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ABSTRACT

Background: Occupational exposure has been identified as the most important risk factor for bladder
cancer second to smoking. The objective of this study was to estimate the occupational variation in
risk of bladder cancer that is not attributable to smoking.

Material and methods: In the Nordic Occupational Cancer study (NOCCA), 111,458 cases of bladder
cancer and 208,297 cases of lung cancer cases were observed among men in Denmark, Finland,
Iceland, Norway and Sweden during 1961-2005. Relative smoking prevalence in an occupation was
estimated based on standardized incidence ratio (SIR) for lung cancer in the given occupation. Crude
and smoking-adjusted SIRs with 95% confidence intervals (Cl) for bladder cancer were calculated for
each occupation.

Results: The smoking-adjusted SIR for most of the occupations was closer to 1.00 than the unadjusted
SIR. The highest statistically significant smoking-adjusted SIRs were observed among chimney sweeps
(SIR 1.29, 95% Cl 1.05-1.56), waiters (1.22, 1.07-1.38) hairdressers (1.14, 1.02-1.26), cooks and stewards
(1.12, 1.01-1.25), printers (1.11, 1.04-1.18) and seamen (1.09, 1.03-1.14).

Conclusions: Smoking is a strong risk factor for bladder cancer but there may also be other factors in
some specific occupations in addition to smoking. The occupational variation in risk of bladder cancer
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is small when adjusted for smoking, but risk increasing factors are indicated in some occupations.

Introduction

Tobacco-smoking and occupational exposure, are the leading
risk factors for bladder cancer. It has been estimated that
occupational exposure may account for as many as 20% of
all the bladder cancer cases in industrialized countries, and it
is the second most important risk factor after smoking [1,2].
Workplace exposure to chemical carcinogens such as aro-
matic amines and polycyclic aromatic hydrocarbons (PAH)
has been associated with increased risk of bladder cancer
among painters, printers, drivers, hairdressers, launderers,
and miners [2,3]. Bladder cancer is more common in men
than in women, and the risk increases with age. In the
Nordic countries, it is the fifth most common cancer in men.
Age-standardized incidence rates increased until 1990, with
the highest incidence in Denmark and the lowest in Finland
[4]. There have been temporal changes in exposure to work-
place carcinogens in the Nordic countries. According to the
FINJEM, exposure to carcinogens such as benzene, benzo(a)-
pyrene, and asbestos have substantially decreased in Finland
from 1950 to 2008 [5]. Similarly, a Danish study reported
decreased exposure to trichloroethylene by 4% from 1947 to

1964 and by 15% from 1964 to 1989 [6]. Another Danish
study observed similar decreased trend of exposure to styr-
ene, toluene and xylene over the period of 1955-1988 [7]. A
Norwegian study reported a decreasing trend in exposure to
polycyclic aromatic hydrocarbons among the Norwegian
industry workers [8]. Overall, the carcinogenic exposures
have decreased in last 20 years in the Nordic and in some
other industrialized countries [9,10].

In the Nordic countries, Lung cancer incidence in Finnish
men increased until 1970 and decreased sharply after that
[4]. In Denmark and Sweden, the incidence started to
decrease after 1980 and in Iceland and Norway after 2000
[4]. Smoking was assumed to be a crucial risk factor behind
the occupational variations in both bladder and lung cancers
[11,12]. However, the studies do not have information on
occupation-specific smoking habits, and therefore we cannot
separate the roles of smoking and occupational exposures.
Methods for control for tobacco-smoking in the absence of
individual-level smoking information have been discussed
over a long period [13-17]. The suggested methods are
based on combined information on smoking habits from
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numerous sources or from historical estimates of the effect
of the confounders.

Epidemiological evidence of the causal association
between cigarette-smoking and lung cancer was established
around the 1950s. The International Agency for Research on
Cancer (IARC) and an international working group of experts
recognized the causal relationship between tobacco-smoking
and lung cancer in 1985 [18]. Since then, a large number of
studies have reported significant association between
tobacco-smoking and the risk of lung cancer. Taking advan-
tage of the convincing evidence of a strong association
between smoking and lung cancer risk, we can consider the
incidence of lung cancer in a specific occupational category
to be a proxy for smoking prevalence in that occupation,
unless there are other strong lung cancer carcinogens in the
occupation. In our large population-based study, which
included all working-age men in five Nordic countries, we
assessed occupational variations in the risk of bladder cancer,
adjusted with a proxy for smoking based on the incidence of
lung cancer.

Material and methods

This study utilized the Nordic Occupational Cancer Study
(NOCCA), comprising up to 45 years of cancer incidence data
by occupational categories. The cohort consists of 14.9 mil-
lion people from all five Nordic countries (Denmark, Finland,
Iceland, Norway, and Sweden), aged 30 to 64 years, who par-
ticipated in one or more population censuses in 1960, 1970,
1980/81, or 1990 and were living in the country on 1
January after the census year. The census information on
occupation for each individual was obtained through the
questionnaires in the censuses, which were centrally coded
and computerized in the national statistics offices. The ori-
ginal occupational codes were then reclassified into 53 differ-
ent categories. Details of the NOCCA study have been
described elsewhere [12]. Data on incident cancer cases were
obtained from the national cancer registers in each of the
Nordic countries. The follow-up started on 1 January after
the earliest available census, and ended at death or at the
end of the year 2003-2005 (Table 1). The registration of new
cancer cases is based on the information from clinical and
pathological departments, general practitioners, and private
clinics. The largest incomparability between the Nordic coun-
tries is the absence of death certificates in Sweden, which
has been estimated to cause a loss of up to 4% of all cancer
cases [19]. Due to lack of information on smoking habits in
all occupational categories in all Nordic countries over the
study period, we estimated a proxy smoking prevalence in

the occupational groups from the lung cancer incidence in
the NOCCA data set. This study was undertaken with linkage
of individual records based on the unique personal identity
codes used in all the Nordic countries.

The results are presented as standardized incidence ratios
(SIRs), i.e., ratios of observed to expected numbers of cases.
In this study, we present SIRs for bladder cancer, while SIRs
for lung cancer are used as proxies for smoking prevalence
in an occupational category. For each country, gender, and
occupational category, the observed number of cancer cases
and person years was stratified into eight five-year attained
age categories (30-34, 35-39..., 85+ years) and nine five-
year calendar periods (1961-1965..., 2001-2005). For the
SIRs for bladder cancer that were not adjusted for smoking,
the expected number of cases in each country was calcu-
lated by multiplying the number of person years in each
stratum by the respective national bladder cancer inci-
dence rate.

For smoking-adjusted SIRs (SIR,q), the expected number
was corrected by multiplying the original expected number
by the product of the proxy smoking prevalence value and
the relative risk (RR) estimate for bladder cancer due to
smoking in each occupational category [17,20]. For the pur-
poses of analysis, we calculated the continuous RR based on
smoking prevalence. Smoking prevalence was estimated
based on the SIR for lung cancer (Figure 1). The estimation
of smoking prevalence (Y) was based on linear regression
(Y =0+ BX), where X is the SIR of lung cancer, «=Y — inter-
cept value of smoking prevalence, and f§=slope of the line
(Figure 1). From the figure, «=0.4 and the tangent function
of regression line f=0.28 approximately. The SIR for lung
cancer is about 0.2 when smoking prevalence is zero, and
about 1.8 when smoking prevalence is 0.5 (Line A in
Figure 1). It shows the risk increases by nine times with a
five time increase in smoking prevalence. Hence, if we
assume that the RR for bladder cancer due to smoking is
one third of lung cancer, the RR for bladder cancer increases
by 0.18 with every 10% unit increase in smoking prevalence.
Analyses were performed in two different models. In Model
1, we included all 53 occupational categories (Line A in
Figure 1). In Model 2, we excluded occupations with smok-
ing-adjusted SIRs for lung cancer markedly higher than 1.0
according to an earlier Norwegian study [14], i.e., miners and
quarry workers, drivers, smelting workers, mechanics,
plumbers, welders, painters, bricklayers, printers, beverage
workers, tobacco workers, glass makers, packers, hairdressers,
launderers and gardeners (Line B in Figure 1). The lung can-
cer rate for these occupations may reflect other major risk
factors in addition to smoking. Exact 95% confidence

Table 1. Demographic variables of the study populations of bladder and lung cancer in Nordic countries.

Males only
Country Base population (million)  Period of follow up  Person-years (million)  Bladder cancer cases  Lung cancer cases
Denmark 2.0 1971-2003 23.86 27020 53401
Finland 34 1971-2005 37.03 13716 52189
Iceland 0.1 1982-2004 1.18 565 996
Norway 2.6 1961-2003 34.94 22272 37334
Sweden 6.8 1961-2005 87.92 47 885 64377
Total 14.9 184.93 111458 208297
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Figure 1. Smoking prevalence on the 53 occupational categories estimated based on standardized incidence ratios (SIR) of lung cancer in Nordic males. Regression
line A: Estimation based on all 53 occupations (y = o + fx). Regression line B: Estimation based only on 37 occupations excluding occupations with probable strong
occupation-related risk factors other than smoking; miners and quarry workers, drivers, smelting workers, mechanics, plumbers, welders, painters, bricklayers,
printers, beverage workers, tobacco workers, glass makers, packers, hairdressers launderers and gardeners (y = o + fx).

intervals (Cls) of the SIRs were defined based on Poisson dis-
tribution. We used two-sided tests for a statistical signifi-
cance level of 0.05. The ethical committees and data
inspection boards in each of the Nordic countries approved
the study.

Results

The study included 111,458 cases of bladder cancer and
208,297 cases of lung cancer, observed during a total follow-
up time of 184.9 million person years (Table 1). The highest
number of cases was from Sweden and the lowest from
Iceland. The estimated smoking prevalence varied across the
occupational categories. The correlation coefficient value (r=
0.81, 0.78) shows the dose-response relationship of lung can-
cer incidence due to smoking (Figure 1).

The highest statistically significant unadjusted SIRs were
observed for chimney sweeps (1.49, 1.21-1.80), waiters (1.42,
1.25-1.61), hairdressers (1.30, 1.17-1.45), cooks and stewards
(1.20, 1.07-1.34), and printers (1.18, 1.11-1.26). The SIRs
came closer to 1.00 for all occupations after adjustment with
the proxy for smoking. The adjusted results from Models 1
and 2 were similar. Therefore, we chose to present the
results from Model 1 (Figure 2 and Table 2).

SIR.gj1 was >1.10 for chimney sweeps (1.29, 95% Cl
1.05-1.56), waiters (1.22, 1.07-1.38), hairdressers (1.14,
1.02-1.26), cooks and stewards (1.12, 1.01-1.25), and print-
ers (1.11, 1.04-1.18). A small but significant increased risk
was also observed among seamen and drivers, while a
similar non-significant risk was observed among laboratory
assistants, miners and quarry workers, public safety work-
ers, and launderers (Table 2). The SIR,q; for bladder can-
cer appeared to be similarly elevated across the Nordic

countries, e.g., for drivers, printers, and hairdressers. For
cooks and stewards, waiters, and chimney sweeps, the
SIR,gjv increased in some countries but decreased
in others.

Discussion

This is the largest study to explore the association between
occupation and risk of bladder cancer adjusted for smoking.
Chimney sweeps, waiters, hairdressers, cooks and stewards
and printers had the highest risk of bladder cancer after
adjusting for smoking habits. The highest estimated preva-
lence of smoking was observed in Denmark and the lowest
in Sweden (data not shown).

The most pronounced increased risk of bladder cancer in
Nordic males was observed in chimney sweeps. A systematic
review and meta-analysis of modifiable risk factors for the
prevention of bladder cancer from 1995 to 2015 observed
that chimney sweeps were among the occupations with the
highest risk of bladder cancer (RR 1.53, 1.30-1.81) [21].
Another meta-analysis of 263 eligible articles published to
June 2015 observed a similar high risk among chimney
sweeps [22]. These studies observed that persons exposed to
chemical solvents such as PAH and aromatic amines are at
higher risk of bladder cancer. However, not all the studies
included in this study were adjusted for smoking. Chimney
sweeps are exposed to high levels of soot rich in PAH, which
predominantly causes lung and bladder cancers [23-25].

Waiters were observed to be another high-risk group in
our study. Similar risks were observed in different studies. A
systematic review and meta-analysis observed that waiters
had among the highest risks (RR 1.43, 1.34-1.52) of bladder
cancer in occupational cancer studies after adjusting for
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Figure 2. Original (square) and smoking adjusted (model 1, circle) standardized incidence ratios (SIR) for 53 occupational categories in Nordic males.

smoking status [22]. A case control study in the United
States observed an overall (OR 2.84, 1.05-7.72) risk of blad-
der cancer following exposure for more than 10 years among
those employed as waiters [26]. A case control study from
Italy [27] and a cohort study from Sweden [28] observed

similar increased risks. It should be noted that the data from
the Swedish study markedly overlap with the data in our
study. Waiters are mainly exposed to both active and passive
smoking, and possibly to other workplace carcinogenic sub-
stances such as PAH [29]. Legislation regarding smoke-free
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Table 2. Observed number of bladder cancer cases (Obs), standardized incidence ratio (SIR), 95% confidence interval (95% ClI) with proxy smok-

ing adjusted from lung cancer in occupations in Nordic males.

Adjusted
Unadjusted Model 1° Model 2°

Occupation Obs SIR 95% Cl SIR.qj1 95% Cl SIR.q5 95% Cl
Technical workers (TW) 7677 1.03 1.00-1.05 0.97 0.94-0.98 0.98 0.96-1.01
Laboratory assistants (LA) 124 1.1 0.92-1.32 1.04 0.86-1.24 1.06 0.88-1.27
Physicians (PH) 505 1.05 0.96-1.14 0.98 0.89-1.06 0.93 0.84-1.01
Dentists (DN) 214 1.1 0.96-1.27 0.96 0.83-1.09 0.98 0.85-1.12
Nurses (NU) 11 0.72 0.36-1.30 0.91 0.45-1.63 0.95 0.47-1.70
Assistant Nurses (AN) 159 1.28 1.09-1.50 0.98 0.83-1.14 1.00 0.86-1.17
Other health workers (HW) 370 1.00 0.90-1.11 0.88 0.79-0.98 0.92 0.82-1.01
Teachers (TE) 2297 0.85 0.81-0.88 0.96 0.92-1.00 0.83 0.79-0.86
Religious workers (RW) 1479 0.93 0.88-0.97 1.01 0.96-1.07 0.98 0.93-1.03
Artistic workers (AW) 593 1.17 1.08-1.27 0.99 0.91-1.06 1.02 0.94-1.10
Journalists (JO) 238 1.02 0.89-1.16 0.98 0.85-1.12 0.99 0.87-1.12
Administrators (AD) 5621 1.08 1.05-1.11 0.97 0.95-1.00 1.00 0.97-1.02
Clerical workers (CW) 4125 1.09 1.06-1.12 0.97 0.93-0.99 1.00 0.98-1.03
Sales agents (SA) 5095 1.16 1.12-1.19 1.03 1.00-1.06 1.03 1.00-1.05
Shop workers (SW) 3602 1.08 1.04-1.11 0.96 0.92-0.99 1.04 1.00-1.07
Farmers (FA) 9444 0.70 0.68-0.71 0.93 0.91-0.94 0.97 0.95-0.98
Gardeners (GA) 2491 0.78 0.75-0.81 1.01 0.97-1.05

Fishermen (FI) 1450 1.14 1.08-1.20 1.01 0.96-1.07 1.05 1.00-1.10
Forestry workers (FW) 1599 0.74 0.71-0.78 0.84 0.79-0.87 0.96 0.91-1.01
Miners and quarry workers (MQ) 480 0.94 0.86-1.03 1.06 0.96-1.15

Seamen (SE) 1478 1.22 1.16-1.28 1.09 1.03-1.14 1.1 1.05-1.16
Transport workers (TW) 2107 1.08 1.03-1.13 1.00 0.96-1.05 1.03 1.00-1.08
Drivers (DR) 5971 1.14 1.11-1.17 1.08 1.05-1.10

Postal workers (PW) 1105 1.07 1.01-1.14 1.00 0.95-1.07 1.02 0.96-1.08
Textile workers (TX) 1133 1.05 0.99-1.12 0.98 0.92-1.04 0.95 0.90-1.01
Shoe and leather workers (SL) 428 1.08 0.98-1.19 0.99 0.90-1.09 1.02 0.93-1.12
Smelting workers (SM) 1929 1.08 1.04-1.13 1.03 0.98-1.07

Mechanics (ME) 8135 1.10 1.08-1.12 0.98 0.96-1.00

Plumbers (PL) 1020 1.20 1.13-1.28 1.01 0.95-1.07

Welders (WE) 822 1.06 0.99-1.13 0.99 0.92-1.06

Electrical workers (EW) 2756 1.08 1.04-1.12 0.98 0.95-1.02 1.03 0.99-1.06
Wood workers (WW) 5697 0.94 0.91-0.96 1.02 0.99-1.04 1.00 0.98-1.03
Painters (PA) 1641 1.08 1.03-1.13 1.02 0.97-1.07

Other construction workers (OC) 3591 1.01 0.98-1.04 0.98 0.95-1.01 1.02 0.98-1.05
Bricklayers (BR) 975 1.02 0.96-1.09 0.96 0.90-1.02

Printers (PR) 1018 1.18 1.11-1.26 1.1 1.04-1.18

Chemical process workers (CP) 1389 1.05 1.00-1.11 0.97 0.91-1.01 1.01 0.96-1.06
Food workers (FO) 2066 1.1 1.06-1.16 1.00 0.95-1.04 1.03 0.98-1.07
Beverage workers (BW) 153 1.13 0.96-1.33 1.01 0.85-1.18

Tobacco workers (TO) 29 1.18 0.79-1.70 0.86 0.57-1.23

Glass makers etc. (GM) 1486 1.04 0.99-1.10 0.96 0.91-1.00

Packers (PA) 2699 1.08 1.04-1.12 1.00 0.97-1.04

Engine operators (EO) 2220 1.06 1.01-1.10 0.99 0.95-1.03 1.00 0.96-1.04
Public safety workers (PS) 1565 1.10 1.04-1.15 1.04 0.99-1.09 1.07 1.01-1.12
Cooks and stewards (CS) 309 1.20 1.07-1.34 1.12 1.00-1.25 1.13 1.01-1.27
Domestic assistants (DA) 7 0.72 0.29-1.48 0.95 0.38-1.95 0.97 0.38-1.99
Waiters (WA) 249 1.42 1.25-1.61 1.22 1.07-1.38 1.23 1.08-1.40
Building caretakers (BC) 1276 1.09 1.03-1.15 0.97 0.91-1.02 1.00 0.94-1.05
Chimney sweeps (CH) 105 1.49 1.21-1.80 1.29 1.05-1.56 1.31 1.07-1.58
Hairdressers (HD) 357 1.30 1.17-1.45 1.14 1.02-1.26

Launderers (LA) 186 1.10 0.95-1.28 1.05 0.91-1.21

Military personnel (MP) 915 1.12 1.05-1.20 0.97 0.91-1.03 1.00 0.94-1.07
Other workers (OW) 4079 1.00 0.97-1.03 0.96 0.93-0.99 0.97 0.94-1.00

*Model 1: Bladder cancer risk estimation based on all 53 occupational categories.

PModel 2: Bladder cancer risk estimation based only on 37 occupations excluding occupations with probable strong occupation-related risk
factors other than smoking; miners and quarry workers, drivers, smelting workers, mechanics, plumbers, welders, painters, bricklayers, printers,
beverage workers, tobacco workers, glass makers, packers, hairdressers launderers and gardeners.

Empty boxes in the model 2 shows the occupations excluded in the model due to probable strong occupation- related risk factor other

than smoking.

restaurants and other public places was implemented in the
Nordic countries after the period of our study, in 2005.
Future studies are needed to show whether the small excess
in the risk of bladder cancer will disappear.

In our study, hairdressers were at elevated risk of bladder
cancer. In a meta-analysis by Harlings et al., a summary risk
ratio (SRR) of 1.70 (95% ClI 1.10-2.88) for bladder cancer was

observed among hairdressers [30]. The study also observed an
increase in SRR with an increase in the duration of employ-
ment, and observed no differences in the estimates of crude
and smoking-adjusted risks. Another meta-analysis observed a
pooled RR of 1.30 (95% CI 1.20-1.42) for bladder cancer
among hairdressers [31]. The excess in this study was
restricted to exposures before the ban in 1970 on the
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Table 3. Observed number of bladder cancer, standardized incidence ratio (SIR), 95% confidence interval (95% Cl) with proxy smoking adjusted from lung cancer in occupations with smoking-adjusted SIR from Model 1

(SIRaqj1) > 1.05 in Nordic males, by country.
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carcinogenic aromatic amines used in hair dyes. Hairdressers
have historically been exposed to aromatic amines such as
benzidine, toluidine and aromatic nitrous compounds, and
exposure to these chemical compounds has been linked to
an increased risk of bladder cancer [32]. Long-term exposure
of >10 years has been associated with greater risk of blad-
der cancer [31,33]. A study among Finnish hairdressers
showed that there was a marked overall excess risk of cancer
until the mid-1970s, but almost no excess after that; this was
interpreted as a consequence of a rapid decrease in expos-
ure to carcinogenic agents [34]. Following the ban on car-
cinogenic substances in the European Union, some recent
studies have reported an excess bladder cancer risk, but the
risk is due to the use of such banned substances even after
legislation, leading to the potential for ongoing exposure
[35]. A separate NOCCA study on a period-specific stratified
analysis from 1961 to 2005 observed a decreased risk among
hairdressers [36].

Increased risk of bladder cancer was associated with
employment as cooks and stewards in our study. These
workers are commonly exposed to environmental tobacco
smoke and other workplace chemical carcinogens associated
with the risk of bladder cancer [22]. Two reviews, by
Cumberbatch et al. and Al-Zalabani et al., reported the same
statistically significant increased pooled relative risk (RR 1.15,
1.08-1.22) of bladder cancer among those exposed as cooks
and stewards [21,22]. A higher relative excess was observed
in males.

Printers were another high-risk group for bladder cancer
observed in the study. A meta-analysis observed a signifi-
cant pooled relative risk (RR 1.23, 1.17-1.30) among printers
[22]. Another meta-analysis of case control studies from six
European countries observed up to 80% greater risk of
bladder cancer among those exposed as printers compared
with the general population (OR 1.81, 95% Cl 1.03-3.17) [3].
Printers are exposed to pigments and solvents (vehicles)
that are carcinogenic with a risk of bladder cancer [37]. The
IARC has classified occupational exposures in printing proc-
esses as possibly (group 2B) carcinogenic to humans [38].

In the absence of direct information on their occurrence
or the magnitude of the population under study, it is pos-
sible to estimate the impact of confounding using indirect
(proxy) measures [16]. In our study, we observed that the
smoking-adjusted SIRs came closer to 1.0 for all occupations
after adjustments with the proxy for smoking, but the
adjustment did not change the direction of the risk esti-
mate. This is in line with the findings of other studies that
also observed that adjustment for smoking did not nor-
mally change the direction of the risk estimate [13-16,39].
Consistency across the country-specific risk estimate obser-
vations for a given occupation might help to separate true
associations from chance findings. In this type of large
cohort study, it has been estimated that either systematic
or chance differences in unmeasured lifestyle factors such
as smoking will not confound the risk by more than 20%
[16,39], and we can safely conclude that the residual con-
founding due to smoking in our smoking-adjusted risk esti-
mates is smaller. Hence, it is very unlikely that occupational



variations in the risk of bladder cancer will affect the risk
estimate due to smoking alone. Exposure to chemical agents,
such as PAH, aromatic amines, and other workplace carcino-
gens is associated with the risk of bladder cancer [22].

In the Nordic countries, smoking prevalence corresponds
well to the lung cancer incidence. This pattern of smoking
prevalence and lung cancer incidence was reported in the
national surveys separately in all the Nordic countries.
According to the Norwegian national survey from 1965 to
1980, occupations with a high-risk of lung cancer had also a
high level of smoking [14]. In this study, Haldorsen et al. esti-
mated a 10% increase in the proportion of smoking to
increase the lung cancer incidence by 26% in men. Similarly,
data from Finnish national surveys (FINJEM) [40], Swedish
national survey [17] and Norwegian national survey [14,41]
estimated the occupation specific prevalence of smoking and
other lifestyle factors in different occupational categories. In
all these studies, smoking was positively associated with both
lung and bladder cancer across different occupational catego-
ries [12]. Some of the most high-risk occupations included
waiters, tobacco workers, seamen, miners and quarry workers,
cooks and stewards, and transportation workers [12,14,41].
The surveys included information on sex, year of birth, age at
smoking, smoking status (current smoking, former smoking)
average number of cigarettes per day for cigarette smokers
and the proportion of smoking a pipe among current smokers
to describe their smoking habits [14,17,41]. These surveys had
a high response rate and the validity of these data are consid-
ered to be of high standard [19].

Limitations of the study include exposure misclassification.
As the individuals’ occupational categories were based on
occupations held in the year before the first available census,
the data did not provide information on job changes across
the entire working career. Misclassification of the exposure
estimate would bias the observed effect towards null.
However, occupational stability, e.g., in Finland, was high in
the early decades, and turnover was low in the older male
population [42]. Therefore, exposure misclassification in this
NOCCA study should be relatively small. Nonetheless, we can-
not rule out the possibility of residual confounding. The occu-
pational titles were categorized into 53 broader categories to
reach sufficient numbers of cancer cases in each category.
Some of the occupational categories used in the study are
heterogeneous and may hide more specific subcategories
with occupation-specific risk factors. A similar limitation also
concerns the use of smoking prevalence in an occupational
category as a proxy for lifelong smoking habits for all men in
that occupation. It is known from Finnish survey data that
although the prevalence of smoking in men has decreased
strongly in all socio-economic categories, the relative differ-
ence between categories has not changed [43,44]. If we
assume that the latency time from smoking to cancer out-
come is similar for lung cancer and bladder cancer, the use of
SIRs for lung cancer to adjust bladder cancer SIRs for a similar
period should take care of the complex lag-time issue.

The NOCCA study is the largest ever conducted on occu-
pational cancer incidence, with virtually full coverage of can-
cer cases in the Nordic countries, and with large numbers of
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bladder and lung cancer cases. The occupational codes used
are of high accuracy [12]. The completeness and accuracy of
the Nordic cancer registers is of top quality in international
rankings [19]; even if there were some incompleteness in
registration or diagnosis, this would not affect SIR estimates
as long as the cancer registration and diagnosis followed
similar procedures irrespective of the person’s occupation.
The unique personal identity code, used for linkage between
the census, vital status and cancer incidence data, is a highly
reliable linkage tool [19].

This study suggests that smoking is not the only factor
causing variation in bladder cancer incidence between the
occupational categories but carcinogenic workplace expo-
sures may also play a role in some specific occupations such
as chimney sweeps, waiters, hairdressers, cooks and stew-
ards, printers and seamen. Occupational exposure pattern
has changed over the study period in all Nordic countries,
primarily after following the ban on the use of some carcino-
genic substances, e.g., aromatic amines, at workplaces after
the 1980s in the European Union. Similarly, other preventive
measures were introduced as a consequence of an improved
legislation, implementation of safety and hygiene programs,
elimination or decreased production of hazardous chemical
substances that are classified as risk to human health, and
substitution with few carcinogens are some of the remark-
able measures for decreased risk [10]. Additionally, it is
indeed a known fact that there is an increased risk of second
smoking-related cancers in patients with first smoking-related
cancer. In the NOCCA dataset also the second and higher
primary malignancies are counted and therefore a person
having e.g., head and neck cancer first and lung cancer later
will contribute to lung cancer statistics.

Although there has been a decreasing trend in PAH
exposure in the recent decades in the Nordic countries [45],
it is still a problem causing lung and bladder cancer. PAHs
are important workplace carcinogens that occur in various
forms such as benzo[a]pyrene and soot. A Swedish study
covering all male chimney sweeps observed increased risk of
bladder and lung cancer due to PAH (soot) exposure [25].
Randem et al. reported similar increased risk of lung and
bladder cancer due to PAH exposure among male asphalt
industry workers in Denmark, Finland, Norway and Sweden
[45]. Parallel to the findings of these studies, chimney sweeps
in our study was observed as the highest risk of bladder can-
cer and workplace exposure to PAH could be an important
factor for increased risk. Globally, workplace PAH exposure
has been reduced after the peak in the mid-1990s [46]. The
risk due to occupational carcinogens at workplace carcino-
gens such as PAH, asbestos, diesel engine exhaust is shifting
towards the developing countries [47].

In summary, occupation is evidently associated with the
risk of bladder cancer, but most of the variation in bladder
cancer risk observed between occupational categories
appears to be due to smoking. After adjustment with a proxy
for smoking prevalence, we observed an evident excess in
bladder cancer risk only in some occupational categories,
most of which are suspected of facing occupational expo-
sures to chemical carcinogens of such high levels that they
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could add to the risk of bladder cancer. The large size of our
study made it possible to reveal significant findings in rare
occupations such as chimney sweeps and male hairdressers.
Future research on occupational exposures to chemical com-
pounds would better explain the risk variation between
occupational categories.
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