TERIASND, EHICEY RLERILE LT, TARA FOMNERBEED () THL%H
& ? ERR I3,

k-1

ERR(t|c) = {H— J;C(u)du}{ 1+““' J; J:C(”)d“d"} e

WL ORE I D, L)@ LU, PRIERERIZEET 2 ERR [XBERFFERICETF L
PR BT B, EBRICIEREEENFEEL TWA D &ﬂﬁméﬂé Z O LD IIRIIZ
* B EYFRFRISPCHER ORI OV TS, B HREFEDSA (Ohtaki et al., 1985; Ohtaki
and Niwa, 2001; K%, 2007) & RERICEH - SR FE T%é

324 Lo X —BFENCEO W BT VORI

BIEI COET VOB T, LS E LTEAD [HFEin) 2HAVWTWE, TAXZ RO
AT B ERE R ERICOIMEE L, B L v X —BEZNKE LRVIRIRO T TN T
RREIL 703, BERIZITZ OEREIFERICE > TRELELH L TWADZ EIFHALLTHY,
FEEEIY b [H LA —Z) ZERAEEKE L THWAZ ERRE LR D, ZOBA, A
DOFAERR A D L35 & &, PEEREAICET 2BEBMERERE, KQ)&Y

k-1

{1_}_% J;c(u)du }{ 1+;:ﬁ-l;- J; J:C(u)d”d"} ) (3)

EREINDZ EWVTND,

3-2.5 REBEOHTE
ﬁi? Z{(y,cot,b)|i=1- n} BEZBNTWD & X, MEEET L 3) ObET
SEERE (Cox, 1972) #HWHT D &, Oy LERBRMIX

ST {1+~£%—fc(uym}{ a \ @c(uﬁﬁnh}bl e

el i p i fi
ZjeR,- {H—ti—fb_j J;j cj(u)du} { 1+Z-:—b7 sz sz Cj (U)dudV}

TExzbnB, IEL, I={i|y =1} 13BH» THEERE CETLEZETOEADAL
7/&xf%méh5$Af%@ R={jlt,2t} 1T, ICBIF DV AV EETHD, ZDLE,

REE R f OBRAMEEMIMO EEBEEDEZR LT D HOL LTRODHZ BN TE
50

3-2.6 EEOCAEHMOE X

BER O ERABICE T A Y — FOoERL T, EFHEADBALT I ETCOEELE
W ->TRY, DAL LMD HBEN S % ONARERNICZH SN S £ ToOMM (EE
DEEHRE) OEIICOWTHE, F0BEWZ ERFHELENTWVWS. EEORNAIBRLZE



BT AP, TOXIRBRERET S Z EICHBITRVDOTHA I . LT, HHICEES
T 5.
—@mﬁhmﬁﬁ%m¢mmﬁbt% WP TR T A0, A& IE U2 SRk
%ﬁ@bﬁﬁaﬁr%%&bﬁfm‘ Eéif@ﬁ%(@r®$§ﬁ&)_owfw,m
BHERIRET D ELUT O X 9 224588 TRl T & % (Harris, 1963; Steel,  1977). W&, &3
ARRREIE 1 HEA IR HEZ D GROMISEE T2 1T AR LW I BALTRE L TV D)
PRAHT LI AR Z T, £ TRWRGIE 2 HICoH L THEHETH LD ET5H(X 2
%%)_wk% AR 7 a—2 (LEONAMEZILEZRHESE & T2 R0ES)
BT AHEHRITB T 2B AMBOEEE X, , 1 AR GEasREZ ) S ROMaSZ

E'C@E#ﬁa'ﬁ) B2 COEFHEL p ET5 L, W{ERE LT, X =1,
— 21— x—y/2
PICY, = | X, , = ( /2>p (1-p)

y€{0,2,4,6,--,2x},xe{1,2,3,--}, "B LD 1=(2,3,4,-).

— D07 1 — BT DB OEINER GEIRBREET 5 DICET D8FH) & AR
BRL T2 XEELY Q) =2 T2 LicE-S%, Collins (1956) HIZ X HEED
NDADBBEOAERICHT DBEMR~YTIED D &, £ OBRE, BEOFBOEIMIERIX
ﬁ@@ﬁﬁﬁﬁi@%ﬁ&@§<éﬁ%4p®ﬁabfoymsLDﬁ%ﬁéhé Z D
iz %MTl@@ﬂ MR FEIR T 5 = & e < BB 2 TEAL LER IRV 722 WTICE DRI
p>050E&2-p!, p<0SDEX0 LD EPER J%Ehé(Hams 1965). LinL

pO0S5SDEE, Ml X, OB 2 MEMIIEEE L7220, X, XD 5BHEWIA :,t106

V& BIET 2 E TCORLEMIEIRE20WEL DI LN, T T IV EZLVEID LI
% (Ohtaki, 1993). Z D Z ki, HEONADIEEOERLMOE JIT KX REEENTEY
HBTEERELTEY, bih@@%&::}’sw‘éﬁﬁ%ﬁaﬁ%& RN TA2BRICIIBE SN
HRETHAD.

3—3. B

T AN NREBEOEESLHMEIIIERER SV T OEROBBIIZRITIIITZARNVBD L
Bbhs. Iz, FIBHEEOWEREICBONTHEAZ k@#?i@ R DIEERELF
BIED 20% %8 2 T D A REME S8 STV A (Sposto et al,, 1987). 7=, MBRARED
HRELTEATOBENRM LN TWAD, EFIREFRIZBVT, EAZ & OBYERNL
DEBEEMICBEIN TV APITEREIZIV. i, SHOICHERMEGER SNBEHTN5S.
RU LD RBEEZT COREPAMLREICE L CTRSHICBEEENFEL S 5. Fil 213, P450
EREEINAERIEEEHRET AR FICEL A BETORDE: (BEFE2EEFINTVD)
DD A & BRI B £ D Z & (Caporaso et al., 1995), SEEE, BT CYP2A6 IFEEIZE
FNEIEPAME= e YT I VEEELLLTHPAVICRBERLELL S®S5 6 L, FEETF
ERETHE MIBBRARBORBRENENEOHFEBRELHD. 20 L) REFEDHFE
EERINNTLY R T IR 24T 5 %, 7 LRBEOEBEELROEALSET VO
ELEEELEZOND. EE, HOoLEGOIESRMBEOHELRITI L, HENIC
TBENS L 2o ’Clx\ééf@ﬂﬁl}\ BT DEHMNEEREICET AT — A BNELRD.
L L, HREZEEOL I RT —F 2T 5 Z IR RFANRREZ RV TRETH Y,
RV ICEANBICEHN 2V LREHN B EICE S NRE L LET — 4 & L’C, TEBRAY
72 ATHIR R E@%K?ﬁﬁﬁb‘é ENEZOLND, L?ﬁjﬁo’( A EGREPBIERF TKRE
KEFLEHEITE, TORRPERICOVWTERZNEL T Z <‘:7§>ME’CE§JE)O L7»
L, =i %@JZOfifﬁﬁfi%%é ETHREETHDHEENZV.



Bolf, SOICHEEELRMELERESNEDTWS. RLL ) RBRBEEZT THLRERIABKRE
B L TR ZEREEL D 5. Bz, P450 & FEEN DBERIEMEEZ HET 2R FIZ
b sEEFOHDOE N GBETFEEEMFENTWD) BN ARE L EHEICHEET L ED
WFZe8R%E & & % (Caporaso et al,, 1995). Z D X 2 RMEEREDOFELE BRIV Y X 7 7T %
7120, Vv AR BESCEELEROEALLIETVOHIRGERLEIADLOND
(Vaupel et al., 1979; Izumi and Ohtaki, 2004, 2007) .
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4. YVRIZaIla=k—a s FEORES L EE

e EREBICETAYRYOZ 2 — 3V

WreptaE PRME - CAM - T AR PRV Z—
(1) ObDBFUEDL Y ZHEET
BT 4 HEF

4—1. WEE®
EEROMICAMREENESBHEINS LY, BB E OB W IERE R BRI MLE
LB = TCBREREEAL YN T ALELA LU TWS, T, EROERIIIL - ZIE
FEThMN) LT WIERIERB L OERMZEOFEAHEET TAHLERAE LTS, BUR & BEE
LIV A7 »ala=h—3a Al OWTIEERNATERAREE - TRY ., LAETEHM
DESICHEFEORBRCH R 2 E 2 AMERH AN, VAT ORMITEIZ LA EENRKE
<, BEOHESHIESCEEMELE 72O, BRAORBISZOEEAAROBFRICEATE S &
RS2, LA, BAMBDOY RAY « aa=h—a UV FEORMITIEEELEE XD,

Z T, ARFZRIL, AhiEx REEXBSGCCEBIRETCE L ARII BITET o RERE Y
A7 EFOBOFNKICETIHMALER CERY AT - ala=r—Tay) ZMYTHT
LEERNET S,

4 — 2. ALl 8 OERRTL

T AR MERBOICRBW TS E S ERHEREANREE L TS, 22T, FHEKREDI
BT AL BB OV TINEZTTV, 437 Bl OV TT — X _X— A BGFEEKT L,
N1 BEFNZOWTITHERAEZEBE Lz, SR DINEZRELRYEL, BN TH S A
JRZ «ala=mkr—gl s w=a T VOE~MT, ARZREOICOEL, o2
2 TWA,

BE. Z< OFEPINPHEEZZ T2 DOFHRECHFAOAEELBEETIHALH LD,
Ll REELTH, AREZARTE HERBEIZIZZRV,

4—3. ¥Rl 9FEOHFEETE

A% FBREFE YR - aIam—3a Y OBEANOSE ST TFTETH D, S HIT,
PRERBIOHENDOT AR MIETAEERERVBIRERENZEOKARY A7 « 23
a=lr—3 g VERIERIE - ST 5, EABRICIESME T, AFEZART 2 HIEROBKRR
HLVETHD,

PRETIE, HICRETB X ORBERICBN T, BETIRBOERERND2VWED, 22
TER SN DB OEBOEROLEEREE > TW5, BEMICIE, Fxlrkt s X —
KRS T REZ . OREMBE DGR I A7 cala=r—var -voaT7 Ve LTEET A,



5. SHOMFEER L UHET 5 E2%ER - MXHROTE

A% DOFRIZONTRO L IICEHE L TWD, 4E, AHIEBLEEEEREY 271
BT 2084 — @KL, ABREEICE LD, AR EITERRRTCE LD, TR
T3, TOE., 2 DORLLESFBEL TS, —2id. LREDS % O AR B
FICETHEHNT, VAZEHMEIZE & 9P - 2 - IREE B LI EEDEZ SR
ORI TH D[ TEE(D]. TDT=DITIFHSGHRXEZHARRD S THRILOESFIZE D 5 4
ERBA, b O —lE, 4%, ARBEEEEROHITNR EEICOIERTABRAEHEL. 7
DTN BE EEOTREEIRE L OYFk TRI OB RIS o T2 RSURIL T H S [ TRE)].

ZEOIIBLERICEET S~/ 0Fr — 4 2 HAVWTEZOBIZEORRBICL Y., £EFDN
BIEIZOWTIIBER AR AT, Thbb, I EACTER-AYZY AREEE, ZEAIT
ANOHBER I UEBIZOWTHREBEMAZERRCRETH S5, HAOTRIZOWNT, L
JUTHIERIC A5 &, EUROAMBEERB O RIT, 1960 FROER— ALV HEEL
SRR B D Z LKA L7e, 7272 L., FRIEERICIE 1966 FOMFADEZHMA L TS
W, AFEZZFOEEMROBTRITMICEA T2 LT TE 2y, &6, By TiE%
S OETF—Z0KE (X SR, Z28M, mE) LTnad, ZYUEDH HHMEENK
DHND, LLED 2 HEFRT AT EOFIECONTIIBLIERFEKTLTERBY ., #HF
A COFBEEREBORITRIICOWTEEOBWHEENITA A REBELTH L[ TEA)].
E 5z, BEL UL THBEIHEECHREREDOHIEZR L2 —TEDNA L AL, EED
FEZRANVTANARBROFELBEZITMTIZ LN LAEEE D[ TRR@)], EBEER
LEELVLTOAERICEET ZFRICOVWTOEMERE (KEVFEE - ITEES TICE
JEL72) OFERZIY AHEFOBEORBELFETH H[ TG

2B, BALILOIEL BIEEORBICET S BN T, BRILEEORRINR - GiREeE
MR A R L LI-BERERFEEZRT LTS (2—2. 2R), AFAEKERICDVWTIEFES
HKFEh 4 BTV, RXICTEEODITETHA[FE(O6)]. AMIAEIZBNT, AiE &R
LRADEFEENEND, EROIE BIMOBICREELZE L, FHOXETM T
LA[TRDBMLEEE L TNEENEZN EBbho TIN5,

FLRRTIE
Va5 - BB ., AhRA k- A2 o ERRE - EnEFEEE AR E LIEEM
AR (F 80 B B AEEGAEZES[KIK])
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oEiFE (R, RREERET

(2) Nishikawa K, Takahashi K ef al. Review of the global asbestos epidemic: implications for
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Health]
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OB 7TANA MO AERE

A < F& & BRI B O [EER Hiz 2

R
B =

HREEOEBERBICBT2AMIIEBLAMEERE, BIOPEERTIIOWT,
Mt 2 RA LA 0 — OV RERBICOWTERR Ly, ERIBTiELEEI e LT
i, AMIECEROVWTI L ASZ ) AMERER, TREICOWTIE WHO oL
T N— AL BRTEPFIATRETH S, BORTIEPEEICET 5 580 INE
FHIHLHTH D, FROBMTFUSIZIIWELEZX LS. 20XHL, E{BVL
Y, BERLRCICHTIERED 5 VA0 — SV RFHESTON A BEPHMAT

Wb,

=SV

BEZS5BFBOFEMBLOPT, 7ANZ L
(BLF A#) #7—< &3 A5M ik
BT ES. bRAIZ 2006 4E 9 ABAE,
PubMed Z W T XMKREZIT) &, as
bestos 2F — T — FiZLBEE, 2o
TREOEZEIMIIB - 2BE, ThFh
9316 & 1,929 oW LY T B, 2
hid, AWEPREEE TS T S hEER
IMEBBICEHELTE L LR, TER
CRWERNM 2B CESPEE (UT F
RIE), BTG, WAL EDRERELT]
ERITDIEFS LOBEERETD HFT
cZENEETHA .

BB AMTSEREEE L3 CIT 1972 FITHME
ERVPAWE LML TVB, s —<

Y ERER Y BNEY #iR
F—7— K BEM, IR, BEN R, ERLE

ELTEBFVPREVWTWAAEDL S5, Fl2
W, hREEORRWE L LToFAM (7
TAKR—IVR) EEARM (ZUVVEALN) D
VAZDER, HHNEAAMIESBEICR
ONBFEBAV A BB ELTOIE
F4 MCHBETLOTE LV (Fr74 K
— ) EWIHBRLEETHE. ZoER
Zh, BRERNKSA FHuF—LigA TR
BRIBERICNNA T AR DA &, AmiE
DFFRICZ o CLE-HLD 5.
FTAETIE, 2005 PRk 17) 46 B%KH
DRy LG ERRELEROEERE
T AHENS, AMSKERHEEMEE
o, EFECREEEIZ BV THEBHESP
HENROBWIED - CHHEMELD T
UL AR TVE, FORBIZOVWTEH
X E~NOBERBOTEZLL, SHidgL
EFNERATE AR TERITREBEETHA.
EOIERIR - B% - EBSBFOMR L EAE
bEDHZET, EERESTFO 7TV




28 B €

O EICHRITONS.

BT, OHB L UAMEERBEOEE
FEOMENTEEMFEEOMR L INA, ERLEK
BELWHIHETEROMREZRRT S L
»HBETH, B, AREEOEREmA
LES NS AMIT B hREBRTCOER
WCES T YTl

B < E

FETAMIZI BV EOREDIENY 2R
TV EPEWIBRERIEETH L. BEN
ELBEED I BIAOFOIEL EEOEE ]
IZOVTHERRENA TV DY, BERRHAT
HEH. 7EFEFZFIELD, BAETHERN
Bl RERELEoERE (FI2 I
[TAOFDEFL BEZOEHEREE] 28) I
DWTiE, FEACRENMR 2.

i, BRABED 20~40% 2T 50OH
WMIZEOTMRMEDH ZWMEIHBLLT
AMEPEET LY. Bk SR & LE
HToORMICEZTOEEIIOVTIE, DT
DEVFHELTFEIIL TN,

(1) BEHIELMELV LHEE L 728
BE I BHEOHEGOREIHE LR
Za,

(2) ZHORBIEEFIET HERNIE
HAREL T 5,

(3) MEHITIEERICBILIICELAN
v, B BEOWEIZFEEE BN TERS
NTW5BEH (HARTEZIEEERENE),
FORRE—HOBEEFEICFHASINLZ L
EHoThd, BLEZDOEHERPEENHEI
FIHE TRV,

E s ORBIEA TAMRIT EEE
EREEFMLL) T2 L, EMBEIOKE
WEEEBLERWRBICKRET 20 HE
VW, SRETOER, R0 [HEE] R
[HEEOHEE] "o RELNFEN &
CEER] REBTAREICLDIB LN

RHES - 62% - 15

RBIZEDTVT WS, Zoh|ZiE, EELZE
BT B7-DOWMEWRL L, BROEREFEN
MEZ Sl L e Eh s,
RN L ETEHEBEOHER 2 1<
BIRIELTHRADPDD. B, EEENHY
BICL o THEMBREZR LA LIITET,
MBI O—HE BRI XX TH5H. H
BREORBMEBREEOERICOWVWTIY, KEH
HERABICBOWUHERE=4EE +WMAE -
BHE L VI XPRAENTHE, ZoE:
LYHEORBEIOANOTHTLZET, BER
1 AE ) AREEBEEE VI IBEINRT 5.
— i DBEIET, ThbBLMALFITE
itk LT, WEMEAMIE BT 5582
W HEREL, LO2DIEMICHE 242 ik
L, MEORPEER-oTE . ZOHEH
i, BT ENODRBIOES X252 00wt
2, AMEBERERSTEET, FIZEA
Mhe UCEER S NSO, B, Bl
BLTWIZREDVHY S B2 L, BRERBKD
FESHEETH S ) 2 ITME - EEED
ZRTHDLI LR ETHD. BREEREOR
EEARIE BICOoWTIE, FEDTLRD X
HIZHEEE 2 5.

LiREERE R

Selikoff 1%, 1960 FERDOEVER»5H A
WMEERBEOMANEITEFRL, BELT
W ERETREOFRTWH R [HERE
BWTOAMBFHEDOMAT (Global Asbestos Epi-
demic) | & W XIREFENL L/ZEEZ 5.

BAE, HROEMMEEREICHET 2HED
HEME LT, FEHEIBITLAMEEIA
FHAER 10~14 FAIGET A E VI
FEhHbH., LrL, FOWIPILT LD HKE
Thwv., [liPAEERDOIBED 5 ~T7% K
ERAMECBIOER T EWIHEED L E
NTW5hH, 72 LIRADSE, BEIRK
DIAZERE LI LG, —HEMIED
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55 ABEERICBWTOMDBSAIHT 5A
ML BEFSEEOHEIINETHD, 5~

7% EWHEEHECEWARONAL T X
BHYIH5b.

7405y FVEEREZENATSFERLL
1997 DNV Y Y X EMREFHETIE, T,
bk, BAR, F—X 50T 2HEDL LEE
2 HNOABRBAB L1 HAOFEES
BELTWDLEDI Yy ARBTWSY,

#LENCBT 5 AMBEEREDOERIION
Tit, B CRoNE., FOHHIT,
@ BE - EUHEEBAID RV, @ B8P3
BE, BAHRENEETVDS, 2ETHL. O
D ETNE, FICARBEEIAZDONT
13, PHHEGPEEEIZER R ER L
OBEEV A5, BEOFEHER,L W
FTREHREIGEL TR EOBENE
ZoNs. @ I2onTid, B, BEM
ERBERICOVWTE LEXBORMBETH 2
B, EhnLhhrnBBELTHATHAY).

AWMBEEREESROEENREELT, B
etk ) HRBEE, BLEREHIIEV
EBHLNTWAD, Thid—icBEEnIZ
VAT BN BE IR B ENS
7O EEBHENTWS, 72770, AMIECE
20 B AR S DEENRD B0 L9 »
EVIHERRY LT, RERID 5.

R EORZIICHET 5 #NAEORE,
2:1 %5 10:1 TH5HY, EHETIX, 5
CHET TR BB ) #ENC A TREOEE
ME, FEEOISMINCIE, MBS X UK
[ E OB iz owT, EAEOHEIX
5:1BXU2:1THB".

BEMIE L BEFOEENRICB W T
EN-FABBEEPA L PEEOL (&)
21 BBV, 30:1 vl 40:1
ETAHMELH L, M, —RERTH
WMEERSA L PEEOR (FI&) 2oV T
RO TV, ZOHEMBE, Al LA

B 7T AR ML HRERE 29

X RERICBVTRIEPAD—ZFNER
HIZBEE SNEno6ThE. 2B, A
WX ABEOHESE AT, —RICBET
80%, T 45% & ENTW5b.

KB

R L E SRR A 10 |43 (ICD-
10) T, 1D THECMb > Twb (ICD-
10: C45). £ 9IS E T TIIWEOENEE
(ICD-9: 163) 2%  DMEF R IE 4 S
hTwhkeZzohs, T, WEOELE
% (ICD-9:163) 2320 F FMEO &
(ICD-10: C45.0) IZH-TRbONIZD LT
ZIEEH) TV, PREEICE L TRV E S
HFARILE Uz ICD-9 &, WESBW 25 EMR
WE L7 ICD-10 TRAELERDNDH LD
Thb. 25T, WEDAIDEER.GED
WEESD RIS THEET S, L2d%o T,
MEEORTERS ICD SEICESWTHE
BRICIRB S L TUL, PHEEEISEASH
TLEH. E5IZKET ICD-10 ~BIT L2
YAV (BE) bBLRoTwEH-0, H
BRHBUIA S Tld i,

KTVICHRAZEOF R EOIECEREZ R
F. WHO BTHENIHRIEDBEN D HD
X, BFE WHO ¥ 193 » Erh 62 » EH&
173 UFTHB (BbhARIHPAIICDOWTIE
127 5 B (B 2/3 DB#HID5).

HREEORREFHZ 7 — < ICHRIICEY
SRl % =T 7 A OF I Julian Peto 12 &
55D TH5A. FFHXIE 1995 £0 [Lancet]
CERENAEEOFRFMT, Peto 134
FIZ [F—a vy BT AP REORT
(mesothelioma epidemic) | ##HEL T 5.
WA I R— PO L) FELPEEOFK
FRICERL, EECEROFREERT)
2020 FEHIZH 3,000 BIZETH I 2Tl
L7z, 222 L#ErFIcHaL L, ERED
TREED AL A, FFHRKRE ZOBROERE
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RHEF - 628 1%

1 HAEBEODREE (ICD-10: C45 ¥ /=14 C45 LITE) FTERE [WHO FETHEEN & h B g2 #hib]

me (FY=0) i et
1994 1995 1996 19897 1998 1999 2000 2001 2002 2003 2004
1 Argentina 60 60 64 73 87 92 109 545
2 Australia 403 390 435 519 489 2,236
3 Austria 68 75 75| 218
4 Bahrain 1 1
5 Belize 1 1
6 Bermuda 1 1
7 Brazil 44 54 54 45 57 254
8 Canada 292 297 33t 920
9 Cayman Islands 1 1
10 Chile 26 32 31 38 32 44 203
11 Colombia 24 35 32 91
12 Costa Rica 5 3 2 2 3 15
13 Croatia 7 17 22 28 21 45 37 48 34 41 300
14 Cuba 9 5 6 20
15 Czech Republic 39 40 40 33 32 49 30 46 49 54 36| 448
16 Denmark 67 62 51 61 82 69 89 75 556
17 Dominican 1 1 1 1 4
Republic
18 Ecuador 4 2 1 3 12
19 Estonia 2 4 4 8 1 2 2 23
20 Finland 59 67 78 63 74 67 70 74 78| 630
21 France 768 732 816 2,316
22 Georgia 3 1 1 5
28 Germany 818 976 1,055 1,094 1,094 1,083 1,117| 7,237
24 Guadeloupe 2 2
25 Hong Kong 8 20 28
26 Hungary 32 28 38 36 34 36 42 39 285
27 lceland 1 2 3 2 1 5 1 15
28 lsrael 22 20 17 37 96
29 Japan 500 576 597 570 647 710 772 810 878 6,060
30 Korea, South 6 24 23 24 16 21 24 27 165
31 Kyrgyzstan 2 1 1 5
32 Latvia 3 9 12 6 10 7 11 11 9 78
33 Lithuania 18 10 15 15 13 12 10 93
34 Luxembourg 4 5 2 3 3 7 7 31
35 Malta 2 3 1 3 5 2 6 3 5 30
36 Mexico 108 116 142 114 139 619
37 Netherlands 326 377 325 402 389 401 394 393 398| 3,405
38 New Zealand 56 56
39 Nicaragua 1 1 2
(R—TI2HEL)
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B (v » s et
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 . 2004
40 Norway 55 42 53 61 39 48 53 45 396
41 Panama 1 2 1 2 2 8
42 Paraguay 1 1 2 4
43 Peru 652 10 662
44 Poland 58 70 83 85 88 384
45 Portugal 27 19 46
46 Puerto Rico 4 5 3 12
47 Repubilic of 7 3 6 2 2 4 5 4 5 38
Moldova
48 Réunion 1 1
49 Romania 45 73 66 62 54 51 351
50 Serbia and 13 18 32 25 26 28 142
Montenegro
51 Slovakia 12 11 10 15 15 18 11 12 12 116
52 Slovenia 8 13 21 18 12 29 29 130
53 South Africa 192 192
54 Spain 236 217 291 295 260 1,299
55 Sweden 118 117 116 130 119 139 739
56 Trinidad and 2 2
Tobago
57 United Kingdom 1,767 1,755 1,795 5,317
58 United States of 2,343 2,384 2,371 2,430 9,528
America
59 Uruguay 4 7 5 9 25
60 Venezuela 13 12 10 13 13 8 6 75
61 Virgin Islands 1 1
UK .
62 Virgin Islands 1 1
(USA)
/NG 118 626 1,454 1,611 3,006 6,623 7,385 0,194 9,508 5,118 1,833|46,476
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Ecological association between asbestos-related diseases
and historical asbestos consumption: an international
analysis

Ro-Ting Lin, Ken Takahashi, Antti Karjalainen, Tsutomu Hoshuyama, Donald Wilson, Takashi Kameda, Chang-Chuan Chan, Chi-Pang Wen,
Sugio Furuya, Toshiaki Higashi, Lung-Chang Chien, Megu Ohtaki

Summary

Background The potential for a global epidemic of asbestos-related diseases is a growing concern. Our aim was to
assess the ecological association between national death rates from diseases associated with asbestos and historical
consumption of asbestos.

Methods We calculated, for all countries with data, yearly age-adjusted mortality rates by sex (deaths per million
population per year) for each disease associated with asbestos (pleural, peritoneal, and all mesothelioma, and
asbestosis) in 2000-04 and mean per head asbestos consumption (kg per person per year) in 1960-69. We regressed
death rates for the specified diseases against historical asbestos consumption, weighted by the size of sex-specific
national populations.

Findings Historical asbestos consumption was a significant predictor of death for all mesothelioma in both sexes
(adjusted R2=0.74, p<0-0001, 2.4-fold {95% CI 2.0-2.9] mortality increase was predicted per unit consumption
increase for men; 058, p<0.0001, and 1-6-fold [1-4-1-9] mortality increase was predicted for women); for pleural
mesothelioma in men (0.29, p=0-0015, 1-8-fold [1-3-2.5]); for peritoneal mesothelioma in both sexes (0-54,
p<0-0001, 2-2-fold [1- 6-2-9] for men, 0-35, p=0-06008, and 1. 4-fold for women [1-2-1-6]); and for asbestosis in men

(0-79, p<0-0001, 2-7-fold [2-2-3-4]). Linear regression lines consistently had intercepts near zero.

Interpretation Within the constraints of an ecological study, clear and plausible associations were shown between
deaths from the studied diseases and historical asbestos consumption, especially for all mesothelioma in both sexes
and asbestosis in men. Our data strongly support the recommendation that all countries should move towards

eliminating use of asbestos.

Introduction

The possibility of a global epidemic of asbestos-related
diseases is a cause for widespread concern. Such diseases
include asbestosis and many types of mesothelioma.
Selikoff and colleagues™ have urged caution about the
use of asbestos since the 1960s, and in more recent years,
Peto and colleagues* have predicted a drastic increase in
future mesothelioma deaths in the UK' and Europe.
Further investigations showed close agreement between
projected and actual numbers on one hand, and tapering’
or deceleration® of the mesothelioma epidemic on the
other. Statistical projections of mesothelioma rates
suggest substantial increases in many countries.

The worldwide burden of diseases associated with
asbestos has also been estimated; the yearly number of
asbestos-related cancer deaths in workers could be
100000-140000." 5-7% of lung cancer cases might be
attributable to occupational asbestos exposure,™* although
such estimates would vary with the amount of tobacco
consumed. At the International Expert Meeting on
Asbestos, Asbestosis, and Cancer in 1997, delegates
discussed such a worldwide epidemic, and agreed that
every year, 20000 cases of lung cancer and 10000 cases of
mesothelioma in west Europe, North America, Japan, and
Australia could be due to asbestos.” The International

Labour Organisation (ILO) and WHO jointly announced
the elimination of diseases associated with asbestos as a
priority for collaboration. ILO has expressed much concern
about an evolving epidemic of these diseases, especially
since disease is seen only after a long latent period
(3040 years)," and has adopted a resolution to promote a
worldwide asbestos ban.”

The extent of asbestos exposure around the world is
difficult to estimate, mainly because quantified
measurement data are few. To the present day, about
20-40% of adult men are thought to have held jobs that
could have entailed some asbestos exposure.”* However,
attempts to estimate the proportion of exposed people in
populations are generally hampered by the absence of
reliable estimates of exposure for people with cccupational
asbestos exposure, for women's exposure, and for
environmental exposure. A wide disparity in exposure
status of populations is likely, and would be affected by the
timeframe studied, and be different depending on the
country. The volume of asbestos consumed per head can
act as a surrogate for the exposure level of a population and
ecological associations between exposure rates and disease
rates can be measured. The volume of asbestos
consurnption over time was used to characterise various
populations.™” These indices suggest that people living in
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Figure: Ecological refations between current mortality rates of asbestos-related diseases and historical asbestos consumption weighted by the size of sex-

specific national populations

(A) All mesothelioma (males, n=32), (B) Pleural mesothelioma (males, n=29), (C) Peritoneal mesothelioma (males, n=25), (D) Asbestosis (males, n=27). n=number of
countries. Circles are proportional to the size of the sex-specific national populations (countries with less than 20 million sex-specific national populations are drawn
to the size of 20 million). ARG=Argentina; AUS=Australia; AUT=Austria; BRA=Brazil; CAN=Canada; CHL=Chile; CRi=Costa Rica; DEU=Germany; DNK=Denmark;
EGY=Egypt; ESP=Spain; FIN=Finland; FRA=France; GBR=United Kingdom; HKG=Hong Kong; HUN=Hungary; ISL=Iceland; ISR=lsrael; JPN=Japan; KOR=South Korea;
MEX=Mexico; NIC=Nicaragua; NLD=Netherlands; NOR=Norway; NZL=New Zealand; PAN=Panama; PER=Peru; POL=Poland; PRT=Portugal; SWE=Sweden;
URY=Uruguay; USA=United States; and VEN=Venezuela. *Yearly mean 2000-04. {Yearly mean 1960-69.

developing countries are faced with increasing exposure to
asbestos."” Preliminary investigations for mesothelioma
have produced plausible findings for its association with
amount of asbestos consumption per head, although these
investigations were limited by the small number of
countries assessed, and by studying only mesothelioma.?**
The aim of our study was therefore to investigate the
ecological association between national mortality rates
from diseases associated with asbestos and historical
asbestos consumption in the respective countries.

Methods

The diseases associated with asbestos that we studied were:
pleural mesothelioma (C45-0, as classified by the
International Classification of Diseases, 10th revision
[ICD-10]); peritoneal mesothelioma (C45-1, ICD-10); all
mesothelioma; and asbestosis (J61, ICD-10). Al

www.thelancet.com Vol 369 March 10,2007

mesothelioma was defined as mesothelioma (C45, ICD-10)
as an independent category or composite of all or any of its
subcategories—ie, pleural (C45.0), peritoneal (C45-1),
pericardial {C45-2), other sites (C45-7), and unspecified
(C45-9), as reported by the respective countries. To improve
the accuracy of our analysis, we precluded lung cancer,
because of its link with smoking and an absence of reliable,
comparable data for adjustment.

The yearly number of deaths in 2000-04 for individual
diseases by sex and 5-year age category was obtained from
the WHO mortality database.” National population data
were obtained from WHO,” the US Census Bureau
(USCB),” and the UN,* prioritised for use in this order.
For each country, sex-specific and age-specific mortality
rates (deaths per million population per year) were
calculated by division of the number of sex-specific deaths
in 2000-04 by the size of the corresponding sex-specific
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