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Objective A historical cohort study was carried out to investigate mortality from nonmalignant diseases of the
genitourinary system among workers in the reinforced plastics industry, where high workroom concentrations of
styrene are encountered.
Methods The external comparisons in this report were based on an average of 12.6 years of retrospective
follow-up of 35 443 workers who were first employed in thereinforced plastics industry during 1945-1991 and
were known to have been exposed to styrene in their work. For the internal comparisons, 2641 subjects with
incomplete occupational histories were excluded, leaving 32 802 subjects. Previous individual exposure histories to styrene were reconstructed through job histories and environmental and biological monitoring data.
Results Mortality from nonmalignant diseases of the genitourinary system (N = 20) was associated with
average exposure to styrene (P for trend 0.05). Weaker increasing trends in risk were seen for time since first
exposure and cumulative exposure, while no increase was identified for duration of exposure. There was a
significant increasing trend in mortality from nephritis and nephrosis (N = 5), associated with an increasing
average level of exposure to styrene (P for trend 0.03). No clear trend was observed for time since first exposure,
duration of exposure, or cumulative exposure.
C O ~ C ~ U S ~InOthis
~ Slarge cohort study of workers exposed to styrene, mortality from nonmalignant diseases of
the genitourinary system increased as the average intensity of exposure increased. This finding indicates that
other data should be scrutinized.
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Styrene has extensive applications in the production of
plastics and resins. Toxicologic studies on rats suggest

1

that both the liver and kidney are susceptible to damage
caused by repeated exposure to styrene (I). Nephrotoxic
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activity such as the induction of cellular dysfunction (2)
and tubular injury (3) has been demonstrated in animal
experiments. The evidence for renal effects in huinans
from chronic low-level exposure to styrene is inconsistent (4). Recent community-based case-referent studies
have associated nephropathy with exposure to styrene
(5) aild other solvents (6-4, but in the only published
cohort study (9) the standardized mortality ratio (SMR)
for glomerulonephritis did not deviate from 1.
This paper evaluates mortality from nonmalignant
diseases of the genitourinary system in relation to exposure to styrene in a large international cohort study of
worlcers in the glass-reinforced plastics industry, where
high workroom concentrations of styrene are encountered. The study was initiated for the assessment of cancer risk (I 0).

Subjects and methods
A cohort of 40 688 subjects ever employed in 660 European facilities mailufacturing glass-reinforced plastics
products was identified through eight research centers in
Denmark, Finland, Italy, Norway, Sweden and the United
Kingdom. Details of cohort recruitment have previously
been presented (10). We excluded those unexposed
(N = 4044) or with uncertain exposure to styrene
(N = 1201). A total of 35 443 exposed subjects remained
for external comparisons according to national reference
rates. They accumulated 446 784 person-years during an
average of 12.6 years of follow-up. For internal comparisons, we excluded 2641 subjects with incomplete occupational histories, leaving 32 802 subjects and 405 975
person-years. Mortality follow-up began at first exposure to styrene (between 1945 and 1991), or on the first
date for which complete payrolls were available in the
plant, whichever was later.
A styrene exposure data base was constructed from
personal, environmental, and biological measurements.
An exposure matrix was constructed by country and calendar period on job title, types of product, and methods
of production (10). Estimates of individual exposure were
reconstructed by applying the matrix to personal occupational histories. The exposures decreased in all the countries froin recorded levels of around 200 ppm in the
1960s to 20-40 ppm in the late 1980s.
For external comparisons, standardized mortality ratios (SMR) and 95% confidence intervals (95 % CI)
were calculated using the program PERSON-YEARS
(1 I). The World Health Organization mortality data bank
provided national inortality rates by gender, age, and
calendar period.
Poisson regression models were used for the internal
comparisons of the exposed subjects. Relative risks (RR)
and associated 95% CI values were estimated using the
program GLIM (12). We examined mortality from all
nonmalignant urinary diseases [Intenlational Classifica-
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tion of Diseases, ninth revision (ICD-9) 580-6293, from
specific diseases of the urinary system, namely, nephritis
and nephrosis (ICD-9 580-583), and from other diseases of the genitourinary system (ICD-9 590-599) in relation to measures of exposure to styrene. Country, gender,
age (five levels), and calendar period (four levels) were
included in all the models. Time since first exposure,
duration of exposure, cumulative exposure (ppm-years),
and average exposure (ppm) were analyzed as categorical variables, as described previously (10). Cut-off points
for the categories of average and cumulative exposure
were selected on the basis of the distribution in the whole
study population.

Results
Mortality from all causes among exposed workers was
slightly lower than expected from national rates (2196
observed deaths, SMR 96, 95% CI 92-100). A small
deficit was also noted for all nonmalignant diseases of
the genitourinary systein (20 deaths, SMR 94, 95% CI
57-145). Reference mortality rates for more specific
categories of this group of diseases were not uniformly
available for all the periods and populations.
Of the 20 deaths, five were from nephritis and nephrosis, three were from renal failure, ten were from other
diseases of the urinary system, one was from a disorder
of the prostate, and one was from disorders of the ovary
and fallopian tube. Mortality from all nonmaligilant diseases of the genitourinary system increased as the average exposure to styrene increased (P for trend 0.05).
Weaker increasing trends were seen for time since first
exposure and cumulative exposure, while no increase
was identified for duration of exposure (table 1). Mortality from nephritis and nephrosis increased with an increasing average level of exposure (0.03), while no stable trend was evident for time since first exposure, duration of exposure, or cumulative exposure (table I). Mortality from other diseases of the genitourinary system
was associated with an increasing average exposure to
styrene (0.01), but, again, not with the other indicators of
exposure. Adjustment of the average exposure for time
since first exposure did not alter the results. The slightly
increasing trend in risk of other diseases of the genitourinary system by time since first exposure (0.34) was due
to confounding by the rate ratio (RR) for average exposure adjusted for time since first exposure: RR 1.0 for
<10 years, RR 0.5 for 10-19 years, and RR 0.4 for 2 20
years).

Discussion
The objective of this study was to investigate the possible relationship between styrene exposure and diseases
of the urinary system. Because there was a lack of reference rates available, the wider group of diseases of the
genitourinary system was analyzed. Most deaths, re-

ferred, however, to diseases of the urinary system, and
separate analyses on nephritis and nephrosis were conducted.
The organs of the urinary system have been shown to
be one of the target systems for the biological effects of
styrene and its major primary metabolite, styrene-7,8oxide. It is, however, unlikely that styrene exposure increases risks of all diseases of the genitourinary system,
such as renal infections. The mortality from all nonmalignant diseases of the genitourinary system was slightly
lower than expected (20 deaths, SMR 94) in the comparison with national rates. This finding may be due to
the healthy worker effect. The healthy worker effect was
not particularly strong in this cohort, however, and adjustment for time since first exposure in the internal
comparisons in the model for average exposure did not
affect the association with average exposure.
The steep positive gradient for average exposure and
mortality from all nonmalignant diseases of the genitourinary system, and the less steep gradient for cumulative exposure, are in agreement with the results of previous human studies (8, 13-14), which associated exposure to high levels of organic solvents with the occurrence of acute tubular necrosis, progressive glomerulonephritis, and chronic glomerulonephritis. Much of the
evidence from epidemiologic studies is limited, however, by problems in the diagnoses and uncertainties
about the quality and intensity of the solvent exposure.
Solvents, hydrocarbon derivatives, and mixtures have on
occasion been associated with the risk of renal cancer. In
this study mortality from this cancer was lower than
expected, however (SMR 77,95% CI 44-125) (10).
Of the 20 deaths from diseases of the genitourinary
system in the internal compasisons in this study, eight
were due to nephrosis and nephritis or renal failure. This
proportion is about what would be expected froin national mortality statistics. Nephritis and nephrosis are of special interest, considering recent case-referent studies associating these diseases with exposure to solvents (7,
14). Although the numbers were small, there was a significant increase in mortality from these diseases with an
increasing average level of exposure to styrene. For mortality from other diseases of the urinary system, a similar
increase with average exposure was observed. These
findings suggest that very high exposures, rather than
prolonged low exposures, cause severe damage in the
renal system. This finding is in accordance with those of
studies (15-16) associating acute tubular necrosis with
high levels of exposure to organic solvents.
The results of this study are based on a small number
of deaths, as can be seen from the width of the confidence intervals in table 1. A concern is misclassification
of exposure status, both qualitatively (inclusion in the
cohort) and quantitatively. Such misclassification would
not, however, be likely to produce spurious positive as-

Table 1. Mortality from diseases of the genitourinary system and
exposure to styrene - internal comparisons (Poisson regression
analysis). All relative risks (RR) were adjusted for country, age,

calendar year, and gender. (95% CI = 95% confidence interval)
Number RR
of deaths
All diseases of the genitourinary system (580-629)
Time since first exposure
< 10 years
9
10-1 9 years
9
2 20 years
2
p for trend = 0.75
Duration of exposure
< Iyears
10
1-3 years
1
7
4-9 years
2 10 years
2
p for trend = 0.75
Average exposure
< 60 ppm
60-1 19 ppm
120-1 99 ppm
2 200 ppm
p for trend = 0.05
Cumulative exposure
< 10 ppm-years
2
10-74 ppm-years
5
75-1 99 ppm-years
3
3
200-499 ppm-years
2 500 ppm-years
7
p for trend = 0.68

95% CI

l.OOb
1.46
1.23
l.OOb
0.15
1.54
0.94

l.OOb
1.59
1.24
1.15
2.29

Nephritis or nephrosis (580-583)
Time since first exposure
< 10 years
3
l.OOb
2 10 years
2
2.30
Duration of exposure
< Iyears
4
l.OOb
2 Iyears
1
0.25
Average exposure
< 120 ppm
2
l.OOb
120-1 99 ppm
1
2.42
r 200 ppm
2
12.9
p for trend = 0.03
Cumulative exposure
< 10 ~ p m - ~ e a r s
10-74 ppm-years
75-199 ppm-years
2 200 ppm-years
p for trend = 0.92
Other diseases of the genitourinary system (590-599)
Time of exposure
< 10 years
4
l.OOb
10-1 9 years
4
1.40
2 20 years
2
2.98
p for trend = 0.34
Duration of exposure
< Iyears
4
1.00"
1
0.38
1-3 years
4-9 years
4
1.97
r 10 years
1
0.78
p for trend = 0.65
Average exposure
< 60 ppm
60-1 19 ppm
120-1 99 ppm
2 200 DDm
o for tre'nd = 0.01
cumulative exposure
< 75 ppm-years
3
l.OOb
75-199 ppm-years
1
0.74
2
1.39
200-499 ppm-years
r 500 ppm-years
4
2.33
p for trend = 0.25
a

Code of the International Classification of Diseases, ninth revision, in
parentheses.
Reference category.
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sociations, such as the one found according to average
styrene exposure. Exposure to other toxic agents is an
additional source of concern in this study, in particular
since a large part of the cohort was employed in the
reinforced plastics industry for a relatively short period
of time. No information is available on such possible
confounders, which, however, should have been highly
correlated with styrene exposure to cause the pattern by
average and cumulative exposure seen in this study.
In conclusion, in this cohort study of workers exposed to styrene, mortality from nonmalignant diseases
of the genitourinary system increased as the average
intensity of exposure increased. However, due to limited
statistical power and possible confounding the results
should be interpreted with caution.
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