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s 
This study estimated the proportion of Lung cancer in Greece that was 

attributable lo occu/Jational exposure. Two hundred eighl)'-Lwo patients 
with lung cancer and 494 controls were inte,viewed about their 
socioeconomic characteristics, sex, age, and ocrnpational, smoking, and 
residential histories. Each subject was classified as exposed or unexposed 
Lo !mown occupational lung carcinogens. Because of the small ,wmber 
of females exposed, only males were included in the multivariate 
analyses. l1\!lien the occupationally exposed subjects were compared with 
the unexposed subjects and an adjustment for smoking was made, the 
relative risl, for lung cancer was 2. 9 (95 % confidence inte,va/, 
1.95-4.31). If 5% Lo 10% of the Greek population were occupation­
ally exposed, the allributable risk would be 9. 9% lo 16.6%, respec­
tivelJ. Occu/Jalional exposures conje1Ted an additional risk that was 
a/Jproximately threefold that of smolting alone. Risks increased in a 
dose-response fashion with increasing cigaretle consumption. 
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moking is the strongest factor caus­
ally associated with the development 
of lung cancer1

-
3

: however. other 
factors with independent. additive. 
and/or synergistic actions have also 
been implicated. Occupational expo­
sure to carcinogens and carcinogenic 
processes is significant among these 
causative factors.· The detection of 
occupational and other causes of 
lung cancer makes preventive efforts 
more effective. 

Estimates of the proportion of lung 
cancer attributed to occupational ex­
posures range between 1 <7c- and 
40% . .i Such differences may be at­
tributed to many factors. such as 
varialion among populations in the 
proportion of persons exposed to oc­
cupational carcinogens. different cri­
teria used in the definitions of bolh 
carcinogens and "exposure:· and in 
the methodology and interpretation 
of the cpidemiolog1c data.~ 

In the case-control study presented 
here. we estimated the relative and 
attributable risks of lung cancer in 
Grel!ce that were caused by occupa­
tional exposures. This enabkd us to 
estimate the fraction of lung cancer 
cases that was theoretically prevl!nt­
~blc by the limitation o f exposure to 
known occup:1tional carcinogl!nic 
factors. We also analy1.cd the inter­
action between occupational expo­
sure and cigarette smoking. 

Materials and Methods 
This case-control study included 

776 persons sampled from three uni­
versity hospitals in Athens during 
l 987-1988. Tht cases were noncon­
sc:cuti ve patients with newly diag­
nosed primary lung cancer. One au-
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b Age and Sex and Females), Y TABLE 1 and Controls (Males Controls 
. C es of Lung Cancer [n (%)) 

D1stnbut1on of as cases _ _ _ _ ------

[n (%))_ __ Males - · Females 
- - Females _ __ _ - - - 3 (17.6) 

Total 
[n (%)] 

Males Age 

0- -l9 
50-59 
60-69 

33 (12 8) 
61 (23.7) 

100 (38 9) 
63 (2-l.5) 

257 (33 1) 

- - - -- - - - 83(18.1) 
-- 2 (8.0) 112 (24.5) 8 (22.2) 

8 0) 16 (43 1) 
7 (2 . 161 (35.2) 10 (25.9) 

- - - - - · -~------
121 (15.6) 
188 (24.2) 
284 (36.6) 
183 (23.6) 
776 (100.0) 70-

Total 

h ( C C ) reoularl v visi1ed the three L or - • :: -
h . I . 'nd all new cases that were osp11.1 ~-,. .· • 

(he lime of these , ,sits 
presen[ at . Durino lhe 
"ere referred 10 him. . :: . 

d d ,g, patients w11h h1s-stu ) peno · - -
1olo!?1cally , erified lung cancers of 
all ;la~es were recruited. The con­
trols ,~·ere two groups of persons 
(11 = -l9-ll selected from the same 
hospi1als. The first group cons1st~d 
of 230 , isitors to 1he ho5-p1tal. Th,s 
pro\'ided a group of controls from 
!he general population. The second 
group con~isled of 264 patients. half 
~f whom were hospitalized for frac­
tures and Lhe other half for minor eye 
problems. These groups were se­
lecied as hospital-based controls be­
cause neither trauma nor ophthalmo­
logic conditions were expected to be 
related to exposure. The hospitals 
accep1 patients (including those re­
quinng emergency treatment) from 
the crea1er Athens metropolitan area 
and~ arc among the referral centers 
for most of central and southern 
Greece. Therefore. 1he pool from 
which bo1h group<, of conirols were 
ob1ained was prc-.umed 10 be compa­
rable to tha1 of the lung cancer cases. 

The con1rols were matched 10 the 
cases by sex and age. Table I lists 
the di<;tnbution of cases and controls 
by age and sex. :\1en compnsed 
90.43<;~ of the cases and 92 57r of 
the con1rols. The ca~cs and the con-
lrols were briefly infonncJ about the 
purpo!.es of 1he investiga1ion. In 
Greece it is 1101 mandatory for doc­
tors to 111form patient~ 1hat their di<i­
ease is mahg11a111. All pa1icn1s arc 
informed about their illncssco; in ac­
cordance with the degree of infom1a-

7 128
-
0
) 101 (22.1) 

g (36 0) 457 (58.9) 37 (4.8) 
25 (3.2) 

1 seek There-!" on and detail that I 1ey · d 
J h tud)' can be cons1dere 'or•" t e s . . 1
' ~- , pallents .. bhnd .. with regard to man) 

I d Of the mali!?nant nature know e !?C ~ Id 
of their diagnoses. This fact shou 
make recall bias less likely• 

The case~ and the controls_ were 
interviewed at the hospi1aL usm~ an 
extensive closed-ended mte~v1ew 
based on ihe American Thoracic So­
ciety questionnaire." S~cific que~­
tions included age. soc1oeconom1c 
status (indicated by educational lev­
el). occupational and resident_ial his­
tory. marital status. and smoking and 
dieiary habits. Smoking habus were 
stratified by cigarette-years. where 
cigarette-years = (cigarettes/day) X 
(years of smoking). 

A detailed report of each patient's 
occupational history was obtained 
via three c;erics of questions. First. 
subjects were asked to report all 
current and all past occupational ac­
tivities they had ever engaged in. The 
next phase of the interview gathered 
more infom1ation on each specific 
occupational activity they had ever 
practiced during their lives. This ad­
ditional information included the du­
ties and description of each job, the 
duration of each job. and the identi­
fica1ion of each company where they 
had worked (company's name and 
employer's name and address). The 
third group of que\tions focused spe­
cifically on occupational activities 
tha1 have been implicated in the eti­
ology of lung cancer by the Interna­
tional Agency for Resc;1rch on Can­
cer I IARCJ. TI1csc ocl·upations are 
lis1cd in Tables 2 and 3.7 TI1is phase 
of the interview determined how 

TABLE 2 
Occupations Implicated by the 
International Agency for Research on 
Cancer (IARC) in the Etiology of Lung 
Cancer (1982)-Group 1: Sufficient 
Evidence of Human Carcinogenesis 

Auramine manufacture . 
Boot and shoe manufacture and repair 

(certain exposures) 
Coal gasification (older processes) 
Coke production (certain processes) 
Furniture manufacture (wood dusts) 
lsopropanol manufacture (strong acid pro-

cess) 
Nickel refining 
Rubber industry (certain occupations) 
Underground hematite mini • · ·ng (with radon 

exposure) 

many of these activities ~ach subject 
had ever been involved in . 

. • d , ere comput· Quest1onna1re ata w . ., 
d ,·th univariate erized and analyze v. 1 h' 

· d . · er the c 1-analytica l metho c; usin° . . te 
square test and also wilh muluvana I 

. del . to contro logistic regression 1110 . s hctors. 
for possible confounding • · 

. . . d . iocconorn1c such ·1s smokrn° an soc . ·e 
• . o . the relauv 

status. and to esumate . , oci-
lhat W 'IS JS!> risk for lun° cancer • · 10 

a;ed with ;ccupational exposure 

carcinogens. c·incers 
The proportion of lung • osurc 

attributable to occupational ex~ I [ed 
. as caku a to lun~ carcinogens w · . al e:<· 

- · . "thcmauc, using the following m .. 
pression: 

Attributable Risk % 

Pr(RR- I) x 100% 
= Pr( RR - I ) + l 

. . k for 1u11g 
where RR is the rela11 ve ns ,re ::ind 

. . I expost cancer for occupat1ona ' 
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TABLE 3 
Other Occupational Exposures 

Summary 
Exposure Category Pot r II Evaluation• 

(present study) Ch ~n •la( Y Related Process(es) or (by the IARC, 
- - - - - - - - ·- ~m~c!. sl_('=ted by the IARC, 1982) 

Asbestos Asbestos - - - · - - - - - ~982) 
Construction and building Asbestos 

Wood dusts 1 
Textile industry Benzidine 1 
Petroleum and oil products Shale oils 

Mineral oils 

Colouring agents and dyes 
Metal casting furnaces 
Carpenters 

Soots (polycyclic aromatic hydrocarbons) 
Bcnz1dine 
Coke, coal tars, soots 
Carpentry and joinefy 
Wood dusts 

1 

3 

• IAAC rating: 1, sufficient evidence of carcinogenicity to humans; 3, not classifiable. 

Pr is the prevalence of the investi­
gated exposure in the population. 

Results 
Participation rates for the eligible 

cases and concrols both exceeded 
98%. For both cases and controls. 
men accounted for over 96'k of those 
exposed to one or more of the occu­
pations implicated in the etiology of 
lung cancer by the IARC. The num­
ber of women exposed among both 
cases and controls was very small: 
three and one. respectively. To deter­
mine whether there was a difference 
in expo!.ure 10 the implicated occu­
pational activities between control 
patients and control visitors. their 
prevalences of exposure were calcu­
lated. These rates were quite similar: 
12. 9% for control patients and 12.6% 
for control visitors. Therefore. these 
two groups were combined in subse­
quent analyses to increase the power 
of the study. 

cer. only men (11 := 714) were in­
cluded in Table 5. Again. the overall 
relative risk of lung cancer when 
smoking was controlled for was sta­
tistically significant (2.9: 95% CI. 
I . 95-4.31 ). The occupations and ex­
posures identified in our sample in­
cluded the following: materials con­
taining asbestos. metal casting 
furnaces. coloring agenrs and dyes. 
perroleum and oil products. the 1ex­
rile industry. carpenters. tanning pro­
cesses. and building and construc­
tion. The relative risk of developing 
lung cancer was increased for each 
of these individual occuparional ex­
posures: however. it was only statis­
tically significanrly for exposure to 
asbesros (2.7; 95% Cl. 1.54-4.65) 
and building and cons1ruction (2.8; 
95% Cl. 1.66-4.66). 

Table 6 lists male and female 
cases and controls by the number of 
cigareth!S smoked daily. As ex­
pected. the relative risk increa!-ed 
with the number of cigarettes 

TABLE 4 
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smoked per day. The relative risk of 
lung cancer for all cases and controls 
who smoked was increased (3.3; 
95'k Cl. 2.07-5.29 J. ll must be noted 
that a large number of both cases and 
controls were heavy smokers. as are 
most Greek men. The fact that 40% 
of the cases smoked over 70 cioa-

"' ~Ile~ per day. however. is excep-
tional. This extenc of smoking was 
not found in the controls. A large 
proportion of the controls did not 
smoke at all or smoked much lc:ss. 

The interaction between smoking 
and working in occupations impli~ 
cared in the etiology of Jun!! cancer is 
presented in Fig. I . In 1hi; analysis. 
s~oking habits were stratified by 
cigarette-years. where cigarette­
years = cigarettes/day x years of 
smoking. Because of the limited 
number of women in the sample 
exposed to occupations implicated in 
the etiology of lung cancer. only men 
were included in this ::malvsis. Ex­
cept for nonsmokers (only 4%. or 9 
of 256. of the male cases were never­
smokers). occupational exposure 10 a 
carcinogen or carcinogenic process 
conferred a nsk that was approxi­
mately threefold that of smokin!?. 
and this risk increased in a dos~­
dependent fashion with smokino 
h 

. e 
ab11. The relative risks and 95% Cls 

for smoking without occupational 
exposure were as foll ows: < 900 ci!?­
arette-years. 3.9 (95% Cl. 1.8-8.4); 
900 to 1480 cigarette-years. -LS 
(95% Cl. 2.2-10.'.!): and > l-l80 cig­
arette-years. 8.0 (95% Cl. 3.8-16.9). 
For smoking with occupational ex­
posure:. the rdativc risks and 95% 
Cls were as follows: < 900 cigareue 
years. 13.5 (95% CI. 5.4-33.8): 900-Tables 4 and 5 list the distribution 

of cases and controls by exposure to 
one or more of the occupations im­
plicated hy the !ARC in the etiology 
or lung cancer. The overall relative 
risk of developing lung cancer was 
significantly incrc;ised (3.0: 95% 
confidence interval !Cl]. 2.01-4.33) 
for 1hose exposed. Because of the 
limited number of \\'Omen in the 
sample exposed to occupations irn­
plica1cd in the etiology of lung can-

Distribution of Cases and Controls (Males and Females), by Exposure to One or 
More Occupations Implicated in the Etiology of Lung Cancer· 

Implicated 
Occupations 

Exposed 
Nonexposed 
Tolal 

Cases 
[n (¾)) - ----
85 (30.1) 

197 (69.9) 
282 (36.3) 

Controls 
[n (¾)) 

- - - ·- -- ·-·--
63 (12.7) 

431 (87.2) 
494 (63.7) 

Total 
[n] 

148 

628 
776 

• Relative risk = 3.0 (95% confidence interval (Cl), 2.01-4.33); >/ = 35.2, P < 0.001 . 
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no) Controlling for Smoking (males Only) 1 Exposure (yes, · of Occupat,ona 
TABLE 5 n Cancer. by Each Category Exposure Groups __ - - -
Relative Risks of Lu g - - Exposed 

Not Exposed c-ontrols 
Cases (n = 

62
) 

(n = 82)_ _ __ ---
Cases Controls 

Occupational Exposure 
(n = 174) _ _ (n = 396) RR 95¾CI 

- 62 82 
Category 

174 396 --Occupation ifTlohcated ,n 

----------2.9 1.95-4.31 

et,o!ogy of lung cancer 
215 Occupational exposure to 

430 41 

426 
asbestos 

209 
446 

Ccnstrvct•on and bu1ld1ng 
243 Textile ,r dustry 

1 243 446 Pe!rolel.im and oil produc s 
238 454 Colonr.g agents and dyes 
251 456 Metal casting furnaces 
252 458 Carpenters 

47 
13 
13 
8 
5 
4 

TABLE 6 d Controls (Males and Females), by Smoking Habit Distnbut1on of Cases an d i· 
(expressed in number of cigarettes per ay Total Number 

Cigarettes 
per Day 

Cases 
(n = 282) 

of Subjects Controls 

0 
1-45 

46-74 

27 
68 
73 

(n = 494.:..) _ _ _ R:-:R:--_ __ (n=. 77~) _ _ 

1.0 156 129 
127 
123 
115 114 

• >;2 = 39.4: P < 0.001. 

1480 ci!!arette-vears. 17.1 (959'c CL 
6.5-44.71: and > 1480 cigarette­
vears, 19.2 195~ Cl. 7.9-46.1). 
· The comparison of cases and con­
trol~ b\' educational level ~howed 
that pe~ple who had a higher educa­
tional level were o\'er-rcprescnted 
among the controls. Specifically. a 
low cduca1tonal le,·eJ ( <7 year,) was 
found in 73.W,;. of cases and 62.l'k 
of control<.. while a high educational 
level ( > 12 years) was found in 
I 0.9'J of comrol, and 6.4~} of the 
ca ... e., rx~ = 9.29. P < O.<>I 1. These 
difference., were then controlled for 
by using a multi\'anate logis11c 
model for 714 obser\'at1on, ( male,; 
only l. The dependent variable was 
the presence or Jbsence of lung can­
cer, and the independent v:mable., 
were smoking (exprcs~cd in ciga­
ret1e-years1. level of education. and 
exposure lo one or more occupations 
implicated in the etiology of lung 
cancer. The relat1\'e risk for lung 

26 195 
2.9 196 
4.7 229 

cancer. based on occupational expo­
sure. remained almost tripled (2.9: 
95~ CI. 2.38-3.53). For cases with 
occupational exposure. the relative 
risk for developing lung cancer 
based on smoking was also signifi­
cantly increac;ed (2.15: 95% CI, 
1.69-2. 73 ). No significant effect was 
found for educational level ( 1.04; 
95% Cl. 0.97-1.18). 

Finally. the relative risks of each 
specific occupational exposure were 
also calculated by using multivariate 
analyses. As in the univariate analy­
ses. the relative risk of developing 
lung cancer was increased for each 
of these individual occupational ex­
posures: however. it was only statis­
tically !,igni fican1ly for exposure to 
asbestos (2.78: 95% Cl. 1.64-4.69). 

U'>ing a relative ri-;k of 3. based on 
the multivariate analysis. and a'>sum­
ing that 5rh of the country's popula­
tion i, exposed to Occupational lung 
carcinogens. an attributable risk per-

30 2.7 1.54-4.65 

32 
12 

2.8 1.67-4.67 
2.0 0.89-4.41 

12 1.8 0.78-3 99 
4 3.2 0.93-11.19 
2 4.2 0 98-18.15 
0 5.3 0.66-32.21 

centage of 9.9% is obtained. Assum­
ino that JO% of the country's popu­
la~ion is exposed lo . these 
occupations. the attributable nsk per­
centage is 16.6%. 

Discussion 
Our study indicates that o~cupa­

tional risk factors contribute signifi­
cantly to the development of lung 
cancer in Greece. Specifically. the 
relative risk for lung cancer~ '~~s 
sionificantly increased (2.9; 95 0 ' 

~ eOl-.+.33) among persons with ex­
- · f the occu­posurc to one or n:ore o . o ' of 
pation~ implicated tn the eu~~o:~di-
lung cancer by the IARC. . 

- . I ·ure to .i car-tion. occupat1ona expos _ 
. . process con cinooen or carcinogemc ,,

5 c . . · k that w .. fcrred an add1llonal m d ·sk 
. . . h · crease n multiphcat1ve with I e in h'le the 

due to smoki ng. Finally, w 1 'but-
. . ·ers are attn maJonty of lung cane · esti-

able to cigarette smoking. we 
17

% 
~ · I 10%-mated that approximate Y , ·b-

. G ·ecc are ,1ttn of lung cancers tn re osures. 
· al exp · utablc to occupatton r the 

Because Greece is a member -0t)' in-
- . C mmun1 . European Econormc O ... f ety pro-

dustrnl hy0 icnc and work s,I . rap-
. ' e • g there 

orams have been evolvtn_ , the)' 
~ , ,o years. ,1s idly over the last - Because 
have elsewhere in Europe. 

1
, ienc)' 

· Ion" •1 
lung cancers require _a . , 

1
"" xposurl! 

t n,,111,1 e, f period hctween t 1c O O anY o 
. . f c-1ncer. rn d and the d1a1mos1s o • ,J c:-

- occurn: the relevant exposures . 
1 

other 
cadcs before our study. As 11 
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Relatlve risk• 

4 

2 
0 -t-a..J:.....llllilllli,ll..___.li 

0 9-
14.8 

>14.8 

No exposure 

smoking by hundreds of cigarette 
years 

. Fig. 1. R1~k of lung cancer in Greek men a.~ a function of ~making and cxpo~re 10 occupations 
1mphca1~<l in lung c.incer by the lntemauonal Agency for Research on Cancer. 

countries. many of these exposures 
preceded the recognition of various 
occupational risk factors for lung 
cancer and modem hygiene controls 
and occupational standards. 

The potential limitations and bi­
ases of this study must be acknowl­
edged. First. two groups of controls 
were used: visitors to the hospitals 
where cases were being treated and 
patients hospitalized for problems 
other than lung diseases and/or can­
cers (fractures and eye problems). 
Preliminary analy-.es. however. 
found no substantial differences be­
tween the two groups in the preva­
lence of exposure ( 13% in both 
groups). There was also no differ­
ence in the crude relative risks. using 
each control group separately. This 
allowed us to combine both groups 
of controls to increase the power of 
our study and proceed with further 
statistical analyses. 

We chose our control groups to 
represent the general population as 
well as hospitalized patients with 
condition;; expected to be unrelated 
to the exposures being studied. Other 
epidemiologic studies in Greece 
h;1ve also ;,;;cu hospital visitor,; as 
controls. s 9 It has been a practical 
and culturally acceptable method of 
obtaininu controls from the general 

~ 

population. The second con1rol 
group we used comprised pa1ienLc; 
hospitalized with conditions not ex­
pected 10 be related 10 the exposures 
being studied. Because their symp­
toms are believed to be unrelated to 
environmental factors. orthope­
dic'' - 11 and ophthalmologic1.' pa­
tients have been used in other case­
control studies of cancer in Greece. 

Recall bias is always a concern in 
case-control studies. bu1 we feel it is 
an unlikely explanation for our re­
sults. First. in Greece. 11 is not man­
datory for doctors to inform patients 
that their disease is malignant. and 
many of the cases were unaware that 
they suffered from cancer. Second. at 
the time of the study ( 1987-1988). 
most Greeks h,1d very link appreci­
ation of possible etiologic relation­
ships between occupational expo­
sures and cancer. 

While the interviewers were not 
blinded to disease s1;11us. the use of a 
standardized. closed-ended interview 
process that '-Ought occupatwnal ex­
posures through three separate series 
of questions w:1s \'cry unlikely to 
differen11ally misclassify exposure. 
Random misd;1ssitica1ion of expo­
sure. on the otlwr hand. would have 
biased n:sult,; 10w;1rd the null. There­
fore. to the extent that this occurred. 

33 

our resul1s undercs1ima1e the true 
risks of occupational exposure. 

Selection bias is al,;o theoretically 
possible. but there is no reason to 
speculate that exposed persons with 
lung cancers would be hospitalized 
at a higher rate than would nonex­
posed individuah. Differential par­
ticipation ratcc; among exposed and 
noncxposed persons cannot explain 
the results since pan1c1pation rates 
exceeded 98':"i: in cases and controls. 

The potential confounding factors 
of sex. cigarelle smoking. and socio­
economic status ( indicated by educa­
tional level) were accounted for by 
multivariate analyses. Because of the 
limited number of women who par­
ticipated in this in\'estigation. female 
respondents were remo\'ed from lhe 
multivariate analyses. The smok.imi: 
habits of cases and controls were 
examined using two melhods: num­
ber of cigarettes smoked per day and 
number of cigarette-years. \\'hich 
was considered to be a more exact 
expression of lifelong exposure. In 
our study. 90C:C of lhe cases and 
approximately 75<x of lhe controls 
were smokers. Consequently. smok­
ing was a powerful risk factor and a 
strong confounder in this study. 

Nonetheless. multivanate analysis 
showed that exposure to one or more 
of the occupations implicated in the 
etiology of lung cancer by the !ARC 
increased risk independently of 
smoking status. Controlling for 
smoking changed the relative risk 
only a small amount (2.95 1·s '.!.9). in 
agreement with other studies:U-' We 
also found a signiticantly increased 
risk of lung cancer for occupations 
involving exposure 10 ;1sbestos fibers 
and building and construction work. 
On the other hand. the relative risks 
for other individual exposures were 
consistcn1ly increased but without 
statistical significance. possibly be­
cause of the small sample sizes of 
these groups. 

In the univariate analysis. we 
found that 30'1/c· of the c;Lc;c:s and 13% 
of the controls h;1d been exposed to 
one or more occupations implicated 
in the etiology of lung cancer. How-
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I lh , ••t.·nl.'rJI , h. n.>f'\:t:01:l~I.' l' l :-c.:H'r. I l , , - ~ I) • n..hl.'J l !-

. ' th ·unnh1bok llr inixcd-fibcr 
Sl'll' " 1 • r · 1.11-•r •1,Ns in rcla-TI ·,c l i c l: "" . 

t:\p<Y,Ufl', lcn•• , tuJ1c~ (nuld be Jue 

tion of smoking _~1_nd occupational 
cxpo~urc 10 he add1t1vc for ironwork­
er~ but multiplicative for workers 
rrom "other plants." Review of the 
interaction between smoking and a 
variety other exposures reveals vari-

ul:llil)O v,:1.:"up:1t1,,11J ~ l 'r . . . 
pvr I 1l\\ n N,,nl.'lhl.'k:-,. l'll thl.' t-,;1:-1, 
n,,1 ,-.n r •. 1,(,n· 

i . ·n u onJ ,,1ha JJt,1. it 1!- l, ·. 

t1,c n.;k ;11\\l> :: . , , r du-
. . t 'll•,il \' ' lllUJ 0 to d1fkrc:ni.:i:, Ill inc.: . • . . . . 

. 1· , nti,urc: Ill ;isbc,w~. ·'" r.111on o c \, .. · of o ll ' ' 1, . ,t "'i'i- 1,1 the 
aL.k 11, J:-:-ume th.11 :11 c;.1. • 
,, ,. an (1..:·1.:"u­

Gr .. 1,.. populllll,n "N"' in . 

~11 . I ) JiffrrcnCC!, Ill the' 1y~ 
\\c.: ·' ' l · • - , • .1 lound 
fthi:r( , ) '""''" i:J. Hind!- d ,1 . ti· . 

f . . ,o F ous pat1crns o interaction.· or ex-

a~~n imphi.:a1l.'d in thl.' 1.'t1,,t,,g~: ot 
p o - cc:r \\'11h 1h1, ;bsumpuon. 
lun=- 1.an · . I) I)'.. If we 
the annbutabk n,k i, . , . 

' e that I O<i- of the: Gred: pop-3!,. urn h pa 
ulation i, c:xpo:-ed 1,, sue l\CCU : 

. then ihi: annhutabk nsk tions. 
h I'- '-'r Toes.: e~11ma1es arc reJI.'." es ,,.u · · . . 

s1rn1l:ir IO Lho~c found in s1ud1c,; . in 

the l :nited S1:i1es. which had attnb­
utahle risk, of 9<7, i ~ and between 
l ➔i:i- and :!➔'i- . 11' 17 and that of Dam­
her and ~ son. 11, who found an 
attributable ri sk of 9 '7r in Northern 
$\\eden. On the 01her hand. Wang et 
al,., found an :i1Lribu1able risk of 2% 
in China. It is likdy. however. that 
thev underestim:ned the actual pop­
ulaiion · s attributable nsk because of 
the use of patients with other non­
lun2 cancers as controls. 

Our results for occupational expo­
sures are similar to those from other 
in,·es1i2a11ons For example. Kjuus et 
af11 c;lculated the relative risk of 
lum! cancer a!. 2.3. on the basis of 
occ~pational exposures to lung car­
cinol!en~. Pastorino el al11 found a 
relat;,.e risk of 2.1. and K vale et al~1 

found a relati\'e ri-;k of 2.1 ( 1.7 when 
ad Justed for smoking). Blot ct af' 
calculated the relative risk of lung 
cancer lo be approximately 2 for 
those subjects working in iron found­
ries. 

For tho!.c subjects exposed to as­
besto~. Hind-. et al~-1 calculated a 
relall\'e nsk of lung cancer of 12.6. 
while in our ~tudy 1hc relati\le risk 
was 2.8. which i, closer to the ones 
found in other s1udie!I. For example. 
Morabia ct al 15 cakulated a relative 
risk of 1.8: Martischnig et al.~~ 2.4: 
and Damber and Lar~~;n, 1K 2.6 for I 
year or more of c:xposure and 3.6 for 
20 or more year~ of cxpo~un.:. rc­
spcctivdy. A mcta-analysi,; of 28 
studies by Hughcc; and Wci111

'' found 
overall rela1ivc risks of I 23 for tho<;c 
subjects with nearly cxclu!,I\IC)y 
chrysotilc exposure and 2. 17 for per-

a higher rclati,·~ ~:-k .imon~ su .t:t~ 
"ho were: da~s1t11:d as ha, mg ::-
asb\!stos expo~urc." 

For those ~ubjccts exposed to con-
d b 'Id no we found a s1ruct1on an ui I r:• . . 

· 
1 

- ,. of "l 79 which 1s similar re auve ns,-. - · · 
to the: relative risk of 2.0 found . by 
Hamnl!ton et al~1 for cons1ruc11on 
workc;;; in Georgia. Similarly. Cog-
2on el al"" found rclat1\le risks of 1.7 
for "building laborers" an~ 1.8 for 
"cons1ruction workers:· while Mora­
bia et al 1 ~ found a relative risk of 1.9 
for "construction laborers." Wang et 
al,,, found smaller but s1ill elevated 
relative risks for Chinese construc­
tion workers: 1.21 for males and 1.63 
for females (the latter failed to reach 
statistical significance). Again. the 
study by Wang el al may have un­
derestimated risks because of the use 
of patients with cancers other than 
Juno cancers as controls. Yamaguchi ::, 

et al~'' found nonsignificantly in-
creased relative risks of 1.95 (95% 
Cl. 0.97-3.94) and 1.79 (95% Cl, 
0.86-3.71) for building construction 
and road construction workers. re­
spectively. 

Occupational exposure to a carcin­
ogen or carcinogenic process con­
ferred a mk that was approximately 
threefold that of smoking and that 
increased in a dose-dependent fash­
ion. This 1s consistent with the mag­
nitude of the overall relative risk 
(2.9) for lung cancer. based on occu­
pational exposure in our ~1udy. The 
fact that only nine of the male ca.ses 
were nonsmokers in our study (and 
all nine were unexposed) limited our 
ability to examine the risk of expo­
sure in nonsmokers. Pastorino ct af 1 

aho found that occupational expo-
sure<; muhipl1ca1ively increase the 
risk of lung cancer in a fac,hion that is 
dose-dependent with smoking habit. 
Yamaguchi cl al"'' found the intcrac-

ample. most evidence suggests a 
multiplicative interaction for asbes­
tos and uranium mining. while inter­
actions ranging from less than addi­
tive to greater than mulliplicative arc 
found in studies of various non­
uranium miners. 

In conclusion. we found that occu­
pational risk factors contribute sig­
nificantly to the development of lung 
cancer in Greece and that the risk of 
occupational exposure appears t~ be 
multiplicative of that of smoking. 
The !!eneral agreement of our results 
with- those of investigators from 
other countries makes chance an un­
likely explanation for the increased 
risks seen with occupational expo­
sure. Given that occupational expo­
sures and smoking appear to interact 
multiplicatively. reducing exposure 
to either may have a greater effect 
than that expected from the ~epar.ite. 
indi vidual attributable risks of 
each. u o Therefore. preventive __ ef­
forts should focus on both limi~tng 
occupational exposures to carcino­
oens and carcinogenic processes an~ 
0 

• the work­reducing smoktng among 
force. 
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A Minnesota man announced 10 tus p;L~tor 1hat he was leaving the church Ix-cause he had 
finally golll"ll ,1round to reading "that book" the p.1.,tor w;is always quuung Imm. anJ he \\aS 

I d. · 1 ., It Jiad a lot of llll'e thin"s 10 SJ" Jbout St. Paul. the man moaned. but not deep y 1sappo111 cu. . :::,· . · , 
a single word about hi~ homc1own. M111ncapohs. 

-From Landers A. Philadd11hia Inquirer. September 4. 1998. P E:!. 




