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Effect of occupational air pollutants on various
histological types of lung cancer: a population based
case-control study

H Becher,W Jedrychowski, J Wahrendorf, Z Basa-Cierpialek, E Flak, K Gomola

Abstract
A population based case-control study was
performe4 in Cracowr, Poland, to determine
the effect of occupational air pollutants on
various histological types of lung cancer. Male
cases and controls were identified from the
Cracow Death Register. Information was
obtained by mailed questionnaire from next of
kin on smoking, occupational branch, occupa-
tional exposures, and other pertinent varia-
bles. Response rates were 73-5% in cases and
72-0% in controls. For cases that underwent a
bronchial biopsy or surgical excision the his-
tological diagnosis of the tumour was obtained
from clinical records. The case group con-
tained 343 subjects with squamous cell carcin-
omas, 151 with small cell carcinomas, and 106
with adenocarcinomas. Twenty seven cases
showed other histological types (large cell car-
cinoma and not classifiable). Analysis was per-
formed separately by histological type for
occupational exposure variables adjusted for
smoking. Long term exposure to mineral dust
and metal dust (20 years or more) was found to
be a significant risk factor for small cell and
squamous cell carcinoma. The effect was more
pronounced if the analysis was restricted to
those aged less than 70 years. The highest
relative risk (RR) due to occupational ex-
posures was found for squamous cell carci-
noma and exposure to mineral dust for more
than 20 years (RR=2-45, 95% CI 1-43-4-19). The
estimated effect of mineral dust on small cell
carcinoma and adenocarcinoma was smaller
(RR=2-29, 95% CI 1 164-453 and RR=2 04, 95%
CI 0-89-4-64 respectively). The effect of metal
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dust and fumes seemed about the same for
squamousandsmall cell carcinoma.No specific
agent could be identified as particularly im-
portant for a specific histological type; it
rather seemed that the effects ofthe substances
considered were similar for lung cancers in
general.

(British Journal of Industrial Medicine 1993;50:136-142)

Several chemicals and industrial hazards are known
to increase the risk of lung cancer and are of
considerable hazard for many industrial subpopula-
tions.'7 Smoking, however, is the dominant
aetiological risk factor for lung cancer. Assuming a
multifactorial cause ofcancer, it may be expected that
cigarette smoke, being a combination of specific
carcinogenic substances and of irritant chemicals
sufficient in themselves to produce cancer, can poten-
tiate or be potentiated by other environmental
agents. In fact, smoking and occupational exposures
to compounds that are carcinogenic often seem to
interact in a synergistic way. This has been found for
asbestos, arsenic, and radon daughters."' Some
reports also suggest a multiplicative type of inter-
action between smoking and exposure to community
air pollution.'2 13

Most epidemiological studies of the association
between environmental factors and lung cancer treat
respiratory cancers as a single entity. It is suggested,
however, that individual histological types of res-
piratory cancers could be considered as distinct
disease entities thatmay have different environmental
determinants.'"'7 In recent years, interest in the
epidemiology of the specific histological categories of
lung cancer have increased because recognition of
such distinctions may enhance our knowledge of the
pathogenesis of respiratory cancers. In a recent study
by Hoar et al'8 several occupational groups were
considered; however, no specific agents were iden-
tified that may have different effects on different
histological types of lung cancer.
To investigate occupational contributions to lung

cancer, a population based case-control study was
undertaken, and distributions of lung cancer cell
types in exposed and non-exposed subjects from the
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Table 1 Age distribution for controls and cases by histological type

Cases

Squamous cell Small cell
Controls carcinoma carcinoma Adenocarcinoma Others*

Age group No (%) No (%) No (%) No (%) No f%)

49 129 (96) 29 (85) 14 (93) 12 (11-3) 3 (11 1)
50-59 262 (19-5) 117 (34-1) 52 (34-4) 34 (32-1) 8 (29-6)
60-69 341 (254) 125 (364) 54 (35 8) 35 (330) 8 (296)
70-79 418 (31-1) 65 (19-0) 25 (16-6) 22 (20 8) 6 (22-2)
,80 193 (14-4) 7 (2-0) 6 (4-0) 3 (2-8) 2 (74)

Total 1343 (100-0) 343 (1000) 151 (100-0) 106 (100-0) 27 (100-0)

Mean age 66-3 61-7 60-9 61-9 61-9

*Large cell carcinoma and not classifiable.

general population have been compared. A further
objective ofthe analysis was to estimate the burden of
different histological types oflung cancer attributable
to different occupational air pollutants with various
criteria of exposure while controlling for smoking
and other confounders. The study therefore adds
more detail to the investigation of Simonato et al 9
who estimated the proportion of lung cancer in
general that was attributable to occupational
exposure.

Materials and methods
A total of 1948 male residents of Cracow whose
deaths were attributed to lung cancer on the
death certificate and whose deaths occurred between
1 January 1980 and 31 December 1987 were iden-
tified. Information from 1432 cases was received
giving a response rate of73 5%. The control subjects
were selected from the Cracow Death Register as the
first entry ofthe same sex, same age ( ± five years) and
same date of death (+ one month) after each case
with a death other than respiratory diseases or

smoking related cancers. Through this procedure
1865 controls were selected. For 83 cases no control
was identified that met all matching criteria. Informa-
tion from 1323 controls was received giving a re-

sponse rate of 72 0%. If a selected control to a

particular case was a non-respondent, no effort was
made to select another control. Similarly, a control
was included in the analysis group even if the
corresponding case was a non-respondent. This
procedure ensured a similar age distribution in cases

and controls (frequency matched design) by using
the age of each case as an auxiliary variable.
Data on histological type of lung cancer diagnosed

by bronchial biopsy or surgical excision were extrac-
ted from available clinical records of the cases. Data
from cytological examination have not been taken
into consideration. In total, out of 1432 subjects with
diagnosis of lung cancer and whose next of kin were

interviewed the results of histological examination
for 627 male subjects (43-8%) were found in the
clinical histories. The largest histological group was
squamous cell carcinoma (343 cases); then small cell
carcinoma (151 cases) and adenocarcinoma (106
cases). There were 27 cases of large cell carcinoma or
unspecified carcinomas (see table 1).
A structured postal questionnaire was sent to next

of kin of the cases and controls enquiring about
sociodemographic characteristics, occupational his-
tory, smoking habits, and other variables of interest.
To avoid possible bias induced by different attitudes
among cases and controls for recalling specific
exposures, the introductory letter addressed to the
next of kin of cases and controls was identical and
explained that the study was undertaken to evaluate
mortality in the Cracow area without mentioning any
specific hazards. The occupational history covered
branch of industry (for example, iron, steel, and
metal industry, chemical industry, brick manufac-
turing, cement industry) of the longest held job,
duration of work, job category (manual v non-
manual), exposure to suspected occupational hazards
(for example, mineral dust of various industrial
origins, metal dusts and metal fumes, chemicals of
various origins) and its duration. To assess exposure
to occupational dusts or fumes the criteria were based
on the specific questions irrespective of the branch of
industry. In the analysis of occupation, jobs other
than the ones held longest were not considered.
Changing jobs is less common in Poland than in
western countries. The three largest exposure groups
(mineral dusts, cement, and metal dusts or metal
fumes) were formed, and each was divided subse-
quently into two exposure levels (less than 20 years of
exposure or unknown duration, and 20 years or
more). In this approach workers exposed to other
occupational factors were treated as "other exposure
category" and the remaining group served as the
non-exposed baseline category.
The data on smoking habits included the year the
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Table 2 Branch of industry in controls and cases (longest heldjob)

Cases

Squamous Small
Controls cell carcinoma cell carcinoma Adenocarcinoma

Occupation No (%) No (%) No (%) No (%)

Foundry and metal industry 184 (13 70) 59 (17-20) 30 (19 87) 22 (20 75)
Building and construction 101 (7 52) 32 (9-33) 12 (7 95) 7 (6 60)
Transport 93 (6 92) 38 (11-08) 11 (7 28) 8 (7 55)
Chemical industry 32 (2-38) 13 (3 79) 5 (3-31) 2 (1 89)
Coal mine 6 (045) 0 (000) 1 (066) 0 (000)
Agriculture 38 (2 83) 5 (1-46) 4 (2 65) 1 (0 94)
Other 499 (37-16) 108 (31-49) 56 (3709) 28 (2642)
Missing 390 (2904) 88 (2566) 32 (21-19) 38 (3585)

Total 1343 343 151 106

subjects started smoking, the average number of
cigarettes smoked daily, and the'duration ofsmoking.
The lifetime smoking was estimated and expressed in
pack-years. Detailed results on smoking are given
elsewhere.20
For estimation of relative risk (RR) logistic regres-

sion models2" were fitted to the data with the SAS
(Statistical Analysis System) software package for
unconditional maximum likelihood estimation of the
regression parameters. In all analyses there was an

adjustment for age (five age groups) and smoking
(never smokers, 1-19, 20-29, or > 30 cigarettes daily,
time since stopping smoking (five to nine years, 10
years or more). The 95% confidence intervals are

given and are based on the normal approximation of
the estimated regression coefficients. In the multi-
variate analyses we considered the occupational
exposure variables simultaneously and separately to
show the effect of multicollinearity among these

variables. Some analyses were also done separately
for the subgroup of people under 70 years of age.

Results
The mean age of controls was 66, for small cell
carcinoma 61, and for other histological types 62.
Most of the cases of lung cancer with a histological
diagnosis were in the age group 50-69 (433 cases); 58
cases were younger, and 136 were older. For all age
groups squamous cell carcinoma was found in
54-7%, small cell carcinoma in 24-1%, and adenocar-
cinoma in 16-9% of cases. Large cell carcinoma and
lung cancer cell type not classifiable were found in
4.3% of cases. In each age group there were roughly
equal proportions of each histological type (table 1).
Among controls 78&5% were smokers, 98-20% were

smokers in the squamous and the small cell carci-
noma group, and 93 4% in the adenocarcinoma
group.

Table 3 Duration of industrial exposure to various substances in controls and cases

Cases

Squamous Small
Controls cell carcinoma cell carcinoma Adenocarcinoma

Exposure Duration No (%) No (%) No (%) No (%,'

Mineral dust of various No exposure 1154 (8593) 254 (7405) 118 (78-15) 83 (7830)
origins 1-19 y 67 (4-99) 19 (5 54) 9 (5-96) 4 (3 77)

20-29 y 52 (3-87) 24 (7-00) 13 (8-61) 10 (9-43)
>30y 49 (365) 37 (10-79) 11 (728) 7 (660)
Duration of exposure missing 21 (1-56) 9 (2-62) 0 (0 00) 2 (1-89)

Cement dust No exposure 1177 (8764) 277 (8076) 123 (8146) 86 (81 13)
1-19 y 49 (3 65) 17 (4 96) 6 (3 97) 4 (3 77)
20-29 y 48 (3 57) 19 (5 54) 10 (6 62) 7 (6 60)
> 30 y 46 (3 43) 27 (7 87) 1 1 (7 28) 7 (6 60)
Duration of exposure missing 23 (1-71) 3 (0-87) 1 (0-66) 2 (1-89)

Metal dusts or metal No exposure 1138 (8474) 261 (7609) 112 (7417) 85 (80-19)
fumes 1-19 y 49 (3 65) 12 (3 50) 7 (4-64) 4 (3-77)

20-29y 66 (491) 29 (845) 16 (10-60) 8 (7 55)
>30 y 58 (4 32) 33 (9-62) 14 (9 27) 9 (8 49)
Duration of exposure missing 32 (2 38) 8 (2-33) 2 (1-32) 0 (0 00)

Total 1343 343 151 106
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In the control series there was a lower percentage
of manual workers (44-9%) than in the case series
(52 8%); conversely, in the case series there were
more clerical workers than in the control series
(27 0% v 21 2%). In 28-1% of subjects from the
control group and in 25-8% from the case series data
on occupational category were missing. Subjects
employed in the iron, steel, and metal industry
formed the largest single group in the case series,
then brick manufacturing and cement industry,
transportation, and chemical industry (table 2).
There was a slightly higher proportion of missing
data on the branch of industry in control series
(29 0%) than in the case series (26 3%). The broad
group of various industrial or commercial branches
with a mixed or unspecified exposure pattern formed
the largest group. We report these numbers without
giving estimates ofRR because we think that the high
number ofmissing responses make such analyses less
reliable. Instead, we focus on exposure to certain
substances as given later. The data collected from
next ofkin confirmed the exposure to mineral dusts in

24% of cases and 14 1% of controls. The correspon-

ding values for cement dust were 19% and 12 4%, for
metal dusts and metal fumes 23-7% and 15 3%
(table 3).
Table 4 gives estimates ofRR for various substan-

ces (mineral dust, cement dust, metal dust) by
histological type and by duration of exposure. All
estimates were adjusted for smoking and age. In the
left column only one substance is included in one
model, whereas in the right column all substances are
included simultaneously. In the univariate analysis
all three substances showed increased risks for the
group exposed longest. In the model where all
substances were included simultaneously, estimated
RRs were decreased due to positive correlation
between these variables. The main conclusions
should be drawn from the second model because this
was adjusted for confounding. There remained a

significant effect for mineral dust and metal dust in
squamous cell carcinoma and for metal dust in small
cell carcinoma. The effect of cement dust almost
disappeared if adjusted for mineral dust and metal

Table 4 Estimates ofRR and 95% CIsfor various exposures by histological subgroup for all cases

All three substances simultaneously
One substance per model in one model

RR* (95% CI) RR* (95% CIj

Squamous cell carcinoma:
Mineral dust exposure:

1-19 y 1-29 (0 79-209) 1-52 (0 902-57)
)20 y 2-28 (1-56-334) 2-05 (1-32-3-16)

Cement dust exposure:
1-19 y 1 01 (0-67-1-52) 0-76 (0-491-20)
)20 y 1-80 (1-053-10) 1-08 (0-591-99)

Metal dust exposure:
1-19 y 0 94 (0-551-61) 0-93 (0-531-64)
>20y 1-93 (1-342-79) 1-71 (1-162-51)

Small cell carcinoma:
Mineral dust exposure

1-19 y 0-92 (0-44-1-92) 1 01 (046-222)
>20 y 2-00 (1-20-334) 1-71 (0 96-305)

Cement dust exposure:
1-19 y 1-02 (0-581-78) 0-85 (0-461-57)
)20 y 1-62 (0-78-334) 1-04 (0 47-2 28)

Metal dust exposure:
1-19 y 0-98 (0 47-2 04) 1-03 (0-48-221)
20 y 2-12 (1-32-3-39) 1-86 (1-13-307)

Adenocarcinoma:
Mineral dust exposure:

1-19 y 0-87 (0-36-208) 1-02 (0 40-256)
>20y 2-06 (1-153-69) 1-87 (0-95-367)

Cement dust exposure:
1-19 y 1-06 (0-561-98) 0-92 (0-461-83)
>20 y 1-60 (0-68-374) 1 01 (0-39-260)

Metal dust exposure:
1-19 y 0-56 (0-201-60) 059 (0-20-172)
>20 y 1-64 (0-92-2 90) 1-38 (0 75-255)

*Adjusted for smoking and age.
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Table 5 Estimates ofRR and 95% CIfor various exposures by histological subgroup for cases under age 70

All three substances simultaneously
One substance per model in one model

RR* (95% CI) RR* (95% CI)

Squamous cell carcinoma:
Mineral dust exposure:

1-19 y 1-37 (0-78-239) 1-60 (0 87-2 94)
>20 y 2-73 (1-724-35) 2-45 (1 43-419)

Cement dust exposure:
1-19 y 097 (061-1-53) 0-67 (0-40-112)
>20 y 2-01 (1 043-87) 1-15 (0-55-240)

Metal dust exposure:
1-19 y 1-15 (0 64-208) 1-16 (0-62-2 15)
>20y 221 (1A44-3-41) 1-88 (119-297)

Small cell carcinoma:
Mineral dust exposure:

1-19 y 1.09 (0 49-243) 1-26 (0-53-298)
>20 y 276 (1-54-4-97) 2-29 (1 164-53)

Cement dust exposure:
1-19 y 1-04 (0 56-191) 0-76 (0-391-50)
>20 y 2 12 ;094-481) 1-22 (0-49-302)

Metal dust exposure:
1-19 y 0-96 (0-41-2 22) 0-98 (0-41-2-36)
>20 y 2-38 (1 394-06) 1-89 (1-06-336)

Adenocarcinoma:
Mineral dust exposure:

1-19 y 097 (037-259) 1.19 (042-336)
>20 y 2 39 (1 204-76) 204 (089-464)

Cement dust exposure:
1-19 y 0 93 (0-45-1 91) 0 73 (0 33-161)
>20 y 2-12 (080-560) 124 (042-368)

Metal dust exposure:
1-19 y 0-74 (0 25-2 17) 0-77 (0 25-2-35)
>20y 2-10 (1 11-398) 1-69 (084-340)

*Adjusted for smoking and age.

dust. We therefore conclude that the increased risk
for exposure to cement dust in the first model is
mostly due to confounding by the other occupational
risk factors. The order of magnitude of the RRs
(about 2) in the group exposed longest was similar for
all histological types.
Table 5 shows results for the same models as in

table 4, but for the subgroup of cases under 70 years
of age. In comparison with the previous results
estimates ofRR were consistently increased by about
20% for long term exposure. A reduction of the risk
after exposure had stopped is a possible explanation
for this finding. Due to the high prevalence of
occupational exposures in the population in Cracow,
the calculated attributable risks were also high. We
found values of 15-4%, 14-0%, and 10-5% of cases
attributable to the two most relevant exposures
mineral dust and metal dust, for small cell carcinoma,
squamous cell, and adenocarcinoma respectively.
(For ages under 70 the corresponding numbers were
18-9%, 17-9%, and 13-9%.) These estimates are in
accordance with the values found by Simonato et al."9

Discussion
The main purpose of this study was to determine
whether lung cancer cell types are determined by
types of environmental insults commonly encoun-
tered in industrial settings.

Interestingly, in assessing the magnitude ofrisk for
lung cancer attributable to three broad industrial
exposure categories (mineral dust, cement, metal
dust and metal fumes) irrespective of the industrial
branch, the health risk attributed to occupational
dusts found additional confirmation. The findings
showed that after controlling for age and smoking, all
exposure categories, except for cement, affected the
risk of lung cancer if the duration of exposure was
longer than 20 years. It was shown that both ex-
posure to mineral dusts of various origin and
exposure to metal dusts and metal fumes were
associated with higher risk for all lung cancer cell
types. Estimates of RR for the two types of exposure
(more than 20 years) were in the range 1-71 to 2-45,
the only exception being risk from metal dust
exposure for adenocarcinoma, all ages with a value of
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1-38. This could be explained by statistical variation.
The similarity of all estimates ofRR also justified a

combined analysis (all cases v controls). In such an
analysis, estimates for exposure to mineral dust and
metal dust (more than 20 years) had much lower
statistical variation, which resulted in highly sig-
nificant estimates.
Our results support the findings of some other

studies: in a large case-referent study on association
between several sites of cancer and exposure to
exhaust and combustion of different substances the
authors confirmed higher risk of lung cancer regard-
ing squamous cell cancer among those workers who
were exposed to diesel exhaust and employed in
mining and quarrying, with an estimated adjusted
RR of 2-8 (95% CI 1-4-5-8). A subgroup of workers
exposed to propane exhaust by handling materials
showed an increased risk for squamous cell carcin-
oma (RR=2-3, 95% CI 1-0-5-3). Exposure to coal
combustion showed a significant RR for non-
adenocarcinoma (RR= 1-6, 95% CI 1 1-2 3). Some
of these findings were based on subgroups or small
numbers; however, the main occupations for which
exposure to the substance was coded were those for
which an exposure to the dusts considered in this
paper is also possible.22 Another study with related
results is a large hospital based case-control study of
cases of lung cancer performed in western Europe by
Lubin and Blot.23 Despite the fact that our sample
was smaller and interviews were taken from next of
kin, there was a similar overall distribution of dif-
ferent histological types of lung cancer among men
and an almost identical gradient of risk with cigarette
smoking for both Kreyberg I carcinomas and
adenocarcinoma. The authors found that any occu-
pational exposure defined by job titles offive previous
jobs was associated with increased risk for Kreberg I
carcinomas, but not for adenocarcinoma. Duration
and type of exposure to occupational air pollution
were not considered.

Previous reports are equivocal for adenocarcin-
oma. Some early studies showed no or only slight
association between occupation and adenocarcin-
oma." Other studies strongly suggested that occupa-
tion also increases risk of adenocarcinoma. For
instance, Vena et al24 reported increased risk for
adenocarcinoma in light smokers for employment in
occupations with potential exposure to lung carcin-
ogens. Specific job titles with probable moderate or
heavy exposure to lung carcinogens were used for
grouping. The authors found that the estimates of
RR for adenocarcinoma among those who were non-
smokers and light smokers (0-39 pack-years) and
were exposed to asbestos and aromatic hydrocarbons
for more than 20 years were 3 0 and 6-7 respectively.
Surprisingly, in heavy smokers (40 or more pack-
years) the estimates were not significant (0 40 and
0 93 respectively).

Some methodological problems should be con-
sidered in our study. Firstly, a substantial proportion
of missing data on occupation has been found.
Missed information concerned nearly the same
proportion of cases and controls, however, and a
selection bias would not be expected. It cannot be
completely ruled out that relatives of cases may have
a different attitude than relatives of controls in such a
way that the former are more likely to link the
occupation to the cause of death and therefore over-
report exposures. On the other hand, this argument
also holds for the controls as they have also died from
some cause that the relatives may link to their
occupation. The accompanying letter that was sent
together with the questionnaire did not mention any
specific hazards or previous hypothesis and rates of
response were similar. Secondly, occupation and
smoking habit as well as demographic variables were
obtained from next of kin through mailed question-
naires. No data were available on the lifetime
occupational history of the study participants and
proxy respondents may not be able to provide
accurate information about the occupational ex-
posure of the study subjects. However, Lerchen and
Samet25 assessing the validity of surviving wives as a
source of information on occupational exposures of
their husbands found that agreement for the usual
job (the job held for the longest time) was 84% for
industries and 78% for occupations. There was
about 100% agreement for cigarette smoking (ever,
never). Thirdly, a histological diagnosis was only
available for 43-8% ofall cases with diagnosis of lung
cancer on the death certificate. Therefore, cases
represent a selection of the original database. The
sample of cases with histological confirmation was
comparable, however, with the total case series for
potential confounders such as education or job
category. Quality of information collected through
mailed questionnaires could not be supported with
independent information on occupational exposure
from industrial records.
The analyses shown in tables 4 and 5 were also

repeated deleting all subjects with missing response
on branch of industry (complete case analysis).
Estimates of RR for models shown in tables 4 and 5
changed little. This is further indication that
a possible non-response bias is of low order of
magnitude.
There are also other limitations that may have

impact on the conclusions reached from this study.
Some studies have indicated that both intraobserver
and interobserver variation pose a problem in the
classification of lung cancer.26 27 The histological data
in the study were obtained from clinical records and
reflect judgments of a number of pathologists in the
area; however, all of them were trained in the same
pathology department of the Cracow Medical
School.
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