
Print ISSN: 0355-3140 Electronic ISSN: 1795-990X Copyright (c) Scandinavian Journal of Work, Environment & Health

Downloaded from www.sjweh.fi on March 10, 2016

Original article
Scand J Work Environ Health 1999;25(5):422-429 
doi:10.5271/sjweh.455

Occupational risk factors for lung cancer among young men
by Kreuzer M, Pohlabeln H, Ahrens W, Kreienbrock L,
Brüske-Hohlfeld I, Jöckel K-H, Wichmann HE

Key  terms:  asbestos  exposure;  case-referent  study;  occupation;
young adult

This article in PubMed: www.ncbi.nlm.nih.gov/pubmed/10569462

http://www.sjweh.fi/show_issue.php?issue_id=43
http://www.sjweh.fi/show_abstract.php?author_id=1316
http://www.sjweh.fi/show_abstract.php?author_id=1317
http://www.sjweh.fi/show_abstract.php?author_id=1318
http://www.sjweh.fi/show_abstract.php?author_id=1319
http://www.sjweh.fi/show_abstract.php?author_id=1320
http://www.sjweh.fi/show_abstract.php?author_id=1321
http://www.sjweh.fi/show_abstract.php?author_id=1322
http://www.sjweh.fi/show_abstract.php?keyword_id=1064
http://www.sjweh.fi/show_abstract.php?keyword_id=111
http://www.sjweh.fi/show_abstract.php?keyword_id=74
http://www.sjweh.fi/show_abstract.php?keyword_id=1320
http://www.ncbi.nlm.nih.gov/pubmed/10569462


Scand J Work Environ Health 1999;25(5):422-429 

Occupational risk factors for lung cancer among young men 
by Michaela Kreuzer, PhDJL2 Hermann Pohlabeln, MSC,~  Wolfgang Ahrens, PhD,3s4 Lothar Kreienbrock, 
PhD,'r5 Irene Bruske-Hohlfeld, MD,' Karl-Heinz Jockel, PhD,4 H Erich Wichmann, MD1 

Kreuzer M, Pohlabeln H, Ahrens W, Kreienbrock L, Bruske-Hohlfeld I, Jockel K-H, Wichmann HE. Occupational 
risk factors for lung cancer among young men. Scand J Work Environ Health 1999;25(5):422-429. 

Objectives This study evaluated whether occupational exposure plays a role for lung cancer at a very young age. 
Methods In a pooled analysis of 2 German case-referent studies including 3498 incident cases among men and 
3541 male population referents, a group of men (187 cases and 202 referents) aged 245 years was compared with a 
group of 2186 cases and 2146 referents aged 55-69 years. Occupational exposure to known (A list) or suspected 
(B list) lung carcinogens was assessed using job and industly codes, and exposure to asbestos was assessed using 
job-specific supplementaly questionnaires. A conditional logistic regression was used to calculate the odds ratios 
(OR) and to control for smoking. 
Results Asbestos exposure showed an odds ratio (OR) of 2.39 [95% confidence interval (95% CI) 1.414.041 for 
the younger group and 1.46 (95% CI 1.24--1.72) for the older group. Having ever worked in a job belonging to the 
A list as compared with never working in an A- or B-list job was associated with a significantly increased risk for 
the younger (OR 2.06,95% CI 1.034.12)  and older (OR 1.35,95% CI 1.10-1.65) groups, adjusted for asbestos. 
Lung cancer risk for those working in A-list jobs at a very young age (under 16 years) was increased in the younger 
group (OR 6.14,95% CI 1.41-28.01) in contrast to the older group (OR 1.19,95% CI 0.91-1.63). 
C O ~ C ~ U S ~ O ~  Occupational risk factors play an important role for lung cancer among young men. Early age at first 
exposure may favor an early age of the onset of lung cancer. 

Key terms asbestos exposure, case-referent study, occupation, young adults. 

Lung cancer is the leading cause of death from cancer 
among men in Germany, with a crude mortality rate of 
72.9 per 100 000 of the population in 1993 (1). About 
2% of these lung cancer deaths occurred at an age of be- 
low 45  years. There is little knowledge about causes for 
the early onset of lung cancer. Excessive exposure to car- 
cinogenic substances or genetic susceptibility are dis- 
cussed in this respect. A few studies on young lung can- 
cer patients identified smoking as an important risk fac- 
tor (2-7), and 3 recent studies indicated a higher genet- 
ic susceptibility among younger cases (7-9) than among 
older cases. Occupational risk factors for lung cancer at 
a young age have not yet been investigated in detail. 

Doll & Peto (10) estimated that about 15% of lung 
cancer cases are attributable to occupational risk factors 
for  men over all ages in  the United States. This 

estimation has been shown to be comparable for West 
Germany (11). In a pooled analysis of 2 case-referent 
studies, conducted between 1988 and 1994 in Germany, 
both with a detailed assessment of occupational history, 
we investigated a group of younger cases and referents, 
aged 45  years or less. The aim was to evaluate whether 
occupational exposure plays a causal role for the devel- 
opment of lung cancer at a young age. In addition we 
compared the results with those for an older case-refer- 
ent group (55 to 69 years of age) from the same study, to 
look at possible age-dependent differences in exposure 
and lung cancer risk. 

Young worker populations are of particular interest 
for retrospective case-referent studies on lung cancer and 
occupation because exposure histories are not so far back 
in the past and the number of jobs the person has had is 
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lower as compared with that of older cases. Occupation- 
al exposures among young workers tend, therefore, to be 
more accessible, more accurate, and less confounded by 
other exposures. 

S~bjects and methods 

Study design 
The data were derived from 2 large case-referent studies 
conducted in Germany. One of the studies, the BIPS 
study (Bremen Institute for Preventional Research and 
Social Medicine) on lung cancer and occupation, was 
carried out between 1988 and 1993 in Bremen and Frank- 
furt and the sussounding areas. It included 1004 cases and 
the same number of population referents, individually 
matched for region, gender, and age (+5 years) (12). The 
other study on lung cancer and indoor radon was con- 
ducted by the GSF (GSF National Research Centre for 
Environment and Health) from 1990 to 1996 (13). It cov- 
ered parts of Northrhine-Westphalia, Rhineland Palati- 
nate, eastern Bavaria, the Saar region, and Thuringia and 
Saxony in eastern Germany. Since this study was still in 
progress when the analysis began, only a subset of inter- 
views carried out up to the end of 1994 was used for the 
pooled analysis. It consisted of 3180 cases and 3249 pop- 
ulation referents, matched by frequency for region, gen- 
der, and age (5-year categories). 

Incident cases of lung cancer were selected from 
study clinics located in the defined study areas of each 
study center. The inclusion criteria were a histologically 
or cytologically confirmed primary tumor and a date of 
diagnosis within 3 months before the interview. Popula- 
tion referents were randomly selected from population 
registers (BIPS study, part of GSF study) or by random 
digit dialing (part of GSF study). The inclusion criteria 
that applied to both the cases and referents were current 
residence within the study area and an age of less than 
75 years (GSF study) or year of birth after 1912 (BIPS 
study). Further details on both studies have been pub- 
lished elsewhere (7, 12, 13). 

For the present study we restricted the analysis to 
men. The subjects were defined as young when they were 
aged 545 years, as was the case in a previous analysis 
(7). For purposes of comparison, an older age group con- 
sisting of subjects 55 to 69 years of age was defined. The 
subjects aged 46 or 54 years were excluded so that the 2 
age groups would be clearly separated, and those over 
69 were excluded because their recall for past exposures 
might be less accurate than that of the subjects from the 
younger age group. The response rate for eligible cases 
was 68% in the BIPS study and 77% in the GSF study. 
The corresponding rates for the population referents were 

69% and 41%, respectively. For both the cases and 
referents in both centers the response rates were slightly 
higher for younger cases and referents than for older ones. 

Table 1 shows some basic characteristics of the study 
population. Altogether 187 young cases and 202 young 
referents were included, while the older group consisted 
of 2186 cases and 2146 referents. The mean age was 41 
years in the younger group of cases and referents and 62 
years in the older group. The youngest lung cancer pa- 
tient was 29 years of age. 

Exposure assessment 
Standardized questionnaires were applied by trained in- 
terviewers to determine basic demographic characteris- 
tics in addition to a detailed lifelong smoking history in 
a face-to-face interview. Occupational exposures were 
evaluated on the basis of a lifelong job history and a sup- 
plementary, job-specific questionnaire (14). 

All occupations during a lifetime were evaluated in 
a concept of job periods, a new period being defined as 
change of job or industry. For each work period, the job 
title and industry were coded according to standard Ger- 
man classifications (15, 16). A list of jobs, branches and 
industries in which a carcinogenic risk for lung cancer 
has been confirmed (A list) and a list of occupations re- 
ported to present a lung cancer risk, but for which the 
currently available results of risk assessment cannot be 
considered definitive (B list), was matched as closely as 
possible to the 3-digit code for job titles and the 5-digit 
code for departments within industries. This allocation 
is based on international standard classifications of oc- 
cupations [ISIC (17)] and industries [ISCO (18)l. Both 
lists originate from Simonato CL Saracci (19) and Boffet- 
ta et a1 (20) and were recently i,vised by Ahrens & Mer- 
letti (21). If a subject had worked for at least 6 months 
in an occupation on the A list (B list) at any time in his 
life, he was defined as exposed in an A list occupation 
(B list occupation). Table 2 lists in detail all occupations 
and industries classified as belonging to the A list, and 
table 3 gives those belonging to the B list. Asbestos ex- 
posure was assessed on the basis of 17 job-specific sup- 
plementary questionnaires in a semi-automated way, 
these questionnaires yielding exposure values expressed 
in calendar years of exposure and duration in days (12, 
14,22,23). To be defined as an asbestos-exposed work- 
er a subject had to have worked for a period of at least 6 
months in a particular occupation. 

Subjects were defined as smokers if they had ever 
smoked regularly (at least 1 cigarette per day, 4 cigaril- 
los per week, 3 cigars or 3 pipes per week) for a period 
of at least 6 months. In a concept of smoking periods, 
based on changes in either quantity or type of tobacco 
product, we ascertained dates of start and end, the quan- 
tity and type of tobacco consumption (cigars, cigarettes, 
pipes, cigarillos). This information enabled us to con- 
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Table 1. Characteristics of both age groups by case-referent status. (BIPS = Bremen Institute for Preventional Research and Social 
Medicine, GSF = National Research Centre for Environment and Health) 

All study 
BIPS study 
GSF study 

Family status 
Single 
Married 
Widowed 
Divorced 
Unknown 

Education 
<9 years 
9 years 
10-1 1 years 
21 2 years 
Other 

Smoking status 
Lifelong nonsmoker 
Ever smoker 

Pack-years 
Lifelong nonsmoker 
t 2 0  
20-39 
240 

Other tobacco productsa 

545 years 55-69 years 

Cases Referents Cases Referents 

a Cigars, cigarillos, and pipes only. 

Table 2. Number of subjects who had, at some time, worked for at least 6 months in industries and occupations entailing known lung 
carcinogens (A list). 

Industry or occupation including 
known carcinogens (A list) 

245 years 55-69 years 

Cases Referents Cases Referents 
(N) (N) (N) 

N Smokersb (%) 

Agriculture or vineyard workers using arsenical insecticides 
Mining or iron-ore mining 
Asbestos production 
Metals or iron and steel founding 4 
Metals (nonferrous basic industries: smelting, alloying, . . .) 
Pickling operations, chrome plating, electroplating 
Brazing 
Shipbuilding, motor vehiclea industry, railroad manufacturing workers 11 
Coke plant workers 
Gas workers 
Insulators and pipe coverers 2 
Roofers 5 
Asphalt workers 5 
Painters 15 

a lSlC codes 3841, 3842 not including motor vehicle mechanics (3843); see reference 21. 
Percentage of ever smokers, provided that the number was greater than 20 only. 

struct variables in terms of total duration in years and 
the average and cumulative consumption of cigarettes. 

Statistical methods 

The individually matched cases and referents of the BIPS 
study and frequency matched cases and referents of the 

GSF study were stratified post hoc according to the 
matching variables age (5-year groups) and region (17 
categories). A risk analysis was carried out by means of 
conditional logistic regression (24), using the SAS pro- 
cedure PHREG (25). We calculated odds ratios (OR) ad- 
justed for the matching criteria age and region (OR,), and 
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Table 3. Number of subjects who had, at some time, worked for at least 6 months in industries and occupations entailing suspected 
lung carcinogens (B list). 

Industry or occupation including 545 years 55-69 years 
suspected carcinogens (B list) 

Cases Referents Cases Referents 
(N) (N) (N) -- 

N Smokersb (%) 

Butchers and meat industry workers 1 2 
Leather industry or tanners and processers 
Wood industry or carpenters and joiners 7 9 
Printing or rotogravure workers, printing pressmen and binders 3 1 
Occupations in the rubber manufacturing industry 2 1 
Ceramics industry or ceramics and pottery workers 2 1 
Glass industry workers 1 1 
Motor vehicle manufacturing industry or mechanics, welders, etc 2 1 13 
Transport or railroad workers, bus and truck drivers 22 10  
Operators of excavating machines 3 
Laundry and dry cleaners 

--- 

a lSlC codes 3841; see reference 21. 
Percentage of ever smokers, provided that the number was greater than 20 only. 

also odds ratios additionally adjusted for potential 
confounders. Smoking was included in all the models 
(OR,) by fitting pack-years as a continuous variable 
(log(packyear+l)), type of tobacco product as a binary 
variable (cigarettes or other tobacco products only, ie, 
cigars or pipes), and time since stopping smoking as a 
categorical variable with 4 categories (current smolcer or 
quit since 2 years, quit since 2-5, 5-10, >10 years). 
Asbestos exposure was included in the model as a con- 
tinuous variable of duration of asbestos exposure in days 
(OR,). The inclusion of a study-specific interaction term 
in the logistic model resulted in no improvement in the 
fitting of the regression models. We have therefore, re- 
ported only results obtained without a study-specific in- 
teraction term. 

The differences in the odds ratios between the older 
and younger age groups were formally tested by com- 
bining the data sets of the younger and older subjects and 
by including, in addition to the terms exposure variable 
and age group, an interaction tern1 for exposure and age 
group in the logistic model. A statistically significant 
interaction term indicated a significant difference in the 
odds ratios for both age groups. 

Slightly more young cases were lifelong nonsmolcers 
(5.3%) than old cases (1.5%) (table 1). This result also 
proved to be tme for the referents (24.3% versus 21.3%). 
Lung cancer risk for ever smokers was increased 6-fold 
for the young men [OR 5.5, 95% confidence interval 
(95% CI) 2.7-1 1.31 and 19-fold for the older men (OR 
18.5, 95% CI 12.9-26.7). However, smoking pattern 
was completely different in the younger and older groups 

of subjects with respect to duration of smoking, level of 
consumption, use of filter cigarettes, tar content of ciga- 
rettes smoked, and so on. An analysis on the basis of the 
variables duration of smoking and average or cumulative 
consumption of tobacco products produced significantly 
increased exposure-response relationships, with risk es- 
timates not differing greatly between the older and 
younger men. 

Table 4 presents the results for asbestos exposure. 
Among the older referents, 22% of the subjects had been 
exposed to asbestos at the workplace at some time (for 
at least 6 months), compared with 18% among the young- 
er referents. The cases, however, showed differences in 
exposure by age. Forty percent of all the younger cases 
had, at some time, been subject to an occupational as- 
bestos exposure, as compared with only 30% of the old- 
er cases. After adjustment for smoking, asbestos expo- 
sure was associated with a 2.4-fold significantly in- 
creased lung cancer risk in the younger group, whereas, 
among the older age group, a 1.5-fold increased risk was 
observed. This difference in risk estimates was statisti- 
cally significant. When duration of exposure in days was 
taken into account, a higher lung cancer risk at each lev- 
el of exposure was established for the younger group than 
for the older group. The trend test for log(duration of as- 
bestos exposure in days + 1) proved to be statistically 
significant for both age groups. 

The job or industry for which exposure to asbestos 
was reported most frequently was that of motor vehicle 
mechanics occupied with relining brakes or clutches (21 
younger cases and 12 younger referents and 117 older 
cases and 86 older referents), followed by insulators, who 
sprayed asbestos insulation or worked with asbestos pan- 
els or matting (21 younger cases and 10 younger refer- 
ents and 154 older cases and 85 older referents), 
electricians, who insulated with asbestos material, and 
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Table 4. Lung cancer risk for occupational exposure to asbestos by age group. (OR = odds ratio, 95% CI = 95% confidence interval) 

s45 years 55-69 years 

Cases Referents ORia OR* 95% CI Cases Referents ORia ORZb 95% CI 
(N) (N) (N) (N) 

Asbestos exposure 
Never 113 166 1.00 1.00 1527 1670 1.00 1.00 
Ever 74 36 3.08 2.39 1.41-4.04 659 476 1.53 1.46 1.24-1.72 

Duration in days 
Never 113 166 1.00 1.00 1527 1670 1.00 1.00 
0-459 25 12 2.88 2.45 1.05-5.68 257 214 1.32 1.33 1.05-1.68 
460-1 399 22 16 2.26 2.09 0.94-4.67 172 128 1.48 1.39 1.05-1.84 
21 400 27 8 4.80 2.72 1.13-6.55 230 134 1.91 1.71 1.31-2.23 

Log(duration in days t 1) . 1.18 1.13 1.04-1.22 . 1.07 1.06 1.04-1.09 

a Adjusted for age and region. 
Adjusted for age, region, and log(pack-yeartl), type of tobacco (binary), and time since stopping smoking 

locksmiths or tinsmiths who used sealings, mats or fil- 
ters containing asbestos. In the younger age group, also 
roofers and dockers who had worked with asbestos ma- 
terials proved to be a significant exposure group. 

The subjects who had at some time worked in indus- 
tries or occupations of the A list (jobs recognized to 
present an excess risk of lung cancer, for a detailed list 
see table 2), showed significantly elevated odds ratios in 
both age groups (table 5), being higher in the younger 
group with an OR, of 2.06 (95% CI 1.05-4.02) than in 
the older group (OR, 1.33,95% CI 1.10-1.62). Both of 
these odds ratios were adjusted for smoking. To obtain 
some measure of risk independent of asbestos-related 
risk, we additionally adjusted for asbestos exposure, and 
this adjustment resulted in slightly decreased odds ratios 
for both age groups. The differences in the risk estimates 
did not reach levels of statistical significance. In order 
to determine whether occupational exposure at a very 
young age was associated with the early onset of lung 
cancer, we categorized the subjects into those exposed 

very early (<I6 years of age) and late (216 years of age). 
In the younger age group, working in a job of the A list 
at an age of <16 years was associated in the first instance 
with an OR, of 6.14 and an OR, of 1.51 for subjects from 
the younger group who started to work later (table 5). 
For those in the older group who had started to work very 
early, no elevated risk was observed. 

Elevated risk estimates were obtained for both age 
groups for which jobs involving known (A list) and sus- 
pected (B list) carcinogens were considered separately, 
with subjects who were never exposed in a job of the A 
or B list being applied as the reference category (table 
6). The workers classified under the A list exhibited, 
compared with the reference category "no exposure from 
A- or B-list jobs", a significantly increased lung cancer 
risk in both age groups, independently of asbestos expo- 
sure. Lung cancer risk was twice as high among the 
younger subjects than the older subjects if they had 
worked for longer than 15 years in a job included in the 
A or B list. The odds ratios for men who had started to 

Table 5. Lung cancer risk for jobs entailing exposure to known lung carcinogens (A list) by age group. (OR = odds ratio, 95% CI = 95% 
confidence interval) 

Exposure to A list ~ 4 5  years 55-69 years 

Cases Referents ORia ORZb OR3' 95% CI Cases Referents OR,a ORZb ORaC 95% CI 
(N) (N) (N) (N) 

Never A 149 182 1.00 1.00 1.00 1760 1861 1.00 1.00 1.00 
Ever A 38 20 2.24 2.06 1.84 0.94-3.63 426 285 1.57 1.33 1.24 1.02-1.50 

Duration of exposure in years 
<15 years m 23 13 2.10 2.22 1.89 0.82-4.37 275 192 1.50 1.38 1.30 1.02-1.63 
21 5 years 15 7 2.47 1.83 1.80 0.61-5.14 151 93 1.70 1.26 1.19 0.84-1.56 

Age at start of work in an A-list job 
<16 years 14 3 5.43 6.14 5.52 1.27-23.28 116 90 1.37 1.19 1.12 0.80-1.54 
21 6 years 24 17 1.66 1.51 1.34 0.59-2.78 310 195 1.67 1.40 1.34 1.03-1.63 

a Adjusted for age and region. 
Adjusted for age, region and log(pack-yeartl), type of tobacco, and time since stopping smoking. 
Adjusted for age, region and log(pack-yeartl), type of tobacco, time since stopping smoking, and asbestos exposure. 
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Table 6. Lung cancer risk for jobs entailing exposure t o  known or suspected lung carcinogens (A or B list) by age group. (OR = odds 
ratio, 95% CI  = 95% confidence interval) 

Exposure to A s45 years 55-69 years 
or 6 list 

Cases Referents OR,a OR* OR3C 95% CI Cases Referents OR,a OR* ORSC 95% CI 
( 1  (N) (N) (N) 

6, never A 38 26 2.14 2.15 1.72 0.87-3.41 563 403 1.72 1.40 1.35 1.13-1.61 

Ever A 38 20 2.56 2.36 2.06 1.03-4.12 426 285 1.81 1.46 1.35 1.10-1.65 
Duration of exposure in an A- or B-list job 

< 15 years (A or 6) 35 28 1.79 1.84 1.48 0.77-2.95 489 371 1.59 1.37 1.31 1.08-1.56 
215 years (A or B) 41 18 3.12 2.79 2.39 1.18-4.84 500 317 1.94 1.49 1.42 1.17-1.70 

Age at start of work in an A- or 6-list job 
i 16 years (A or B) 26 16 2.36 2.23 1.78 0.79-4.03 372 292 1.57 1.41 1.34 1.08-1.63 
2 16 years (A or 6) 50 30 2.31 2.26 1.89 1.05-3.57 617 396 1.89 1.44 1.40 1.15-1.63 

a Adjusted for age and region. 
b Adjusted for age, region and log(pack-yeartl), type of tobacco, and time since stopping smoking. 

Adjusted for age, region and log(pack-yeartl), type of tobacco, time since stopping smoking, and asbestos exposure. 

work at a very early age in such jobs did not differ from 
those who had started later, regardless of their age group. 

In table 2 the numbers of subjects working in jobs 
and industries included in the A list are given in detail. 
High risk groups were subjects working in industries re- 
lated to ship building and motor vehicles and also rail- 
road manufacturing workers with an OR, of 5.10 (95% 
CI 1.26-20.62) for the younger group as compared with 
an OR, of 1.38 (95% C1 1.00-1.89) for the older group. 
Second, roofers from the younger group showed an ele- 
vated risk (OR, 4.67,95% CI 0.42-52.42), followed by 
painters (OR, 2.00,95% CI 0.73-5.52). These odds ra- 
tios were adjusted for smoking. The most frequently re- 
ported jobs from the B list (table 3) were those of bus 
and truck drivers (OR, 2.67, 955 CI 1.08-6.58, in the 
younger group and OR, 1.22,95% CI 0.96-1.56, in the 
older group). A second large group of exposed subjects 
was formed by mechanics and welders in the motor ve- 
hicle manufacturing industry in both age groups. In the 
older group, additionally, those working in the wood in- 
dustry, carpenters and joiners, represented frequently re- 
ported affected occupations. The percentage of ever 
smokers among the older referents working in jobs be- 
longing to the A or B list were slightly higher (84%) than 
among those having never worked in such jobs (76%). 
This result also proved to be true for younger referents 
(80% and 74%, respectively). 

Discussion 

Occupational risk factors for lung cancer at a young age 
have not been investigated in detail, since in general the 
numbers of early onset lung cancer patients are small. 
Our pooled study had the advantage of including a rela- 
tively large sample size of young subjects. Since in both 
case-referent studies a comparable method of data col- 
lection with nearly identical questionnaires on lifelong 

occupations, smoking habits and the same 20 job-specif- 
ic supplementary questionnaires were used, a detailed 
exposure quantification of occupational risk factors was 
possible. 

Our results demonstrated that occupational risk fac- 
tors play an important role for lung cancer at a young 
age. Occupational exposure to certain substances (such 
as asbestos exposure) and working in certain occupations 
(such as insulator, roofer, painter, motor vehicle mechan- 
ic) and industries (shipbuilding) which are known to be 
associated with an increased lung cancer risk (26, 27) 
were confirmed in the present analysis of young work- 
ers. Occupations like those of bus and truck drivers, 
which still prove to be controversial with regard to their 
causal role in the development of lung cancer, provide 
some evidence for an increased lung cancer risk among 
younger men, possibly because of exposure to diesel en- 
gine exhaust. 

The odds ratios for all the investigated occupational 
exposures, and at all exposure levels, were consistently 
higher in the group of younger men than in the group of 
older men. Some of these differences proved to lack sta- 
tistical significance when an interaction term was formal- 
ly tested. Lung cancer risk due to asbestos exposure was, 
however, nearly twice as high among the younger men 
than among the older men, with a statistically significant 
difference for the risk estimates. The percentage of ref- 
erents who had at some time been exposed to asbestos 
was slightly lower in the younger group (18%) than in 
the older group (22%). This result was to be expected 
since the first possible year of exposure to asbestos 
among the younger group could be in the 1970s at the 
earliest, and then in Germany there was a significant de- 
crease in the use of asbestos after 1980 (28). It is there- 
fore remarkable that more younger cases were exposed 
to asbestos (40%) than older cases (30%). 

The interpretation of the age-dependent differences 
in lung cancer risk by occupation is not easy. Possibly, 
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relative risks for specific agents can be more clearly ob- 
served at younger ages when the absolute disease rate is 
low, while at older ages the higher background rates of 
chronic diseases make the relative effect of a single agent 
harder to detect. Therefore even significant differences 
in the relative risk estimates may only describe an in- 
creased visibility of exposure effects owing to lower 
background rates among the younger subjects. 

On the other hand, our results provide some evidence 
that exposure at an early age may favor an early age for 
the onset of lung cancer. More younger patients started 
work in a job entailing exposure to known carcinogens 
at an early age than older cases. This finding is surpris- 
ing, since the younger generation started in general to 
work at a later stage than the older generation due to a 
longer period of schooling. Early onset of exposure was 
associated with a 6-fold increased lung cancer risk in the 
younger group, whereas no elevated risk was detected for 
the older group. This lack of any effect among the older 
subjects may be due to the fact that those who were prone 
to get cancer had already got it earlier. Moreover, since 
it was not quite clear whether the increased risk of the 
younger subjects was really due to the age at first expo- 
sure or may not rather have been influenced by a longer 
duration of exposure, we additionally adjusted for dura- 
tion, and the results remained nearly unchanged (eg, OR, 
6.69, 95% CI 1.09-41.71, for subjects who started to 
work at an early age in a job of the A list in the younger 
group). 

Higher risk estimates of occupational exposure for the 
young might also suggest a combined effect of smoking 
and occupation in that, once there are 2 exposures, can- 
cer tends to appear earlier. To investigate such an effect, 
we repeated the risk analyses stratified by different lev- 
els of cumulative tobacco consumption (<5,5-20,20- 
40, >40 pack-years), and the risk of asbestos exposure, 
for example, remained 2-fold higher among the younger 
subjects than among the older ones at each level of to- 
bacco consumption. Therefore, an effect of occupational 
exposure on its own seems very likely. 

A more speculative hypothesis for the early age of 
onset of lung cancer is that of a population of suscepti- 
bles, which develops cancer much more quickly. In a pre- 
vious analysis (7) we found a high familial risk of lung 
cancer only in the younger group (145 years) with an OR 
of 2.6 (95% CI 1.1-6.0) and no elevated risk for the old- 
er subjects (55-69 years) (OR 1.2, 95% CI 0.9-1.6); 
this finding indicated a genetic predisposition among the 
younger patients. It is possible that several susceptible 
genes exist that modify risk in the presence of environ- 
mental carcinogens. Such an effect has been reported for 
smoking as an environmental carcinogen in the early-on- 
set lung cancer patients of Sellers et a1 (9,29). In segre- 
gation analyses, he and his colleagues demonstrated that 
the pattern of lung cancer occurrence in families was 

consistent with Mendelian co-dominant inheritance of a 
rare autosomal gene that produces an earlier age of on- 
set of cancer. They suggested that inherited susceptibili- 
ty is expressed only in the presence of tobacco smoking. 

A particular strength of this study is that all the sub- 
jects were interviewed in person; no data were obtained 
from next-of-kin or other surrogates. We used a detailed 
lifelong description of all occupations and industries in 
which a study subject had ever been employed for a pe- 
riod of at least 6 months. Exposure to asbestos was not 
inferred by self-report, but rather on the basis of job and 
industry titles and extensive, standardized, job-specific, 
supplementary questionnaires [eg, for motor vehicle me- 
chanics, who were asked whether they had ever relined 
brakes or clutches using special asbestos products (a list 
of products was provided)]. Further details of this proce- 
dure have been described elsewhere (14, 22, 23). Spe- 
cial attention was given to the main confounder smok- 
ing by testing several models. The combination of the 
variables pack-year, type of tobacco, and years since the 
subject stopped smoking showed the best fit in compari- 
son with other models for smoking. Smoking did not in 
fact prove to be a particularly strong confounder, since 
there were rather small differences between OR, and 
OR,. 

As the referents tended to be more highly educated 
than the cases and there is a correlation between social 
class and occupational exposure, special attention was 
given to a potential selection bias. The low response re- 
ceived from potential referents in the GSF study was in- 
vestigated with a nonresponse analysis on a subsample 
of refusals. Nonresponse was mainly attributable to re- 
fusals for long-term (1 year) measurements of radon re- 
quired for the study in the bedroom and living room of 
the subject's home. A comparison of data on the years 
of school attendance of men aged 30-45 years in Ger- 
many in 1992, based on official statistics (I), with the 
col~esponding data for the group of younger participat- 
ing referents revealed slight differences only (the levels 
for <lo,  10-1 1, 112 years of school attendance being 
45%, 29%, and 26% in the official statistics and 40%, 
27%, and 33% for the young participating referents, re- 
spectively). Additional adjustment for school attendance 
showed some decrease in the odds ratios, but the overall 
pattern of lung cancer risk estimates in both age groups 
remained [eg, OR values for ever exposure to asbestos 
in the young (OR 1.91,95% CI 1.08-3.23) and the old- 
er (OR 1.32, 95% CI 1.13-1.58) groups]. On the other 
hand, it must be mentioned that adjustment for social 
class may lead to overadjustment, and it thus can artifi- 
cially reduce the estimated risk of occupational expo- 
sures. 

In conclusion, young cases are a particularly inter- 
esting population to study. The results of the study 
demonstrated that occupational exposure plays a very 
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important role in lung cancer at a young age. There is 
also some evidence to suggest that exposure at an early 
age may favor the onset of lung cancer at an early age. 
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