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b \ SOme have

have intervened less and con-

BM:KGIDUND‘I In response (0 the health mla posed by
posed strict regulati and adopted bans, other ¢

tinue to use varym; quanl.mn of ashestos.

OsjecTives: This study was designed 1o assess, on a global scale, national experiences of recent

mortality from pleural mesothelioma, historical trends in asbestos use, adoption of bans, and their

METHODS: For 31 countries with available data, we analyzed recent pleural mesothelioma

mortality from mesothelioma, historical
trends in asbestos use, adoption of bans, and
their possible interrelationships, We focused
specifically on pleural mesothelioma in men
because a high proportion of such cases arise
from asbestos exposure.

Materials and Methods

| L —

(International Classification of Diseases, 10th Revision) mortality rates (MRs) using age-adjusted
period MRs (deaths/million/year) from 1996 1o 2005. We calculated annual percent changes
(APCs) in age-adjusted MRs to characterize trends during the period. We characterized historical
patterns of asbestos use by per capita asbestos use (kilograms per capita/year) and the status of
national bans.

REsuLTs: Period MRs increased with statistical significance in five countries, with marginal signifi-
cance in two countries, and were equi 'inN [ﬁvl: ies in Northern and Western
Europe ded ive APC values). C i b bans reduced use rates about
twice as fast as those not adopting bans. Turnmgpomumuuprudndbnm Change in asbestos
use during 1970-1985 was a significant predictor of APC in mortality for pleural mesothelioma,
with an adjusted £ value of 0.47 (p < 0.0001).

ConcrLusions: The observed disparities in global mesothelioma trends likely relate to country-to-
country disparities in asbestos use trends.

KEY WORDS: asl . related di ban, epid logy, lung cancer, mesothelioma,
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3 of mortality. The pnmary source of
information on mortality was the WHO
database (WHO 2006b). It registers the num-
ber of deaths by country according to the
International Classification of Diseases (1CD).
Several countries shifted from coding based on
the ICD 9h Revision (ICD-9) ro thar based on
the [0th Revision (ICD-10) (WHO 1992) dur-
ing our 1996-2005 study period [year of
change ranged from 1996 to 2002, with a
median of 1998 in the countries studied;
Supplemental Marerial, Table 1 (hrep:/fwww.
ehponline.org/members/2008/11272/

(2008). doi:10.1289/ehp.11272 available via hrep.//dx.doi.org/ [Online 14 August 2008)

The world is steadily retreating from depen-
dence on asbestos, In 2006 the International
Labour Organization (ILO 2006) and World
Health Organization (WHO 2006a) jointly
declared that the most cfficient way to elimi-
narte ashestos-related diseases is to stop using all
types of asbestos. Nevertheless, current use
varies widely. Some countries have imposed
strict regul 1o limir exy , others have
adopted bans, and yer others have intervened
less and have continued to use varying quanti-
ties of ashestos. The global burden of ashestos
diseases over time will be uneven, reflecting the
extent and patrerns of asbestos use.

Globally, each year, an estimated 125 mil-
lion people are occupationally exposed to
asbestos, and 90,000 die from ashestos diseases
(WHO 2006a). Around the time of peak use
in the mid-1970s, approximately 25 countries
produced asbestos and 85 countries manufac-
wred asbestos products (Virta 2005). In 1983,
Iceland became the first country to ban
ashestos, reflecting increasing recognition, pre-
dominantly in Western countries, of health
risks associated with asbestos exposure.

Subsequently, 40 or more countries have
adopred bans (WHO 2006a).

Among the asbestos discases, mesothe-
lioma is the most sensitive and specific indica-
tor of the discase burden in the population
(Weill er al. 2004). The annual incidence of
mesothelioma has been estimared at 10,000
cases in Western Europe, North America,
Japan, and Australia combined (Anonymous
1997). Peto et al. (1995, 1999) predicted a
dramatic increase in future mesothelioma
deaths in the United Kingdom and Europe.
Several statistical projections have been made
since then, suggesting thar deaths from
mesothelioma will increase in many countries.

We recently reported thar per capira
asbestos use is a useful surrogare for the gen-
eral asbestos exposure level of a population
and may be used for estimation of health
effects (Lin er al. 2007). Informarcion is lim-
ited at the global level concerning the rela-
tionship berween mesotheli trends and
trends in asbestos use, and the status of bans.
Our aim in the present study was to assess, on
a global scale, narional experiences of recent
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suppl.pdf)]. Notably, the discase category of
mesothelioma was initially introduced into
ICD-10 codes comprising subcaregories of
pleural (C45.0), peritoneal (C45.1), pericardial
(C45.2), other sites (C45.7), and unspecified
(C45.9). In our study, we defined pleural
mesothelioma as a composite of mesothelioma
of the pleura (C45.0) and unspecified mesothe-
lioma (C45.9) because in certain countries,
including the United States, most mesothe-
lioma was coded as C45.9 instead of C45.0.
From the database, we obtained the annual
numbers of male deaths for each country, based
on 5-year age intervals.

We obtained national population data
from the WHO (2006b), the U.S. Census
Bureau (2006), the United Natons (2006),
and Lahmeyer (2007), prioritized for use in
thar order. For each country, we calculated
age-adjusted annual morality rates (annual
MRs; deaths/million/ycar) by dividing the
number of male deaths in each year by the size
of the corresponding male national population,

which we age-standardized to the world
standard ion of the year 2000 (Ahmad
et al. 2000). We similarly calculated period
MRs by dividing the average annual number
of male deaths from 1996 to 2005 by the
average sizes of male national populations,
also age-standardized.

To characterize the trend of mortality, we
estimated the annual percent change (APC)
of annual MRs using the Joinpoint m&mr:
(version 3.0, ULS. National Cancer |

is equal to zero (Ries er al. 1997). We
assumed a linear change of trends in log rates
over time. Because trends pertained to a
10-year period, we limited analyses to coun-
tries with at least 4 years of pleural mesothe-
lioma data under ICD-10 codes (the range
was 4-9 years, with a median of 6 years),
Indicators of asbestos use. We extracred data
on new use of ashestos by country from a US.

Geological Survey (USGS) report (Virta 2006).

Bethesda, MD, USA). Bricfly, the method fits
a least-squares regression line to the narural
logarithm of the rates using calendar year as a

varnbl:.'ﬂuxu.]t&rq-c.wlmcy
is the In(rate), x is the calendar year, a.nd cis
the intercepr. Hence, APC = 100 x (ef=1)
(Jemal et al. 2000; Lasichiotakis et al. 2006;
Ries er al. 1997). In addition, we calculated
p-values for APC = 0 and 95% confidence
intervals (Cls) of APCs. Testing the hypothe-
sis that APC = 0 is equivalent to testing the
hypothesis thar the regression slope parameter

Table 1. Recent trend in mortality from pleural mesothelioma® in men,

Period MR (no.9) APC? Mala population’
Country (code) (deaths/million/year)  [%/year (35% Cl| Trend? [million)
Asia
Israel (ISR §5(5) 66(-14810334) - 31
Japan (JPN) 48(9) 39{261052) e 614
Eastern Europe and Southem Europe
Croatia (HRV) 88(9) 11.0{2.7 10 20.0) Te= 22
Czech Republic (CZE) 3209 B3{-1.7 w150 - 50
Hungary (HUN) 25(8) 11.0(3310193) e 43
Poland [POL) 2008 52(-5210167) = 187
Romania (ROU) 15(8) 12(-11.210153) - 109
Spain (ESP) 57(8) 0.7(-66twB7) “ 138
Northem Europe and Western Europe
Austria (AUT) 18(4) —5.9(-2091012.0) “ 34
Denmark (ONK] 12.916) 46(-6510169) - 26
Finland (FIN) 126(9) -0.3(-391036) = 25
France (FRA) 12714) ~1.0(-1471p149) - 87
Germany (DEU) 120(7) 33(-081076) T 401
icaland {ISL) 101 (7) -1.4(-28.810 365 “ 01
Lithuama (LTU] 2015 1231-34310821) (2] 16
Luxembourg (LUX) 1210 54(-11.010 24.8) - 02
Netherlands (NLD) 30008 00(-15tw016) o 79
Norway (NOR) 12,718} 271151023 - 22
Sweden (SWE) 12816} 35(-201092) - 44
United Kingdom (GBR) KIRIT] 05(-401053) - 21
Amenicas excluding South America
Canada (CAN| 103(4) 56(-7410204) “ 15.1
Cuba (CUB) 06 (4) 52(-36.11073.2) —r 56
Mexica (MEX) 2218 29(-7210142) - 494
United States of America (USA) 90(4) DB(-241w4)) “ 1351
South America
Argentina (ARG} 25(7 B9(3310147) Tee 186
Brazil (BRA 05(6) 90(0.1t018.7) g B73
Chile (CHL) anm 33(-8110162) “ 15
Ecuador (ECU) 05(4) 164375t 116.7) - 63
Uruguay (URY) 2315) 136(-437101292) - 16
[esania
Australia (AUS) 255(6) 46(-061101) T* 35
New Zealand (NZL) 205(4) 104-103w357) - 19
*See "M Is and M i3 for our d hali *Puriod MR from 1996 to 2005, sge-adjusted to the

of
world population of 2000. “Number of years with available data. YAPC, together with its 95% Cl and p-values, were calcu-
I.ud with Joinpoint _m{mng *Trand: T when APC > 0 (p < 0.10); L when APC < 0 {p < 0.10), =+ when p > 0.10 for APC.

ge of male
(pe0.05)

from 1896 to 2005. *Marginally significant (0.05 < p < 0.10). **Stavstically significant

We defined "use” as production plus import
minus export (Virta 2006). We considered neg-
arive values of use (caused by storage and the
like) uninformative and excluded them from
further analyses. To characterize trends, we
divided use numbers by sizes of national popu-
lations for the corresponding yul or period (to
give use per capita,

capita/year) (Lin e al. 2007). ThlIS(;Sdam
base provides data only sparsely in 10-year
intervals up to 1960, S5-year intervals from
19701995, and annually for 1996-2003, We
classified use of 2 3.0 kg per capita/year as high
and 2 4.0 as very high, and change in use dur-
ing a particular period (A, kilograms per
capita/year) as the difference average
use during the earlier and latter subperiods
(halves) of the entire period (e.g., for the period
1960-1985, change is the difference berween
the average use of 1960 and 1970 and the aver-
age use of 1975, 1980, and 1985; for the period
1970-1985, change is the difference between
the average use of 1970 and 1975 and the aver-
age use of 1980 and 1985). We calculaed A
values for all possible combinations of available
data. We retrieved national ban status from the
database compiled by Kazan-Allen (2005,
2006) and verified it by separate reports. To
describe historical trends in asbestos use and
relationships with banning status, we grouped
countries according to their narional ban starus
into early-ban (adopted by 1995), late-ban
(1996-2006), and no-ban groups.

Statistical analysis. We adapted geographic
grouping of countries from the U.N. Suatistics
Division (United Nations 2006). We per-
formed statistical analyses using Joinpoint,
SPSS version 12.0 (SPSS Inc., Chicago, IL,
USA), and Excel 2003 (Microsoft Corp.,
Redmond, WA, USA). When we used
Joinpoint, we assumed a linear change (or 0
joinpoint) during the observed period, with a
maximum length of 10 years. We deemed p <
0.05 statistically significant and 0.05 < p < 0.10
matgmally significant, We use the terms

“increase” (denoted as T) or "decrease” (4)
when APC was marginally or staristically sig-
nificant, and "equivocal” (¢3) when APC and
its significance level were neither stanstically
nor marginally significant.

When we evaluated wends in use
by groups of countries, we weighted means by
the size of national populations of the cor-
responding periods. We analyzed data from
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the United States separately because of the
known high degree of historical asbestos use.
We regressed recent changes in pleural
mesothelioma mortality (APC values) against
historical changes in use of asbestos (A values
for various periods). We weighted cach regres-
sion model by the sizes of male narional

populations in the corresponding period.

Results

Trends in mortality. Table | shows the period
MRs and APCs in mortality for pleural
mesothelioma and male population by coun-
try. Mortality from pleural mesothelioma was
highest in United Kingdom (31.1 deaths/
millionfyear), with a global median of
7.8 deaths/million/year. Trends of mortality
were as follows: statistically significant
increases in five countries, marginally signifi-
cant increases in two countrics, and equivocal
results in 24 countries. Global median APC
was 4.5%/year, and negative values of APC
were recorded in five countries of Northern
and Western Europe. We observed increasing
trends more often in countries with above-
median period MR values than in those with
below-median values (26.7%, or 4 of 15, vs
20.0%, or 3 of 15).

Regionally, countries of Northern and
Western Europe and Oceania showed high
and stable MRs; those of Eastern and
Southern Europe, South America, and Asia
showed low and increasing rates.

Trends in asbestos use. Asbestos usc peaks
were higher and occurred earlier in the coun-
tries of Northern and Western Europe,
Oceania, and the Americas (excluding South
America) (Table 2). Very high (2 4.0 kg per
capitalyear) ashestos use was recorded in
Australia, Canada, and several countries of
Northern and Western Europe.

Asbestos use fell most quickly in countries
thar adopred carly bans, ar an intermediate rate
in countries with late ban adoption, and most
slowly in countries without bans (Figure 1).
Specifically, the early-ban group, during its
period of adopting bans, recorded a reduction
rate of —8.3%/year, from 2.4 kg per capita/year
in 1983 (first ban) to < 0.01 kg per capita/year
in 1995 (last ban). This was abour twice as fast
as the late-ban and no-ban groups, which
recorded a reduction rate of —4.1%/year and
~5.2%/year, respectively, during the same
period. Similarly, the late-ban group, during its
period of adopting bans, recorded a reduction
rate of =10.7%/ycar, from 0.7 kg per
capira/year in 1996 (first ban) to 0.2 kg per
capita/year in 2003, During the same period,
the value for the non-ian group was
~4.9%/year, resulting in a 2.2-fold quicker
reduction rate in the late-ban group. The his-
torical use pattern of the United States differed
from that of other countries. The United

States recorded the earliest and maximal peak

Mortality from mesothelioma, asbestos use, and bans

usc at 4.2 kg per capita/year in 1950, followed
by progressive reduction over four decades and
:ppm:.ch'mg 0.02 kg per capita/year in 2003,
equating to a reduction rate of —~1.9%/year.
The no-ban group had the lowest peak but
currently maintains the highest level of ashestos
usc at 0.4 kg per capita/year. The period of
19701985 conained historical use peaks with
a notble shift to downward wrends for many
but not all countries.

Interrelationships. The change in asbestos
use (A) during 1970-1985 was the strongest
predictor of APC among the many periods
tried, with an adjusted I|§ value of 0. 47 (p<
0.0001) (Table 3). Changes in asbestos use

during other adjacent periods (e.g., 19601990,
1970-1990) also predicted APC in morality,
each with relarively high statistical signifi-
cance. Figure 2 shows the positive log-linear
relationships between changes in asbestos use
and APCs in moraality, where increments in
recent MRs are associared with increments in

historical asbestos use.

Discussion

The present study identified wide differences
in recent mortality from pleural mesothe-
lioma in various countries. Recent MRs were
highest in the countries of Northern and
Western Europe and Oceania. Increasing

Table 2 Historical trend in per capita asbestos use and status of national ban.

Change in

Useul aslmtm‘l k use (Alfrom  National
Country code 195 2000s 1970 to 1985° ban®
Asia
ISR 313 281 123 0.78 0.44 D02 -059 No ban
JPN 0.56 2m 292 266 181 D46 012 2004
Others? (n=139) 0.06 018 025 027 030 031 0.08 339
Eastern Europe and Southern Europe
HAV 03s 113 156 236 085 065 048 No ban
CZE 162 236 m 2713 130 014 021 2005
HUN 076 123 87 ki) 150 0.16 1.32 2005
POL 036 124 2.36 08 1.05 om -in 1997
ROU NA1 NA1 108 019 0.52 055 -1.73 2007
ESP 032 137 3 126 0.80 018 -1.07 2002
Others?(n=15] 079 157 2.35 205 235 172 030 515
Northern Europe and Westem Europe
AUT 116 319 382z 208 0.36 0.00 =177 1990
ONK 307 480 442 162 009 NAZ -2.96 1986
FiN 216 726 189 078 NAY 0 -153 1992
FRA 138 FE) 264 153 073 0.00 -1.06 1996
DEU 164 260 444 243 [A11] D00 -0.30 1993
ISL 021 262 170 po2 1] 0.00 -252 1983
LTy NA1 NAT NAY NAY 054 006 NA1T 2005
LUx 402 554 530 kfrx] 161 000 ~2.04 2002
NLD 1.29 170 182 072 o 000 -1.20 1994
NOR 138 200 116 003 0 000 -172 1984
SWE 185 230 1.44 an 004 NAZ -1.96 1986
GBR 262 290 227 o087 0.18 000 -141 1939
Others®{n="5) 305 432 405 240 093 005 -130 55
Arnencas excluding South America
276 346 437 2 196 03z -166 No ban
DJB NA1 NAY NA1 015 0.36 074 NA1 No ban
MEX 028 057 097 on 0.39 0286 0.04 No ban
usa X-r4 332 240 077 008 om 173 Na ban
Others{n=12) 006 022 044 029 007 0.07 -008 0/12
South America
ARG NA1 068 076 0.40 018 0.04 026 2001
BRA 027 038 nes 125 107 074 0.66 2001
[CHL 007 08z 056 064 055 003 014 2001
ECU NA1 NA1 087 052 0.4 026 029 No ban
URY NA1 074 075 054 047 0.08 -0.20 2002
Dthers? (n = 6) 027 043 060 047 02 019 -0.04 06
Oceania
AUS az 484 5N 182 o 0m =27 2003
NZL 205 256 290 100 NA1 NA1 -256 No ban
Dthers®(n=3) NAY NA1 NAT NA1 NA1 022 NA1 0/3
Abbreviations: NA 1, data not available; NA 2, not applicable b of negative use data: 0.00 when the calculated data

wuﬂmo:tﬂmnnnmﬂunmm-nuﬂnhnwummm See Table 1 for country codes.

g to use of asb

by country and region were calculsted as snnusl use per capita averaged

ovu the tupum decade 'Clun_nl in use |4, kilograms per capita/year| during the period defined as the difference

the ge of

during the former subpariod (1970-1975) and latter subperiod (1380-1385) “Year

first achieved or year planned to achieve ban When shown as fraction, the numerator is the number of countries that
achievad bans and the denominator is the number of other countries in the region, *Data on asbestos use were available
(but mortality data unavailable| for others in each reglon, in which case data ware aggregated.
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trends, as measured by APCs in mortality,
were common in the countries of Eastern and
Southern Europe, Asia, and South America.
We assessed mortality trends over the most
recent 10-year window, using the earliest
opportunity to analyze the disease under the

standard code of ICD-10. However, the study
period was inadequate o depicr trends in
many countries. National data recorded only
under ICD-9 had to be precluded (c.g., ltaly).
For the countries shifting from ICD-9 ro
ICD-10 during the study period, we limited

0

—¥— Early-ban countries (n= &)

(= Late-ban countries 7= 14}
bt No-ban countries exchuding USA (n=§)
—-— UISA

T T

1550 1955 1963 1% 10 L] 1580 1985 1390

1 000 008
Year

Figure 1. Historical trends in use of asbestos from 1950 to 2003 grouped by status ol national bans. Early-
ban countries are countries that adopted bans in 1995 or before (n = 8); late-ban countries adopted bans
from 1996 to 2006 (n = 14); no-ban countries, excluding the United Statas, did not adopt bans until 2007 (n =
B). Asbestos use (y-axis) is per capita yearly use (averages weighted by the sizes of national populations).
The USGS (Virta 2006) database provides data only sparsely in 10-year intervals up to 1960, 5-year inter-
vals from 1970-1995, and annually for 1996-2003. Straight lines connect available data.

Table 3. Relation between recent change in pleural mesothelioma mortality and historical change in use of
asbestos based on regression analyses.”

Period for use of asbestos No. of countries Adjusted A* pValue
1950
1960 2 -{.035 0615
1970 L) ~0.038 0.689
1975 i) 0.000 0325
1980 5 0073 0.102
1885 5 0182 0.013
1990 ri 0.277 D.003
1960
1970 4 -0 044 0857
1975 2 0.052 0.151
1980 7 0.20 0011
1985 77 0.300 0002
1980 29 0415 <0001
1970
19715 26 [ Fd 0046
1980 % 0348 0.001
1985 29 0.466 < 0.001
1990 29 0.366 <0001
1975
1980 bil 0328 0.001
1985 28 0267 0.003
1990 2 0091 0.062
1980
1985 piil =003 0675
1980 %6 -0.006 0.368
1985
1990 i) 0037 0170

*APC of the age-adjusted annual MRs from 1396 to 2005 [dependent variable) versus change in use during the cor-
ponding period (independ, 1able)

our analyses to the period when data were
recorded under ICD-10.

Further, data may lack comparability,
especially because mesothelioma is rare and
difficult to diagnose. A major concern is that
increasing wrends recorded in countries with
low mortality levels could be explained by
improved disease recognition (Peto et al.
1995; Weill er al. 2004), and such secular
trends in diagnosis would be statistically indis-
tinguishable from real increases (Peto et al.
1995). Our study revealed increasing mortal-
ity wrends in the group that recorded above-
median values for the period MR (group 1)
than the group that recorded below-median
values for the period MR (group 2). Such bias
is likely to be less serious in group 1 than
group 2. Thus, although increases in disease
recognition are probable, this factor alone does
not explain the increasing trends. The propor-
rionality with which recent mortality trends
were related to historical trends of asbestos use
offers a more compelling explanation.

Pleural mesothelioma is the predominant
type of mesothelioma and is strongly related o
asbestos exposure. However, in cerrain coun-
tries, most mesothelioma was coded into the
subcategory of unspecified mesothelioma
(C45.9) instead of the subcategory of pleural
mesothelioma (C45.0): the ratio of C45.0 to
C45.0 + C45.9 ranged from 0.08 (Isracl),
0.11 (United Srates), and 0.12 (Canada) ro
0.94 (New Zealand) and 0.98 (Finland), with
a median of 0.63. We thercfore created a com-
posite category of C45.0 and C45.9 to ensure
comparability, which we deemed more reason-
able than the alternative choices of analyzing
only C45.0 or mixing C45.0 with other sub-
categories—for example, peritoneal (C45.1) or
pericardial (C45.2) or other sites (C45.7),

Our findings on mortality trends are com-
parable with trends reported earlier for indi-
vidual countries, including the Netherlands
(Segura er al. 2003), Sweden (Burdorf et al.
2005), Finland (Karjalainen et al. 1997), and
Denmark (Kjaergaard and Andersson 2000),
as well as overall Europe (Montanaro et al.
2003). However, methods and indices
employed to evaluate trends are unique o
each study, and comparisons cannot exceed
the general trend characteristics. For the
Unirted Srates, we recorded equivocal rends
{i.c., APC = 0.8%). Similarly, Price (1997)
first observed that the annual growth rare dur-
ing 1973-1992 was declining, and Price and
Ware (2004) reported “no substantive
changes in time parttern of mesothelioma inci-
dence since 1992." Furthermore, surveillance
information in United States does not show
an apparent trend from 1999 1o 2002
(National Institute for Occupational Safety
and Healch 2005).

Regarding historical trends in asbestos
use, we identified several distinctive patterns:
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a) a very early (1950) and very high (= 4.0 kg
per capiralyear) peak followed by a progres-
sive decline (in rhe United States); &) a mid-
term (1960s-1980s) very high peak, followed
by an abrupt decline (Australia and several
Northern and Western European countries);
and ¢ a late (= 1980) and relatively moderare
peak followed by a moderate decline (Hungary
and Japan).

In the United States, a “bubble” in
asbestos use occurred in the mid-20th century
because of carly manufacturing research,
industrial demand, and ready supply from
Canada (Virta 2006). However, the United
States was also the first to experience the burst
of the bubble due to growing health concerns
and liability issues (Virta 2006). In 1989, the
U.S. Environmental Protection Agency (EPA)
banned most asbestos-containing products,
but this regulation was overturned by the
U.S. Court of Appeals in 1991 (U.S. EPA
1989), Nevertheless, use fell 1o 4,600 tons in
2003 (0.7% of peak use). In many other
countries, increasing use of asbestos paralleled
the growth curves of industrialization.

Generally, countries recording early and
high levels of asbestos use displayed peaks by
1980 followed by downward trends. The
turning points preceded the earliest bans and
are thus not direct ourcomes of bans, Rather,
paths leading to bans likely entailed regulatory
restrictions and economic incentives and dis-
incentives, which furthered reduction of use
Virta (2005, 2006) attributed marurartion of
the asbestos market superimposed on health
issues as the main reason for the decline in use
since 1980. Several relevant events with inter-
national impact coincided with this period,
The International Agency for Research on
Cancer (IARC), after acknowledging the car-
cinogenicity of asbestos in 1973 (IARC
1973), classified asbestos as a human carcino-
gen in 1977 (IARC 1977). The ILO added
lung cancer and mesothelioma caused by
ashestos to its list of occupational diseases in
1980 (ILO 1980) and adopred the Asbestos
Convention in 1986 (ILO 1986). It was also
around this period thar the landmark studies
by Selikoff and colleagues (Nicholson et al.
1982; Selikoff et al. 1984a, 1984b) gained
wide recognition.

The adoption of bans by Northern
European countries in the 1980s set a prece-
dent for other countries, but the particular
restrictions imposed by a “ban” vary by coun-
try, and the rates at which the absolute zero
use levels were reached also vary. Collectively,
countries adopting bans reduced use abour
twice as fasr as those with lesser interventions.
Notably, the countries of Eastern and
Southern Europe (grouped here as “other”
countries in Table 2) have continued to use
asbestos, approaching high levels even after
the turn of the century. The recent per capita

Mortality from mesothelioma, asbestos use, and bans

use for the "other” Asian countries is low but
shows lirtle sign of decreasing. This is largely
attributable to sustained use in China and
India. Hence, our findings reinforce the
widely held concern thar the center of
asbestos use is shifting to industrializing
countries (Kazan-Allen 2005; LaDou 2004;
Takahashi and Karjalainen 2003). Moreover,
if the ccologic relationship reporred here
holds true for the future, corresponding nsks
should be anticipated in these countries.
Regression analyses showed the srongest
relarionship berween recent APC in mortality
from pleural mesothelioma and change in
asbestos use during 1970-1985 (adjusted &
= 0.47, p < 0.0001). The same analyses incor-
porating countries with six or more data
points produced similar results (data not
shown). The strong relationship is largely
attributable to countries recording recent
mortality trends in the same direcrion as his-
torical use trends (lower-left and upper-right
quadrants in Figure 2). The positive correla-
tions found for change indicators of a number
of periods in the present study reinforce the
notion thar per capita asbestos use is relared
to subsequent mortality level at the national
level, as we reported carlier using absolute-
level indicarors (Lin er al. 2007). However,
the time difference (i.e., latency) for the best
predictive model was only 22.5 years (from
mid-1977 ro 2000), and thus the observed

relationship may have reflected only early
effects. In this connection, recent mortality
trends of the eighr early-ban countries are
noteworthy: Seven countries recorded had
equivocal MR trends, and only Germany had
an increase in MR trend (Table 1). Germany
actually recorded a historical use peak in
1980, rrailing other early-ban countries by
5-10 years (detailed data not shown) and pre-
sumably delaying favorable changes in mor-
tality trend. Continuing use of ash results
in the accumulation of asbestos in the envi-
ronment, thus creating possibilities for ongo-
ing exposure due to maintenance, repair, and
demolition during the entire life span of
asbestos products. Given the long latency
time, the mortality daca available did not
allow us to analyze the full consequences of
such effeces after the new use in longer term.
Nevertheless, we observed significant (albeit
weaker) relationships for changes in use dur-
ing other close periods with longer latencies
[e.g.. 1950-1985 (latency 32.5 years) and
1950-1990 (30 years)].

In this study, we took advantage of the
earliest opportunity ro analyze mortality
trends in a range of countries. Limitations
included our dependence on a crude indicator
of exposure (i.c., asbestos use per capira for
sparse years with limited da), "bans” enail-
ing varying restrictions on use thar could not
be measured, and no distincrions available
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Figure 2. Trend of MRs for male pleural mesothelioma i
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weighted by the sizes of male
(adjusted A? =047, p<0.0001).
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between asbestos fiber types. Mortality data
were limited to 31 countries, with developi

countries likely lacking well-developed sur-
veillance systems to assure quality of data.
Moreover, the ohserved relationships are eco-

Convention, 1986 Available: hitp/fwww.itcio. ifactraviosh_
Jm%Bdulosegis/c 182 hem | d 18 June 2008]
ILD. 2006. Resol Concerning A lAdopted by the
F5th Session of the internanonal Labour Conferenca, June
2006). Geneva international Labour Organczation
MAM$RMMHwPMMuM
of

lance sariex: ging

logic at the national level only, o all Anding:
should be cautiously interpreted.

Because there is no safe threshold of expo-
sure to asbestos, any degree of contacr will
involve some risk. On the other hand, the
degree of risk is related to exposure. The
experience of many countries suggests that
attempts to reduce exposure withour a con-
current reduction in overall use are insuffi-
cient to control rsk. Countnies implementing
bans recorded reductions in asbestos use
about twice as fast as those not adopting bans,
for which our study period was probably too
early to observe their full effects. However,
the observed disparities in global mesothe-
lioma trends are likely to relate to country-to-
country disparities in asbestos usc trends.
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Asbestos Clinics and Asbestos Health Examinations
—Findings from a Questionnaire Survey of Implementing Organizations

.y 8 2 ag a P . .
Norihisa NAGAo' 2, Kunihito NisHIKAwAZ, Yoshihumi Kiyomoto?, Miwako Toporokr®, Tsutomu HoSHUYAMA®

and Ken TAKAHASHI®

'Department of Emergency, Kansai Rosai Hospital and *Department of Environmental Epidemiology, Institute of Industrial
Ecological Sciences, University of Occupational and Environmental Health, 1-1 Iseigaoka, Yahatanishiku, Kitakyushu City,

Fukuoka 807-8555, Japan

Abstract: In June 2005 the press reported that many for-
mer employees of a company which used asbestos, and
individuals who lived near the company's factory, had
been diagnosed with mesothelioma. This finding triggered
concern and alarm in Japan. In response, many “asbestos
clinics™ were formed, and recognized medical institutions
began to implement asbestos-related health examinations,
We conducted a nationwide questionnaire survey to eval-
vate the activities in, and the challenges for, these med-
ical institutions. We received 137 valid responses, more
than half of which were from clinics and hospital-based
“asbestos clinics™ instigated after the “Kubota shock.”
Among the ashestos exposure history interviewing prac-
tices, job histories of the interviewee were prioritized,
over place of residence, and possible exposure of family

members. Standard questionnaires were utilized by over
70% of respondents. The practitioners reported problems
with lack of manpower and evaluation of asbestos expo-
sure. Examinees consulted auending physicians on a wide
range of matters including asbestos-related diseases, asbestos
exposure, and financial compensation. It is predicted that
asbestos-related diseases in general, and mesothelioma in
particular, will increase in the future. Accordingly, early
detection and treatment should be accorded high priority.
The organizations we surveyed have imporant roles to
play. Although resources are limited, effective diagnosis
and treatment are essential, and a system assisting orga-
nizations to make accurate and efficient identification of
asbestos exposure hazards is imperative.

(San Ei Shi 2008; 50: [43-151)
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