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ABSTRACT Occupation was evaluated as a potential risk factor for lung cancer as part of a large
population based case-control study conducted in the ten urban districts of Shanghai. A total of 733
newly diagnosed cases ofmale lung cancer and 760 controls selected from the general population was
interviewed to obtain lifetime occupational histories and information on smoking and other factors.
Of the approximately 25 major industrial titles examined, significantly raised risks, adjusted for
smoking, were found for employment in agricultural production (odds ratio (OR) = 1 6, 95%
confidence interval (CI) = 1 0-2-6). A concomitant increase was detected for farmers (OR = 1 6,
95% CI = 1 0-2 5) when 35 major occupational titles were examined. There was a 70% excess among

workers in the chemical industry (OR = 1 7, 95% CI = 0-9-3*1) and a significant decrease among
textile industry workers (OR = 0 7, 95% CI = 0 5-1 0). Raised risks of30% to 80% were associated
with reported job exposures to wood and coal dusts, smoke from burning fuels, and chemical fumes.
Employment categories were also examined for 672 cases and 735 controls among women, but small
numbers in many of the industrial and occupational categories precluded detailed analyses. The
largest excess risk among women (OR = 5-1, 95% CI 1 3-23-5) was among glass products workers.
Although cigarette smoking was the dominant cause of lung cancer among men and a significant risk
factor among women in Shanghai, these findings suggest the importance of certain workplace
exposures and offer leads to occupational carcinogens.

Shanghai, the largest and most industrialised city in
China, has the highest lung cancer death rate in the
country.'2 Data from the Shanghai Cancer Registry
show an annual age standardised incidence rate (age
adjusted to the world population) of 52 per 100 000 in
men,3 a rate somewhat lower than that observed
among white men in the United States (60 per 100 000
based on calculations of United States incidence data4
using the world population as a standard) but com-
parable with many rates in other western countries.5
To evaluate the high rate of lung cancer in Shang-

hai, a population based case-control study was begun
in 1984.6 Although occupation was but one of several
factors under examination, the Shanghai Lung Cancer
Study offered advantages in assessing occupational
lung cancer because of its large size and its setting in a
major manufacturing centre with a cooperative, acces-
sible, and relatively stable worker population engaged
in various industries. Furthermore, ascertainment of
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smoking histories allowed adjustment for this impor-
tant risk factor. The study was designed to test existing
hypotheses relating lung cancer to certain major urban
industries-for example, shipbuilding, metal manu-
facturing and foundry work, and textile production-
and to generate new clues to occupational carcinogens
in an area of the world where few studies have been
carried out.

Methods

SUBJECTS
The case series consisted of all newly diagnosed cases
of lung cancer (International Classification of Disease
Code, ninth revision-162) during the one year period
16 February 1984 to 15 February 1985 among men
aged 35 to 64 who resided in the ten urban areas of
Shanghai. The cases were identified through the
Shanghai Cancer Registry and a specially established
rapid reporting system, both part of the Shanghai
Cancer Institute. The diagnoses of lung cancer were
reviewed by four pulmonary disease physicians and
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Occupation and lung cancer in Shanghai: a case-control study

histological slides checked by two senior pathologists.
Controls were randomly selected from strata of the

general population of the Shanghai urban area so that
the case and control series would have similar age

distributions. The total number of controls was

specified to be 760, the approximate annual number of
cases ascertained during 1980-1, with the proportion
in each five year age group comparable with that
observed for cases of lung cancer during this period.
The randomisation process was based on the neigh-
bourhood committee, a geographical boundary
established by the municipal government. To obtain a

control in a particular age group, a neighbourhood
committee was randomly selected from among the
nearly 1300 committees in urban Shanghai. In
Shanghai the neighbourhood committees contain
between 3500 and 5000 individuals and are further
subdivided into approximately 10-15 household
groups. A household group within the neighbourhood
committee was then randomly selected and the names
of all men within the five year age group were

collected. Among all those eligible for the given age

group, two potential controls were randomly chosen.
If an interview was not obtained from the first control
then a second control was selected.
Although our occupational analyses focused on

men, female cases and controls were also enrolled
(following the same methods as those described for
men, except for a one year longer case ascertainment
period).

DATA COLLECTION
A structured questionnaire was used to obtain
occupational, smoking, and other information from
the study participants. Personal interviews were con-

ducted either in the subject's home, in the hospital, or

at the worksite by interviewers trained in the use of the
questionnaire. The questionnaire was designed to
obtain detailed information on everyjob a subject had
held for at least one year since the age of 16. For each
job, the subject was asked to give a description of his
duties, the job title, the industry, and the years
employment started and ended. In addition, the
subject was asked if he was exposed to a variety of
dusts (such as dust from wood, coal, silica, asbestos,
textile fibres, or others), smoke (from burning fuel), or
chemical fumes while at the particular job.

ANALYTICAL METHODS
The employment data were classified using both
industrial and occupational headings defined for the
1982 Chinese population census (Foreign Broadcast
Information Services, 1985). The census code grouped
industries and occupations according to three levels of
increasing detail: the major headings reflected general
industry or occupation groupings, whereas the two

and three digit categories provided finer, more specific
classifications of each industry or occupation. In the
tables presented below only the major headings and
the two digit employment groups having more than 20
study participants were listed. Data for three digit
categories are presented in the text to help clarify
associations with selected categories or to evaluate
jobs of a priori interest not adequately described at the
two digit level-for example, shipbuilding and foun-
dry work-or both.
The odds ratio (OR) was used to evaluate the

relation between occupation and risk of lung cancer.
The risk associated with each industrial or
occupational category was estimated relative to the
risk for respondents never employed in that industry
or occupation. The effect of potential confounding by
smoking and other variables (such as age, education,
birthplace, history of non-malignant chest disease,
consumption of foods containing vitamin A, and
employment in another industry or occupation
associated with an OR greater or equal to 1 3) was
assessed and controlled in the analysis, if necessary, by
stratification. Adjusted relative risks were estimated
by the method of maximum likelihood and 95%
confidence intervals (CI) were computed by Gart's
method.7 The strata for the smoking variables were:
non-smokers and very light smokers (less than 20 years
or less than 10 cigarettes a day), light smokers (20 or
more years and 10-19 cigarettes a day), moderate
smokers (20 or more years and 20-29 cigarettes a day),
and heavy smokers (20 or more years and 30 or more
cigarettes a day). For more detailed analyses, adjacent
smoking strata were at times combined. To assess
interaction with smoking, the non-smoking category
was separated from the very light smoking category.
For duration-response relations and other measures of
trend, significance was assessed by the Mantel exten-
sion of the Mantel-Haenszel procedure.8

Results

A total of 833 male cases was identified during the one
year study period. Of these, 55 had died before they
could be asked to take part in the study, 39 had died
before the interview date, and six refused to cooperate.
In all, interviews were obtained for a total of 733 cases
(88% of the total incident case series and 99% of the
surviving patients). Interviews were not sought with
the next ofkin ofthe dead patients. Ofthe 760 controls
interviewed, 68 (9%) were second controls. Among
eligible first controls who were not interviewed, seven
refused to cooperate, 30 had moved or were tem-
porarily living outside Shanghai, eight had died or
were too ill to be interviewed, and 23 were not
interviewed for other reasons. Hence, the study par-
ticipants included almost all individuals diagnosed

451

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.45.7.450 on 1 July 1988. D
ow

nloaded from
 

http://oem.bmj.com/


Table I Numbers ofcases and controls and odds ratios (OR) for lung cancerfor men ever employed in each industry category

Unadjt Adjt
Code Industry category* Cases Controls OR OR 95% Cl

I Agriculture, animal husbandry, forestry, and fishery 63 47 1.4 1-4 09-2-1
01 Agricultural production 57 39 1 6 1-6 10-26§

IV Manufacturing 489 514 10 10 0-7-12
18-19 Food manufacturing 28 31 09 09 0 5-1 6
23 Textile industry 89 128 0 7 0-7 0-5-1-0l
24 Sewing industry 34 30 1-2 1-3 0-7-2-3
27 Furniture manufacturing industry 16 10 1-7 1-3 0-5-3;4
29 Cultural, educational, and art supplies manufacturing 36 35 1.1 1-2 0-7-2-2

and printing industry
31 Chemical industry 34 25 1 4 1 7 09-3 1
33 Pharmaceuticals manufacturing industry 12 10 1-3 1-2 0-4-3-2
34 Rubber and plastic products manufacturing 15 18 09 1 0 04-22
37 Non-metallic minerals products manufacturing 34 29 1-2 1-2 0-7-2-1

(except insulating materials)
39 Metallurgical industry 84 73 1 2 1.1 0-8-1-7
40-41 Metallic products manufacturing 32 31 1 1 1.0 0-6-1-8
42-43 General machinery (not including electromachinery) 135 151 09 09 07-1-3

manufacturing
44-45 Electric and electronic machinery and equipment 27 33 0-8 0 9 0-5-1 7

manufacturing
47 Transportation equipment manufacturing 45 40 1-2 1 1 0 7-1-8
48-49 Precision machinery and instrument and meter 23 19 1-3 1 5 0-7-3 0

manufacturing
VI Building construction 73 57 1-4 1-2 0-8-1-8
VII Transportation, postal, and communications 161 156 1I1 1 0 08-1 4
VIII Commerce, food, and beverage supply and marketing 198 225 09 1-0 08-1*3
IX Residential management, public utility management, 42 36 1-2 1.1 06-1-9

and resident services
X Public health, sports, and social welfare 16 22 0-8 0 9 0-4-2-0
XI Education, culture, and arts 61 57 1 1 1-2 0-8-1-8
XII Scientific research and multipurpose technical service 14 13 1 1 1.0 0 4-2-6
XIII Finance, insurance 23 21 1-1 1-2 0-6-2-4
XIV State organisations, political parties, and mass 93 92 1 1 1-0 0 7-1-5

organisations

*Men employed in more than one industry are included in each industry in which they worked; excluded are three cases and three controls
with unknown smoking history.
tFor each industry, relative to a risk of 1 0 for men never employed in that industry.
tAdjusted for smoking and age.
§P = 0 04.
llp = 0-02.

with lung cancer among Shanghai residents over this
fixed period and a representative sample of the
population from which the cases arose.

Table 1 presents smoking adjusted risks for men
who were ever employed in the industries reported by
more than 20 subjects. Listed are all the major industry
headings (in Roman numerals) and the two digit
categories under agriculture and manufacturing. A
significantly increased risk of lung cancer was found
for employment in agricultural production (OR = 1-6,
95% CI = 1-0-2-6). The largest increase in risk was
observed for the chemical industry (OR = 1 7,95% CI
= 0-9-3-1). The highest risk among the three digit
subcategories within the chemical industry was found
for individuals ever employed in the making of soaps,
detergents, perfumes, and cosmetics (13 cases, 6
controls; OR = 3-2, 95% CI = 1-0-10-5). A raised risk
was also seen for the three digit category representing
employment in raw chemical and materials manufac-
turing (15 cases, 10 controls; OR = 19, 95% CI =
0 7-5- 1). The textile industry was the only industry for

which the risk was significantly less than one (OR =

0 7, 95% CI = 0-5-1-0), with most workers engaged in
cotton spinning and weaving. In addition, no unusual
risks were observed for certain industrial categories of
a priori interest, including rubber and plastic products
manufacturing (OR = 1-0, 95% CI = 04-2 2).

Table 2 shows smoking and age adjusted risks
according to duration ofemployment in the aforemen-
tioned industries. The risks for the metallurgical
industry (predominantly iron and steel processing)
and for shipbuilding and repair, a three digit classifica-
tion code reported by 30 cases and 20 controls (OR =

1-3, 95% CI = 0-7-2 6) are also shown. These
categories were selected a priori because of the high
risks of lung cancer previously reported. There was
little evidence of linear trends in risk for any industry
but a sharply raised OR of 12-0 was observed for long
term (> 30 years) chemical industry employees. Risks
were also examined by year since initial employment in
these industries but no consistent trends were
apparent.

Levin, Zheng, Blot, Gao, Fraumeni452
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Occupation and lung cancer in Shanghai: a case-control study 453
Table 2 Oddv ratios or lung cancer ac cording to duration ofemployment in specified industries. (Numbers ofcases and controls
given in parentheses)

Duration ofemployment (years)
IndusirY categorY* < 10 10-19 20-29 )30

Agricutltural production -6t (36, 25) 1-6 (12, 8) 1-3 (8, 6) - (1, 0)
Textile industry 0-9 (21, 25) 0-5 (8, 19) 0-9 (25, 27) 0-6 (35, 57)
Chemical industry 2-0 (13, 7) 2-3 (6, 4) 0-6 (6, 13) 12-0 (9, 1)
Rubber and plastic products 2-0 (5, 4) 0-8 (2, 3) 0-7 (4, 5) 0-7 (4, 6)

manufacturing
Metallurgical industry 1-3 (24. 18) 1-2 (12, 13) 1-1 (35, 34) 1-2 (12, 8)
Shipbuilding and repair 1-7 (9, 6) 1-6 (2, 1) 1-7 (7, 4) 1-1 (12, 9)

*Men employed in more than one industry are included in each industry in which they worked; excluded are two controls with unknown
smoking history and one case with unknown duration of employment.
tFor each industry, reference category consists of men never employed in that industry; all odds ratios are adjusted for smoking and age.

Table 3 Numbers ofcases and controls and odds ratios (OR)for lung cancerfor men ever employed in each occupation category

Unadjt Adj$
Codle Occupation categorY* Cases Controls OR OR 95% Cl

I Professionals and technicians 150 163 0-9 1-1 0-8-1-4
II Leaders of state organisations, party and mass 70 75 1-0 1-0 0-7-1-5

organisations, and enterprise units
Ill Office and related personnel 125 127 1-0 1-1 0-8-1-5
IV Commercial workers 148 184 0-8 0-8 0-6-1-1
V Service workers 189 172 1-2 1-2 0-9-1-6
VI Agricultural, forestry, animal husbandry, and fishery 60 46 1-4 1 5 0-9-2-3

workers
61 Agricultural workers 54 37 1-6 1-6 1-0-2-5

VII-IX Production, transportation, and other related workers 546 548 1.1 1-0 0-8-1-3
72 Metal smelting and treatment workers 65 57 1-2 1-1 0-7-1-7
73 Chemical workers 17 11 1-6 1-4 0-6-3-4
75 Textile, knitting, printing, and dyeing workers 38 53 0-7 0-7 0-5-1-2
76 Tanning, fur making, and fur products manufacturing 12 1 1 1-1 0-9 0-4-2-5

workers
77 Workers in tailoring and sewing 21 25 0-9 1-0 0-5-1-9
78 Food and beverage manufacturing workers 21 14 1-6 1-6 0-7-3-5
80 Timber processing and wood, bamboo, hemp, rattan, 34 27 1 3 1-2 0-7-2-2

palm, and straw products makers
82 Printers and other related workers 15 13 1-2 1-5 0-6-3-5
84 Metal forgers, tool makers, machine tools installers, 114 86 1-4 1-4 1-0-1-9

and operators
85 Machinery assemblers and precision instrument 53 65 0-8 0-9 0-6-1-3

makers
86 Electrical and electronic equipment installers, 19 25 0-8 0-8 0-4-1-6

repairmen, fitters, and other related workers
88 Pipefitters, welders, cold workers, and metal 26 30 0-9 0-9 0-5-1-7

component installers
89 Glass, ceramic, and enamelled products workers 12 17 0-7 0-6 0-3-1-5
90 Painters 15 10 1-6 1-4 0-5-3-5
91 Other production workers and related personnel 24 16 1-6 1-7 0-8-3-6
92 Construction workers 44 30 1-6 1-4 0-8-2-5
93 Power equipment operators 27 20 1-4 1-2 0-6-2-3
94 Loading machine and other related equipment 81 68 1-3 1-0 0-7-1-5

operators
95 Transportation equipment operators 109 104 1-1 1-1 0-8-1-5
96 Personnel in inspection, measuring, testing, analysis, 47 32 1-6 1-5 0-9-2-6

etc work
99 Personnel in other production, transportation, and 46 68 0-7 0-7 0-5-1-2

related work

*Men employed in more than one occupation are included in each occupation in which they worked; excluded are three cases and three
controls with unknown smoking history.
tFor each occupation, relative to a risk of 1 0 for men never employed in that occupation.
$Adjusted for smoking and age.
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Table 4 Odds ratios for lung cancer according to duration of employment in specified occupations. (Numbers of cases and
controls given in parentheses)

Duration ofemployment (years)

Occupation category* < 10 10-19 20-29 >30

Foundry workers 5 7t (9, 2) 2-5 (6, 3) 0 8 (5, 6) 08 (4, 4)
Printers and related workers 3 5 (7, 3) 0-5 (3, 4) 04 (1, 3) 1-5 (4, 3)
Metal forgers, tool makers, machine tool 1 2 (27, 23) 1-9 (25, 17) 1-3 (33, 26) 1-6 (29, 20)

installers, and operators
Pipefitters, welders, coldworkers, and 1 5 (10, 7) 3 7 (6, 2) 07 (5, 8) 04 (5, 13)

metal component installers
Painters 1-9 (7, 3) 2 8 (2, 1) 2-2 (5, 2) 03 (1, 4)
Construction workers 1-7 (21, 13) 1 7 (7, 6) 1-1 (10, 8) 1-9 (6, 3)

*Men employed in more than one occupation are included in each occupation in which they worked.
tFor each occupation, reference category consists of men never employed in that occupation; all odds ratios are adjusted for smoking and
age.

Table 3 shows the risks for men ever employed in

each occupational category. As in the industry
analysis, only occupations with more than 20 people
were included in the table. Odds ratios are presented
for all the major occupational headings as well as for
the two digit categories under agriculture and produc-
tion. None of the occupations showed a significantly
increased risk of lung cancer. Similar to the results for
industrial groups, raised risks were detected among
agricultural workers (OR = 1 6) and chemical work-
ers (OR = 1-4). Among two digit categories ofa priori
interest, raised risks were observed among printers
(OR = 1-5, 95% CI = 0-6-3-5) and painters (OR =

1 4, 95% CI = 0 5-3 5). For three digit occupational
categories of a priori interest, a 60% excess risk oflung
cancer was seen among foundry workers (24 cases, 15
controls; OR = 16, 95% CI = 0 8-3 4) but the risk
among all workers in metal (mostly ferrous) smelters
was not particularly high (OR = 1 1, 95% CI = 0 7-

1 7). Some excess risk was found among metal forgers,
tool makers, and machine tools installers, and
operators (OR = 1 4, 95% CI = 1 0-1 9). Increased
risks were also detected for construction workers (OR
= 1 4, 95% CI = 0-8-2 5) but not for the category of
pipefitters, welders, cold workers, and metal compon-
ent installers (OR = 0 9, 95% CI = 0-5-1-7).
Although decreased risks were observed for several

occupations, including textile workers (OR = 0 7,
95% CI = 0-5-1 2), risks of lung cancer were not
significantly low for any occupational categories at
either the general or the two digit level.

Table 4 presents risks according to duration of
employment for the occupations of a priori interest.
There were no upward trends with increasing duration
of employment and a decreasing trend was observed
for foundry workers. Further analyses showed that
men initially employed as metal forgers and tool
makers less than 20 years ago had a much greater risk

Table 5 Odds ratiosfor histological types of lung cancer by employment in specified industries and occupations. (Numbers of
cases given in parentheses)

Histological cell type

All cell types$ Squamous cell Adenocarcinoma Oat cell

Industry category:*
Agricultural production 1-6§ (57) 18 (27) 1.5 (16) 1 1 (3)
Textile industry 0-7 (89) 0 5 (30) 0-7 (27) 0-8 (8)
Chemical industry 1-7 (34) 2-2 (16) 1 4 (9) 3-4 (5)
Metallurgical industry 1-1 (84) 1-2 (37) 08 (18) 2-4 (14)
Shipbuilding and repair 1-3 (30) 15 (14) 1 2 (8) 1 2 (3)

Occupation category:t
Foundry workers 1 6 (24) 24 (14) 1-0 (5) 1 6 (3)
Metal forgers, tool makers, machine tools 1 4 (114) 1-0 (38) 1 8 (42) 1 5 (10)

installers, and operators
Pipefitters, welders, cold workers, and metal 0 9 (26) 0-8 (11) 0-7 (6) 2-0 (4)
component installers

Construction workers 1 4 (44) 1-8 (22) 1 3 (11) 1-8 (4)
*Men employed in more than one industry are included in each industry in which they worked.
tMen employed in more than one occupation are included in each occupation in which they worked.
tOdds ratios for industries and occupations that appear in table 5 are also included in tables I and 3.
§For each industry and occupation, reference category consists of men never employed in that industry or occupation; all odds ratios are
adjusted for smoking and age; excluded are 35 men with unknown smoking history or cell type or both.
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Occupation and lung cancer in Shanghai: a case-control study
(OR = 8 8) than those initially employed more than 20
years ago (OR = 1.2). This association with more
recent work as a metal forger or tool maker persisted
when we examined years since initial exposure by
duration of employment.
We also looked at duration of employment and

years since initial employment for other industries and
occupations with an OR > 1-4 or < 0-7 but found little
indication of consistent trends for any category.

All risks given in the tables are adjusted for the
effects of cigarette smoking, the major determinant of
lung cancer in this population. We also examined
potential interactions between smoking and occupa-
tion, separating non-smokers and smokers and clas-
sifying smokers by amount smoked. For nearly all of
the industries and occupations listed in tables 2 and 4
with ORs above 1-0, risks tended to remain raised in
every smoking category. For agricultural workers,
however, the excess was limited to smokers, with the
greatest risk occurring among heavy smokers. A
persistently low risk of lung cancer associated with the
textile industry was seen in all smoking categories.

Risks of lung cancer according to histological type
are shown in table 5 for those employment categories
of a priori interest where sufficient numbers allowed
such an analysis. For most industrial and occupational
groups, the ORs did not vary by cell type. Excess risks
of oat cell cancer, however, were observed for
employment in the chemical industry (OR = 3.4,
based on five cases) and the metallurgical industry
(OR = 2-4, based on 14 cases), and for the
occupational category including pipefitters and wel-
ders (OR = 2-0, based on four cases).
We also evaluated risks of lung cancer according to

self reported exposure to various dusts, smoke, and
fumes at the workplace (table 6). Relative to those
reporting exposure to none of these substances, a
significantly increased risk was observed for those
reporting exposures to wood dust (OR = 1-7, 95% CI
= 1.0-2.7), other dusts (OR = 16, 95% CI = 1 1-
2-1), smoke from burning fuels (OR = 18, 95% CI =

13-2-5), and chemical fumes (OR = 1-7, 95% CI =

13-2-3).A30%excess(OR = 1-3,95% CI = 10- 19)
was associated with exposure to coal dust. These
raised risks tended to occur across all smoking
categories, but there was no evidence of a positive
trend with years employed in occupations where the
respondent reported exposure to dusts, smoke, or
fumes. Exposures to wood dust were reported for only
a few industries and occupations such as timber
production and furniture making, but exposures to
coal dust, chemical fumes, and smoke from burning
fuels were more widely distributed-for example,
cooks, metal smelting workers, machinery manufac-
turing workers, metal forgers and tool makers, and
chemical workers. The OR for cooks reporting

Table 6 Numbers ofcases and controls and odds ratios (OR)
for lung cancer according to self reported exposure to dusts,
smoke, andfumes at the workplace

Dusts, smoke,
andfumes* Cases Controls ORt 95% CI

Never exposed 206 266 10 -

Dusts:
Wood 63 42 1-7 10-27$
Coal 165 143 13 10-19
Silica 106 91 1-3 0-91-9
Textile fibre 68 89 1I1 0-7-1-6
Asbestos 14 19 09 04-2-1

Otherdusts 228 184 16 1-1-21
Smoke from

burning fuels 204 138 1-8 13-2-5
Chemical fumes 277 201 1-7 1-3-2-3
Other smoke
orfumes 17 16 1-6 0 7-3 7

*Excluded are three cases and three controls with unknown smoking
history.
tReference category consists of men never exposed to any dusts,
smoke (other than cigarettes), or fumes while at the workplace;
adjusted for smoking and age.
$P = 0-04.

exposure to coal dust, compared with non-cooks
reporting no exposure to dusts, smoke, or fumes, was
2-2 (95% CI = 1* 1-4-6), the highest risk among all the
major industry/occupation categories involving
exposure to coal dust.
We also examined risks of lung cancer by industrial

and occupational categories for women. A total of 672
female cases and 735 female controls was interviewed
but small numbers in many of the industrial and
occupational categories precluded a detailed analysis.
Nevertheless, of the employment categories that
showed raised risks of lung cancer among men,
increases among women were observed for
metallurigical, shipbuilding, and construction workers
but not for agricultural or chemical workers. No
concomitant deficit was observed among female textile
workers, although a lowered risk was found for those
employed in cotton mills. A significantly increased risk
of lung cancer among women was associated with
employment in non-metallic minerals products
manufacturing (OR = 2-5, 95% CI = 1[0-62, based
on 21 cases and nine controls), due mainly to work in
glass and glass products manufacturing (OR = 5 1,
95% CI = 1-3-23-5, based on 15 cases and three
controls). Risks reached over sevenfold for women
working 20 or more years in this industry. Among
occupational groups, the general category of profes-
sionals and technicians showed a significantly
increased risk of lung cancer (OR = 1-4, 95% CI =
1-0-2-0, based on 99 cases and 88 controls), with most
of the increase found among the two digit headings,
medical and health technicians and economic affairs
personnel. Increased risks, similar to those observed
among men, were also associated with self reported
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exposure to wood and coal dusts, smoke from burning
fuels, and chemical and other fumes.

Discussion

This large population based case-control study of lung
cancer in urban Shanghai systematically examined
over 60 industries and occupations and identified
several with either an increased or decreased risk of
lung cancer. Although some findings may be due to
chance as a result of multiple comparisons, most are
consistent with those of previous investigations in
other countries.

In the examination of industrial groups raised risks
of lung cancer were found for employment in agricul-
tural production and in the chemical industry. The
excess among agricultural workers was unexpected,
since decreased risks oflung cancer typically have been
reported for farmers.9 This reduction in risk usually is
attributed to the lower prevalence of smoking in this
group.'" Our data suggest, however, that the smoking
habits among Shanghai agricultural workers were
generally similar to those of other industrial groups
and the raised risks persisted after adjustment for
smoking. This finding must be interpreted cautiously,
since there was no excess among women, no trend in
risk with duration of employment, and most men
began working more than 30 years ago and worked for
less than 10 years as farmers. Nevertheless, it may be
noteworthy that pesticides have been commonly used
since the late 1 940s in agricultural areas around
Shanghai." 2 The possibility that pesticides may con-
tribute to risk among agricultural workers is suggested
by raised rates of lung cancer observed among pes-
ticide applicators in the United States and Europe.'3 14

Little information is available on the type of pes-
ticides, although inorganic arsenicals have been used
to some extent and have been established as a pulmon-
ary carcinogen.'5 Although data to evaluate interac-
tions were sparse, it is interesting that the excess risk of
lung cancer among agricultural workers was confined
to smokers.
The raised risk of lung cancer associated with the

chemical industry may represent a new lead to
occupational carcinogenesis. In the United States
excess lung cancer mortality has been reported in
counties where chemical industries are concentrated,'6
but raised risks have not been consistently observed in
cohort or case-control studies. "-' In the present
investigation we found a twofold increase in risk for
employment in raw chemical and materials manufac-
turing and a threefold increase for soap, detergent,
perfume, and cosmetic manufacturing. There was little
evidence of a smooth linear trend of increasing risk
with increasing duration ofemployment but a striking
excess was seen among employees who had worked for

Levin, Zheng, Blot, Gao, Fraumeni

30 or more years in various occupations within the
industry. These workers were likely to have been
exposed to several chemicals, some of which, such as
bis(chloromethyl) ether, are known to be carcino-
genic.20 Exposure to chemical fumes was also reported
more often by cases than controls among workers both
in and outside the chemical industry. Benzene, a
recognised leukaemogen that may affect the risk of
other cancers,2' was most often mentioned when
respondents were asked to specify exposures. Various
other chemicals were also reported but in numbers too
small to characterise adequately case-control differen-
ces. Caution is required in interpreting these data since
the specific responses were volunteered.
We also found non-significant but raised risks for

several industrial and occupational groups that have
been consistently implicated by other investigators.
For example, the 60% excess of lung cancer observed
among foundry workers is consistent with the
increased risks associated with work in iron and steel
foundries in several western countries.22 An excess risk
among metal forgers and tool makers has also been
found in several studies.23 For foundry work and metal
forging and tool making, however, it is difficult to
disentangle the effects of various exposures such as
polycyclic hydrocarbons, silica, and chromium com-
pounds.24 We also found increased risks forjobs with a
potential exposure to asbestos such as shipyard and
construction workers, as noted in several reports from
other countries.2526 We found little or no increase in
risk, however, for the occupational category including
pipefitters and welders. Exposure to asbestos may not
be as extensive in Shanghai as in western cities since
few subjects reported any contact on the job and then
only within the past 30 years. Asbestos is not thought
to account for the significantly increased risk of lung
cancer among women in the glass production industry,
although exposure to arsenic may be a possible
explanation as suggested in an investigation of glass
workers and risk of lung cancer in Sweden.27
Even though several industries and occupations

were associated with decreased odds ratios of lung
cancer in our study, the low risks among men and
women in the cotton textile industry were remarkably
consistent with findings in other countries.2>30 We
were able to rule out a reduced prevalence of smoking
as a cause of the lowered risk, thus lending support to
the hypothesis3' that exposure to constituents of
cotton dust, such as bacterial endotoxins, may be
protective.
Although cases may have selectively recalled

exposure to dust more often than controls, it is of
interest that we found a significant 70% increase in
risk oflung cancer with selfreported exposure to wood
dust. Most of these people worked in furniture
manufacturing or timber production, employment
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categories that showed slightly raised risks of lung
cancer. While the relation between wood dust and
nasal cancer is well established,32 the association with
lung cancer is less well understood.33 Several recent
case-control studies of lung cancer, however, have
reported ORs ranging from 1-3 to 2-0 associated with
exposure to wood dust.'37 Although cohort studies
among furniture makers in Europe found no increased
risks of lung cancer,38 39 follow up of 10 000 individuals
employed as woodworkers in the American Cancer
Society cohort study' showed a significant excess of
lung cancer and a possible interaction with smoking.
The raised risk of lung cancer among those report-

ing exposure to coal dust seems noteworthy, despite
the absence of an association in most studies of coal
miners.4"42 Few men or women in Shanghai were
engaged in mining but exposure to coal dust was
reported in various industries (such as non-metallic
minerals, metallurgical, machinery manufacturing,
transportation, commerce, and food and beverages)
and occupations-for example, cooks, metal smelting
and treatment workers, metal forgers and tool makers,
loading machine and other related equipment
operators, and transportation equipment operators.
Exposure to coal dust also occurs commonly in the
non-occupational setting, since coal is one of the
principal fuels used in home cooking in Shanghai.
Thus it is interesting that among those reporting
occupational exposure to coal dust, the highest OR
was among cooks. In western countries raised rates of
lung cancer have been reported among cooks, al-
though attention has centred on the possible effects of
polycyclic hydrocarbons or nitrosamines in cooking
fumes.43"

Previous studies have suggested that squamous cell
and small cell anaplastic (oat cell) carcinomas are
more likely than adenocarcinoma to be associated
with occupational exposures.43" We found, however,
only slight differences in risk by cell type for most
occupational or industrial categories. Whether the
higher risk ofoat cell cancer in the chemical industry is
related to exposure to bis(chloromethyl)ether deserves
further study.20

Several limitations should be kept in mind when
interpreting our results. Firstly, some of the statis-
tically significant findings may be chance occurrences
due to the large number of employment categories
evaluated. Secondly, analyses based onjob titles suffer
from possible misclassification as well as the inability
to define particular exposures that may change over
time.47 Finally, information on dusts, smoke, and
fumes obtained in this study was based on self
reporting (although specific questions on exposure to
dust were asked) and thus may be influenced by recall
bias and other subjective criteria.
A major advantage of this study was the detailed

information collected on cigarette smoking, the
primary cause of lung cancer in this population. The
risks of lung cancer increased steadily with amount
smoked in patterns resembling those seen in western
countries. For squamous and oat cell cancers, the link
to smoking was stronger than for adenocarcinoma.
Smoking habits, however, did not appreciably alter
the associations between the employment groups and
risks of lung cancer, although some industrial
exposures-for example, agricultural production-
may have potentiated the carcinogenic risks of smok-
ing.

In summary, this case-control study of lung cancer
in Shanghai showed increased risks for employment in
the chemical industry and agricultural production,
generating hypotheses that deserve further examina-
tion. Excess risks were also found for employment in
shipbuilding, construction, foundry work, metal forg-
ing and tool making, printing, painting, and glass
making, consistent with observations from western
countries.2`27 The relations to coal and wood dust
warrant further study, particularly since these
exposures are common in China. Finally, the smoking
adjusted reduced risk among textile workers is consis-
tent with reports outside ofChina and may offer a clue
to protective factors. These findings provide a basis for
further research on workplace exposures in China and
elsewhere that may improve our understanding of the
aetiology of lung cancer.
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