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Occupat ion and gastric cancer in Spain. Scand J Work En viron Health 1991;17:240-7. The associa­
tion between occupational exposure and stomach cancer was investigated in a mult icenter case-referent
study condu cted in Spain on 354 histologically confir med cases and 354 ho spital referents, matched by
age, gender, and residence. An increased risk of gastric cancer was found for coal mining workers [odds
ratio (OR) 11.8l, but the number of workers was small, and therefore the 95 070 confidence interval (95 070
CI) was wide (95 070 CI 1.36-103) . An increased risk was observed for wood and furniture workers
(OR 1.76), constru ction workers (OR 1.68), and glass and ceramic workers (OR 2.18), but none of these
risks were statistically significant. According to an occupation-exposure linkage system an increased risk
was found for occupations associated with exposure to silica and mineral dust (OR 1.80, 95 070 CI
0.90-3.59). All of the OR estimates were adjusted for the confounding factors socioprofessional status
and dietary habits . The possibility of a causal association between stomach cancer and coal and mineral
dust is supported by the result s.
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Stomach cancer mortali ty and morbidity rate s are
decre asing in Spain, as well as in most of the devel­
oped countries. However, cancer incidence estimations
for both genders (I) show that it was stilI the most fre­
quent tumor in the world in 1980. In Spain, stomach
cancer, in 1985, repre sented the second most frequent
cancer in men and the third most frequent cancer in
women (2).

Stomach cancer mortality is lowest in Spain in the
Mediterranean area, whereas the highest mortality is
found in the central regions of the Iberian Peninsula
(Castilian Meseta) , which is characterized by predom­
inant farming activity and low industrial development
(3).

The causes of stomach cancer have not yet been
clearly delineated (4). However, there is strong evidence
that diet could be one of the main causal factors (5).
Several occupations have been identified as associated
with gastric cancer. Results from studies in coal mining
areas showed a consistent elevated risk of stomach can­
cer in coal miners in England (6) and the United States
(7-9). Studi es among rubber indu stry workers have
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shown a consistent excess of stomach cancer risk, al­
though the association ob served was gener ally weak
(10- 12). Several cohort studies on oil refinery work ­
ers have also shown a weak but consistent increase in
stomach cancer risk (13-15).

Several studies have shown an increase in gastric can­
cer risk for occupations exposed to industrial dust. A
case-referent study (16) showed an increase in risk for
exposure to miner al dust. An increase in risk has been
observed in historical cohort studies of workers ex­
posed to cement dust (17), workers exposed to asbestos
(18), and metal polishers (19). Two proportionate mor­
tality studies have also shown an increase in risk for
workers exposed to synthetic abrasives (20) and for
metal pol isher s (21). Dust ingestion , therefor e, could
be considered an etiologi c facto r of gastric adenocar ­
cinoma.

A cohort study carried out in Sweden showed an in­
creased risk of stomach cancer for ethylene oxide pro­
duction workers (22), although the number o f cases
was small and the results were not conclusive.

In this pape r we present the results of a mul ticente r
epidemiologic study on occupational exposure and
stomach cancer risk in Spain . Thi s study has also col­
lected informat ion on oth er exposures, such as pres­
ent and past diet, medical histo ry, smoking, and other
life-style varia bles. Th e result s for these variables will
be repo rted separately.

Subjects and methods

The stud y was carried out in four region s of Spain in­
cluding seven areas of Barcelona Province (Catalonia),
Zaragoza City (Aragon), Soria Province (Castilia), Lu­
go Pro vince, and the north of La Coruna Province
(Ga licia). Barce lona Province has a low stomach can-



cer mortality rate, while in the other areas the rate is
high (3). The overall population covered by the study
was approximately 950 000.

The cases were identified and recruited from 15
hospitals in the public health system. These hospitals
represented nearly all the patient care resources avail­
able in the study areas. The public health system covers
more than the 90 0J0 of the Spanish population.

New cases of gastric adenocarcinoma (excluding
lymphomas and other nonepithelial neoplasma) diag­
nosed between November 1987 and December 1989
were included, although in some areas the recruiting
period was shorter. For all cases histopathological con­
firmation of the diagnosis was obtained. Cases oc­
curred in residents of the study areas. Those diagnosed
but deceased prior to the interview were excluded. Al­
together interviews were made for 354 gastric adeno­
carcinoma cases (235 men and 119 women). The aver­
age age was 65.3 (range 31-88) years. Among the in­
terviewed, 121 were from the low risk area and 233
from the high risk area.

One referent was enrolled for each case. The refer­
ents were matched to the cases by gender, age (within
three years), and area of residence. They were selected
from the admission register of the same hospital as the
cases. The first patient who registered after the case's
admission and fulfilled the matching criteria was se­
lected as the referent. Patients with admission diag­
noses which could be associated with the risk factors
under study were excluded. Such diagnoses included
respiratory and digestive tract cancer, chronic respira­
tory diseases, diabetes, and other chronic diseases
which required a special therapeutic diet.

Interviews were conducted by trained personnel at
the same hospital for each matched pair of cases and
referents. The interviewers were not aware of the case
or referent status of the subjects. The questionnaire
included a section covering occupational history for
any job that lasted more than six months. Enrollment
and finishing dates, working area, specific task, com­
pany name and address, and main products manufac­
tured or services provided were recorded.

The coding of occupational history was based on the
National Classification of Occupations (23), the Span­
ish equivalent of the International Classification of Oc­
cupations (24). It was performed by one person famil­
iar with the classification, nomenclature, and code
usage. The industrial activities were coded according
to the National Classification of Economic Activities
(25), a Spanish adaptation of the United Nations' Clas­
sification (26).

All jobs held for at least six months and up to one
year prior to the diagnosis were analyzed by categories
in the classification. A group of occupations consid­
ered "not exposed" to known or suspected carcino­
gens was used in order to have a reference category
for the occupational analysis; this group included the
Spanish equivalent of those occupations which have
been previously studied in the United States and shown

not to be linked to any agent with carcinogenic poten­
tial (27). In our study, the group of "not exposed"
occupations included traders and salespersons and ad­
ministrative and serviceworkers according to the Span­
ish occupation classification. The individuals which
had always worked in these occupations and those who
had never worked formed the reference category.

In the analysis of each occupation as a risk factor
for gastric cancer, persons who had ever worked in the
occupation of interest were considered "exposed." The
relative risk estimates shown in the tables compare the
exposed to the specified occupation with the reference
group. The individuals who had ever worked in occu­
pations other than those from the "not exposed"
group but who had never worked in the occupation
being studied were not considered in the analysis.

The same procedure described for occupations was
followed in the analysis by industry. The "not ex­
posed" group for industries included commerce and
financial servicesin the Spanish classification and those
who had never worked.

In a second step, all the occupations with potential
exposure to different kinds of industrial dust were iden­
tified according to an occupation-exposure linkage sys­
tem (28). This matrix links different kinds of physical
and chemical agents to different occupations. If there
is a link between an agent and an occupation, the de­
gree of exposure is coded further as I (light), 2 (moder­
ate), 3 (heavy), or 9 (unknown intensity). In this anal­
ysis, only the occupations with the highest level of ex­
posure (grade 3) were included as exposed to dust. The
Spanish occupations equivalent to those in the United
States linkage system with the highest level of exposure
to organic dust (rubber, leather and fur, textiles, and
wood) and inorganic dust (silica, metal, minerals, and
chemicals) were identified. The analysis compared
workers who had ever worked in these occupations
with those in the reference occupations.

A univariate analysis for matched data was based
on a maximum likelihood procedure to estimate rela­
tive risk (29). Miettinen's formulas for matched case­
referent studies were used to calculate the confidence
interval (CI) (30).

A multivariate analysis for the adjustment of vari­
ables in addition to those used in matching was based
on the conditional logistic regression method (29). For
the computing, a standard statistical analysis program
was used (31).

Educational level and socioprofessional status were
adjusted for in the multivariate analysis. Educational
level was based on years of schooling completed. So­
cioprofessional status was based on the Spanish clas­
sification (32), which had 18 categories that were fur­
ther grouped into six categories for the analysis.

Since the consumption of vegetables and fruits is one
of the most important etiologic factors (protective),
in addition to socioprofessional and educational level,
the consumption of cooked vegetables and fresh fruits
was also adjusted for in the analysis. The consump-
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tion was categorized into quartiles according to the dis­
tribution among the referents.

The analysis of occupation separately for each gen­
der yielded similar results . Gender was, therefore,
controlled for in the analys is and not presented sepa­
rately.

No significant statistical difference was observed be­
tween the cases and referents on educational level and
socioprofessional classification. Nonetheless so­
cioprofessional status was adjusted for in the subse­
quent multivariate analysis .

The number of different jobs in which the subjects
had worked over their worklife was compared between
the cases and referents, and no difference was ob­
served.

Results

Table I presents the job group distribution of the cases
and referents, showing only groups with at least five
cases who had ever worked in each occupational cate­
gory . The odds ratio (OR) estimates shown were ad­
justed for socioprofessional status and dietar y intake
of vegetablesand fruits. In occupations for which some
evidence has suggested a risk factor for gastric can­
cer, we observed an increase in risk, but none of the
OR estimates was statistically significant. For mining
and related occupations there were I I cases and 11
referents with an OR of 1.18 (95 % CI 0.42-3.4). A
high risk was observed for wood and furniture
manufacturing workers (OR 1.76,95 % CI 0.45-6.9),
for construction workers (OR 1.68, 95 % CI 0.85­
3.3), and for glass and ceramic workers (OR 2.2, 95 %
CI 0.59-8.1). The univar iate OR estimates for these
occupations were slightly larger and also not statisti ­
cally significant. In this data set only three cases and
two referents were rubber workers, and none were oil
refinery workers.

Table 2 shows the distribution of cases and refer­
ents according to the types of industrial activity. For
the coal and coke mining industry, 11 cases and 3
referents were observed with a high OR (11.8), which
was statistically significant, but with a wide confidence
interval (95 % CI 1.36-103). The unadjusted OR for
this group was 9.3, and after adjustment for socio­
professional status but no adjustment for diet (con­
sumption of vegetables and fruits) the OR was 9.9. For
the metal and nonmetal mining industries, the observed
risk was not increased . The estimated OR for the con­
struction industry was lower than the estimated OR
calculated for job category. For the leather industry,
the OR was 2.1, but there were only five cases and three
referents.

Table 3 shows the results of the exposure to different
industrial dusts . For organic dust s, an increased risk
was observed among rubber and leather workers. How­
ever only very few workers were in this category in
the analysis. No increased risk was observed among
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workers exposed to metallic dust (OR 1.17, 95 % CI
0.43-3.2).

There was a relatively large number of workers ex­
posed to silica and mineral dusts, mainly brick masons.
The estimated OR was 1.80 (95 0J0 CI 0.90-3.6), the
lower confidence limit being close to 1.

The estimated OR for workers exposed to any of
the industrial dusts studied, adjusted for socioprofes­
sional status and diet , was 1.49 (95 % CI 0.85-2.59).
The estimated OR not adjusted for diet was 1.45 (95 %
CI 0.84-2.5).

Discussion

Different strategies were used in this analysis. The use
of a group not exposed to any known carcinogen as
a reference category has some advantages over the
traditional methods. In the traditional method, the
"ever exposed" group is compared with the "never
exposed" group for each occupation. If among the
never exposed there were other occupations with ex­
posure to the same or other risk factors , the disease
association could be weakened for the particular oc­
cupation studied.

The application of United States industrial exposure
pattern in Spain presents some problems. The indus­
trial processes and the substances involved could dif­
fer from one country to another , and they could be
different in different periods or regions within the same
country. For this reason the application of the United
States dust-exposure matrix in Spain should be viewed
with caut ion . However, having only included the
highest level of exposure has the advantage of reducing
the "false positives" (likelihood of being erroneously
placed in the "exposed" category). On the other hand,
individuals with a low level of exposure could possi­
bly be omitted from the exposed group . However, the
analysis on type of industry, which has a higher sensi­
tivity in classification, allows an estimate of effect, in­
cluding the lowest level of exposure .

Another feature of this study as compared with
previous studies on occupation and gastric cancer is
the adjustment for diet and socioprofessional status,
the two most important confounding factor s.

Previous evidence consistentl y suggested a possible
but weak association between gastric cancer and oc­
cupat ions in coal mines, oil refiner ies, rubber indus­
tries, and industrial dust. Although substances with
potential or suspected carcinogenic effect have been
identified in these occupations and have therefore
made this association biologically plausible , there is
no identified substance which could be considered
directly respon sible, and there is no possible acting
mechanism which has been clearly established. When
an associat ion is weak, the possibility that it is due to
incomplete control of confounding factors or unde­
tected biases has to be considered. On the other hand,



a weak association does not automatically exclude a
potential causal relation (33).

Coal dust contains silica, metal residuals, and poly­
cyclicaromatic hydrocarbons (PAH) . It has been sug­
gested that coal particles concentrated in the lung are
eliminated by the ciliary cleaning function and then
swallowed with saliva, thus reaching the stomach (7).
The combustion of coal products releasesPAH; among
them, benzo[a]pyrene is known for its carcinogenic ef-

feet. Rats experimentally exposed to these products
have developed tumors in the upper squamous part of
the stomach (34). Alderson (35), who simultaneously
analyzed eight different studies on the mining indus­
try, estimated a combined relative risk of 1.66. How­
ever, there are other studies that showed no increase
in risk (36, 37). Others have questioned whether the
increased risk could be directly related to occupation
or could be a result of extraneous factors such as the

Table 1. Number of cases and referents who had ever worked in each large occupat ional groups and the odds ratio (OR) ad­
justed for professional status and diet." (95 % CI =95 % confidence interval)

Ever worked
Occupational classificat ionb

Sales persons, clerical workers service workers (30/59)
Professionals (01/19)
Managers (20/21)
AgricUlture, cattle (60/62)
Forestry (63)
Chiefs (70)
Miners and related (71)
Metal processor (72)
Wood , paper production (73)
Textile workers (75)
Food and beverages (75)
Dressmaker (79)
Furniture, wood manufacturers (81)
Toolmakers (83)
Mechanics (84)
Glass, ceramics (89)
Construction (95)
Load, unload (97)
Transport (98)
Not elsewhere classified (99)

Cases

79
9
3

164
7
6

11
7
5

33
15
12
6

12
8
8

50
20
18
31

Referents

83
11
6

169
7
7

11
10
11
29
14
11
4

10
14
4

38
21
18
30

ORC

1.00
1.13
0.47
1.05
1.03
0.98
1.18
0.77
0.52
1.24
1.28
1.14
1.76
1.36
0.56
2.2
1.68
1.07
1.23
1.04

95% CI

0.41-3.1
0.10-2.1
0.63-1 .74
0.30-3.6
0.~9-3.4
0.42-3.4
0.26-2.3
0.16-1 .66
0.62-2.5
0.52-3.1
0.45-2.9
0.45-6.9
0.48-3.8
0.20-1.54
0.59-8.1
0.85-3.3
0.48-2.4
0.53-2.8
0.50-2.2

a Reference category =sales persons + services workers + clerical workers + never worked .
b Code of the National Classification of Occupations (23) in parentheses.
C Condilional log istic regress ion analysis.

Table 2. Number of cases and referents exposed in large economic act ivity groups (industry) and the odds ratio (OR) adjusted
for profess ional statu s and diet." (95 % CI =95 % confidence interval)

Ever worked
Industrial groupb ORc 95 % CI

Cases Referents

Sales, financial services (61/64, 81/99) 74 75 1
Agr iculture (01) 147 140 1.08 0.64-1.83
Cattle (02) 41 45 0.91 0.46-1.78
Coal and coke minin g (11) 11 3 11.8 1.36-103
Product ion and distribution of gas or electricity (15) 2 6 0.36 0.07-1 .95
Metal mining (21) 3 3 1.14 0.21-6.2
Nonmetal mineral min ing (23) 1 8 0.14 0.02-1.16
Nonmetal mineral industry (24) 11 11 0.97 0.36-2.6
Chemical indust ry (25) 4 5 0.81 0.20-3.3
Metallic manufacturing (31) 22 23 0.97 0.45-2.1
Machinery manufacturing (32) 3 4 1.02 0.20-5.2
Electric manufacturing (34) 1 6 0.14 0.02-1 .31
Food and beverages industry (41/42) 20 23 0.95 0.43-2.1
Text ile industry (43) 44 38 1.17 0.59-2.3
Leather industry (44) 5 3 2.1 0.46-10
Shoes and cloth ing industry (45) 14 12 1.06 0.42-2.7
Wood and cork furniture (46) 17 20 0.89 0.39-2.1
Paper and graph ics industry (47) 7 7 0.97 0.28-3.4
Rubber and plastic industry (48) 3 3 1.02 0.19-5.5
Construct ion industry (50) 65 57 1.29 0.66-2.5
Restaurants, hotels (65/66) 13 11 1.24 0.45-3.4
Repairs (67) 7 g 0.79 0.27-2.3
Transport (71/75) 27 22 0.89 0.40-2.0

a Reference category =sales + financial services + never worked .
b Code of the National Classification of Economic Act ivit ies (25) in parentheses.
C Conditional logistic regression analys is.
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Table 3. Cases and referents by dust exposure group and the odds ratio (OR)adjusted for professional status and diet." (95 %
CI = confidence interval)

Dust exposure groupb
Exposed

OW 95 % CI
Cases Referents

Rubber-talc 3 2 1.65 0.28-10.65
Rubber production (901)
Tire production (902)

Leather 5 3 1.82 0.40-8.25
Shoe production (801)
Shoe repair (802)
Other leather workers (803)

Textile 27 25 1.12 0.55-2.30
Fiber preparation (751)
Spinning workers (752)
Weaving (753-755)

Wood 13 16 0.95 0.40-2.30
Wood production (731)
Sawyer (732-733)
Wood processing (812)
Furnitures (819)
Carpenter (954)

Silica and mineral 49 35 1.80 0.90-3.59
Brick mason (951-952) 41 31 1.69 0.82-3.46
Stone processing (820)
Glass production (891)
Ceramic production (892)
Glass and ceramics processing (893-899)
Nonmetal minerals (943)

Metal 11 10 1.17 0.43-3.24
Blacksmiths (831)
Polisher (835)
Turner (835-839)
Nonmetal minerals (943)

Chemical 2 3 0.39 0.04-3.93

Painters (931-939)

Mining (711-712) 10 11 0.90 0.36-2.28

Total

Reference category 79 83 1.0
Exposed to any dust job 108 87 1.49 0.86-2.59
Any other jobs 167 184 0.99 0.61-1.62

e Reference category = sales + services workers + clerical workers + never worked.
b Code of the National Classification of Occupations (23) in parentheses.
C Conditional logistic regression analysis .

absence or insufficient adjustment for social class and
dietary habits (6). Our results show that diet is appar­
ently not a confounding factor in this data set.

The two case-referent studies with negative results
have potential bias which could have led to an underes­
timation of the risk. In the study of Weimberg et al
(36), nondifferential information bias cannot be elimi­
nated since the study was based on deceased cases and
referents and the information on occupation was col-

. lected indirectly from relatives and by phone. In the
study of Swaen et al (37) selection bias could have ex­
isted. Referents were recruited from hospitals in a
mining area without any admission or exclusion criter­
ia, and the fact that 22 % of the referents were miners
could indicate an overrepresentation of exposed sub­
jects in the reference sample .

Our results support the possible presence of a causal
association between stomach cancer and coal exposure.
If risk is analyzed with all types of mining (table I),
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there is no increased risk, but, if it is analyzed accord­
ing to the type of mining (table 2), a high risk is as­
sociated with coal mining.

In this study the magnitude of the OR (11.8) for coal
exposure is considerably higher than previously re­
ported (between 1.5 and 1.8). The OR has a wide con­
fidence interval and could be due to the small number
of workers within this job categor y in our study popu­
lation .

A detailed analy sis of the occupational history of
the exposed cases (table 4) showed that most of them
had had occupations with long exposure to coal and
that the initial exposure started sometime between 1940
and 1973. Theoretically, these admission dates are
compatible with a long latency period, as has been sug­
gested in another study (9). Among the 11 cases, one
was an administrative worker who had worked 29 years
in mining. All of them had worked in coal mines in
the Barcelona Province.



Table 4. List of cases and referents who had ever worked in the coal mining industry.

Case/referent Year Age at

status Industry Job" (start/end) diagnosis
(years)

Case 1 Coal mining Hopper driver (979.40) 1965/1970 58

Case 2 Coal mining Miner (711.05) 1940/1944 69

Case 3 Coal mining Stint worker (999.10) 1942/1988 71

Case 4 Coal mining Load hopper (973.50) 1955/1964 66

Case 5 Coal mining Load hopper (973.50) 1945/1947 54

Case 6 Coal mining Miner (711.90) 1941/1942 74

Case 7 Coal mining Miner (711.05) 1971/1988 42

Case 8 Coal mining Miner (711.90) 1951/1953 63

Case 9 Coal mining Store worker (391.40) 1948/1986 58

Case 10 Coal mining Clerk (393.10) 1944/1973 57

Case 11 Coal mining Refin ing (721/70) 1973/1988 59

Referent 1 Coal mining Miner (711.05) 1942/1947 57

Referent 2 Coal mining Mechanic (849.35) 1968/1976
Coal mining Chief (700.20) 1976/1988 41

Referent 3 Coal mining Cart driver (986.90) 1950/1965
Coal mining Miner (711.05) 1965/1975 64

a Code of the National Classification of Occupations (23) in parentheses.

For the rubber industry, Alderson (35) estimated,
in a simultaneous analysis of eight prospective studies,
a pooled relative risk of 1.23 (95 0J0 CI 1.1-1.3), and
the association was considered likely to be causal. In
rubber manufacturing, exposure to several substances
is possible, for example, accelerators, antioxidants, sol­
vents, oils, fumes, and talc and other dusts (10), but
none of them have been identified as responsible for
the elevated risk.

For oil refinery workers , one of several prospecti ve
studies has shown an increased risk of stomach can­
cer (38). The scientific evidence available on the car­
cinogenic effect of working in refineries and oil deriva­
tive industries on humans is considered inadequate
even though evidence from animal experimentation is
judged to be sufficient (39). Our study did not show
an increased risk for occupations related to the rub­
ber industry, although this result could be due to the
fact that the number of exposed cases and referents
in our series was very small. Our data did not include
any subject who had ever worked in an oil refinery.
It is known that one of the limitations of a case-referent
study on occupational factors is that it can only evalu­
ate the risk associated with occupations present in the
geographic areas of the study. These industries are not
prevalent in our study areas.

A case-referent study carried out in Spain in the cen­
tral region of Castilia on the basis of death certifi­
cates (40) showed an increased risk of stomach cancer
among farmers (OR 1.41,95 % CI 1.23-1.61). In
agriculture, exposure to fertilizers and pesticides which
could be a precursor of nitrosamines is possible (41).
In our study agriculture and cattle raising had the
largest number of cases and referents exposed , but an
increased risk was not observed.

For industrial dust, an elevated, but not statistical­
ly significant risk was found for occupations exposed
to silica and other mineral dusts . For organic dust , an
increased risk was observed in occupations related to
rubber and leather. However, the number of cases was
small, and the association was not statistically signifi­
cant.

A study from California (16) showed that the highest
risk of stomach cancer coincided with mineral dusts
in jobs related to construction. Wright et al (16) have
reported that the higher risk was for tumors located
in the antrum or pylorus. In our study, however, the
greatest risk was observed for the body and the sub­
cardial area.

For workers exposed to any type of industrial dusts,
the relative risk was 1.49 (95 0J0 CI 0.86-2.1), a value
that is similar to that calculated by Wright (OR 1.3,
95 0J0 CI 1.2-1.4). It needs to be pointed out that this
study analyzed only the occupation at the time of diag­
nosis. This limitation could lead to an underestima­
tion of the magnitude of the effect. However, Wright's
study had a high power because it included more than
1300 cases of gastric adenocarcinoma.

In conclusion, our study provided some evidence
supporting the possibility of a causal association be­
tween gastric adenocarcinoma and exposure to coal in
the mining industry and exposure to silica dust. The
elevated OR estimates were observed even after con­
trol for socioprofessional status and diet, the two fac­
tors that have been suggested as confounding factors .
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