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Mortality and incidence of cancer among Swedish rubber
workers, 1952—1981
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GUSTAVSSON P, HOGSTEDT C, HOLMBERG B. Mortality and incidence of cancer among Swedish
rubber workers, 1952—1981. Scand J Work Environ Health 12 (1986) 538 — 544. The mortality and inci-
dence of cancer was studied among 8 734 workers from two Swedish rubber manufacturing companies.
Mortality was investigated from 1952 to 1981 and cancer incidence from 1959 to 1980. The expected num-
bers of deaths were calculated from national statistics. No significant risk excesses were detected when
the cohort was analyzed without consideration of employment time or latency period. However, the mor-
tality from coronary heart disease and the incidence of lung cancer were increased when the study period
was limited to = 40 years since first employment. The standardized mortality ratio for coronary heart
disease correlated positively with employment duration. The mortality from asthma, bronchitis, and em-
physema was nonsignificantly increased. The incidence of bladder cancer was increased among indivi-
duals with heavy and long-term exposure in the weighing and mixing departments. Twenty-five percent
of the individuals in the cohort were not Swedish citizens at the time of employment, and an analysis
of the mortality and cancer incidence in this group showed a markedly increased lung cancer incidence
for certain immigrant groups, probably mainly due to ethnic factors. The results indicate that ethnic fac-
tors must be considered in the analysis of occupational groups when a high proportion of the workers

are immigrants.
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Workers in the rubber industry may be exposed to a
wide variety of chemicals — natural and synthetic rub-
ber, rubber additives, dust, organic solvents, and sub-
stances formed during the vulcanization process (19).
An epidemiologic investigation published in 1954
showed an excess of bladder cancer (6) among rubber
workers in the United Kingdom. Exposure to 2-amino-
naphthalene, an aromatic amine present in rubber an-
tioxidants as an impurity, was pointed out as the caus-
ative agent for bladder cancer (6). Such compounds
were abandoned around 1950 in the United Kingdom.
Further investigations of the rubber industry in this
same country showed an increased frequency of lung
cancer and cancer of the gastrointestinal organs (5, 14,
15, 30, 32, 34).

In contrast to the British rubber industry, reports
of increased malignancies of the hematopoetic system
are frequent from the rubber industry in the United
States (3, 24, 25, 27). Increases of bladder cancer (8,
27), lung cancer (2, 27), esophageal cancer (9), and
prostatic cancer (16, 24) have also been reported. A
Swedish record-linkage study of vulcanization workers
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has shown an increased incidence of esophageal can-
cer (29).

Some rubber additives used in the manufacturing
process are mutagenic in bacterial test systems (18),
and vulcanization gases also have mutagenic proper-
ties (10, 17). Biological monitoring of workers in the
weighing and mixing departments showed an increased
frequency of chromosome aberrations in peripheral
lymphocytes (23), and an increased mutagenic activi-
ty in the urine (31). These observations indicate that
rubber workers are exposed to mutagenic substances
in the work environment, and they are consistent with
the epidemiologic findings of increased cancer risks.
The cancer hazard in the rubber industry was evalua-
ted by the International Agency for Research on Can-
cer in 1982 (21).

A retrospective cohort study from two Swedish rub-
ber manufacturing industries was initiated in the mid-
dle of the 1970s, and the results of a follow-up during
the period 1961 to 1977 have been reported earlier (20).
The cohort comprised 13 114 individuals. Of these
2 492 were unexposed office workers, included as an
internal reference group. The preliminary results
showed an excess of malignancies in the lungs, gas-
trointestinal organs, urinary bladder, and skin among
the exposed workers, as well as an increased mortali-
ty from coronary heart disease. However, several risk
excesses were also detected among the unexposed of-
fice workers, a finding that made the interpretation
of the results somewhat complicated.

The follow-up of this cohort of rubber workers has
now been extended prospectively and retrospectively
to cover the time period 1952 to 1981. Furthermore,



the results have been analyzed with regard to employ-
ment time, latency period, calendar time, and the na-
tionality of the cohort members.

Subjects

Company records were used as a source from which

to gather information about the workers’ personal

identification number, name, exposure, employment
period, and nationality at the time of first employment.

All manufacturing workers, ie, workers in the weigh-

ing and mixing departments, calender workers, vul-

canizers, pressing workers, tire builders, inspection and
maintenance workers, cleaners, and storage handling
workers, were included in the exposed group. All
white-collar workers, ie, office workers and depart-
ment heads, were included in the unexposed group.

Persons changing their employment status from man-

ufacturing worker to office worker were included in

the exposed group, the change being accounted for in
the calculation of exposure time.

The original cohort consisted of 14 611 persons, also
including those who were lost to follow-up. The fol-
lowing restrictions or corrections were applied to the
cohort:

— Individuals with an employment time of less than
one year were excluded.

— Individuals leaving'work before 1952 were excluded
since follow-up was not possible via the national
computerized registers before this year. However,
many individuals started work several decades ear-
lier.

— Personal identification numbers were checked, and
duplicates in the registrations were corrected.

After these procedures the cohort consisted of
12 212 persons (7 932 men and 4 280 women). The to-
tal number of person-years at risk in the exposed group
was 179 894. At the start of employment 9 105 indi-
viduals were Swedish citizens, and the rest were im-
migrants, mainly from the Nordic countries, Yugo-
slavia, and Greece.

Methods

The follow-up procedure included the matching of the
personal identification numbers with computerized reg-
isters at the Swedish National Central Bureau of Sta-
tistics. Registers of the total living population, emi-
grations and immigrations since 1968, and deaths since
1952 were used. Mortality was investigated for the
period 1952 to 1981. Cancer cases in the cohort were
identified for the period 1959—1980 by matching with
the National Cancer Register. Individuals not traced
in these registers were considered lost to follow-up and
were excluded. Individuals who had emigrated were
also excluded from the statistical analysis.

The number of deaths, cancer cases, emigrations,
and individuals lost to follow-up are presented in ta-
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Table 1. Vital status at the end of follow-up (31 December
1981).

Emigra- Lost to
Workers Deaths Cancers H
Group tions  follow-up
(N) (N} (N) (N) N)
Exposed
Men 6552 875 336 506 238
Women 3267 173 143 261 80
Unexposed
Men 1380 101 53 17 19
Women 1013 31 38 9 25
Total 12212 1180 570 793 362

ble 1. The proportion of individuals lost to follow-up
was 3 % (362 of 12 212 persons). Among individuals
with Swedish nationality the proportion was 1.2 % (110
of 9 105 persons).

The computation of expected values was based on
national statistics for mortality and cancer incidence.
The computations were performed according to the
person-year method, counting man-years at risk spe-
cific for gender, calendar year, and five-year age class.
The number of person-years in each stratum was mul-
tiplied with the disease rates in the corresponding
stratum of the national statistics, and the number of
expected cases was added over strata. The summary
risk measure obtained was the standardized mortality
(or morbidity) ratio (SMR) computed as (observed/ex-
pected) X 100. Confidence limits for the SMR were
computed with an exact method (28). Significance test-
ing was based on the addition of probabilities derived
from the Poisson distribution, and two-sided tests were
used. Latency time was calculated as the time period
from first employment until the start of risk calcula-
tion. The computations were performed with a com-
puter program developed at the University of Linko-
ping (1) for epidemiologic calculations.

Non-Swedish citizens at the time of first employment
comprised 25 % of the total; this level is higher than
the national average. Since cause-specific mortality and
incidence of cancer vary between ethnic groups, the
majority of the statistical analyses were performed on
the Swedish citizens in the cohort (tables 2—10). Mor-
tality and incidence of cancer among the immigrants
was analyzed separately (table 11).

Table 2. Observed (O) and expected (E) numbers of deaths,
1952 —1981. (SMR = standardized mortality ratio, 95 % Cl =
95 % confidence interval for the SMR)

Group [¢] E SMR 95 % ClI
Exposed
Men 798 904 88 82-94
Women 158 220 71 61-83
Unexposed
Men 97 132 73 59-89
Women 31 37 83 56—-117
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Table 3. Mortality by cause among exposed male Swedish rubber workers. Risk calculation up to and including 79 years of
age, latency requirement 10 years. (O = observed number of deaths, E = expected number of deaths, SMR = standardized
mortality ratio, 95 % Cl = 95 % confidence interval for the SMR)

Cause of death?2 (o] E SMR 95 % CI
Malignant tumors, all (140 —209) 163 166.65 98 83-114
Esophagus (150) 1 3.55 28 0-156
Stomach (151) 18 20.41 88 52-139
Small and large intestine (152 —153) 10 12.35 81 38—-148
Rectum (154) 6 7.49 80 29-174
Liver (155) 4 3.56 112 30-287
Pancreas (157) 14 11.37 123 67 —206
Lung (162) 32 29.91 107 73—-151
Prostate (185) 13 16.95 77 40-131
Bladder (188) 4 5.33 75 20-192
Kidney (189) 8 79 101 43-199
Lymphoma and myeloma (200 —203) 8 8.92 90 38-176
Leukemia (204 —207) 6 6.58 91 33-198
Circulatory diseases (390 —458) 331 332.69 99 89-110
Ischemic heart disease (410—414) 232 238.66 97 85-110
Cerebrovascular disease (430 —-438) 57 54.65 104 78-135
Respiratory diseases (460 —519) 34 29.61 115 79-160
Asthma, bronchitis and emphysema (490 —493) 16 12.70 126 72-204
Digestive diseases (520 —577) 20 33.35 60 36— 92
Liver cirrhosis (571) 5 13.24 38 12— 88
Genitourinary diseases (580—607) 5 12.25 41 13- 95
Nephritis and nephrosis (581 —584) 3 472 64 13-185
External causes (800 —999) 62 75.36 82 63-105
Other causes of death 35 59.10 59 41— 82
Total deaths (0—999) 650 709.01 92 84— 99

2 Code of the International Classification of Diseases, eighth revision, in parentheses.

Table 4. Observed (O) and expected (E) incidence of cancer,
1959 —-1980. (SMR = standardized mortality ratio, 95 % CI =
95 % confidence interval for the SMR)

Group (0] E SMR 95 % Cl
Exposed
Men 299 291.8 102 91-114
Women 126 139.2 91 75-107
Unexposed
Men 52 446 117 87-152
Women 38 29.8 128 90174
Results

The observed total mortality was lower than the ex-
pected (table 2) due to the so-called ‘‘healthy worker
effect.”” Cause-specific mortality was calculated for the
exposed men (table 3). There was a slightly increased
mortality from asthma, bronchitis, emphysema, and
pancreatic cancer. None of these risk elevations was
statistically significant.

The total cancer incidence corresponded well with
the expected (table 4). Site-specific cancer incidence
was calculated for the exposed men (table 5). No sig-
nificant risk excesses were observed.

In the analysis of the mortality and incidence of can-
cer during different time periods after first employ-
ment (table 6), the SMR values for total numbers of
deaths, coronary heart disease, and total cancer inci-
dence increased with increasing follow-up time. There
was a significantly increased incidence of lung cancer
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Table 5. Cancer incidence by site among exposed male
Swedish rubber workers, 1959—1980. Risk calculation up to
and including age 79 years, latency requirement 10 years. (O
= observed number of cases, E = expected number of cases,
SMR = standardized mortality ratio, 95 % Cl = 95 % confi-
dence interval for the SMR)

Site of tumor? (¢} E SMR 95 % CI
Nasopharynx (146) - 0.67 0 0-553
Esophagus (150) 1 3.33 30 0-167
Stomach (151) 20 20.57 97 59-150
Colon (153) 15 17.41 86 48-142
Liver (155) 7 596 117 47-242
Pancreas (157) 1" 9.64 114 56—-204
Nose and sinuses (160) 1 0.80 125 3-697
Larynx (161) 5 349 143 46-334
Lung, pleura (162) 32 2889 111 75-156
Prostate (177) 34 41.29 82 57-115
Kidney (180) 12 1212 99 51-173
Bladder (181) 17 16.25 105 60-167
Skin, malignant melanoma

(190) 594 101 37-218
Skin, nonmelanoma (191) 7 6.48 108  43-222
Soft tissue sarcoma (197) 1 1.96 51 1-284
Multiple myeloma (203) 5 3.90 128 41-299
Leukemia (204 —207) 7 7.46 94 37-193
Other sites 76 60.90 124  98-156
All sites (140—209) 257 247.06 104 91-117

a Code of the International Classification of Disease, seventh
revision, in parentheses.

after 40 years or more since first employment. The
SMR for asthma, bronchitis, and emphysema fluctua-
ted, the risk during follow-up between 20 and 40 years
after first employment being nearly statistically signi-
ficant [95 % confidence interval (CI) for the SMR



Table 6. Mortality and cancer incidence by time since first employment. Risk calculation up to and including 79 years of age.
(SMR = standardized mortality ratio)

Time since first employment (years)
<9 10-19 20-29 30-39 > 40

Number SMR Number SMR Number SMR Number SMR Number SMR

Total deaths 66 59 168 81 214 94 125 83 143 114
Ischemic heart disease 16 66 40 67 79 101 52 96 61 126
Asthma, bronchitis and
emphysema 2 133 3 94 8 194 5 173 - 0

Cancer incidence 27 93 64 90 77 94 59 113 57 133*
Lung cancer - 0 5 64 8 83 5 79 14 274"
Pancreatic cancer 3 283 3 113 4 126 2 96 2 116
Bladder cancer 2 121 2 69 6 110 7 196 1 35

* p < 0.05.

Table 7. Mortality and cancer incidence by employment time. Risk calculation up to and including 79 years of age, latency
requirement 40 years. (SMR = standardized mortality ratio).

Employment time (years)

< 20 20-29 = 30
Number SMR Number SMR Number SMR
Total deaths 21 105 12 112 110 116
Circulatory diseases 8 74 6 103 71 141*
Ischemic heart disease 5 63 5 114 51 142*
Cancer incidence 10 149 7 186 40 124
Lung cancer 3 366 2 417 9 236"
* p < 0.05.

Table 8. Mortality among workers in the weighing and mixing departments, 1952 — 1981, as divided into two subgroups. Risk
calculation up to and including 79 years of age. (SMR = standardized mortality ratio).

Subgroup 1° Subgroup 2¢

Cause of death?
Number SMR Number SMR
Malignant tumors, all (140—209) 25 100 14 126
Esophagus (150) = 0 - 0
Stomach (151) 3 96 2 141
Small and large intestine (152—153) 2 107 2 240
Rectum (154) 1 87 - 0
Liver (155) - 0 - 0
Pancreas (157) 2 116 - 0
Lung (162) 5 109 4 197
Prostate (185) 2 71 - 0
Bladder (188) 2 235 2 524
Kidney (189) 2 173 1 192
Lymphoma and myeloma (200—203) 2 156 1 57
Leukemia (204—207) - 0 - 0
Circulatory diseases (390 —458) 55 106 30 130
Ischemic heart disease (410—414) 44 118 22 132
Cerebrovascular disease (430—438) 7 83 5 133
Respiratory diseases (460 —519) 5 111 3 150
Asthma, bronchitis and emphysema (490 —493) 1 51 1 115
Digestive diseases (520 —577) 3 66 2 99
Liver cirrhosis (571) - 0 - 0
Genitourinary diseases (580 —607) 1 54 1 120
Nephritis and nephrosis (581 —-584) 1 154 1 341
External causes (800 —999) 8 101 2 58
Other causes of death 5 72 4 112
Total deaths (0—999) 102 98 56 122

2 Code of the International Classification of Diseases, eighth revision, in parentheses.

b Subgroup 1 had an exposure time of one year or more, a latency of at least 10 years, and no restriction on time of first employ-
ment.

¢ Subgroup 2 had an exposure time of five years or more, a latency of at least 20 years, and first employment before 1951.

541



being 98—388]. The number of cases of pancreatic can-
cer and bladder cancer was small, the SMR fluctua-
ted, and there was no time trend.

For a further evaluation of the observed risk exces-
ses the relation between exposure time and SMR was
investigated, with a latency requirement of 40 years

Table 9. Incidence of cancer among workers in the weighing
and mixing departments, 1959 — 1980, as divided into two sub-
groups. Risk calculation up to and including 79 years of age.
(SMR = standardized mortality ratio)

Subgroup 1P Subgroup 2°

Site of tumor2

Number SMR Number SMR
Nasoparynx (146) - 4] - 0
Esophagus (150) — 0 — 0
Stomach (151) 3 94 2 142
Colon (153) 2 77 2 174
Liver (155) 1 107 — 0
Pancreas (157) 1 67 - 0
Nose and sinuses (160) - 0 - 0
Larynx (161) 1 197 - 0
Lung, pleura (162) 5 113 4 204
Prostate (177) 5 72 2 66
Kidney (180) 3 174 2 259
Bladder (181) 4 164 4 368*
Multiple myeloma (203) 1 168 1 379
Leukemia (204 - 207) 1 94 - 0
Other sites 10 124 6 168
All sites (140 — 209} 37 101 23 141

a Code of the International Classification of Diseases, seventh
revision, in parentheses.

b Subgroups as in table 8.

*p < 0.05.

Table 10. Mortality and incidence of cancer by time of first
employment. Risk calculation up to and including 79 years of
age, latency requirement 10 years. (SMR = standardized mor-
tality ratio).

First employment

Before 1951 1951 or later

Number SMR Number SMR
Total deaths 434 88 216 101
Ischemic heart disease 167 100 65 91
Asthma, bronchitis and
emphysema 11 125 5 128
Cancer incidence 177 104 80 104
Lung cancer 25 124 7 80
Pancreatic cancer 7 102 4 142
Bladder cancer 12 103 5 98

(table 7). The mortality from diseases of the circula-
tory system was positively correlated to duration of
exposure. An increased incidence of lung cancer was
observed in all three exposure-time categories, but the
SMR was significantly raised only among those expo-
sed for at least 30 years. The time trend could not be
evaluated because of the small number of observed ca-
ses.

A group of exposed individuals had worked in the
weighing and mixing departments, ‘‘mixers.’” The
SMR was computed for mixers with a latency re-
quirement of 10 years (subgroup 1) and for a subgroup
first employed before 1951, exposed more than five
years, and with a latency requirement of 20 years (sub-
group 2) (table 8). The latter subgroup was more heav-
ily exposed since the exposure time was longer and the
exposure occurred in a time period when dust control
was less developed. The SMR was higher among the
more heavily exposed for a majority of the causes of
death, but it was not significantly raised for any of
the studied diagnoses. The cancer incidence for the
mixers is presented in table 9. Again the SMR was high-
er in the more highly exposed group when compared
to that of all mixers. Four cases of bladder cancer were
observed versus 1.08 expected, corresponding to an
SMR of 368 (p < 0.05).

The mortality and cancer incidence by time of first
employment was analyzed (table 10). There was an ex-
cess of lung cancer only among those employed be-
fore 1951. However, it should be pointed out that this
is another reflection of the findings in the latency time
analysis (table 6), since only those first employed be-
fpre 1941 had a latency of 40 years within the study
period, and therefore they were all included among
those first employed before 1951.

Among the office workers, an increased incidence
of tumors of the lung and larynx was found (11 ob-
served versus 4.46 expected lung tumors and 3 observed
versus 0.59 expected cases of laryngeal cancer). How-
ever, no relation to latency from first employment was
found in this group, in contrast to the exposed group.

The mortality and incidence of cancer among the
exposed male immigrants was analyzed (table 11). The
Swedish national statistics were used as a reference,
and the results must be interpreted with caution since
ethnic factors, as well as occupational exposures, may

Table 11. Mortality and incidence of cancer among immigrants by citizenship at time of employment. Swedish national statis-
tics used as reference. Risk calculation up to and including 79 years of age.

Finnish Danish Yugoslavian Other

Number SMR Number SMR Number SMR Number SMR

Total deaths 31 193~ 16 86 6 83 26 98

Circulatory diseases 8 179 4 54 1 61 12 117
Violent death and

intoxication 13 228* 1 28 4 140 4 77

Cancer incidence 8 151 13 194* 3 130 10 109

Lung cancer 3 633" 4 526* - 0 2 199

* p < 0.05.
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have influenced the results. Immigrants from Finland
had an increased total mortality, an increased risk for
violent death, and an increased lung cancer incidence.
Immigrants from Denmark had a raised cancer inci-
dence and lung cancer incidence. Immigrants from
Yugoslavia and other immigrant groups did not exhi-
bit significant excess risks.

Discussion

There was no significantly increased mortality or can-
cer incidence among the rubber workers when the co-
hort was analyzed without regard to latency or expo-
sure time. However, the mortality from coronary heart
disease and the incidence of lung cancer was increased
when 40 years had elapsed since first employment. The
SMR for coronary heart disease correlated positively
with employment time. The finding of a dose-response
relationship indicates that the risk excess was due to
occupational factors. An increased risk for coronary
heart disease was reported in two earlier studies (2, 26),
but has not been found in the majority of studies on
rubber workers.

The finding of a risk excess only after more than
40 years since first employment may be interpreted in
the following two ways: first, the causative agent might
not have been present after 1940, and, second, the tox-
ic agent might take four decades or more to manifest
its effect as increased mortality. A median latency time
of 38.5 years was described for lung cancer caused by
exposure to asbestos (4), and a similar relationship
between lung cancer and rubber work is possible. No
definite conclusions can be drawn on this point, and
it remains unknown if the causative factor has been
present in more recent time periods or not.

The mortality from asthma, bronchitis, and em-
physema (ICD 490—493) was increased in the time pe-
riod 20—40 years after first employment. The increase
was of borderline statistical significance. An increased
frequency of chronic bronchitis and reduced pulmo-
nary function was earlier reported among rubber work-
ers (11, 12, 13), but increased mortality from lung dis-
eases has not been reported earlier.

Bladder cancer is well documented as an occupa-
tional cancer hazard among rubber workers. In this
study, a risk excess was found only among individuals
who had worked in the weighing and mixing depart-
ments before 1951. Similar results were obtained in a
case-referent study from the rubber industry in the
United States, where an excess risk of bladder cancer
was noted especially among workers in a mixing de-
partment and among calender workers (7). It seems
probable that the special exposure conditions in these
departments are related to the bladder cancer excess,
especially since an increased mutagenic activity in urine
has been found among workers in mixing departments
(31). However, excess risks for bladder cancer may
exist also in other departments, even if not detected
in this study.

The present results, obtained after an extension of
the follow-up period to 1952—1981, differ on some
points from the earlier report covering the time period
1961—1977 (20). The proportion of individuals lost
to follow-up has been reduced by the restrictions made
with regard to nationality, employment time, and em-
ployment period. Increased frequencies of liver and
pancreas tumors and of malignant melanomas were
observed among the exposed workers in the earlier re-
port. After the extension of the follow-up period no
excess risks were noted for these tumor sites. The ex-
cess risk for respiratory malignancies observed among
unexposed men was unaffected by the extension. The
exposure classification was rechecked and found to be
correct. The excess remains unexplained, but could
partially be due to smoking habits.

The number of observed cases of leukemia corre-
sponded well with the number expected; this finding
contrasts with the results of several American studies
of rubber workers. Benzene was earlier used as a sol-
vent in the rubber industry but was abandoned in the
Swedish industry before 1950. It seems as if benzene
has been used in more recent years in the American
rubber industry (22), and its use could explain the epi-
demiologic finding.

The analysis of mortality and cancer incidence
among the immigrants revealed some high excess risks.
Immigrants from Finland had an increased total mor-
tality and an increased incidence of lung cancer and
violent deaths. It should be pointed out that the Swe-
dish national statistics were used as reference. There-
fore, the results reflect a combination of occupation-
al and ethnic factors. Regarding the first, it is possi-
ble that the immigrants got the ‘“‘worst’’ jobs and
therefore had a higher exposure. However, no corre-
sponding risk excesses were observed for immigrants
from non-Scandinavian countries. Regarding the lat-
ter, the Finnish population has a higher incidence of
lung cancer (33) and coronary heart disease (35) than
the Swedish population, and the increased risks can,
to a large extent, be explained by ethnic factors. Since
no individual exposure data are available, this ques-
tion remains unanswered, but the results are impor-
tant from a methodological point and show that the
ethnic composition of a cohort must be accounted for
in the analysis.

The cohort comprised individuals of different job
categories and, with the exception of mixers, a job-
specific analysis was not possible. Additional excess
risks, related to uncommon exposure factors, cannot
be ruled out. The conclusions that can be drawn con-
cerning the risks associated with the present exposure
situation in the rubber industry are limited. Exposure
levels have been reduced in comparison to the situa-
tion in the 1930s and 1940s. The long latency time for
the diseases under study makes it impossible to eval-
uate epidemiologically the effects of exposures during
more recent decades. However, the results from gen-

543



otoxicologic investigations made during recent years
corroborate the epidemiologic findings and indicate
that a further reduction of exposure is warranted.
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