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There are little data on workplace exposures and
lung cancer risk in blacks. An ongoing case–control
study of lung cancer that included 550 black men
and women with lung cancer and 386 age-matched
controls was examined by reported occupational
exposures and job titles. In men, significant associ-
ations were observed with reported exposure to
asbestos [odds ratio (OR), 1.8; 95% confidence inter-
vals (CI) 1.03–3.1] and coal dust (OR, 2.8; 95% CI
1.1–7.0). Elevated but nonsignificant risks of 1.4 or
more were detected for the following occupations:
police/security guards, farmers/farm workers,
laborers, and motor-vehicle drivers. In women,
nonsignificant increased risks were found with
reported exposure to paint (OR, 1.8) and gas
fumes (OR, 4.9). Women employed as farmers/farm
workers and building maintenance workers had el-
evated but nonsignificant risks. ( 1998 Academic Press
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INTRODUCTION

Lung cancer is the leading cause of cancer deaths
in the U.S. The disease takes an especially large toll
in blacks. The incidence rate ratio of blacks to whites
is 1.5 in men and 1.1 in women (Wingo et al., 1996).
The reasons for these racial disparities are un-
known. The prevalence of current cigarette smoking
in U.S. adults has been higher in blacks than in
whites (Giovino et al., 1995; Anonymous, 1993;
Giovino et al., 1994; Sterling and Weinkam, 1989),
although among current smokers blacks have tradi-
tionally smoked fewer cigarettes per day (Novotny
et al., 1988; Kabat et al., 1991; Hymnowitz et al.,
1 This work was supported by USPHS Grants CA-17613, CA-
32617, and CA-68384. The study was approved by the Institu-
tional Review Boards of all participating hospitals and the Ameri-
can Health Foundation. All subjects provided informed consent.
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1995). It has been hypothesized that the higher
incidence of lung cancer in blacks is related to the
generally lower socioeconomic status of blacks (Stell-
man and Resnicow, 1997) and a concomitant greater
exposure to occupational carcinogens, pollution, and
poorer nutrition (Sterling and Weinkam, 1989). Des-
pite the magnitude of the lung cancer problem in
U.S. blacks, the association between occupation and
lung cancer risk in blacks has rarely been studied.
The current investigation uses information from
a hospital-based case—control study to examine the
risk of lung cancer in relation to occupation.

METHODS

A case—control study of lung cancer has been con-
ducted since 1978. The current analysis includes
black subjects only and is similar to an analysis of
occupational factors and lung cancer risk previously
performed for white subjects (Morabia et al., 1992).
In brief, newly diagnosed incident cases with
histologically confirmed lung carcinoma were inter-
viewed directly in teaching hospitals (see Acknow-
ledgments). Case patients were interviewed at
bedside after their thoracic surgical schedules were
obtained. We attempted to interview similar num-
bers of control patients who were identified from the
hospital admission lists. Eligible controls were pa-
tients admitted for conditions unrelated to tobacco
use. There were many eligible controls; therefore
a selection criteria was used to obtain controls that
were similar to the cases by race, gender, age
($5 years), and month of diagnosis. Because the
majority of patients in the hospitals were white, it
was sometimes not possible to locate eligible controls
after black case patients were interviewed. Informed
consent was obtained from each patient.

A standardized questionnaire was administered to
each subject in the hospital by trained interviewers.
The questionnaire contained detailed sections on de-
mographics, tobacco smoking, including number of
cigarettes smoked per day (CPD) and duration of



TABLE 1
Characteristics of Lung Cancer Patients and Controls,

1978–1996

Males Females

Cases Controls Cases Controls
(N"365) (N"251) (N"185) (N"135)

Characteristic % % % %

Age
\45 6.6 8.8 9.7 5.9
45—54 23.6 19.1 22.2 25.9
55—64 41.0 46.2 46.0 37.8
65—74 25.8 22.7 17.8 28.9
575 3.0 3.2 4.3 1.5

Education (years)
412 53.4 47.8 43.2 33.3
12 25.2 27.3 34.4 32.6
13—15 12.0 13.3 14.8 16.3
516 9.3 11.7 7.7 17.8

Smoking
Never 10.2 22.3 9.7 57.5
Current 66.8 35.4 65.4 28.4
Former 23.0 42.3 24.9 14.2
Pipe/cigar 1.9 4.0 0.0 0.0

Cigarettes/daya

1—20 61.9 84.3 61.2 84.2
21—39 19.4 6.9 23.1 7.9
540 18.6 8.8 15.7 7.9

a Current smokers.

LUNG CANCER RISK, WORKPLACE EXPOSURE IN BLACK MEN AND WOMEN 79
smoking, occupation and occupational exposures,
and medical history. Subjects who smoked at least
one cigarette, pipe, or cigar per day in the year prior
to diagnosis were designated as ‘‘current smokers.’’
Ex-smokers were defined as those who quit smoking
at least 1 year prior to diagnosis. A cumulative ciga-
rette pack-year history was calculated by multiply-
ing the years of smoking by the number of packs
smoked per day. One pack-year of cigarette smoking
is equivalent to having smoked 20 cigarettes per day
for 1 year. Subjects were asked to provide their usual
adult occupation and whether the job entailed regu-
lar exposure to a occupational exposures (a min-
imum of 8 h a week). A list of over 40 occupational
exposures was provided.

Frequency tables and s2 analyses were calculated
to compare proportions. Odds ratios (OR)2 derived
from unconditional logistic regression estimates
(Breslow and Day, 1990) together with 95% con-
fidence intervals (CI) were obtained after adjusting
for age (four categories), education (four categories)
and smoking (four levels of pack-years). Multiple
occupational exposures were assessed using
Kendall’s q-b coefficient.

RESULTS

Five hundred and fifty case patients (365 men and
185 women) were included in the analysis. A basic
description of the subjects is shown in Table 1. The
mean age of cases was 58.9 in men and 58.6 in
women. There were no differences in levels of educa-
tion between male cases and controls (10.3 years
versus 11.0 years). In women, controls were more
highly educated than cases (12.3 years versus 11.3
years, P"0.01). As expected, a higher proportion of
cases currently smoked cigarettes, and among cur-
rent smokers, cases smoked more cigarettes per day
than controls (Table 1).

Table 2 shows the distribution of reported occupa-
tional exposures between cases and controls, ranked
by the frequency of exposure (in men). Among men,
the most commonly reported occupational exposures
in controls were oil (21.6%), highway exhaust
(15.1%), metal dust (14.3%), paint (12.7%), solvents
(11.2%), fumes (10.8%), and asbestos/insulation
(10.4%). After adjustment for age, education, and
smoking status, the only significant associations
with lung cancer were with reported asbestos/insu-
lation exposure (OR, 1.8; 95% CI 1.03—3.1) and coal
dust (OR, 2.8; 95% CI 1.1—7.0). Nonsignificant but
2 Abbreviations used: OR, odds ratios; CI, confidence intervals.
elevated odds ratios were found with pesticides, dry
cleaning, stone dust, and wood dust. No association
was observed with diesel engine exhaust. Few pa-
tients were exposed to radiation or rubber. Exposure
to elemental lung carcinogens including arsenic,
beryllium, chromium, and nickel was virtually ab-
sent. For all exposures, there was little difference in
risk when stratifying by the histologic type of lung
cancer. For example, 13.6% of male cases with
squamous cell cancer and 16.5% of male cases with
adenocarcinoma reported asbestos exposure. There
was no evidence of an interaction between occupa-
tional exposures and pack-years of smoking al-
though statistical power to detect interactions was
limited. A correlation matrix of reported occupa-
tional substances revealed a few common exposures
in men. Among the more common exposures, the
highest correlations were for asbestos and wood
(r"0.19) and solvents and paint (r"0.16). Asbestos
exposure was also correlated with fiberglass (r"
0.26). In contrast to the men, few women reported
exposure to occupational substances (Table 2).



TABLE 2
Distribution of Occupational Exposures in Black Men and Women, 1978–1996

Men Women
Ocupational
exposures Cases Controls OR 95% CI Cases Controls OR 95% CI

Oil 14.9 21.6 0.6 0.4—0.9 4.9 1.5 1.7 0.3—9.8
Highway 10.8 15.1 0.9 0.4—1.2 0.5 0.7 0.9 0.0—32.9
Metal dust 12.9 14.3 0.8 0.5—1.3 2.7 2.2 0.7 0.1—3.7
Paint 8.2 12.7 0.7 0.3—1.1 2.7 0.7 1.8 0.3—12.3
Solvents 8.5 11.2 0.6 0.3—1.1 0.5 0.7 1.1 0.3—4.8
Gas fumes 8.8 10.8 0.7 0.4—1.2 3.2 1.5 7.1 1.2—41.8
Asbestos 15.8 10.4 1.8 1.03—3.1 3.2 3.7 1.0 0.2—4.6
Wood dust 10.8 6.8 1.6 0.8—3.2 0.0 0.7 —
Coke 4.4 4.6 0.7 0.3—1.6 0.0 0.0 —
Stone dust 7.6 3.9 1.6 0.7—3.7 0.0 0.7 —
Chemicals 2.3 3.5 0.7 0.2—1.9 2.2 0.0 —
Diesel exhaust 2.9 3.1 0.9 0.3—2.6 0.0 0.7 —
Fiberglass 4.1 3.1 1.1 0.4—2.7 0.0 0.7 —
Coal dust 7.6 3.1 2.8 1.1—7.0 1.1 1.5 0.5 0.1—4.8
Tar 2.9 2.7 1.3 0.4—4.1 0.0 0.0 —
Heat 3.2 2.3 1.2 0.4—3.4 1.0 0.0 —
Dyes 2.9 2.3 1.1 0.4—3.3 4.3 5.2 0.5 0.2—1.7
Textiles 2.6 1.5 1.4 0.4—5.2 6.5 3.7 1.9 0.5—6.4
Plastic 3.2 1.9 2.3 0.7—7.8 1.6 2.2 0.5 0.1—3.5
Radiation 0.9 1.2 0.5 0.1—2.5 0.5 1.5 1.6 0.1—19.7
Pesticides 3.5 1.2 2.4 0.7—8.9 0.5 0.0 —
Dry cleaning 2.3 1.2 2.3 0.4—13.0 3.2 2.2 0.7 0.2—2.8

Note. Odds ratios adjusted for age, education, and pack-years of smoking by logistic regression methods.
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There was no significant association between any
specific job category and lung cancer risk (Table 3).
In men, nonsignificant associations were found
with police/security workers (OR, 2.0), farmers/farm
TABL
Usual Occupation in Black M

Men

Job category Cases Controls OR

Professionala 5.6 9.7 1.0
Managerial 5.0 5.4 1.2
Sales 1.2 1.5 0.9
Clerical 8.8 6.6 1.3
Construction 11.1 10.0 1.0
Mechanics 1.8 2.3 0.6
Other skilled labor 13.7 19.3 0.7
Police/security guard 3.2 1.2 2.0
Semi-skilled 11.4 15.8 0.7
Drivers 16.1 10.8 1.5
Laborers 8.2 5.0 1.6
Railroad workers 0.9 1.2 0.7
Building maintenance 4.4 3.1 1.2
Farm work 2.1 1.2 1.7
Service workersb 6.1 6.2 0.8
Never worked 0.6 0.4 2.9

a Includes accountants, computer analysts, engineers, lawyers, nurs
b Includes food workers and handlers, domestic workers, housewife
Note. Odds ratios adjusted for age, education, and pack-years of sm
workers (OR, 1.7), and drivers (OR, 1.5). In women,
nonsignificant elevated risks were observed for far-
mers/farm workers (OR, 2.0), building maintenance
workers (OR, 2.5), and clerical workers (OR, 1.5).
E 3
en and Women, 1978–1996

Women

95% CI Cases Controls OR 95% CI

0.4—2.1 9.7 22.5 0.7 0.3—1.7
0.5—2.8 3.9 2.8 1.4 0.3—5.7
0.2—4.5 3.8 0.0 —
0.7—2.6 26.0 17.6 1.5 0.7—2.8
0.6—1.9 — — —
0.2—2.1 — — —
0.4—1.0 4.4 5.6 0.7 0.2—2.1
0.5—7.9 1.1 — —
0.4—1.2 11.1 9.9 1.0 0.4—2.3
0.9—2.5 1.1 — —
0.7—3.3 0.6 1.4 0.2 0.0—2.4
0.1—4.1 0.0 0.0 —
0.5—2.9 3.9 2.8 2.5 0.5—13.4
0.3—8.7 1.6 1.4 2.0 0.2—19.1
0.4—1.7 32.0 34.5 0.6 0.3—1.2
0.2—50.9 0.6 1.4 0.2 0.02—3.1

es, physicians, professors, scientists, social workers, teachers, etc.
, nurses’aides, etc.
oking by logistic regression methods.
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DISCUSSION

Many occupational exposures are listed as pos-
sible lung carcinogens by the International Agency
on Research for Cancer (Steenland et al., 1996), in-
cluding heavy metals, vehicle emissions, asbestos,
and radon. Identifying occupational carcinogens has
historically been difficult because skilled industrial
workers are often exposed simultaneously to many
airborne pollutants, and studies of occupational co-
horts have often lacked data on smoking habits. It
has been speculated that occupational exposures
play an important role in lung cancer mortality in
blacks. Miller and Cooper (1982) reported large
racial differences in exposure to environmental and
occupational hazards. However, few studies have
examined occupation and the risk of lung cancer in
blacks. In a population-based study of black men,
Swanson et al. (1993) found increased risks for lung
cancer among farm workers, automobile mechanics,
painting machine operators, furnace operators, gar-
bage collectors, and cutting machine operators in
Michigan. In a study of coke oven workers, 33 of 35
lung cancers occurred among blacks (Mancuso and
Sterling, 1975).

In our study, the significantly increased risk asso-
ciated with reported asbestos exposure is consistent
with the known carcinogenic effects of this mineral.
The elevated risks found for building maintenance
personnel in women likely reflect exposure to friable
asbestos. Swanson et al. (1993) also observed evid-
ence of increased risks in black men with possible or
likely asbestos exposure. In that study, associations
were found for concrete finishers, automobile mech-
anics, construction workers, and railroad workers.

We found associations with reported exposure to
dusts from coal, wood, and stone. Small increased
risks of lung cancer associated with self-reported
workplace exposure to coal dust have been reported
in case—control studies (Morabia et al., 1992; Wu-
Williams et al., 1993) and in Swedish chimney
sweeps (Gustavsson et al., 1988). However, most
studies of lung cancer in coal miners have not dem-
onstrated an excess occurrence (Mancuso et al.,
1975; Meijers et al., 1988). Increased rates of lung
cancer in stone workers have been reported in Ger-
many (Vutuc, 1983), Austria (Neuberger and Kundi,
1990), Finland (Lynge et al., 1986), and Denmark
(Guenel et al., 1986) but not in Switzerland (Schuler
et al., 1982). This group is not exposed to other
known lung carcinogens, although it needs to be
determined whether the excess rates in some of
these studies reflect higher smoking prevalences.
Case—control data show increased lung cancer risk
with reported exposure to wood dust (Blot et al.,
1982; Notani et al., 1993). In a study of 113 blacks,
wood dust exposure was significantly linked to lung
cancer (OR, 5.5; 9.5% CI 1.6—18.9); there was sug-
gestive evidence of an interactive effect with smok-
ing (Wu et al., 1995). Exposure to wood dust may
occur in conjunction with asbestos, as was the case
for some subjects in our data, or formaldehyde, al-
though these studies suggest that further investiga-
tions of wood dust as a possible lung carcinogen are
warranted. Less than 5% of male cases and controls
in this study were exposed to coke oven effluents.
None of the women reported exposure to coke ovens.
Other petrochemical exposures were unrelated to
lung cancer risk. An increased risk was observed for
drivers, which agrees with much occupational data.
In contrast, there was no association with reported
diesel exhaust, which is consistent with our previous
report on this issue in mostly white subjects
(Boffetta et al., 1989).

An elevated risk of lung cancer in men who were
exposed to workplace pesticides was found. Only one
female case self-reported exposure to pesticides. In
addition, although there were few farmers or farm
workers in this study, both men and women in this
group experienced an increased risk of lung cancer;
a similar finding was reported by Swanson et al.
(1993). Studies of industrial workers exposed to
pesticides are somewhat equivocal and hampered by
relatively small cohorts (Steenland et al., 1996). Two
studies (Ott et al., 1974; Mabuchi et al., 1979) show
elevated rates of lung cancer in workers exposed to
arsenic-containing pesticides and imply that this ex-
cess is unlikely to be due to smoking. Other studies
found reduced (Blair et al., 1985; Zahm et al., 1989;
Fincham et al., 1992; McDuffie et al., 1990;
Carstensen et al., 1988; Damber and Larsson, 1987)
or increased risks (Benhamou et al., 1988) of lung
cancer in farmers. Use of pesticides was significantly
associated with lung cancer risk in nonsmoking
women (Brownson et al., 1993). Increased risks in
men were also found with exposure to plastics and
dry-cleaning chemicals, although these associations
were based on few subjects. Elevated risks were
noted for policemen/security guards.

The case—control method in occupational epidemi-
ology has some attractive features over other study
designs. In our study, over 90% of eligible partici-
pants who were approached agreed to be inter-
viewed. All interviews were done in person using
trained interviewers. Exposure information was ob-
tained from patients and not next-of-kin or death
certificates. This allowed for detailed ascertainment
of lifetime smoking, employment history, and
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exposure to specific occupational hazards. There are
also several limitations of this type of analysis. The
use of a large ongoing multicenter study enabled us
to examine occupational risk factors for a subset of
black patients, although it was not possible to obtain
a control for each case. Because there was a wide
variety of employment experience, statistical power
for any individual occupation is low. The data were
collected over a long period of time and may not
reflect changes in workplace safety standards. The
multiple comparisons increase the likelihood of
type I errors. As in all hospital-based studies, the
control patients are persons admitted for acute or
chronic illnesses, some of which may be job-related.
Further, while the specificity of self-reporting to
most occupational exposures is high, the sensitivity
ranges from low to high depending on the type of
exposure. Fritschi et al. (1996) compared self-
reported exposure to expert-assessed exposure for 11
common occupational exposures in 1910 men. Sensi-
tivity values of under 0.5 were calculated for plastic,
rubber, gasoline and fuel oils, lubricating oils, and
grease. Sensitivity values were 0.51 for asbestos,
0.53 for pesticides, and 0.60 for wood exposure. The
low exposure to plastic and rubber in this study may
reflect underreporting, and it clearly was not pos-
sible to conduct industrial hygiene surveys in the
workplaces of the study subjects. In addition, recall
bias must always be acknowledged in determining
past experiences. Despite these limitations, our find-
ings of increased risks with asbestos exposure,
various occupational dusts, pesticides, and several
occupational groups are consistent with many other
reports. These data may be helpful in identifying
possible employment hazards and high-risk occupa-
tions for blacks.

The hazards faced by women on the job have not
been extensively studied, possibly because of the
historical perception that women’s work has been
predominately confined to social and familial roles.
Contrary to this perception, many women have been
employed in a wide variety of industrial and manu-
facturing settings and are exposed to a variety of
biological, chemical, and physical hazards (Stell-
man, 1994), some with potential exposure to carcino-
gens (Stellman and Stellman, 1995). Lung cancer
risk and employment history in women has not been
extensively studied in the U.S. In particular, there
have been no previous studies of occupation and
lung cancer risk in black women. One population-
based study in New Mexico found no effect of occupa-
tion in women, although the sample size was not
large (Lerchen et al., 1987). Swanson and Burns
(1995) reported increased lung cancer incidence for
women employed in the manufacturing of fabricated
and ferrous metals, clay, computers, and rubber—
plastics. Further efforts in this area of investigation
should consider that cancer incidence and mortality
in women may involve factors beyond physical
exposure to workplace carcinogens.

The current data suggest that occupational expo-
sures contribute to the lung cancer burden in at least
black men and that occupational exposures to lung
carcinogens may be more common in blacks than in
whites. Comparing the rate of asbestos exposure
between black and white subjects who were inter-
viewed during the study period shows that 10.4% of
black controls were exposed to asbestos versus 6.3%
of white controls. Similarly, 15.6% of black cases
and 11.8% of white cases were exposed to asbestos.
Swanson et al. (1993) found a higher burden of total
occupational exposures in black men than in white
men. However, caution is required before making
inferences regarding racial differences in cancer
rates due to occupation. Mesothelioma is caused al-
most exclusively by asbestos, yet the 1988—1992 inci-
dence rate for pleural mesothelioma in the SEER
program is higher in white men than in black men
(1.7 vs 0.9 per 100,000).

Recent studies show racial differences in the
capacity to metabolize the tobacco-specific carcino-
gen 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK). Richie et al. (1997) studied 61 healthy black
and white smokers and found that 26% of whites
were characterized phenotypically as extensive
metabolizers of NNK, compared to 6% of blacks.
NNK is a potent carcinogen for primitive lung
adenocarcinoma in laboratory animals (Hecht and
Hoffmann, 1988). In addition to smoking and occu-
pation, another possible explanation for the excess
rates of lung cancer in blacks is poor nutrition. Fur-
ther work in minority health and lung cancer should
focus on the relative contribution of smoking, occu-
pation, diet, and combinations of these risk factors.
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