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Contemporary Occupational Carcinogen Exposure
and Bladder Cancer
A Systematic Review and Meta-analysis
Marcus G. K. Cumberbatch, MBBS, BSc, MSc; Angela Cox, PhD; Dawn Teare, PhD; James W. F. Catto, MBChB, PhD, FRCS

IMPORTANCE Bladder cancer (BC) is a common disease. Despite manufacturing and
legislative changes to workplace hygiene, many BCs still arise through occupational
carcinogen exposure.

OBJECTIVE To profile contemporary risks of occupational BC.

DATA SOURCES A systematic review using PubMed, Medline, Embase, and Web of Science
was performed in October 2012 (initial review) and May 2014 (final review) and was updated
in June 2015.

STUDY SELECTION We identified 263 eligible articles. We excluded reports in which BC or
occupation were not the main focus, and those with insufficient case, risk, or confidence
interval data. We selected the most recent data from populations with multiple reports.

DATA EXTRACTION AND SYNTHESIS Reports were selected by 2 of us independently. We
combined odds ratios and risk ratios (RRs) to provide pooled RRs, using maximally adjusted
RRs in a random effects model. Heterogeneity and publication bias were assessed using I2

and Begg and Egger tests. Risk estimates were annotated by occupational class using Nordisk
Yrkesklassificering, or Nordic Occupational Classification, and International Standard
Classifications of Occupations (NYK and ISCO-1958) Codes.

MAIN OUTCOMES AND MEASURES Occupations were profiled by BC incidence and mortality
risk over time. After data collection, we detected a sex difference in these profiles and
recorded this as a secondary outcome.

RESULTS Meta-analysis revealed increased BC incidence in 42 of 61 occupational classes and
increased BC-specific mortality in 16 of 40 occupational classes. Reduced incidence and
mortality were seen in 6 of 61 and 2 of 40 classes, respectively. Risk varied with sex and was
greatest in men (standardized incidence ratio, 1.03 [95% CI, 1.02-1.03]; P < .001]). From the
1960s to the 1980s, there was a steady decline in standarized incidence ratio (SIR) for both
sexes. This trend reversed from the 1980s, as in the decade 2000 to 2010 the SIR increased
to 1.13 (95% CI, 1.07-1.19) for men and 1.27 (95% CI, 1.12-1.43) for women. In contrast, mortality
risk declined for both sexes from the 1960s to the 1990s. The overall risk of BC mortality was
also greater for men (standardized mortality ratio [SMR], 1.32 [95% CI, 1.18-1.48]) than for
women (SMR, 1.14 [95% CI, 0.80-1.63]). Limitations include possible publication bias, that
reports stratify workers mostly by job title not task, that not all studies adjusted for smoking,
and that the population was mostly derived from Western nations.

CONCLUSIONS AND RELEVANCE The profile of contemporary occupations with increased BC
risk is broad and differs for incidence and mortality. Currently the incidence seems to be
increasing, and this increase is occurring faster in women than men. Improved detection
mechanisms and screening are possible reasons for this. Workers with aromatic amine
exposure have the highest incidence, while those exposed to polycyclic aromatic
hydrocarbons and heavy metals have the greatest mortality.
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B ladder cancer (BC) is the fourth commonest male ma-
lignant neoplasm worldwide.1 Most tumors arise fol-
lowing exposure to exogenous carcinogens that enter the

circulation through inhalation, ingestion, or skin contact. The
2 most frequent routes of exposure are through tobacco smok-
ing and occupation.2 Tobacco smoke is estimated to account for
50% of BCs. The risk varies with sex, smoking history, and type
of tobacco.3 The second commonest exposure to carcinogens
is through occupational tasks.4 This route has been known for
many years, includes a genetic interaction with detoxification
enzymes5,6 and has been reduced through workplace health and
safety regulations in most countries. Examples include Euro-
pean Union directives (eg, Council Directives 90/394/EEC7 and
98/24/EC8) and the 2002 Control of Substances Hazardous to
Health Regulations in the United Kingdom.9

In 1981 Doll and Peto10 estimated that 10% of BCs arose from
occupational exposure. Given the 20- to 30-year latency be-
tween exposure and cancer, we expected that workplace leg-
islation has now reduced this rate. Indeed, workplace legisla-
tion has changed the incidence of BC arising from occupational
exposure as evidenced by recent estimates,11 which suggest that
5.3% of all BCs, and 7.1% of BCs in men, arise following occu-
pational exposure. These attributable fraction estimates are de-
rived from exposure prevalence and relative risks (RRs) for rec-
ognized carcinogens. They exclude tumors in which carcinogen
exposure is unrecognized (occult),12 unregulated, or the agent
is unknown. Evidence of uncontrolled occupational expo-
sures can be derived from demographic data in which BC inci-
dence mirrors industrial rather than smoking patterns. For ex-
ample, the incidence of BC in the United Kingdom varies
considerably between regions in a pattern not reflected by smok-
ing difference. In 2011 data showed that the number of total BC
cases in England was 11.1 in 100 000, whereas in Northern Ire-
land it was 8.6 in 100 000 (mean in the United Kingdom, 10.9).
However, smoking incidence in England was 18.4 in 100 000
(the lowest in the United Kingdom) compared with Scotland,
which was 21.1 in 100 000 (mean in the United Kingdom, 18.7).
Interestingly, regional industries differ considerably.13

Chemical agents are classified according to the surety of
cancer risk. To date, many definitive bladder carcinogens (In-
ternational Agency for Research on Cancer ([IARC] category
1) have been identified.14 The use of most high-risk bladder car-
cinogens is now controlled. Therefore, contemporary occu-
pational exposures are likely to be to lower-risk chemicals with
less clearly defined carcinogenic potential (IARC category 2a
[probable risk] or 2b [possible risk]). We hypothesized that a
change in occupational risk has occurred through social and
workplace legislative changes, and that this has led to a change
in the workforces at risk for BC. To examine this, we under-
took a systematic review and meta-analysis of contemporary
reports of occupational exposure and bladder carcinogen-
esis. We compared these with similar historical reports.

Methods
Data Sources
In October 2012 (initial review) and May 2014 (final review) we
searched PubMed, Medline, Embase, and Web of Science for

full-text articles published or in press. No time or language lim-
its were applied. We used a variety of terms for occupation and
either BC or urothelial/transitional cell carcinoma (eTable 1 in
the Supplement). Abstracts of all reports were read and full ar-
ticles retrieved for those appearing to fulfill selection criteria.
Two of us (M.G.K.C. and J.W.F.C.) manually searched refer-
ence lists of identified reports and jointly selected reports. We
also searched for chemicals implicated as urothelial carcino-
gens and detailed their industrial use using reference
textbooks15 and data repositories.16 This analysis is reported
using recommended criteria (see PRISMA statement, eTable
2 in the Supplement).

Study Selection
Articles were eligible if they reported original data on occu-
pational risk for BC in adults. Reports were rated for sample
size, quality of reporting, population descriptions, and study
design (preferably case-control design) by 2 of us (M.G.K.C. and
J.W.F.C.) independently. We excluded reports in which BC or
occupational exposures were not the main focus of analysis,
those not reporting or with insufficient data to calculate con-
fidence intervals, and those with missing data. We selected the
most recent data from populations with multiple reports. Risk
estimates were annotated by occupational class using NYK and
ISCO-1958 (Nordisk Yrkesklassificering, or Nordic Occupa-
tional Classification, and International Standard Classifica-
tions of Occupations) codes (detailed by Pukkala et al17) and
dates of exposure (taken as the mid–time point of docu-
mented exposure interval). Occupational codes were modi-
fied to discriminate those commonly reported to be impor-
tant for BC (eg, public safety and protection workers [code 44]
were stratified into firefighters and policemen; rubber work-
ers were selected from glass, ceramic, tile workers, and oth-
ers [code 41]).

Data Extraction and Synthesis
For meta-analysis, we used articles reporting risk estimates
(eg, odds ratio [OR], standardized incidence ratio [SIR], stan-
dardized mortality ratio [SMR], or RR) and 95% CIs, or
enough information to calculate these. We used adjusted
risk estimates to control for other confounders, such as

At a Glance

• Workplace hygiene efforts have reduced disease-specific
mortality from occupational bladder cancer carcinogen
exposure, but incidence is on the rise.

• A meta-analysis was undertaken to profile the contemporary
risks of occupational bladder cancer.

• The highest pooled incidence risks are for tobacco workers (risk
ratio [RR], 1.72 [95% CI 1.37-2.15]) and dye workers (RR 13.4 [95%
CI, 1.5-48.2]). The highest reported RR in any study was for
factory workers (RR 16.6 [95% CI, 2.1-131.3]).

• Pooled disease-specific mortality (DSM) is greatest for metal
workers (RR, 10.2 [95% CI, 6.89-15.09]) and gardeners (RR, 5.5
[95% CI, 0.84-35.89]) and the highest DSM in any report was for
chemical workers (RR, 27.1 [95% CI, 11.7-53.4]).

• The profile of at-risk occupations is changing and affecting
women more than men.
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tobacco smoking or socioeconomic factors. Meta-analysis of
risks was performed using a random effects model using
Stata statistical software (version 12.0; StataCorp LP). This
model was chosen because we anticipated heterogeneity
between studies given the nature of occupational BC reports
(eg, there are few with large populations, most have low
disease incidences, all are nonrandomized, and most are
retrospective in design). We assessed heterogeneity (I2)
between studies for each occupation. Incidence and
disease-specific mortality (DSM) risk were computed sepa-
rately. Publication bias was evaluated by visual inspection
of funnel plots, Egger linear regression,18 and Begg rank cor-
relation tests.19

Main Outcomes and Measures
Our objective was to evaluate the current risk profile of occu-
pational BC and evaluate the change in risk over time to de-
termine whether social and workplace legislation has changed
the face of occupational BC.

The institutional review board of the University of
Sheffield waived the requirement for an ethics statement
for this work.

Results
Reports of Occupation and BC
We identified 2844 reports, from which we read 697 full ar-
ticles and selected 263 for systematic review (reporting 31.4 mil-
lion persons) (Figure 1 and eTable 3 in the Supplement). These
articles reported BC risk in 1254 occupations, which were sub-
classified into the NYK and ISCO-1958 codes for occupational
class. While funnel plots suggested symmetry for each com-
parison, statistical analyses identified potential publication bias
for men and incidence data (eFigure 1 in the Supplement). One
occupation (racehorse trainers/jockeys) had a single report,
while all other occupational classes had multiple estimations
of risk (mean [SD], 27 [25]) comparisons per occupation). The
highest individual reported incidence risks were for factory
workers (RR, 16.6 [95% CI, 2.1-131.3]),20 hairdressers (RR, 13.4
[95% CI, 1.5-48.2]),21 and aircraft/ship’s officers (RR, 11.8 [95%
CI, 1.5-95.7]).22 For mortality, the highest reported rates were
for chemical (RR, 27.1 [95% CI, 11.7-53.4])23 and dye workers (RR,
8.3 [95% CI, 1.7-24.8]).24 For meta-analysis of risk, we used data
from 231 627 cases and 4.76 million controls annotated in 217
articles by occupation (eTable 4 in the Supplement).

BC Risk and Sex and Over Time
Meta-analysis by sex revealed higher incident risks for men
(SIR, 1.03 [95% CI, 1.02-1.03]) than women (SIR, 1.00 [95% CI,
0.99-1.01]; χ2 P < .001), and that this risk varied over time

Figure 1. CONSORT Flowchart of Report Selection for This Systematic
Review and Meta-analysis

2147 Excluded (not bladder cancer or occupation)

46 With insufficient data to calculate risk

2844 Abstracts assessed for eligibility (identified
using strings for occupation, work, industry,
employment, personnel, bladder, cancer,
carcinogens, transitional cell, urothelial,
tumor, cohort, case control, incidence,
morbidity, epidemiology)

697 Articles assessed for analysis

263 Reports used in systematic review

217 Reports used in meta-analysis

434 Excluded

117 Not original data (duplications
and reviews)

225 Reporting limitations

66 Different focus

26 Not available

Figure 2. Bladder Cancer Incidence and Mortality Risk in Men and Women
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(Figure 2A, and eFigure 2A and 2B in the Supplement). From
the 1960s to the 1980s, there was a steady decline in SIR for
both sexes. This trend reversed from the 1980s, as in the de-
cade 2000 to 2010 the SIR increased to 1.13 (95% CI, 1.07-
1.19) for men and 1.27 (95% CI, 1.12-1.43) for women. In con-
trast, mortality risk declined for both sexes from the 1960s to
the 1990s (Figure 2B). The overall risk of BC mortality was also
greater for men (SMR, 1.32 [95% CI, 1.18-1.48]) than for women
(SMR, 1.14 [95% CI, 0.80-1.63]).

Comparisons of incidence and mortality over time within
most occupational classes were limited by cohort heteroge-
neity or small sample sizes (eTable 5 in the Supplement). Ex-
ceptions included several occupations with evidence of re-
ductions or no change in risk over time. For example,
reductions in risk over time were apparent for drivers (from a
SIR of 1.4 [95% CI, 0.7-3.0] in the 1940s to 0.99 [95% CI, 0.9-
1.1] in the 2000s) and mechanics (from an SIR of 1.4 [95% CI,
1.0-1.8] in the 1950s to 1.1 [95% CI, 1.0-1.3] in the 2000s). The
reduction in risk for drivers supports the findings of a recent
focused meta-analysis.25

BC Incidence and Occupation
Meta-analysis by occupation revealed significantly increased
SIR and decreased SIR for BC incidence in 42 of 61 (67%) and
6 of 61 (10%) of the classes, respectively, when compared with
the general population (eTable 4, Figure 3). Significant hetero-
geneity (I2 P < .05) between studies was seen in 11 classes, sug-
gesting caution should be exercised when interpreting risk in
these occupations. Overall, the highest BC risks were for work-
ers exposed to aromatic amines (tobacco, dye, and rubber work-
ers; hairdressers; printers; and leather workers) and polycy-
clic aromatic hydrocarbons (PAHs) (chimney sweeps, nurses
and waiters, aluminum workers, seamen, and oil/petroleum
workers). The lowest risks were seen in agricultural sector
workers.

BC Mortality and Occupation
Sufficient data were present to calculate DSM for 40 occupa-
tional classes. Of these, 16 of 40 (43%) and 2 of 40 (5%) occu-
pations had significantly elevated or reduced risks of death
from BC, respectively (eTable 4 in the Supplement, Figure 4).
Many occupations with the highest risks of BC mortality dif-
fered from those with the highest risk of BC incidence. The
highest rates of mortality occurred in workers exposed to heavy
metals and PAHs (metal workers [although there was signifi-
cant heterogeneity], aluminum workers, electricians, and me-
chanics), to diesel and combustion products (military and pub-
lic safety workers) and those exposed to aromatic amines
(domestic assistants and cleaners, rubber workers, painters,
and hairdressers). Disparities between an increased BC inci-
dence and mortality were seen in oil and petroleum workers,
among health care professionals, and in those exposed to tex-
tiles and leather.

Chemical Agents and Urothelial Carcinogenesis
We identified 44 agents with a reported role in urothelial car-
cinogenesis (eTable 6 in the Supplement). These included
chemicals with multiple (eg, 2-naphthylamine found in the dye

and rubber industry and tobacco smoke) and single expo-
sures (4,4'-methylenebis[2-chloroaniline] [MBOCA]) used in
polyurethane production).

Study Limitations
There are several limitations to this work. First, risk was strati-
fied according to occupational title or class rather than tasks.
Therefore, risks were averaged among employees, which may
have hidden the at-risk subpopulation. Second, we com-
bined cohort and case-control studies, with different control
arms. This may have compounded weaknesses within each,
and our outcomes were sometimes generated using hetero-
geneous reports. While control arms differed across most stud-
ies, BC is rarely asymptomatic (as shown by the low detection
rates found when screening the general population3), suggest-
ing that the control groups were comparable in terms of low
BC risk. Analysis between reports revealed significant hetero-
geneity in those used to combine risks for 11 occupations
(eTable 7 in the Supplement). While we used a random ef-
fects model for meta-analysis, we should caution regarding the
strength of interpretation for these occupations. Third, we were
unable to adjust for smoking, the most common carcinogen.
Smoking patterns are known to differ with occupational class
and so may have contributed to our reported differences.
Fourth, time of exposure was estimated as the midpoint of an
employment window. Many reports lacked detail of this win-
dow, and so we estimated at risk periods. Fifth, most of the re-
ports represented populations in Western nations and hence
should be viewed with respect to these. Finally, there was evi-
dence of publication bias (eFigure 1 in the Supplement) when
all studies were compared, suggesting a need to caution the
strength of our findings.

Discussion
Historical reports identified high risks for exposed individu-
als. For example, 16% to 19% of workers exposed to 4-amino-
biphenyl (4-ABP) and 26% of those exposed to 1-napthyl-
amine, 2-napthylamine or benzidine developed BC.26 Our
current meta-analysis reveals lower risks for contemporary ex-
posures and that this risk varies between occupations, with sex,
and over time, and supports findings from a previous
meta-analyses.4 Our data suggest that many occupations still
have an elevated risk of BC incidence or mortality, despite im-
provements in workplace hygiene. As such, occupational BC
remains an important public health issue.27,28 Comparisons
within each class over time revealed either no change in risk
or insufficient studies (number, size, or distribution) to make
meaningful comparisons. Exceptions included drivers, whose
risk seems to be declining.25

The profile of occupations with elevated incidence and
DSM may differ. This may reflect exposure to different car-
cinogens with cancer-phenotype specificity or occupational
health differences. Efforts to reduce the impact on workers
should be targeted to occupations at risk of mortality (rather
than just incidence), and solutions may be offered from occu-
pations with disparate incidence and mortality risks. For

Contemporary Occupational Carcinogen Exposure and Bladder Cancer Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology December 2015 Volume 1, Number 9 1285

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.3209&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.3209
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.3209&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.3209
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.3209&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.3209
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.3209&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.3209
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.3209&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.3209
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.3209&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.3209
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.3209


Copyright 2015 American Medical Association. All rights reserved.

example, physicians and health care workers (who have el-
evated incidence rates but lower than expected DSM) may be

knowledgeable patients who do not ignore suspicious symp-
toms and facilitate rapid treatment pathways, whereas dye

Figure 3. Forest Plot Demonstrating Summary Relative Risks of Bladder Cancer According to 61 NYK and
ISCO-1958 Occupational Classes—Incidence

Weight, %

3.01.00.3

RR (95% CI)

Occupational Class RR (95% CI)
1.03Tobacco workers 1.72 (1.37-2.15)

1.22Dye workers 1.58 (1.32-1.90)

1.30Chimney sweeps 1.53 (1.30-1.81)

0.66Nurses 1.49 (1.06-2.08)

1.69Rubber workers 1.49 (1.37-1.61)

1.75Waiters 1.43 (1.34-1.52)

1.64Aluminum workers 1.41 (1.29-1.55)

0.41Beverage workers 1.35 (0.84-2.16)

1.76Hairdressers 1.32 (1.24-1.40)

1.78Printers 1.23 (1.17-1.30)

1.79Seamen 1.23 (1.17-1.29)

1.48Oil and petroleum workers 1.20 (1.06-1.37)

1.73Shoe and leather workers 1.20 (1.12-1.29)

1.78Plumbers 1.20 (1.14-1.27)

1.20Iron and metal ware workers 1.18 (0.98-1.42)

1.85Sales agents 1.17 (1.15-1.20)

1.79Artistic workers 1.16 (1.10-1.22)

1.76Cooks and stewards 1.15 (1.08-1.22)

1.82Chemical process workers 1.14 (1.10-1.19)

1.83Metal workers 1.14 (1.11-1.18)

1.85Drivers 1.14 (1.11-1.16)

1.79Fishermen 1.13 (1.08-1.19)

1.83Painters 1.13 (1.09-1.17)

1.72Assistant nurses 1.12 (1.04-1.20)

1.79Domestic assistants 1.12 (1.07-1.18)

1.71Launderers and dry cleaners 1.12 (1.04-1.21)

1.81Public safety workers–police 1.11 (1.07-1.16)

1.72Physicians 1.11 (1.03-1.19)

1.86Clerical workers 1.11 (1.10-1.13)

1.83Electrical workers 1.11 (1.07-1.14)

1.77Military personnel 1.11 (1.05-1.18)

1.45Other health workers 1.11 (0.97-1.27)

1.85Mechanics 1.11 (1.09-1.13)

1.80Smelting workers 1.11 (1.06-1.16)

1.83Transport workers 1.10 (1.06-1.13)

1.80Glass makers, etc 1.10 (1.05-1.15)

1.82Textile workers 1.10 (1.06-1.14)

1.68Waiters and bartenders 1.10 (1.01-1.19)

1.50Dentists 1.09 (0.96-1.23)

1.83Building caretakers 1.09 (1.06-1.13)

1.84Health care workers 1.09 (1.06-1.12)

1.82Food manufacturing workers 1.08 (1.04-1.12)

1.80Postal workers 1.08 (1.03-1.13)

1.81Packers, loaders, and warehouse workers 1.08 (1.04-1.13)

1.85Shop workers 1.07 (1.05-1.10)

1.77Welders 1.06 (1.00-1.12)

1.76Bricklayers 1.05 (0.99-1.12)

1.78Miners and quarry workers 1.05 (1.00-1.11)

1.49Laboratory assistants 1.04 (0.92-1.18)

1.85Technical workers, etc 1.04 (1.02-1.06)

1.85Mixed occupations 1.02 (1.00-1.04)

1.56Public safety workers–firefighters 1.00 (0.90-1.12)

1.85Other construction workers 0.98 (0.96-1.00)

1.79Religious and legal workers, etc 0.93 (0.88-0.97)

0.37Engine and motor operators 0.91 (0.55-1.51)

1.85Forestry workers 0.88 (0.86-0.90)

1.84Teachers 0.85 (0.82-0.87)

1.82Gardeners 0.78 (0.75-0.81)

1.85Farmers 0.69 (0.68-0.71)

0.07Other workers 0.48 (0.13-1.80)

1.86Economically inactive 0.96 (0.95-0.97)

Overall: I2 = 98.2%, P <.001 1.11 (1.07-1.15) 100.00

Weights are from random effects
analysis. NYK and ISCO indicate
Nordisk Yrkesklassificering, or Nordic
Occupational Classification, and
International Standard Classifications
of Occupations. RR indicates risk
ratio.
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workers are in an industry with known risks and receive work-
place education or targeted screening.

Workers Exposed to Aromatic Amines
Incidence was highest in occupations in which workers were
exposed to aromatic amines, namely rubber, plastic, and dye
workers, hairdressers, and painters. These are typical work-
ers at risk for occupational BC. For example, since 1949 the po-
tent carcinogen 2-napthylamine has been restricted within the
rubber industry.29 Urothelial carcinogens within plastic manu-
facture include 1,1-dichloroethane (used as a solvent and for
1,1,1-trichloroethane production); MBOCA, used as a curing
agent in polyurethane production; and 4,4’-methylenediani-
line, used to make polyurethane foams or as a hardener in ep-
oxy resins. These latter 2 agents seem to be weak bladder car-
cinogens; both were implicated by animal studies,30,31 but an
exposure report32 in humans has suggested a low risk. Print-
ing and painting are graded by IARC as 2b (possible carcino-

genicity) and 1 (definitive) exposures, respectively, because
workers are exposed to aromatic amines and PAHs. Inks and
paints are composed of dyes and/or pigments, solvents, and
additives for handling, and the balance of these depends on
purpose. For example, newspaper presses used mineral oils pig-
mented with carbon black and benzidine until the 1980s. High-
speed rotating presses released an ink mist rich with these car-
cinogens, which was subsequently linked to lung and BC.33

Other printing exposures include 4-aminodiphenyl (4-ADP) as
a metabolite of induline/nigrosine dyes (mostly replaced in the
1970s). As printing technology becomes more digital, BC risk
is likely to disappear within this industry. A comparison of BC
risk in printers recruited from 1953 to 1998 shows a risk re-
duction from 1.47 (95% CI, 1.19-1.79)34 to 1.23 (95% CI, 1.17-
1.30) (eTable 4 in the Supplement). We calculated that the most
recent SIR was now 1.05 (95% CI, 0.72-1.54) (eTable 5 in the
Supplement). With regard to painters, our findings reveal
limited reduction in risk when compared with a previous

Figure 4. Forest Plot Demonstrating Summary Relative Risks of Bladder Cancer According to 40 NYK
and ISCO-1958 Occupational Classes—Mortality

Weight, %Occupational Class RR (95% CI)
2.18Metal workers 10.20 (6.89-15.09)

0.24Gardeners 5.50 (0.84-35.89)

2.94Aluminum workers 2.20 (1.76-2.73)

0.46Food manufacturing workers 2.00 (0.55-7.28)

1.85Launderers and dry cleaners 1.97 (1.22-3.17)

1.08Dye workers 1.79 (0.84-3.82)

2.21Military personnel 1.73 (1.18-2.55)

2.26Public safety workers–firefighters 1.68 (1.16-2.45)

1.26Domestic assistants 1.57 (0.80-3.08)

3.00Glass makers, etc 1.52 (1.24-1.87)

2.86Public safety workers–police 1.51 (1.19-1.92)

2.72Mechanics 1.50 (1.14-1.96)

2.93Electrical workers 1.47 (1.18-1.84)

2.75Artistic workers 1.41 (1.08-1.83)

1.17Iron and metal ware workers 1.37 (0.67-2.78)

3.15Chemical process workers 1.29 (1.09-1.52)

3.36Other construction workers 1.27 (1.15-1.41)

3.13Rubber workers 1.26 (1.06-1.50)

3.31Painters 1.21 (1.07-1.36)

3.24Hairdressers 1.16 (1.01-1.34)

2.86Smelting workers 1.15 (0.90-1.45)

3.35Transport workers 1.14 (1.03-1.27)

2.28Laboratory assistants 1.04 (0.72-1.51)

0.59Chimney sweeps 1.03 (0.34-3.16)

3.24Sales agents 1.01 (0.88-1.17)

3.11Packers, loaders, and warehouse workers 1.01 (0.85-1.21)

3.30Waiters and bartenders 1.01 (0.89-1.14)

3.21Oil and petroleum workers 1.00 (0.86-1.16)

3.38Technical workers, etc 1.00 (0.91-1.10)

3.34Clerical workers 0.95 (0.86-1.07)

2.89Miners and quarry workers 0.95 (0.76-1.21)

2.88Drivers 0.94 (0.74-1.18)

2.35Printers 0.94 (0.66-1.34)

3.21Farmers 0.92 (0.79-1.07)

2.81Forestry workers 0.91 (0.71-1.17)

2.06Mixed occupations 0.88 (0.56-1.30)

2.90Shoe and leather workers 0.87 (0.69-1.09)

2.72Health care workers 0.69 (0.53-0.91)

1.19Textile workers 0.51 (0.25-1.02)

2.24Physicians 0.45 (0.31-0.66)

Overall: I2 = 87.1%, P <.001 1.20 (1.09-1.32) 100.00

101.0 1000.1

RR (95% CI)

Weights are from random effects
analysis. NYK and ISCO indicate
Nordisk Yrkesklassificering, or Nordic
Occupational Classification, and
International Standard Classifications
of Occupations.
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meta-analysis35 using data from 1972 to 2009 (RR, 1.28 [95%
CI, 1.15-1.43]). While these findings suggest continued expo-
sure to carcinogenic pigments or solvents (eTable 5 in the
Supplement), an in-depth analysis questions a direct link be-
tween painters and BC.36 The main carcinogen for hairdress-
ers is reported to be 4-ABP. This agent has been restricted since
the 1970s, and consequently BC risk has fallen from 3.2- to
9.15-fold37,38 to 1.23- to 1.32-fold (eTable 4 in the Supplement
or Reulen et al4). Of note, BC risk increases with duration of
employment within hairdressers.39 Textile workers are at in-
creased BC risk from contact with pigments, dyes, and syn-
thetic materials.37,40 Specific exposures include 2-napthyl-
amine, 4-ABP, nitrobiphenyl, benzidine, direct black 58, and
blue 6. These latter 2 are azo-dyes that release benzidine when
metabolized.40 Leather workers (eg, shoe repairers) are also
exposed to leather dust, leather dyes (eg, ortho-toluidine [IARC
1]), adhesives, and polishes.

Workers Exposed to PAHs
Bladder cancer mortality risks were highest in occupations with
PAH exposures, including those working with metals, alumi-
num, and glass manufacture, and electrical workers. PAHs are
atmospheric pollutants or lubricants sharing a fused aro-
matic ring structure. Their carcinogenicity is graded accord-
ing to composition (eg, naphthalene [IARC 2b], benzo[a]pyrene
[IARC 1]), and exposure.41 Our analysis suggests that many
workers at risk of BC are exposed to PAHs through combus-
tion products and diesel fumes, metal working fluids, and coal
tar products. This confirms recent data analyzing this expo-
sure specifically.42 High PAH exposure occurs during alumi-
num manufacture when coal tar and/or pitch anodes evapo-
rate during electrolysis to produce benzo[a]pyrene vapor (IARC
1).41 Our findings (SIR, 1.40) support previous meta-analysis
indicating sustained elevated BC risk,43 despite changes to an-
ode manufacture. Drivers, miners, marine workers, and sea-
men partly derive their BC risk from the inhalation of diesel
exhaust fumes.20,44,45 Diesel fumes contain PAHs and other
particles known to have mutagenic effects on the urothelium
in a dose-dependent manner.46 The carcinogenicity of ex-
haust inhalation may be enhanced by the low volumes of fluid
drunk by drivers (to reduce micturition frequency) and the high
prevalence of cigarette smoking within these occupations.47

Seamen and deep sea fishermen are also exposed to solvents,
antirust paints, and creosote.48 The risk of BC within drivers
and those exposed to diesel fumes was elevated across the en-
tire cohort but seems to be declining. This observation sup-
ports findings of a previous meta-analysis25 and data from the
Swedish Cancer Environment Register III.49

Bladder cancer risk in metal, machine, and automobile
workers is partly derived from the exposure to mineral oils (as
metal-working fluids), solder and/or welding fumes, sol-
vents, paints, and greases. Metal-working fluids are used in
cooling, lubricating, and cutting metal. They are colorless, odor-
less, light alkane mixtures from a nonvegetable (mineral)
source (often a distillate of petroleum), and include paraf-
finic oils (based on n-alkanes), naphthenic oils (based on cy-
cloalkanes), and aromatic oils (aromatic hydrocarbons). Min-
eral oils are known (IARC 1) carcinogens owing to their high

PAH content.11,37 Bladder cancer risk increases proportion-
ally with the intensity, duration, and accumulation of
exposure50 and the type of mineral oil: straight (high-risk) vs
soluble and/or synthetic fluids (low-risk).51 The content of
metal-working fluids varies with use, storage, and handling.
For example, nitrosamine concentration increases with pro-
longed storage, heating, or pressure. Cutaneous PAH expo-
sure also occurs within nurses and health care workers, who
are exposed to coal tar preparations (IARC 1). Coal tar prod-
ucts are reported to be antiseptic, antipruritic, antiparasitic,
antifungal, antibacterial, keratoplastic, and antiacanthotic and
are used to treat dermatological conditions. Contemporary me-
dicinal products are thought to be safe and contain less than
5% coal tar. Health care workers are also exposed to various
medicinal carcinogens and ionizing radiation.52

Workers Exposed to Tobacco Smoke
and Combustion Products
Recreational sector and bar staff are exposed to the inhala-
tion of environmental tobacco smoke.52 In many countries,
smoking in public and work places is now prohibited, and thus
the risks for these staff will decrease in future.53 As with driv-
ers, the low frequency of micturition in recreational staff in-
creases risk.54 Firefighters are exposed to various combus-
tion products (particulate matter that can be inhaled)55

containing carcinogens such as aromatic amines from paint
(methoxyaniline, methoxynitroaniline), PAHs, and polyhalo-
genated dibenzodioxins or dibenzofurans from flame-
retardants. Heterogeneity of risk among firefighters reflects the
fire types attended (industrial, urban, or rural) and use of pro-
tective clothing and/or breathing systems.

Workers With Mixed Exposures
Many workers are exposed to various carcinogenic sub-
stances. For example, petroleum workers are exposed to aro-
matic amines (benzenes), PAHs (lubricants), diesel exhaust
fumes, and petroleum additives, such as alkyl lead.56,57 In-
creasing automation within this industry is reducing petro-
leum exposure for workers. Chemical workers are exposed to
a variety of agents, and so caution must be used when com-
bining these into a single group. The studies used in our analy-
sis tended to define chemical workers as those within chemi-
cal synthesis. Carcinogen exposures include chlorination
by-products (disinfection agents), MBOCA, benzidine, and
chlorinated hydrocarbons in synthesis of trichloroethane.

Workers Exposed to Heavy Metals
Plumbers are exposed to numerous carcinogens, including
lead, welding/solder fumes, solvents, tar, greases, and
asbestos.58 Solder and welding fumes contain lead oxide, heavy
metals (eg, arsenic, cadmium, chromium, and nickel) and col-
ophony (rosin-based flux containing acetone and carbon mon-
oxide). Bladder cancer risk was highest for plumbers working
prior to 1960.58 In our analysis, plumbing was not statisti-
cally significant (95% CI, 0.85-2.38). The concentration of heavy
metals in solder has decreased since the 1960s. Electrical work-
ers are exposed to polychlorinated biphenyls used in cool-
ants for electrical transformers48 and heavy metals (eg, cad-
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mium [IARC grade 1], antimony, and arsenic). Cadmium is used
in batteries, as a catalyst, in electroplating (cadmium oxide or
sulfate), as a pigment (cadmium sulfide), and a plastics stabi-
lizer (cadmium stearate). Exposure is usually via inhalation (eg,
from soldering). A survey48 suggested that risk was highest in
electrical engineers, electricians, telephone installers and re-
pairers, and telephone linesmen and cable joiners.

Assorted Occupations
Various processes in food preparation expose workers to uro-
thelial carcinogens. These include solvents (including chloro-
form hexane [IARC 2b carcinogen], isopropanol, and petro-
leum ether) used to remove animal or vegetable fat from food,48

food dyes (eg, Sudan red G), preservatives (phenol-derived
creosote compounds), and mineral oil exposure from the inks
in recycled cardboard packaging.59

Cleaners are exposed to solvents and cleaning agents, in-
cluding aromatic hydrocarbons and naphtha derivatives.59,60

In particular, dry cleaners use nonaqueous solvents (eg, tri- and
tetra-chloroethylene [TCE] [IARC 2a]). Bladder cancer risk

seems to be related to TCE exposure whether through work or
water pollution.61,62

Conclusions
While there have been reductions in occupational BC inci-
dence and mortality, it appears that there may still be many
occupations with an elevated incidence or mortality risk. This
persists despite improvements in workplace hygiene, al-
though the profile of at-risk occupations has changed over time
and may differ for BC incidence and mortality. Efforts to re-
duce the impact of BC on workers should be targeted to occu-
pations at risk of mortality. Solutions that reduce mortality may
be found within occupations with disparate incidence and mor-
tality risks. Recent data suggest that the risk of occupational
BC is rising and effecting women more than men. This may be
due to an increase in the number of women in the workforce
or the emergence of occult carcinogens in occupations pre-
dominated by women.
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