain risk of mesothelioma for the
male adult population. Of course, the
female and child populations would
incur the risk as well, but the highest
risk and the strongest correlation
would certainly afflict the adult male
population. We had access to data
only available on the use of raw
asbestos. Some countries could have
imported significant amounts of as-
bestos in the form of asbestos prod-
ucts fabricated in other countries.
Such practice would cause an expo-
sure risk for the end-users of these
products (eg, construction workers).
In addition, we had no data available
to estimate the contribution of build-
ing renovation, maintenance, and
demolition, which will prolong the
asbestos epidemic long after some 35
to 40 years have elapsed from the
cessation of all manufacture and in-
stallation of asbestos products in a
society.

Ecologic studies have shown that
the incidence of mesothelioma rises
in parallel to the amount of asbestos
in use, after approximately 30 years
on the average.47,48 Our ecologic
analysis also indicated that the earli-
est incidence of mesothelioma in a
society correlates best with the soci-

Fig. 3. A smooth regression (spline function) surface based on a 3-parameter model depicting
the predicted mean incidence of pleural cancer (cases per million man-years) for a grid of values
of asbestos consumption (kilogram per adult man) and calendar year.
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ety’s use of asbestos 25 years earlier,
with a possible range of 25 to 35
years. A previous analysis showed
that, with an induction period, there
is a strong correlation between the
overall consumption of asbestos and
both the incidence and mortality
from mesothelioma in 9 western na-
tions and Japan.49 This analysis used
only one point estimate per country,
that is, the most recent incidence and
the use of asbestos data 18 to 27
years earlier. On the other hand, an
induction period of 38 years from
first exposure was obtained based on
information from the German Me-
sothelioma register.16 In a series of
pleural mesotheliomas reported to
the Finnish Cancer Registry, 9% of
the cases were younger than 35 years
of age at death. Thus, the induction
period of their fatal disease, if work-
related, could not have been longer
than 20 years.50 In this series, the age
at death ranged from 3 to 93 years.
These analyses show that a given
level of asbestos use will invariably
result in an increased incidence of
mesothelioma, usually decades later,
but that it can also occur among
children. The exact correlation de-
pends on various factors and is dif-
ficult to assess as a result of inaccu-
racies concerning both the use of
asbestos data and the mesothelioma
occurrence data.

Ecologic studies have well-known
limitations.51 However, we chose
this method for the estimation of
induction period instead of conven-
tional cohort studies for 2 reasons.
First, there are few large cohorts of
workers exposed to asbestos with the
necessary information on exposure–
disease occurrence readily available
in the literature. By contrast, most of
the datasets that we used were based
on nationwide statistics. Second, the
estimation of an induction period
using cohort data depends com-
pletely on the length of follow up,
unless one has a follow up extending
from the start of exposure to the
expected lifetime. The longer the
follow up, the longer will the induc-
tion period be (eg, a follow up of, at

most, 35 years from the start of
exposure means that one can never
have a longer induction period than
35 years). Thus, cohort data are
right-censored, which limitation
should be dealt with in the analysis.
As pointed out by Breslow and
Day,52,p.178 “. . . grouped data analy-
ses are generally the method of
choice for cohort analysis.” In effect,
we used aggregated cohort data on
mesothelioma that comprised all the
cases that occurred during a given
calendar year in a given country as a
result of prolonged exposure to as-
bestos. These cases had a natural
course from the beginning of the
causal action to the manifestation of
the illness with the only limitation
being the existence of matching in-
cidence and time-lagged exposure
data; the longest induction period
that we considered was 50 years.

Characterizing the evolution of the
increased risk with timing of expo-
sure is important for understanding
the health implications to exposed
individuals. Our estimated statistical
model for mesothelioma incidence
rate was a monotonically increasing
function of asbestos use, rather close
to a linear one (Fig. 2). Interpretation
of a linear model would be that an
increase in the use of asbestos would
linearly increase the relevant expo-
sure occasions for mesothelioma in a
society. Interestingly, the intercept of
our model equaled the incidence rate
of 7.9 (95% confidence limits, 4.0,
15.5) million man-years. This level
is much higher than the background
in the general population incidence
rate, which is expected to be unre-
lated to asbestos. This “natural” level
is probably lower than the often cited
1 to 2 per million man-years.53 Even
if the biologic dose-response mecha-
nism would have a threshold, or
would be nonlinear, the existence of
the background cancers shows that
the threshold is already exceeded by
a background exposure. Yet, there
was relatively wide variation in the
incidence rates in the vicinity of near
zero values of the use of asbestos 25
years earlier. One setback of our

analysis is that we did not have
incidence data that would correspond
to the use of asbestos during the
early decades of the 1900s. The data
points of low use represent the use of
asbestos around the 1930s and
1940s. It is probable that in those
decades, the exposure was heavier
and the use of amphiboles more
common than later on. Conse-
quently, a given amount of asbestos
used around these data points would
correspond to a higher risk of me-
sothelioma than around the data
points representing the use of asbes-
tos in the 1950s or 1960s. It is also
likely that the data on the use of
asbestos were more unreliable for the
early years, especially for the years
around World War II. Given these
uncertainties, the interpretation of
the intercept point of our model re-
quires caution.

A recent article from Australia
reported an apparent consumption
(ie, production � import � export)
of 485,400 tonnes of raw asbestos in
1960 through 1969, that is, approxi-
mately 11 kg per adult man annually
(total over 10 years).3 Because the
Australian data on the consumption
of asbestos were not included in the
model estimation, they were used for
predicting pleural cancer incidence.
Applied to the size of the Australian
male population over 14 years of age
in 1965, the estimated regression
equation of Figure 2 would predict
approximately 209 annual cases of
pleural cancer in men 30 years later.
It is reasonable to assume that the
ratio between male mesothelioma
and coded pleural cancer in Australia
would be close to 1.6:1 like in Brit-
ain.6 If this assumption holds, it fol-
lows that the 209 pleural cancers
would suggest 334 mesotheliomas.
In fact, the Australian Mesothelioma
Register, the most complete me-
sothelioma register extant, received
approximately 300 annual notifica-
tions of male mesothelioma in 1990
through 1999.3 Of course, the point
estimate is not as accurate as it
would appear, but it probably is rea-
sonably unbiased and, at the very
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least, of the correct order of magni-
tude. Finally, we remind that the use
of asbestos in Australia in the 1960s
represents a level for which we had
very few observations in our dataset.

The statistical assessment of the
health effects of asbestos exposure is
complicated by the fact that there is a
certain time relation between expo-
sure and its manifestation in terms of
a change in morbidity or mortality.
Thus, with exposure that is not nar-
rowly bounded in time, the induction
period for the outcome ranges from
the minimum induction period to the
maximum induction period. In the
case of pleural mesothelioma, this
time interval extends over several
decades. The consensus of a group of
international experts was that a min-
imum of 10 years from the first
exposure is required to attribute the
mesothelioma to asbestos expo-
sure.35 (Incidentally, we would
rather define the minimum induction
period as the shortest time sufficient
for the effect of exposure to concret-
ize since the inception of the causal
process.) The Helsinki criterion for a
minimum induction period has met
widespread acceptance complying
with current compensation, insur-
ance, and litigation in several coun-
tries,54 for example, in New South
Wales, Australia. On the other hand,
it might not be possible to demarcate
a maximum induction period after
which the risk of developing me-
sothelioma disappears. This is be-
cause the asbestos fibers that cause
the disease have a slow clearance
rate (7% per year among crocidolite
workers20) and might not be elimi-
nated completely from the lungs in a
lifetime. The ecologic analysis of
this study covered the time span that
is relevant in relation to the etiologic
experience, and the best fitting
model yielded the estimate of ap-
proximately 25 years for the induc-
tion period of pleural mesothelioma.
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