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2.4.6.5 Specific occupations 

In this section, the literature on the risk of kidney cancer in particular occupational 
categories has been arranged according to the International Standard Classification 
of Occupations (ISCO). ISCO was developed by the International Labour 
Organization and is a tool for organizing jobs into a defined set of groups according 
to the tasks and duties undertaken in the position (ILO, 2012).  

Summary of literature on occupational exposure, by occupational categories, is 
presented in Table 7. 

The biggest number of studies presenting statistically significant findings on the 
association between occupation and the risk of kidney cancer concerned metal 
processing and finishing plant operators.  

Ferrochromium, ferrosilicon, and silicon plant workers. Hobbesland et al. conducted a study 
on Norwegian employees of ferrosilicon and silicon metal plants (Hobbesland et al., 
1999). The reported SIRs were 1.33 (95%CI 0.66-2.38) and 1.67 (1.03-2.55) in 
furnace workers and non-furnace workers, respectively. In a detailed analysis of the 
non-furnace workers, significantly elevated risk of kidney cancer was found only 
among mechanics (SIR 2.92, 95%CI 1.33-5.54). However, in a further analysis, no 
association between risk of kidney cancer and duration of work was found. Huvinen 
et al., who investigated a cohort of Finnish ferrochromium and stainless steel 
production workers, reported contradictory results (Huvinen et al., 2013). Risk of 
kidney cancer in this population was significantly decreased (SIR 0.38, 95% 0.14-
0.82).  

Aluminum plant workers. According to Romundstad et al., SIR of kidney cancer in a 
population of Norwegian aluminum plant workers was 1.1 (95%CI 0.8-1.4) 
(Romundstad et al., 2000). Among employees most heavily exposed to polycyclic 
aromatic hydrocarbons, the risk was increased significantly (SIR 2.8, 95%CI 1.1-7.4). 
Spinelli et al. reported SIR of kidney cancer among Canadian aluminum reduction 
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plant workers at 1.00 (95%CI 0.62-1.52) (Spinelli et al., 2006). The risk was 
statistically significant in employees with high exposure to coal tar pitch volatiles.  

Lead smelting plant workers. Cocco et al. investigated the risk of kidney cancer in a 
population of Italian male lead smelters (Cocco et al., 1997). The reported 
standardized mortality ratio (SMR) for kidney cancer was 142 (95%CI 46-333). In 
further stratification, the risk was elevated only among laborers (SMR 337, 95%CI 
70-985). The dose-response relationship trend was statistically significant.

Petroleum refinery workers. Many authors studied the association between work in the 
petroleum industry and kidney cancers. Schnatter et al. examined mortality of renal 
malignancies among Canadian petroleum marketing and distribution workers 
(Schnatter et al., 1993). They reported nine cases of kidney cancer in this cohort, 
yielding SMR of 1.35 (95%CI 0.62-2.57). According to the authors, the SMR among 
workers exposed to hydrocarbons was 1.58 (95%CI 0.63-3.25). Wong et al. 
conducted a similar study on a cohort of American distribution workers (Wong et 
al., 1993). The SMR of kidney cancer was 65.4 (95%CI 33.7-114.1) and 83.7 (95%CI 
45.8-140.5) among land-based and marine workers, respectively. Pukkala reported 
SIR 1.97 (95%CI 1.29-2.88) among Finnish oil refinery workers (Pukkala, 1998). In 
the male subpopulation, SIR was 2.13 (95%CI 1.38-3.13). Moreover, SIR was higher 
in oil refineries than in other departments of the company. Two studies conducted 
by American researchers examined mortality of kidney cancer among 
refinery/petrochemical plant active and terminated workers (Gamble et al., 2000; 
Lewis et al., 2000). In the first study, SMR was 144 (95%CI 100-200) and in the latter 
one, 140 (95%CI 90-206) (Gamble et al., 2000; Lewis et al., 2000). In another 
Canadian study, SMR among male workers was 0.96 (95%CI 0.69-1.30) (Lewis et al. 
2000).  

Vitamin A and E synthesis workers. Richard et al. were the first to report on the 
association between work in a chemical plant producing vitamin A and E (Richard 
et al., 2004). They found SIR of kidney cancer at 13.1 (95%CI 6.28-24.10). All of the 
cases occurred among male workers, most of whom worked in a position dealing 
with fabrication for many years (range 10-35). Iwatsubo et al. conducted a similar 
study on a population employed by production of vitamin A and reported SMR at 
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1.10 (95%CI 0.30-2.82) and 5.31 (1.09-15.1), among males and females, respectively 
(Iwatsubo et al., 2014). Subsequently, the authors reported a dose-response relation 
between cumulative exposure to chloracetal C5 and kidney cancer. 

Tetrafluoroethylene synthesis and polymerization workers. Consonni et al. conducted a cohort 
study assessing the risk of kidney cancers among tetrafluoroethylene synthesis 
workers in five countries (Germany, Netherlands, Italy, UK, and USA) (Consonni et 
al., 2013). They reported SMR of renal tumor at 1.44 (95%CI 0.69-2.65).  

Kang et al. reported a standardized morbidity odds ratio (SMOR) at 1.34 (95%CI 
0.90-2.01) among firefighters for kidney cancer (Kang et al., 2008). According to Ide, 
the incidence rate among Scottish firefighters was 9.1 per 100,000 (standard 
deviation (SD) 18.7), while the incidence rate in the population of Scotland was 4.4 
per 100,000 (SD 1.2) (Ide, 2014). The mortality rates were 6.5 per 100,000 (SD 16.3) 
and 1.9 per 100,000 (SD 0.5), respectively. Baris et al. reported SMR of kidney cancer 
at 1.07 (95%CI 0.61-1.88) (Baris et al., 2001). Glass et al. reported a lower risk of 
kidney cancer among male volunteer firefighters (SIR 0.82, 95%CI 0.71-0.94) than 
among paid firefighters (SIR 1.08, 95%CI 0.81-1.41) (Glass et al., 2017; Glass et al., 
2016). For volunteer firefighters, the risk of kidney cancer was higher with increased 
attendance at fires, particularly structural ones. Finally, Pukkala et al. reported SIR 
of 0.94 (95%CI 0.75-1.17) in the Nordic countries (Pukkala et al., 2014). 

Black coal miners. In Czechia, the risk of kidney cancer among black coal miners was 
lower than in the national male population (SIR 0.66, 95%CI 0.43-0.97), which 
according to the authors could be attributed to “healthy worker effect” (Tomaskova 
et al., 2012). However, the average age of the miners at the beginning of observation 
was 44.1 (SD 6.2), and the follow-up period was 12 years. Knowing that the peak 
incidence of kidney cancer is between 60 and 70 years of age (EAU, 2019), it is 
possible that the observation time in this study did not allow for the latency of kidney 
cancer. 

Copper miners. Seidler et al., who conducted a case-cohort study in German copper 
miners’ population, found no elevation of kidney cancer incidence (SIR 1.01, 95%CI 
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0.79-1.27) (Seidler et al., 2014). There was slightly increased risk among individuals 
with prolonged exposure to dinitrotoluene, but statistically insignificant. A limitation 
of the study was a relatively young median age at the end of follow-up (54 years), 
which limited the latency period for kidney cancer. 

Mercury miners. According to Boffetta et al., who conducted a cohort study in four 
European countries (Spain, Italy, Slovenia, and Ukraine), the mortality from kidney 
cancer was decreased among mercury miners in comparison to the general 
population (SMR 0.59, 95%CI 0.22-1.28) (Boffetta et al., 1998; Gomez et al., 2007). 
However, the authors provided no data on the average age of the miners. 

Granite workers. Attfield et al., who investigated American granite workers, found that 
mortality due to kidney cancer was higher with increasing exposure to respirable free 
silica, reaching maximum SMR at 3.12 (p<0.05) (Attfield et al., 2004). According to 
the authors, the studied granite workers were almost exclusively exposed to silica. 
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2.5 Assessment of quality of the existing literature 

A considerable amount of research has been published on occupational exposures 
and risk of kidney cancer (35 identified articles) or mixed kidney and renal pelvis 
cancer (27 identified articles), while the literature on the risk of renal pelvis cancer 
in particular remains sparse (4 identified articles). Most of the identified studies 
(Tables 6 and 7) applied a cohort study design (49 out of 66). The rest of the studies 
used a case-control design (17 out of 66). 

The Newcastle-Ottawa scale is a statistical tool designed to systematically assess 
the quality of non-randomized studies to be included in the systematic reviews of 
the literature (Wells et al., 2013). It determines eight characteristics of each study. 
For each out of the eight components, one star can be awarded as a symbol of high 
quality. Star system provides a quick, reader-friendly visual assessment of the quality 
of the studies. Two different tools were created, one designed for cohort studies, 
and the other one for case-control studies. The characteristics constitute three 
principal groups of features: selection, comparability, and outcome (for cohort 
studies) or exposure (for case-control studies). The author of the thesis assessed the 
quality of the identified studies (Table 6 and 7) using the Newcastle-Ottawa scale 
(Appendix 2; Table 1 and 2). 

The vast majority of the identified cohort studies used non-representative 
exposed cohorts. Only about 25% of the deployed cohorts were truly representative 
for the average exposure in the community, and 2% were somewhat representative. 
Moreover, only about 33% of cohort studies demonstrated that the outcome of 
interest (kidney or renal pelvis cancer) was not present at the start of the study. 
Furthermore, the majority of the cohort studies failed to provide comparability of 
cohorts based on the design or analysis. Only 8% of the identified studies controlled 
for tobacco smoking, which is the most important possible confounding factor that 
should be taken into consideration. About 27% of the studies controlled for 
additional factors, of less potential for confounding (e.g., sex, age, and BMI). While 
none of the studies provided an independent blind assessment of the outcome, 65% 
deployed record linkage. However, it should be noted that many of these were 
mortality studies, that is using death records. Such studies are not suitable for 
investigating neoplasms with reduced lethality. For such neoplasms, incidence 
studies should be carried out, that is studies using data from cancer registries 
collecting data from cancer cases. Finally, only about 53% of the studies provided 
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adequate follow-up, that is either complete follow-up of all subjects accounted for, 
follow up > 60%, or description of the lost cases. 

Regarding the quality of identified case-control studies, their flaw was 
ascertainment of exposure, which was neither secure record, nor structured 
interview blind to case/control status (12 out of 17 studies). Moreover, in about 47% 
of the studies, the non-response rate was the same for both cases and controls. In 
general, the comparability of cases and controls based on the design or analysis was 
better than in cohort studies (12 out of 17 studies controlled for tobacco smoking, 
and 11 out of 17 controlled for additional factors of less potential for confounding 
(e.g., sex, age, and BMI)). However, it should be noted that none of them addressed 
the possible problem of recall bias (e.g., by choosing an appropriate data collection 
method) that is of particular concern in retrospective studies. 

The identified studies have several other limitations that are not assessed by the 
Newcastle-Ottawa scale. Firstly, most of the analyzed studies have only been carried 
out in small study populations. Moreover, only a few studies benefited from data 
covering the entire national populations, making the presented results population-
representative and generalizable. Furthermore, most of the research either 
concerned only the male population (28 studies), or mixed male-female population 
(21 studies). Only 11 studies reported association for men and women separately. 
Six studies did not report the sex of the study participants. In most of the studies, 
the female population was too small to observe statistically significant results. The 
inclusion of sex in the data analysis in the case of urinary tract cancers is of 
considerable importance since until now the higher incidence of these tumors 
among men is unclear. 

Regarding the quality of data on exposure, the majority of the identified studies 
did not control for the duration of employment. Moreover, only a few studies 
provided stratification by calendar years of employment, which is of particular 
importance in case of studies examining the association between performed 
occupation and risk of cancer, not between occupational agent and risk of cancer. 
Studies should account for calendar years of employment since the legislation and 
jurisprudence on the work conditions have changed over time, as also has the 
availability of various personal protective equipment. Additionally, many studies in 
which the measure of exposure was based on employer-administered records, did 
not provide information on the exact occupational category. Hence there was a risk 
of exposure misclassification, that could bias the observed effect towards null. 

In most of the studies, the information concerning the quality of the source of 
data on outcome was sparse. In the case of studies deploying data from cancer 
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registries, information on the degree of completeness and coverage of the registry in 
question was mostly unavailable. Moreover, the majority of studies did not provide 
information on equality of access to the healthcare system regardless of 
socioeconomic status, which means that the presented data could be 
socioeconomically biased. 

Regarding the analytical and statistical methods deployed, majority of the studies 
did not allow for the latency of the kidney or renal pelvis cancer for all of the study 
participants, which might bias the results towards null. Moreover, in most of the 
studies deploying multivariable regression models, the problem of the omitted-
variable bias was not addressed. Furthermore, the issue of possible overfitting of the 
model and generation of numerically unstable estimates was not addressed. Finally, 
no procedure was applied to evaluate the robustness of the inferences. 
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3 JUSTIFICATION OF THE CURRENT STUDY 

Despite the rich literature on the topic of associations of occupational exposures 
with the risk of kidney cancer, there remains a paucity of evidence on similar 
associations with the risk of renal pelvis cancer. Moreover, in the existing literature 
on kidney cancer, chance, bias, and confounding could not be reasonably excluded. 
Some results were not statistically significant, most of the studies deployed a small 
number of exposed cases, and there was sparse evidence of an exposure-response 
association. 

Based on the review of the existing literature, there are some important gaps in 
the current knowledge and methodology of the studies that should be addressed. 

First of all, there remains a need to deploy a cohort that is representative of the 
average exposure in the community, and the non-exposed cohort is drawn from the 
same community as exposed cohorts. There also remains a need for a demonstration 
that the outcome of interest had not been present at the start of the study. Moreover, 
population-representativeness should be provided, e.g., by including all of the cases 
of cancer identified in the chosen period in the whole population. Additionally, there 
is a need for studies, maximally reducing the problem of the no-response individuals, 
e.g., by censuses to obtain the data on exposure. There also remains a need for
controlling for exposure to the most important potential confounding factor that
should be taken into consideration, i.e., tobacco smoking. Furthermore, there is a
need for accounting for changes in working conditions over time, either by
stratification by calendar years of employment or calculating cumulative exposure to
an occupational agent on the individual level. Also, there remains a need to perform
analysis allowing for the latency between exposures and outcome, while calculating
the cumulative exposures to occupational agents on the individual level.

Finally, while performing analysis of the results, there is a need of a study 
addressing the problem of the omitted-variable bias, e.g. by using multiple 
cumulative exposure variables; avoiding the issue of possible overfitting of the 
model and generation of numerically unstable estimates, e.g., by creating the final 
multivariable logistic model using a purposeful selection of variables; and evaluating 
the robustness of the inferences, e.g. by a posthoc conservative Bonferroni 
procedure for multiple analyses. 
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4 AIMS OF THE STUDY 

The overarching aim of the thesis was to assess the association between occupational 
exposures and risk of kidney and renal pelvis cancer. 

The specific objectives of the research were as follows: 

1. to describe the occupational variation in the incidence of kidney cancer
in the population of the Nordic countries (Study I)

2. to describe the occupational variation in the incidence of cancer of the
renal pelvis in the population of the Nordic countries (Study II)

3. to examine the smoking-adjusted occupational variation in the incidence of
kidney cancer in the population of Nordic males (Study III)

4. to examine the smoking-adjusted occupational variation in the incidence of
renal pelvis cancer in the population of Nordic males (Study IV)

5. to assess associations between occupational exposure to heavy metals
(chromium (VI), iron, nickel, lead) and welding fumes, and the risk of kidney
and renal pelvis cancer (Study V)

6. to describe other occupational exposures possibly associated with the risk
of kidney and renal pelvis cancer (Study V)
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5 MATERIALS AND METHODS 

5.1 Source population 

This research was conducted leveraging data from the NOCCA study. NOCCA is a 
cohort study based on data from five Nordic countries, namely, Denmark, Iceland, 
Finland, Norway, and Sweden. Its population included 14.9 million individuals (7.4 
million males, and 7.5 million females). The study was described in detail by Pukkala 
et al. (2009). 

5.2 Study design 

In this doctoral research, in total, five studies were conducted (Studies I-V) (Table 
8). In the first four studies (I-IV), population cohort study design was applied 
to describe the occupational variation in the incidence of kidney cancer (Study I), 
renal pelvis cancer (Study II), smoking-adjusted incidence of kidney cancer (Study 
III), and smoking-adjusted incidence of renal pelvis cancer (Study IV), 
in the population of the Nordic countries. In Study V, nested case-control study 
design was adopted, to assess associations between occupational exposure to heavy 
metals (chromium (VI), iron, nickel, lead) and welding fumes, and the risk of kidney 
cancer and to describe other occupational exposures possibly associated with the 
risk of kidney cancer. 
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Table 8. Summary of materials and methods used in Studies I-V. 

STUDY I STUDY II STUDY III STUDY IV STUDY V 

Study design Population cohort 
study 

Population cohort 
study 

Population 
cohort study 

Population 
cohort study 

Nested case-
control study 

Countries 
included 

Denmark 
Iceland 
Finland 
Norway 
Sweden 

Denmark 
Iceland 
Finland 
Norway 
Sweden 

Denmark 
Iceland 
Finland 
Norway 
Sweden 

Denmark 
Iceland 
Finland 
Norway 
Sweden 

Iceland 
Finland 
Sweden 

Measure 
of effect SIR SIR SIR, SIRadj SIR, SIRadj OR 

Sex of 
participants 

males and 
females 

males and 
females males males males and 

females 
Cancer site 
included kidney renal pelvis kidney renal pelvis kidney 

and renal pelvis 
Occupation 
included first recorded first recorded first recorded first recorded all recorded 
OR-odds ratio, SIR-standardized incidence ratio; SIRadj-SIR adjusted for tobacco-smoking 

5.3 Study population 
The majority of the presented doctoral research was based on data from five 

countries - Denmark, Iceland, Finland, Norway, and Sweden (Studies I-IV). Study 
V was based on data from three countries - Iceland, Finland, and Sweden. Norway 
and Denmark were excluded because of lack of access to the individual level records. 

Analyses in Studies I, II, and V, were conducted for both sexes. In Studies III 
and IV, analyses were conducted for males only. Females were not included since in 
different occupational categories smoking patterns were changing in such an 
irregular manner that it is hard to estimate the sum effect of the smoking habits in a 
given population. For example, in Finland, in earlier decades, women with high 
socioeconomic status smoked most, and then the smoking increased rapidly in low 
socioeconomic status and decreased in high socioeconomic status women (Pukkala 
et al., 2005). 

5.4 Information on exposure 
In the NOCCA study, data on occupation (exposure) were leveraged from 

national population censuses handled in 1960-1990. In all Nordic countries, 
participation in censuses was mandatory. During censuses, participants were asked 
to declare their occupation through free-text in self-administered questionnaires. 
Subsequently, the data collected through surveys were digitalized and centrally 
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encoded by respective national statistical offices, using unique personal identity 
codes. All original national occupation codes were converted to Nordisk 
Yrkesklassifisering (NYK), a Nordic adaptation of the ISCO from 1958. NYK 
comprises 53 distinct occupational categories and an additional class of economically 
inactive persons that were described in details elsewhere (Pukkala et al., 2009).The 
censuses included in this research were held in Sweden in 1960, 1970, 1980, 1990; in 
Norway in 1960, 1970, 1980; in Finland in 1970, 1980, 1990; in Iceland in 1981; and 
Denmark in 1970. All individuals, who were aged 30-64 years on January 1st of the 
year of the respective census, composed the NOCCA cohort.  

In Studies I-IV, occupational categories were considered as exposures. For 
individuals participating in more than one census, the first registered occupation was 
used.  

In Study V, for the purpose of the detailed exposure estimation, NOCCA Job-
Exposure Matrix (NOCCA-JEM) was used (described in detail by Kauppinen et al. 
(2009)). The matrix converses NYK codes to quantitative estimates of exposure to 
29 substances potentially related to cancer risk (Table 9). For each occupational 
category, it provides two variables for each agent: the probability of being exposed 
(P) and the average exposure level (L), among the exposed persons. Time of
exposure (T), was assessed individually, starting at the age of 20 (typical age to start
work in non-academic occupations), and ending on the index date (date of diagnosis
of the case) or age of 65 (typical age at retirement), whichever occurred first.
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Table 9. Occupational exposure agents investigated in Study V. 

Abbreviation Occupational exposure agents Unit 
ALHC Aliphatic and alicyclic hydrocarbon solvents ppm 
ANIM Animal-borne dust mg/m3 
ARHC Aromatic hydrocarbon solvents ppm 
ASB Asbestos f/cm3 
BAP Benzo(a)pyrene g/m3 
BENZ Benzene ppm 
BITU Bitumen fumes mg/m3 
CHC Chlorinated hydrocarbon solvents ppm 
CR Chromium g/m3 
DEEX Diesel engine exhaust mg/m3 
FE Iron mg/m3 
FORM Formaldehyde ppm 
GASO Gasoline ppm 
IRAD Ionizing radiation mSv 
MCH Methylene chloride ppm 
NI Nickel g/m3 
NIGH Nightwork none 
OSOL Other organic solvents ppm 
PB Lead mol/l 
PER Perchloroethylene ppm 
PPWL Perceived physical workload score a 
QUAR Quartz dust mg/m3 
SO2 Sulphur dioxide ppm 
TCE 1,1,1-Trichloroethane ppm 
TOLU Toluene ppm 
TRI Trichloroethylene ppm 
UV Ultraviolet radiation J/m2 
WELD Welding fumes mg/m3 
WOOD Wood dust mg/m3 

a Score of workers reporting heavy or rather heavy physical work in national Finnish “Quality of Work Life Survey”, 
Finland 1990 ("Quality of Work Life Surveys,"). 

For each individual, information from all available censuses was included. 
Cumulative occupational exposures (CE) to 29 agents, defined as P×L×T, were 
calculated for all cases and controls. The occupation reported during the first census 
in which the individual took part was considered an occupation performed by this 
individual from the age of 20 years. When more than one occupational code was 
assigned to one person in different censuses, it was assumed that the change of work 
occurred in the middle of the period between the polls. For these individuals, 
cumulative exposure was a sum of all P×L×T, calculated for each separate 
occupational period. All cumulative exposures were calculated for three different 
lags of 0, 10, and 20 years, to allow for a cancer latency period. The results for lag 
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10 and lag 20 were similar, and therefore only findings for the lag of 10 years are 
presented in this thesis. 

5.5 Data on other exposures - smoking prevalence and SIR of 
lung cancer 

For none of the countries, information about smoking habits on an individual level 
was provided. Therefore, in Studies I, II and V, no stratification regarding smoking 
was conducted. However, to examine smoking-adjusted occupational variation in 
the incidence of kidney cancer, a simple linear regression model was created, in 
which a proxy of smoking prevalence by occupation in the Nordic countries was 
determined using SIR of lung cancer (Studies III and IV). 

To create the model, data on survey-based tobacco smoking prevalence in 
Finnish males from the Finnish Information System on Occupational Exposures 
(FINJEM) (Kauppinen et al., 2009) were used. Information on smoking prevalence 
in 512 FINJEM categories was converted to 54 NYK categories (Table 10). No 
similar data from other Nordic countries were available. Furthermore, data on the 
occupational category- and country-specific SIRs of lung cancer among males, that 
came from the publication of Pukkala et al. (2009), were used. 
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Table 10. Smoking prevalence among Finnish males, by occupational categories. Based on Finnish 
Information System on Occupational Exposures (Kauppinen et al., 2009). 

Occupational category 
Smoking 
prevalence 

Administrators 25.8% 
Artistic workers 38.5% 
Assistant nurses 25.1% 
Beverage workers 37.9% 
Bricklayers 40.8% 
Building caretakers 32.5% 
Chemical process workers 34.1% 
Chimney sweeps 32.6% 
Clerical workers 30.6% 
Cooks and stewards 53.3% 
Dentists 25.1% 
Drivers 42.0% 
Electrical workers 34.1% 
Engine operators 42.2% 
Farmers 22.0% 
Fishermen 42.7% 
Food workers 38.1% 
Forestry workers 38.0% 
Gardeners 28.5% 
Glass makers 41.2% 
Journalists 27.0% 
Laboratory assistants 33.0% 
Launderers 34.6% 
Mechanics 38.6% 
Military personnel 24.9% 
Miners and quarry workers 50.2% 
Nurses 25.1% 
Other construction workers 53.6% 
Other health workers 29.6% 
Other workers 45.1% 
Packers 38.8% 
Painters 43.0% 
Physicians 21.0% 
Plumbers 35.0% 
Postal workers 40.6% 
Printers 35.6% 
Public safety workers 32.6% 
Religious workers 26.4% 
Sales agents 39.8% 
Seamen 44.1% 
Shoe and leather workers 42.9% 
Shop workers 37.0% 
Smelting workers 48.2% 

Occupational category 
Smoking 
prevalence 

Teachers 19.7% 
Technical workers 26.9% 
Textile workers 35.9% 
Transport workers 36.4% 
Waiters 43.9% 
Welders 44.0% 
Wood workers 37.4% 
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5.6 Information on outcome 

The study population was followed-up until emigration, death, or December 31st of 
the following year: 2003 in Denmark and Norway, 2004 in Iceland, 2005 in Finland 
and Sweden. Data on mortality and emigration were retrieved from the Central 
Population Registries in each country. Data on cancer cases were obtained from the 
respective Nordic cancer registries. 

In Studies I and III, cases of kidney cancer (180.0 according to ICD-7) were 
included. In Studies II and IV, cases of renal pelvis cancer were included (180.1 
according to ICD-7). In Study V, both cases of kidney cancer and renal pelvis cancer 
were included (180.0 and 180.1 according to ICD-7). 

Finally, unique personal identity codes were used to perform linkage of the 
information on occupations from censuses, cancer cases from cancer registries, and 
death and emigration from national population registries. Only participants with a 
minimum age of 20 at the index date and having information from at least one census 
prior to index date were included in this study. 

5.7 Case and control definitions (Study V) 

In Study V (nested case-control study), the cases were defined as all individuals 
diagnosed with cancer of the kidney or the renal pelvis between 1961-2005 in 
Sweden, 1971-2005 in Finland, and 1982-2004 in Iceland. For each case, five controls 
were selected randomly from the NOCCA individuals, who were alive and free from 
kidney or renal pelvis cancer on the date of diagnosis of the case (henceforth the 
“index date” for the case-control set). Controls were matched individually to cases 
on birth date, sex, and country. Both cases and controls could have a history of any 
other comorbid cancer. 
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5.8 Statistical analysis 

5.8.1 Studies I and II 

For each occupational category, the ratios of observed to expected number of cases, 
denoted as SIRs, were calculated. They were based on the first occupation recorded 
in the census, that is at the time of entry into the study population. The national 
incidence rates were used as a reference. For each occupation category, the 95%CIs 
were calculated assuming the Poisson distribution of the observed number of cases. 
Occupational categories were further stratified by year of diagnosis, age at follow-
up, sex, and country. Although SIR calculations were based on 5-year categories of 
both calendar periods and age, here, they were combined into 15-year periods (1961-
1975; 1976-1990; and 1991-2005), and broad age groups (30-49, 50-69, and 70 
years). More detailed data are shown only for occupational categories with the 
highest ( 1.15) and the lowest ( 0.85) SIRs. To assess the significance of time trends 
of the SIRs, Poisson regression trend test was performed. 

5.8.2 Studies III and IV 

Simple linear regression analysis was used to examine the linear relationship between 
survey-based smoking prevalence in Finnish males and SIR of lung cancers in 
Finnish males (Model A). The following occupational categories were not included 
in the model, due to missing data on the prevalence of smoking: domestic assistants, 
economically inactive, hairdressers, and tobacco workers. Mean smoking prevalence 
(explanatory variable) was 35.9% (SD 8.2%). Mean SIR of lung cancer was 0.93 (SD 
0.35). The assumptions of the simple linear regression analysis were met. To account 
for the risk of lung cancer observed in non-smokers, the intercept was defined a 
priori at 0.05. The regression line was described by the equation Y=0.05+2.48X 
(r2=0.57; Figure 11 Model A), where Y denoted SIR of lung cancers in Finnish males, 
and X denoted smoking prevalence in Finnish males. The model was validated using 
a jackknife resampling (Efron et al., 1981).  

Additionally, to assess whether the presence of occupational categories 
characterized by other risk factors for lung cancer than smoking affects the above 
linear trend, Model B was created. Occupational categories that should be excluded 
were determined on the basis of the literature (Haldorsen et al., 2017). The following 
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categories (with the SIR of lung cancer >1.15) were not included in the regression 
equation: drivers (exposed to diesel exhaust (Haldorsen et al., 2004; Kjaerheim et al., 
2010)); painters (exposed to polycyclic aromatic hydrocarbons (Haldorsen et al., 
2004)); plumbers (exposed to asbestos (Kjaerheim et al., 2010)), beverage workers, 
chemical process workers, electrical workers, smelting workers, tobacco workers, 
and waiters. Besides, domestic assistants, economically inactive, and hairdressers 
were excluded, due to missing data. The assumptions of the simple linear regression 
analysis were met. As in Model A, to account for the risk of lung cancer observed in 
non-smokers, the intercept was set a priori at 0.05. The regression line was described 
by the equation Y=0.05+2.46X (r2=0.58; Figure 11 Model B), where Y denoted SIR 
of lung cancers in Finnish males, and X denoted smoking prevalence in Finnish 
males. The model was validated using a jackknife resampling (Efron et al., 1981). 

Subsequently, the above models were used to predict the smoking prevalence by 
occupation among Nordic males. It was assumed that the relationship between the 
prevalence of smoking and the risk of lung cancer for different occupational 
categories should be similar in all Nordic countries. The findings were reported using 
both models to indicate their effect on the results.  
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To calculate smoking-adjusted SIR (SIRadj), adjustment of the expected number 
of cases was performed by summing the expected number of cases and the product 
of the expected number of cases, and the difference between the smoking prevalence 
in a given occupational category and the smoking prevalence in the entire national 
population. The 95%CIs were calculated assuming a Poisson distribution. 

Since the results for both models were extremely close, only results for the Model 
B are presented in this thesis, as Model B was characterized by a higher coefficient 
of determination. 

5.8.3 Study V 
Conditional logistic regression was used to generate ORs and 95%CIs, testing the 

hypothesis that exposure to heavy metals (chromium (VI), iron, lead, and nickel) and 
welding fumes is associated with increased risk of kidney or renal pelvis cancer.  

The final main effect model was created using the purposeful selection of 
variables (explained in detail by Bursac et al. (2008). The choice of this method of 
creating the model allowed avoiding “overfitting” of the model and generation of 
numerically unstable estimates.  

In the first step, the univariable logistic regression model for each independent 
CE variable available in the NOCCA-JEM was fitted. Subsequently, a first 
multivariable logistic model was created in which all of the covariates, for which p-
value of its Wald statistic was <0.25 in the univariable logistic model, were fitted. 
The significance level of 0.25 was recommended by Mickey et al. (1989). Variables 
describing heavy metal exposures were forced in the model as a priori selected 
variables of interest in this study. Next, the significance of each variable from the 
multivariable model was assessed using the Wald statistic. Covariates not 
contributing at the traditional significance level of p<0.05 were gradually eliminated. 
For each reduction, the difference between the values of the estimated coefficients, 

, was calculated. Excluded variables for which  > 20% were added back into 
the model. Subsequently, the fit of the first multivariable logistic model was 
compared with the final one, deploying a likelihood ratio test.  

The algorithm denoted aliphatic and alicyclic hydrocarbon solvents, asbestos, 
chlorinated hydrocarbon solvents, diesel engine exhaust, perceived physical 
workload, quartz dust, trichloroethylene, ultraviolet radiation, and wood dust, as 
significant/confounding covariates. Subsequently, correlation check between these 
agents was performed (Figure 12). Iron and welding fumes were highly correlated, 
and therefore they were not used in the same model. The final models were as 
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follows: 1) ALHC + ASB + CHC + CR + DEEX + NI + PB + PPWL + QUAR 
+ TRI + UV + WELD + WOOD; 2) ALHC + ASB + CHC + CR + DEEX + FE
+ NI + PB + PPWL + QUAR + TRI + UV + WOOD.

Figure 12. Correlation of cumulative exposures calculated up to the index date minus ten years (in 
case-control set for Study V). 
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Each occupational agent was analyzed as a three-category exposure, including low 
(<50 percentile), moderate ( 50 percentile and <90 percentile), and high (  90 
percentile). Individuals with no exposure (defined as PxLxT=0) constituted a 
reference category. Subsequently, to assess a dose-response relationship between 
exposure to heavy metals (chromium (VI), iron, lead, and nickel) and welding fumes, 
and kidney or renal cancer, Pearson’s chi-squared test for linear trend was 
performed. Unexposed individuals were excluded from the analysis of the trend test. 
To evaluate the robustness of the inferences a posthoc conservative Bonferroni 
procedure was adopted for multiple analyses (Dunn, 1961). The Bonferroni-
corrected significance threshold was 0.004 (that is 0.05/13 variables). A p-value 
<0.004 was deemed as significant evidence for a causal association when assessing 
the significance of the trend test. 

To explore possible effect modifiers, analyses were later stratified by sex and age 
group at diagnosis (<59, 59-74, >74). Age groups were a priori determined based on 
quartile distribution (that is <Q1, Q1-Q3, >Q3). 

5.9 Software 

Data management and statistical analyses for Studies I-IV were performed using 
Stata/IC 15.0 for Mac (StataCorp LP, College Station, TX, USA), and for Study V 
using R studio 1.1.442 with packages corrplot, dosresmeta, Epi, lmtest, readxl, 
ResourceSelection, survival, and xlsx. 

5.10 Ethical issues 

All of the studies presented in this thesis were scientific register-based studies 
conducted without direct contact to participating individuals. The studies consisted 
part of the NOCCA project. The NOCCA study has received approvals from all 
respective country-specific ethical committees. In the NOCCA project, individual-
level data were used solely for scientific purposes, in accordance with legal 
regulations on privacy applicable in countries participating in NOCCA. The 
NOCCA project obeys strict rules to secure complete confidentiality and protection 
of the individuals.  
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The studies presented in this thesis were conducted according to the 
Strengthening the Reporting of Observational studies in Epidemiology (STROBE) 
guidelines (Vandenbroucke et al., 2007). 
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6 RESULTS 

6.1 Characteristics of the study population 

6.1.1 Studies I and II 

In Studies I and II, the whole NOCCA population (both males and females) was 
included (Table 11). The population encompassed 14.9 million individuals: 0.1 
million from Iceland, 2.0 million from Denmark, 2.6 million from Norway, 3.4 
million from Finland, and 6.8 million from Sweden, that contributed, in total, 385 
million person-years of observation in follow-up. 

In Study I, 85,940 cases of kidney cancer were identified (50,330 among males 
and 35,610 among females). In Study II, 11,237 cases of the renal pelvis cancers were 
identified (6,732 among males and 4,505 among females). 

6.1.2 Studies III and IV 

In Studies III and IV, only men from the NOCCA population were included (Table 
11). The study population encompassed 7.4 million people: 0.1 million from Iceland, 
1.0 million from Denmark, 1.3 million from Norway, 1.7 million from Finland, and 
3.4 million from Sweden, who contributed, in total, 185 million person-years of 
observation in follow-up.  

In Study III, 50,330 cases of kidney cancer were identified. In Study IV, 6,732 
cases of renal pelvis cancer were identified.  

6.1.3 Study V 

In Study V, there were 59,778 kidney and renal pelvis cancer cases (34,856 males and 
24,922 females) from Iceland, Finland, and Sweden (Table 11). For these cases, 
298,890 sex-, age-, and country-matched controls were identified.  
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Table 11. Number of study participants, by study, country, sex, and age category. 

STUDY I STUDY II STUDY III STUDY IV STUDY V 
Study 
population 

14,902,573 14,902,573 7,447,726 7,447,726 358,668 

Denmark 2,013,346 2,013,346 995,576 995,576 - 
Iceland 120,995 120,995 61,439 61,439 3,528 
Finland 3,404,800 3,404,800 1,670,815 1,670,815 105,882 
Norway 2,562,674 2,562,674 1,286,261 1,286,261 - 
Sweden 6,800,758 6,800,758 3,433,635 3,433,635 249,258 

Number of 
cases 

85,940 11,237 50,330 6,732 59,778 

Male cases 50,330 6,732 50,330 6,732 34,856 
Female 
cases 

35,610 4,505 - - 24,922 

6.2 Standardized incidence ratios by occupational categories 

6.2.1 Kidney cancer 

In Study I, the highest ( 1.15) statistically significant SIRs of kidney cancer, for both 
sexes combined, were observed in welders (SIR 1.24, 95%CI 1.14-1.35), public safety 
workers (SIR 1.16, 95%CI 1.08-1.25), and seamen (SIR 1.16, 95%CI 1.07-1.26) 
(Table 12). The lowest ( 0.85) statistically significant SIRs were found in laboratory 
assistants (SIR 0.76, 95%CI 0.60-0.94) and forestry workers (SIR 0.77, 95%CI 0.72-
0.83). 

When stratified by sex, none of the above occupations was at a significantly 
elevated risk of developing kidney tumors among females (Table 12). However, 
elevated SIR was observed among female building caretakers (SIR 1.11, 95%CI 1.06-
1.17) and economically inactive females (SIR 1.02, 95%CI 1.01-1.04). The lowest 
significant risk was observed in female dentists (SIR 0.57, 95%CI 0.33-0.91), 
technical workers (SIR 0.71, 95%CI 0.57-0.87), and laboratory assistants (SIR 0.72, 
95%CI 0.51-0.97). The highest statistically significant SIRs in males were found in 
waiters (SIR 1.26, 95%CI 1.02-1.53), welders (SIR 1.25, 95%CI 1.14-1.36), cooks 
and stewards (SIR 1.23, 95%CI 1.05-1.44), seamen (SIR 1.16, 95%CI 1.07-1.26), and 
public safety workers (SIR 1.16, 95%CI 1.08-1.25). The lowest significant SIRs were 
observed in forestry workers (SIR 0.77, 95%CI 0.72-0.83) and farmers (SIR 0.78, 
95%CI 0.75-0.80).  
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A statistically significant upward time trend of SIR, over the 45 years of follow-
up, was observed among seamen and farmers. A statistically significant downward 
trend of SIR was observed among public safety workers. When stratified by age at 
the time of diagnosis, a statistically significant increase in SIR among farmers was 
observed. A significant decrease in SIR was observed among seamen.  

Among the analyzed occupational categories, there were no statistically significant 
differences in SIR between the Nordic countries. 

Table 12. The observed number of cases (Obs) and standardized incidence ratios (SIR) of kidney 
cancer in the Nordic Countries, by occupational category and sex. 

Occupational category Both sexes Males Females 
Obs SIR 95%CI Obs SIR 95%CI Obs SIR 95%CI 

Administrators 2,453 1.06 1.02-1.11 2,300 1.08 1.04-1.13 153 0.84 0.71-0.99 
Artistic workers 312 1.02 0.91-1.14 256 1.06 0.93-1.20 56 0.88 0.66-1.14 
Assistant nurses 610 0.92 0.85-1.00 59 1.10 0.84-1.42 551 0.91 0.83-0.98 
Beverage workers 70 1.07 0.84-1.36 52 1.13 0.84-1.48 18 0.95 0.56-1.49 
Bricklayers 385 1.00 0.90-1.10 385 1.00 0.90-1.10 - - - 
Building caretakers 2,343 1.09 1.05-1.14 531 1.02 0.93-1.11 1,812 1.11 1.06-1.17 
Chemical process workers 643 0.93 0.86-1.01 570 0.93 0.85-1.01 73 0.98 0.77-1.23 
Chimney sweeps 42 1.17 0.84-1.58 42 1.18 0.85-1.59 - - - 
Clerical workers 4,366 0.99 0.96-1.02 1,810 1.06 1.01-1.11 2,556 0.94 0.90-0.98 
Cooks and stewards 563 1.08 0.99-1.17 155 1.23 1.05-1.44 408 1.03 0.93-1.13 
Dentists 106 0.91 0.75-1.11 89 1.04 0.83-1.28 17 0.57 0.33-0.91 
Domestic assistants 871 0.95 0.89-1.01 4 0.72 0.20-1.84 867 0.95 0.89-1.02 
Drivers 2,791 1.13 1.08-1.17 2,747 1.13 1.09-1.17 44 0.87 0.63-1.17 
Economically inactive 21,174 1.02 1.01-1.04 2,575 1.03 0.99-1.07 18,599 1.02 1.01-1.04 
Electrical workers 1,403 1.02 0.97-1.08 1,289 1.02 0.96-1.08 114 1.06 0.87-1.27 
Engine operators 1,165 1.07 1.01-1.14 1,142 1.08 1.02-1.14 23 0.93 0.59-1.40 
Farmers 5,263 0.80 0.78-0.83 4,458 0.78 0.75-0.80 805 1.00 0.93-1.07 
Fishermen 575 1.08 0.99-1.17 572 1.08 1.00-1.18 3 0.53 0.11-1.56 
Food workers 1,169 1.07 1.01-1.13 812 1.10 1.02-1.17 357 1.02 0.91-1.13 
Forestry workers 858 0.77 0.72-0.83 849 0.77 0.72-0.83 9 0.86 0.39-1.63 
Gardeners 2,320 0.91 0.87-0.94 1,233 0.84 0.80-0.89 1,087 0.99 0.93-1.05 
Glassmakers 765 0.94 0.87-1.01 596 0.94 0.87-1.02 169 0.92 0.78-1.06 
Hairdressers 268 1.03 0.91-1.16 119 1.11 0.92-1.33 149 0.97 0.82-1.14 
Journalists 155 1.10 0.93-1.28 132 1.17 0.98-1.38 23 0.81 0.51-1.22 
Laboratory assistants 83 0.76 0.60-0.94 42 0.80 0.58-1.09 41 0.72 0.51-0.97 
Launderers 263 0.94 0.83-1.07 62 0.89 0.68-1.14 201 0.96 0.83-1.10 
Mechanics 3,839 1.06 1.03-1.09 3,669 1.06 1.02-1.09 170 1.13 0.96-1.31 
Military personnel 419 1.13 1.02-1.24 417 1.12 1.02-1.24 2 2.44 0.30-8.82 
Miners and quarry workers 279 1.07 0.95-1.20 278 1.07 0.95-1.21 1 0.42 0.01-2.35 
Nurses 422 0.87 0.79-0.96 7 0.72 0.29-1.49 415 0.87 0.79-0.96 
Other construction workers 1,527 0.97 0.92-1.02 1,488 0.96 0.92-1.01 39 1.39 0.99-1.90 
Other health workers 464 0.94 0.86-1.03 159 0.98 0.83-1.15 305 0.92 0.82-1.03 
Other workers 2,338 0.99 0.95-1.03 1,671 0.97 0.93-1.02 667 1.03 0.96-1.12 
Packers 1,594 1.07 1.02-1.13 1,264 1.06 1.01-1.13 330 1.11 0.99-1.24 
Painters 679 0.95 0.88-1.03 671 0.96 0.89-1.04 8 0.61 0.26-1.20 
Physicians 224 0.91 0.80-1.04 202 0.95 0.82-1.09 22 0.69 0.43-1.05 
Plumbers 470 1.11 1.01-1.21 470 1.11 1.01-1.21 - - - 
Postal workers 930 1.03 0.96-1.10 460 0.99 0.90-1.08 470 1.07 0.98-1.18 
Printers 493 1.02 0.93-1.12 395 1.01 0.91-1.12 98 1.06 0.86-1.29 
Public safety workers 793 1.16 1.08-1.25 768 1.16 1.08-1.25 25 1.22 0.79-1.80 
Religious workers 995 0.95 0.89-1.01 751 0.98 0.91-1.05 244 0.87 0.76-0.99 
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Occupational category Both sexes Males Females 
Obs SIR 95%CI Obs SIR 95%CI Obs SIR 95%CI 

Sales agents 2,737 1.09 1.05-1.13 2,398 1.11 1.07-1.16 339 0.98 0.87-1.08 
Seamen 628 1.16 1.07-1.26 628 1.16 1.07-1.26 - - - 
Shoe and leather workers 269 1.01 0.89-1.14 186 1.03 0.89-1.19 83 0.97 0.77-1.20 
Shop workers 3,166 1.04 1.00-1.08 1,347 1.13 1.07-1.19 1,819 0.98 0.94-1.03 
Smelting workers 832 1.06 0.99-1.14 813 1.07 0.99-1.14 19 1.00 0.60-1.56 
Teachers 1,872 0.87 0.83-0.91 1,088 0.88 0.83-0.93 784 0.86 0.80-0.92 
Technical workers 3,734 1.03 1.00-1.06 3,646 1.04 1.01-1.08 88 0.71 0.57-0.87 
Textile workers 1,462 1.01 0.96-1.06 475 1.01 0.92-1.11 987 1.01 0.95-1.07 
Tobacco workers 34 1.25 0.87-1.75 12 1.47 0.76-2.56 22 1.16 0.73-1.75 
Transport workers 997 1.09 1.03-1.16 956 1.09 1.02-1.16 41 1.23 0.88-1.67 
Waiters 495 1.04 0.95-1.14 95 1.26 1.02-1.53 400 1.00 0.90-1.10 
Welders 540 1.24 1.14-1.35 533 1.25 1.14-1.36 7 1.12 0.45-2.31 
Woodworkers 2,692 0.93 0.90-0.97 2,602 0.93 0.89-0.97 90 0.96 0.77-1.18 
CI - confidence interval. 

6.2.2 Renal pelvis  

In Study II, the highest ( 1.15) statistically significant SIRs for renal pelvis cancer, 
for both sexes combined, were found among seamen (SIR 1.51, 95%CI 1.23-1.82), 
printers (SIR 1.39, 95%CI 1.11-1.71), welders (SIR 1.37, 95%CI 1.03-1.78), public 
safety workers (SIR 1.35, 95%CI 1.12-1.62), packers (SIR 1.23, 95%CI 1.07-1.41), 
textile workers (SIR 1.22, 95%CI 1.06-1.39), painters (SIR 1.22, 95%CI 1.00-1.46), 
transport workers (SIR 1.20, 95%CI 1.01-1.42), clerical workers (SIR 1.18, 95%CI 
1.09-1.27), electrical workers (SIR 1.18, 95%CI 1.02-1.36), and food workers (SIR 
1.16, 95%CI 1.01-1.34) (Table 13). The lowest ( 0.85) statistically significant SIRs 
were observed among forestry workers (SIR 0.47, 95%CI 0.35-0.62), gardeners (SIR 
0.72, 95%CI 0.62-0.83), and woodworkers (SIR 0.81, 95%CI 0.72-0.91). 

When stratified by sex, the highest SIRs were observed in seamen (SIR 1.51, 
95%CI 1.23-1.82) and clerical workers (SIR 1.19, 95%CI 1.08-1.31) among males 
and females, respectively (Table 13). The lowest SIRs were found in forestry workers 
(SIR 0.48, 95%CI 0.36-0.62) in men, and religious workers (SIR 0.53, 95%CI 0.29-
0.89) in women. All 95%CIs, calculated for both sexes separately, overlapped. 

An ascending trend of the SIRs over the whole period of the follow-up was found 
among public safety workers. A descending tendency in the SIR was observed 
among food workers and packers. In the occupational categories stratified by age at 
the time of diagnosis, statistically significantly elevated SIRs were observed among 
printers and transport workers. A significant decline of SIRs was found in food 
workers.  

No significant differences in SIRs were observed when stratified by countries. 
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Table 13. The observed number of cases (Obs) and standardized incidence ratios (SIR) of renal 
pelvis cancer in the Nordic Countries, by occupational category and sex. 

Occupational category Both sexes Males Females 
Obs SIR 95%CI Obs SIR 95%CI Obs SIR 95%CI 

Administrators 399 1.09 0.98-1.20 365 1.08 0.97-1.19 34 1.20 0.83-1.68 
Artistic workers 49 1.31 0.97-1.74 41 1.37 0.99-1.86 8 1.08 0.46-2.12 
Assistant nurses 84 1.07 0.85-1.32 9 1.10 0.50-2.09 75 1.06 0.83-1.33 
Beverage workers 15 1.05 0.59-1.73 8 0.75 0.32-1.47 7 1.94 0.78-3.99 
Bricklayers 65 1.03 0.79-1.31 65 1.03 0.79-1.31 - - - 
Building caretakers 301 0.97 0.87-1.09 76 1.02 0.80-1.28 225 0.96 0.84-1.09 
Chemical process workers 95 1.09 0.88-1.33 81 1.06 0.84-1.32 14 1.30 0.71-2.17 
Chimney sweeps 7 1.73 0.70-3.57 7 1.75 0.70-3.60 - - - 
Clerical workers 684 1.18 1.09-1.27 262 1.15 1.02-1.30 422 1.19 1.08-1.31 
Cooks and stewards 40 0.81 0.58-1.10 10 0.69 0.33-1.27 30 0.86 0.58-1.23 
Dentists 17 1.13 0.66-1.80 15 1.31 0.73-2.16 2 0.55 0.07-2.00 
Domestic assistants 109 0.94 0.77-1.13 - - - 109 0.94 0.77-1.13 
Drivers 336 1.01 0.91-1.13 329 1.01 0.91-1.13 7 1.06 0.43-2.18 
Economically inactive 2,578 0.97 0.93-1.00 335 1.08 0.97-1.20 2243 0.95 0.91-0.99 
Electrical workers 191 1.18 1.02-1.36 169 1.16 0.99-1.35 22 1.33 0.83-2.01 
Engine operators 106 0.85 0.70-1.03 104 0.85 0.69-1.03 2 1.24 0.15-4.48 
Farmers 571 0.61 0.56-0.66 496 0.62 0.56-0.67 75 0.59 0.46-0.73 
Fishermen 59 0.84 0.64-1.08 58 0.83 0.63-1.07 1 1.28 0.03-7.11 
Food workers 203 1.16 1.01-1.34 145 1.18 0.99-1.38 58 1.14 0.86-1.47 
Forestry workers 53 0.47 0.35-0.62 53 0.48 0.36-0.62 - - - 
Gardeners 195 0.72 0.62-0.83 137 0.75 0.63-0.89 58 0.66 0.50-0.86 
Glass makers. 120 1.08 0.90-1.29 100 1.10 0.90-1.34 20 0.97 0.59-1.50 
Hairdressers 44 1.19 0.86-1.60 18 0.98 0.58-1.55 26 1.39 0.91-2.04 
Journalists 19 1.15 0.69-1.80 13 0.94 0.50-1.61 6 2.26 0.83-4.91 
Laboratory assistants 17 1.20 0.70-1.92 9 1.27 0.58-2.41 8 1.13 0.49-2.23 
Launderers 40 0.99 0.70-1.34 7 0.65 0.26-1.34 33 1.11 0.76-1.56 
Mechanics 521 1.13 1.04-1.24 494 1.12 1.02-1.22 27 1.47 0.97-2.14 
Military personnel 49 1.00 0.74-1.32 49 1.00 0.74-1.32 - - - 
Miners and quarry workers 28 1.02 0.68. 1.47 28 1.03 0.68-1.48 - - - 
Nurses 68 1.05 0.81-1.33 2 2.20 0.27-7.93 66 1.03 0.80-1.31 
Other construction workers 207 0.88 0.76-1.01 205 0.88 0.76-1.01 2 1.22 0.15-4.41 
Other health workers 76 1.17 0.92-1.47 31 1.30 0.89-1.85 45 1.09 0.80-1.46 
Other workers 371 1.09 0.98-1.21 278 1.09 0.97-1.23 93 1.09 0.88-1.34 
Packers 208 1.23 1.07-1.41 177 1.24 1.06-1.44 31 1.17 0.80-1.66 
Painters 112 1.22 1.00-1.46 111 1.22 1.00-1.47 1 0.99 0.03-5.51 
Physicians 42 1.24 0.90-1.68 39 1.30 0.93-1.78 3 0.77 0.16-2.26 
Plumbers 62 1.26 0.97-1.62 62 1.26 0.97-1.62 - - - 
Postal workers 109 1.02 0.84-1.23 56 0.88 0.67-1.15 53 1.23 0.92-1.60 
Printers 89 1.39 1.11-1.71 74 1.37 1.08-1.73 15 1.46 0.82-2.41 
Public safety workers 118 1.35 1.12-1.62 115 1.35 1.11-1.62 3 1.44 0.30-4.20 
Religious workers  106 0.88 0.72-1.07 92 0.98 0.79-1.20 14 0.53 0.29-0.89 
Sales agents 302 1.10 0.98-1.24 267 1.10 0.97-1.24 35 1.13 0.78-1.57 
Seamen 105 1.51 1.23-1.82 105 1.51 1.23-1.82 - - - 
Shoe and leather workers 40 1.26 0.90-1.72 25 1.11 0.72-1.64 15 1.63 0.91-2.69 
Shop workers 561 1.12 1.03-1.22 268 1.07 0.94-1.20 293 1.17 1.04-1.31 
Smelting workers 131 1.13 0.94-1.34 129 1.13 0.94-1.34 2 0.99 0.12-3.57 
Teachers 260 0.95 0.84-1.07 148 0.88 0.75-1.04 112 1.05 0.86-1.26 
Technical workers 508 1.09 1.00-1.19 490 1.08 0.99-1.18 18 1.27 0.75-2.00 
Textile workers 219 1.22 1.06-1.39 84 1.30 1.04-1.61 135 1.18 0.99-1.39 
Tobacco workers 8 1.28 0.55-2.53 3 1.66 0.34-4.84 5 1.13 0.37-2.64 
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Occupational category Both sexes Males Females 
Obs SIR 95%CI Obs SIR 95%CI Obs SIR 95%CI 

Transport workers 142 1.20 1.01-1.42 140 1.21 1.02-1.43 2 0.79 0.10-2.87 
Waiters 57 1.07 0.81-1.39 11 0.94 0.47-1.69 46 1.11 0.81-1.48 
Welders 56 1.37 1.03-1.78 56 1.39 1.05-1.80 - - - 
Woodworkers 285 0.81 0.72-0.91 281 0.82 0.72-0.92 4 0.48 0.13-1.22 
CI - confidence interval. 

6.3 Smoking-adjusted standardized incidence ratios by 
occupational categories 

6.3.1 Prevalence of smoking 
Prevalence of smoking among Nordic males, calculated using a simple regression 

model, is presented in Figure 13. The highest prevalence of smoking was estimated 
for the waiters (75.2%), tobacco workers (70.7%), and seamen (63.8%). The lowest 
prevalence of smoking was estimated for nurses (14.2%), teachers (17.9%), and 
dentists (18.3%).  
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6.3.2 Kidney cancer 

In Study III, SIRadj estimates 1.15 were observed among dentists (SIRadj 1.32, 
95%CI 1.06-1.62), journalists (SIRadj 1.20, 95%CI 1.00-1.42), physicians (SIRadj 1.19, 
95%CI 1.03-1.36), public safety workers (SIRadj 1.18, 95%CI 1.10-1.26), 
administrators (SIRadj 1.17, 95%CI 1.13-1.22), military personnel (SIRadj 1.16, 95%CI 
1.05-1.28), and religious workers (SIRadj 1.17, 95%CI 1.09-1.26). The lowest 
smoking-adjusted SIRadj ( 0.85) was observed among forestry workers (SIRadj 0.82, 
95%CI 0.76-0.88). 

In most occupational categories, SIRadj was closer to 1.0 than the non-adjusted 
SIR (34 of 54 occupational categories) (Figure 14). In the case of 18 occupational 
categories, the SIR shifted towards 1.0. The most notable changes in SIR resulting 
from the smoking-adjustment were observed among tobacco workers, waiters, 
dentists, nurses, teachers, physicians, seamen, and cooks and stewards. 
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6.3.3 Renal pelvis cancer 

In Study IV, statistically significant SIRadj estimates 1.15 were observed among 
physicians (SIRadj 1.63, 95%CI 1.16-2.23), artistic workers (SIRadj 1.43, 95%CI 1.03-
1.94), public safety workers (SIRadj 1.38, 95%CI 1.14-1.65), textile workers (SIRadj 
1.32, 95%CI 1.05-1.63), printers (SIRadj 1.28, 95%CI 1.01-1.61), transport workers 
(SIRadj 1.24, 95%CI 1.05-1.47), clerical workers (SIRadj 1.21, 95%CI 1.07-1.37), 
technical workers (SIRadj 1.18, 95%CI 1.08-1.29), and administrators (SIRadj 1.17 
1.05-1.30). The lowest smoking-adjusted SIRadj ( 0.85) were observed among 
forestry workers (SIRadj 0.51, 95%CI 0.38-0.66), farmers (SIRadj 0.76, 95%CI 0.69-
0.83), other construction workers (SIRadj 0.78, 95%CI 0.68-0.90), engine operators 
(SIRadj 0.79, 95%CI 0.65-0.96), and woodworkers (SIRadj 0.84, 95%CI 0.74-0.94). 

In the case of 22 out of 54 occupational categories, SIRadj was closer to 1.0 than 
the non-adjusted SIR (Figure 15). In the case of eight occupational categories, the 
SIR shifted towards 1.0. The most notable changes in SIR resulting from the 
smoking-adjustment were observed among nurses, tobacco workers, dentists, 
physicians, seamen, chimney sweeps, waiters, and teachers. 
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6.4 Exposure to heavy metals and welding fumes 

In Study V, in the analysis of ORs for both sexes and all age groups combined, for 
none of the studied agents (heavy metals and welding fumes), the dose-response 
trend was statistically significant.  

It was observed that the ORs in women were frequently higher than in men, 
although based on a much smaller number of cases (Figure 16). Moreover, moderate 
and high exposures to welding fumes were associated with excess risk in men. This 
may still not indicate that the absolute excess risk due to the exposure would be 
higher in women because the reference incidence level of kidney and renal pelvis 
cancer is much lower in women.  

In the analysis with stratification by age at the index date (Figure 17), in the group 
of <59 years, OR for the high exposure to nickel was significant (OR 1.49, 95%CI 
1.03-2.17). In the group of 59-74 years ORs for the following were statistically 
significant: high exposure to iron (OR 1.41, 95%CI 1.07-1.85), moderate exposure 
to welding fumes (OR 1.27, 95%CI 1.02-1.56), and high exposure to welding fumes 
(OR 1.43, 95%CI 1.09-1.89).  
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6.5 Other occupational exposures 

In Study V, further analysis of covariates revealed a statistically significant increase, 
more than 10%, of OR for high exposure to asbestos (OR 1.19, 95%CI 1.08-1.31) 
(Figure 18). Statistically significant, more than 10%, decrease of OR was observed 
among individuals characterized by high exposure to aliphatic and alicyclic 
hydrocarbon solvents (OR 0.81, 95%CI 0.69-0.95); high exposure to perceived 
physical workload (OR 0.86, 95%CI 0.82-0.91); moderate (OR 0.85, 95%CI 0.81-
0.88), and high exposure (OR 0.85, 95%CI 0.79-0.92) to ultraviolet radiation (UV); 
and high (OR 0.82, 95%CI 0.71-0.94) exposure to wood dust. Dose-response test 
for trend was statistically significant for exposure to ultraviolet (p<0.001).
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7 DISCUSSION 

7.1 Main findings of the research 

7.1.1 Occupational variation and kidney cancer 

Among the occupational categories that were covered by Study I, smoking non-
adjusted risk of kidney cancer among both sexes was significantly elevated among 
welders, seamen, and public safety workers. Laboratory assistants, forestry workers, 
and farmers were at the lowest risk of the disease.  

In Study III, where smoking-adjusted SIRs for the population of Nordic males 
were calculated, the highest SIRadj of kidney cancer was observed among dentists, 
journalists, physicians, public safety workers, administrators, military personnel, and 
religious workers. The lowest smoking-adjusted risk was observed among forestry 
workers.  

Study III provided an important opportunity to advance the understanding of 
how adjustment for smoking influences the distribution of SIR of kidney cancer. 
The most significant changes were observed among tobacco workers, waiters, 
dentists, nurses, teachers, physicians, seamen, and cooks and stewards. All of the 
above categories were characterized by the smoking frequency significantly different 
from the national average. In the case of waiters, seamen, and cooks and stewards, 
the change was fundamental because the SIR ceased to be statistically significant. 
Contrarily, in the case of dentists and physicians, after adjustment, SIR became 
statistically significant. The biggest change was observed for the teachers, who after 
smoking adjustment turned from decreased to increased risk of kidney cancer. 

7.1.2 Occupational variation and renal pelvis cancer 

In Study II, the highest smoking non-adjusted risk of developing renal pelvis cancer, 
for both sexes, was observed among seamen, printers, welders, public safety workers, 
packers, textile workers, painters, transport workers, clerical workers, electrical 
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workers, and food workers. The lowest risk was found in forestry workers, 
gardeners, and woodworkers.  

In Study IV, where smoking-adjusted SIRs for the population of Nordic males 
were calculated, the highest SIRadj of renal pelvis cancer was observed among 
physicians, artistic workers, public safety workers, textile workers, printers, transport 
workers, clerical workers, technical workers, and administrators. The lowest 
smoking-adjusted risk was observed in forestry workers, farmers, other construction 
workers, engine operators, and woodworkers.  

Study IV, like study III, provided an important opportunity to advance the 
understanding of how adjustment for smoking influences the SIR of renal pelvis 
cancer. The most significant changes were observed among nurses, tobacco workers, 
dentists, physicians, seamen, and chimney sweeps. All of the above categories were 
characterized by the smoking frequency significantly different from the national 
average. In the case of welders, seamen, packers, painters, mechanics, and gardeners 
the change was fundamental because the SIR ceased to be statistically significant. 
Contrarily, in the case of physicians, artistic workers, technical workers, 
administrators, engine operators, and other construction workers, after adjustment 
SIR became statistically significant.  

7.1.3 Heavy metals and welding fumes 

Study V was unable to demonstrate any significant, dose-dependent relationship 
between exposures to chromium (VI), iron, nickel, lead, and welding fumes and the 
risk of developing kidney or renal pelvis cancer.  

Among individuals diagnosed under the age of 59 years, a link may exist between 
exposure to nickel and the risk of kidney or renal pelvis cancer.  

The value of ORs among the individuals diagnosed between the age of 59 and 
74, and characterized by moderate and high cumulative exposures to welding fumes, 
and high cumulative exposures to iron, suggests that a weak link may exist between 
exposure to welding fumes or iron and risk of developing kidney or renal pelvis 
cancer. Concurrent exposure to iron and welding fumes hinders understanding of 
their independent roles as risk factors.  

In the case of the other ORs identified in the study (low cumulative exposure to 
lead), the possibility of chance findings cannot be excluded. 

84



7.1.4 Other covariates 

The results of Study V indicate that there is a positive association between exposures 
to asbestos and diesel engine exhaust and the risk of kidney or renal pelvis cancer. 
Furthermore, the exposures to physical workload, wood dust, and UV were found 
to be associated with a lower risk of kidney or renal pelvis cancer.  

7.2 Possible explanations for the findings and comparison with 
the previous literature 

7.2.1 Occupational variation 

An unexpected finding is the elevated and statistically significant smoking-
adjusted SIR of kidney cancer (Study III) among dentists and physicians and elevated 
and statistically significant smoking-adjusted SIR of renal pelvis cancer (Study IV) 
among physicians. To the author’s knowledge, these are the first studies reporting 
an elevated risk of developing kidney and renal pelvis cancer among above 
occupational categories.  

Previously, some studies indicated an elevated risk of oral cancer (Tarvainen et 
al., 2017) and cutaneous squamous cell carcinoma (Alfonso et al., 2016) among 
dentists, and a higher risk of developing breast cancer (Katuwal et al., 2018) and 
seminoma (Ylonen et al., 2018) among physicians.  

Health care providers can be exposed both to X-radiation and gamma radiation, 
that are electromagnetic radiations, distinguished by their origin. They are used not 
only while applying some of the techniques of medical imaging sensu stricto, but also 
while performing surgical procedures and in catheterization labs. Up to now, there 
is no literature on the association of exposure to X-radiation or gamma radiation and 
risk of kidney or renal pelvis cancer among health care providers. However, 
according to the IARC, they are carcinogenic agents to the kidney with sufficient 
evidence in humans (IARC, 2019b).  

Furthermore, in the past, in their clinical practice health care providers used 
trichloroethylene. This nonflammable liquid is currently best known for its use as a 
solvent. However, previously, it was very popular as a volatile general anesthetic 
medium and self-administered anesthesia during childbirth. The introduction of 
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halothane in 1956 greatly diminished its use, and until the 1980s, it was abandoned 
by most of the developed countries. Trichloroethylene was recognized as the cause 
of kidney cancer by the IARC (IARC, 2019b). Nevertheless, no studies on elevated 
exposure to trichloroethylene and carcinogenic risk among health care providers 
were published. There was one study reporting an increased risk of miscarriages 
among nurses exposed to unspecified concentrations of trichloroethylene in 
operating rooms (Corbett et al., 1974). However, due to limitations of the study, 
including possible bias due to concomitant exposure to other chemicals, the risk of 
miscarriages could not be conclusively attributed to exposure to trichloroethylene.  

One more possible cause of elevated risk of renal pelvis cancer among healthcare 
providers is exposure to phenacetin. Phenacetin is an analgesic and antipyretic drug 
that, in the past, was extensively used for medical purposes. However, its implication 
in nephropathy and methemoglobinemia led to its withdrawal from the market in 
the 1980s. According to IARC, phenacetin is carcinogenic to human renal pelvis 
(IARC, 2019b). However, there are no studies on healthcare providers being at 
elevated exposure to phenacetin. The literature on addiction to analgesic drugs being 
prevalent among healthcare providers is sparse (Oyler, 1986). Hence suggesting, that 
phenacetin misuse would be common to such an extent to influence the general risk 
of renal pelvis cancer in the whole occupational category, would be groundless and 
speculative.  

Above-mentioned exposures might be partially an explanation of an elevated 
SIRadj of kidney cancer or renal pelvis cancer among healthcare provider. However, 
to obtain a full understanding of these findings, they should be scrutinized in future 
research. 

Another unexpected finding was an elevated smoking-adjusted risk of kidney cancer 
among journalists (Study III), and smoking-adjusted risk of renal pelvis among 
artistic workers (Study IV). According to the author’s knowledge, this is the first 
study reporting such findings. Previously, Tarvainen et al. (2008; 2017) described an 
increased risk of mouth and pharynx cancer among journalists and artists. The 
sedentary nature of the work might be essential to the increase of cancer risk in these 
occupational categories.  
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Both in the case of the kidney (Study III) and renal pelvis cancer (Study IV) elevated 
smoking-adjusted SIR was observed among public safety workers. The category 
included workers who protect individuals and property against hazards and 
enforcers, i.e., firefighters, police officers, detectives, customs officers, and guards.  

Unlike in the case of journalists and artists, literature regarding public safety 
workers and the risk of kidney cancer is extensive (Baris et al., 2001; Glass et al., 
2017; Glass et al., 2016; Ide, 2014; Kang et al., 2008; Kleinman et al., 2015; Ma et al., 
1998; Tsai et al., 2015). Glass et al., observed SIR 0.82 (95%CI 0.71-0.94) for 
volunteer firefighters (Glass et al., 2017), and SIR 1.08 (95%CI 0.81-1.41) for paid 
firefighters (Glass et al., 2016). However, they reported an upward trend of the 
relation of the risk of developing kidney cancer to employment duration. Such results 
may be partly attributed to the "healthy worker effect". Firefighters are exposed to 
volatile organic compounds and polycyclic aromatic hydrocarbons, both due to 
firefighting and using personal protective equipment (Baxter et al., 2014; Driscoll et 
al., 2016; Harrison et al., 2018; Lacey et al., 2014; Stec et al., 2018). Besides, increased 
exposures to asbestos, hydrogen chloride, and cyanide were reported in this 
occupational category (Melius, 2001). None of these compounds have been 
recognized by the IARC as factors associated with an increased risk of kidney cancer 
(IARC, 2019b).  

It is noteworthy that according to FINJEM (Kauppinen et al., 2009), most of the 
occupational categories, in which elevated smoking-adjusted SIR of kidney cancer or 
renal pelvis cancer was identified (dentists, journalists, physicians, administrators, 
artistic workers, and religious workers) are characterized by the lack of perceived 
physical workload. Low level of physical effort or sedentary work may be associated 
with an increased BMI which, according to IARC, is a risk factor of kidney cancer 
(Moch et al., 2016).  

Based on data from annual surveys of the Finnish Public Health Institute 
(Helakorpi et al., 2002), the proportion of people whose BMI was 25 or higher was 
in the highest quartile for journalists, military personnel, religious workers, and some 
of the public safety workers (police officers, guards, customs officers). 
Notwithstanding, in the case of dentists, physicians, and firefighters in Finland, the 
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proportion of those in the occupation whose BMI was 25 or higher was in the lowest 
quartile. No similar data from the other Nordic countries were available.  

7.2.2 Exposure to heavy metals and welding fumes 

In Study V, the weak association between exposure to welding fumes and the risk of 
kidney cancer was observed. These results corroborate the findings presented in 
Studies I and II, and those of MacLeod et al. (2017). Furthermore, they are in 
accordance with the position of the IARC (2019b).  

In Studies I-V, the definition of welders included individuals who join and cut 
metal parts using flame, electric arc and other sources of heat to melt and cut or fuse 
metal. It should be noted, that the exposures of welders may vary depending on their 
actual job. Hence, it would be beneficial if the NOCCA-JEM, similarly to its Finnish 
equivalent FINJEM, would combine exposure estimates for occupation and industry 
(e.g., “welder in stainless steel industry”; see (Kauppinen et al., 1998)). Unfortunately, 
there was no access to industry codes for all Nordic countries.  

The known occupational exposures among welders are fumes, gases, UV 
radiation, electromagnetic fields, and co-exposure to asbestos and solvents (Guha et 
al., 2017). In future research it is needed to determine what is their association with 
the risk of kidney and renal pelvis cancer. 

The higher OR among females exposed to iron and welding fumes, reported in Study 
V, might imply possible higher biological susceptibility of the female kidney to 
metals. Such hypothesis was already suggested in the literature (Johnson et al., 2003). 
Nevertheless, due to the very few women ever employed in metal industry, it is 
challenging to confirm sex differences even in such a large study. One should also 
avoid direct comparison of the relative risk estimates between sexes because the 
incidence of kidney cancer in unexposed women used as the reference is much lower 
than in men.  
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Previously, researchers noted the significance of exposure to lead as a possible risk 
factor for kidney or renal pelvis cancer (Boffetta et al., 2011; Ilychova et al., 2012). 
However, in Study V such association does not appear to be the case. There are 
many plausible interpretations of this discrepancy. One of them might be the fact 
that the previous studies were based on small study populations. This inconsistency 
may also be caused by the fact that the regression models in the earlier studies 
included lower number of variables of interest. It could be argued that the positive 
results of those studies were caused by the fact that no covariates were included. 

For the purpose of the discussion, one more set of two conditional logistic 
regression models was created, in which only heavy metals and welding fumes were 
included, i.e., S1) CR + NI + PB + WELD, and S2) CR + FE + NI + PB. These 
experiments were designed to estimate what effect heavy metals and welding fumes 
would have on ORs, if they were the only occupational exposure factors included in 
the final multivariable model, that is, data for only five occupational agents instead 
of 29 would be available. These experiments confirmed that for smaller models that 
do not include other covariates, ORs are mostly higher (Table 14).  
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Table 14. Odds ratios (OR) and 95% confidence intervals (95%CI) of kidney and renal pelvis cancer 
associated with exposures to heavy metals and welding fumes, based on regression 
models with no additional covariates. 

Agent 
(unit) 

Cumulative 
exposure Cases Controls ORa 95%CI ORb 95%CI 

Chromium b 
( g/m3-years) 

unexposed 53,272 268,143 1.00 Ref 1.00 Ref 
low 3,248 15,379 0.99 0.91-1.09 0.91 0.84-0.98 

moderate 2,647 12,253 1.07 0.96-1.18 0.91 0.84-0.99 
high 611 3,115 0.99 0.86-1.15 0.81 0.72-0.92 

Iron b 
(mg/m3-years) 

unexposed 54,153 273,058 1.00 Ref 1.00 Ref 
low 2,841 12,887 1.09 0.94-1.27 1.22 1.06-1.41 

moderate 2,206 10,377 1.10 0.95-1.28 1.16 1.01-1.34 
high 578 2,568 1.15 0.94-1.39 1.21 1.03-1.44 

Nickel b 
( g/m3-years) 

unexposed 54,074 272,532 1.00 Ref 1.00 Ref 
low 2,859 13,227 0.92 0.80-1.06 0.93 0.82-1.07 

moderate 2,266 10,503 0.90 0.78-1.04 0.98 0.86-1.12 
high 579 2,628 0.99 0.82-1.20 1.06 0.89-1.26 

Lead b 
( mol/l-years) 

unexposed 52,154 263,218 1.00 Ref 1.00 Ref 
low 3,874 17,776 1.09 1.03-1.16 1.10 1.04-1.17 

moderate 3,040 14,276 1.06 0.99-1.13 1.06 1.00-1.12 
high 710 3,620 0.95 0.86-1.05 0.97 0.88-1.06 

Welding fumes a 
(mg/m3-years) 

unexposed 54,154 273,062 1.00 Ref 1.00 Ref 
low 2,756 12,970 1.05 0.90-1.22 1.15 1.00-1.33 

moderate 2,281 10,300 1.14 0.98-1.33 1.21 1.05-1.39 
high 587 2,558 1.20 0.99-1.46 1.21 1.02-1.43 

a OR estimates calculated using Model 1 (welding fumes) and Model 2 (chromium, iron, nickel, and lead).  
b OR estimates calculated using Model S1 (welding fumes) and Model S2 (chromium, iron, nickel, and lead).  
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Observations on lack of association between the exposure to chromium (VI) and 
the risk of kidney or renal pelvis cancer are consistent with the literature (Boffetta et 
al., 2011).  

In Study V it was observed that among individuals diagnosed under the age of 59 
years, a link may exist between exposure to nickel and the risk of kidney or renal 
pelvis cancer. These findings are somewhat opposing to Boffetta et al., who reported 
the OR of RCC in the population ever occupationally exposed to nickel at 0.51 
(95%CI 0.27-0.94) (Boffetta et al., 2011).  

The link between cadmium, kidney toxicity, and estrogens was previously described 
in the literature (Johnson et al., 2003) in the connection with the estrogenic features 
of the kidney (Maric, 2009). Unfortunately, in Study V, examining the possible 
association between occupational exposure to this metal and risk of kidney cancer 
was impossible, since estimates for cadmium exposure are not incorporated in the 
NOCCA-JEM. 

7.2.3 Other covariates 

The findings of Study V indicate a positive association between exposure to asbestos 
and the risk of kidney cancer. Similar observations were reported in the earlier 
research (Peters et al., 2018; Sali et al., 2000). Moreover, an elevated risk of kidney 
or renal pelvis cancer among individuals exposed to diesel engine exhaust was found. 
This findings are consistent with that of Peters et al. (2018) and Boffetta et al. (2001). 

Furthermore, in Study V, the physical workload was found to be connected with 
a decreased risk of kidney or renal pelvis cancer. Such results are likely to be related 
to the findings, that obesity is associated with a higher risk of kidney cancer 
(Ildaphonse et al., 2009; Mathew et al., 2009; Sawada et al., 2010).  

Moreover, exposure to wood dust was found to be associated with a decreased 
risk of developing kidney cancer. Although lower SIR of kidney cancer among 
woodworkers was already reported in the literature(Pukkala et al., 2009), a full 
understanding of how exposure to wood dust contributes to the risk of kidney cancer 
is still missing. The above results need to be interpreted with caution as there is a 
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positive correlation between exposure to wood dust and exposure to perceived 
physical workload (Figure 12). 

Eventually, an unanticipated observation of Study V was that exposure to UV 
radiation was associated with a lower risk of kidney cancer. The test for trend 
confirmed a dose-response effect. A plausible explanation for this might be an 
increased level of vitamin D due to sunlight exposure. These results might support 
the conceptions of Darling et al. (Darling et al., 2016). Here, again, a note of caution 
is due since a positive correlation between exposure to UV radiation and exposure 
to perceived physical workload exists (Figure 12). 

7.3 Strengths of the studies 

To the knowledge of the author, the presented set of studies is so far the most 
extensive research project in terms of a number of observed cancer cases dealing 
with the association between the occupation and incidence of kidney and renal pelvis 
cancer. The large sample size is the main strength of the presented research. 
Moreover, these are the only studies so far that benefit from data covering the entire 
national populations, making the presented results population-representative and 
generalizable. 

Another important strength of the presented studies is precise coding of 
occupation in all Nordic countries. Furthermore, all linkages between the census 
data, the mortality and emigration data, were based on the unique personal identity 
codes which guarantees a match close to accurate (Pukkala, 2011). The method of 
the linkage, by definition, ensured a complete ascertainment of relevant events. 

Further, a significant advantage of the presented investigation is a high-quality 
standard maintained by all Nordic Cancer Registries regarding the completeness and 
accuracy of the registered data (Pukkala et al., 2018). Close to 100% coverage of 
incident cases has been reported in each of the registries.  
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7.4 Limitations of the studies 

A major limitation of Studies I and II was the lack of data stratification regarding 
smoking. Due to the lack of data on smoking at the individual level, simple regression 
models were created, in which the proxy of smoking prevalence by occupation in 
the Nordic countries was determined using SIR of lung cancer (Studies III and IV). 
It was assumed that the relationship between smoking prevalence and lung cancer 
would be similar in a given occupational category for all Nordic countries. The 
models were characterized by satisfactory coefficients of determination (Model A 
r2=0.57; Model B r2=0.58). Results of Studies III and IV support clarification that 
the differing smoking patterns do not justify all the occupational variation in risk. 

Another limitation of presented studies was no stratification regarding BMI, 
which is likely to affect the results to some extent. Other known risk factors for renal 
cancer not taken into consideration in the presented research are hereditary tumors, 
such as von Hippel-Lindau syndrome, Birt-Hogg-Dubé syndrome, tuberous 
sclerosis, and constitutional chromosome 3 translocations. Since the above 
conditions are rare and not associated with any of the professions, possible 
confounding of the results is unlikely.  

In Studies I-IV broad professional categories may conceal the association 
between individual occupational exposures and risk of disease. However, in those 
studies, it was aimed to assess occupational variation in the incidence of kidney and 
renal pelvis cancers, not to evaluate specific occupational exposures. 

In Studies I-IV, since the occupational categories were based on the data from 
the first available census, there is a possibility of exposure misclassification, which 
could bias the observed effect towards the null. However, such dilution is probably 
rather small due to high occupational stability in the Nordic countries (Notkola et 
al., 1997).  

In Study V, due to the limited data on professional history, which was assessed 
only during censuses, it was assumed that there were no changes between the age of 
20 years and the earliest known census occupation, nor between the latest known 
census occupation and age of 65 years.  
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7.5 Implications for the field of knowledge and suggestions for 
future research 

The presented findings contribute in several ways to our knowledge of risk factors 
for kidney and renal pelvis cancer and provide a basis for further future investigation 
of some of them. 

The present study appears to be the first one to compare the occupational 
variation in the incidence of kidney, and renal pelvis cancers prior and post 
adjustment for smoking. It confirmed that different prevalence of smoking among 
different professional categories plays a pivotal role in such variation. 

Furthermore, this doctoral project adds to the growing body of research that 
indicates there is a positive association between exposure to welding fumes, iron, 
nickel, diesel engine exhaust, and asbestos and increased risk of kidney or renal pelvis 
cancer. 

Further research should focus on determining the possible implications of the 
presented and similar studies for policymaking and clinical practice. There is a need 
to combine the results from multiple studies to increase power and to resolve 
ambiguity when reports oppose. Such an effort should be undertaken by a 
multidisciplinary group of scientists, including epidemiologists, statisticians, 
occupational hygienists, and clinicians. 

After conducting such a comprehensive meta-analysis, several questions still 
should be answered. The research in the field of health economics should aim to 
garner some useful insights on in case of which occupations it would be profitable 
to implement routine screening for renal tumors. Policymakers should implement 
legislation that enforces the reduction of exposure to agents possibly hazardous to 
workers' health, alternatively provides access to protection measures reducing such 
exposure. 
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8 CONCLUSIONS 

The overall goal of the thesis was to assess the association between occupational 
exposures and risk of kidney and renal pelvis cancer. The results of this investigation 
show that there is an association between occupation and the risk of these diseases. 

Multifarious prevalence of smoking among different occupational categories 
plays an important role in occupational variation in the incidence of both kidney 
cancer and renal pelvis cancer. This confirms an essential role of tobacco smoking 
as a risk factor for the above malignancies. Nevertheless, the results of the presented 
research support clarification that the differing smoking patterns do not justify all 
the occupational variation in the risk. 

The studies identified that the smoking-adjusted incidence of kidney and renal 
pelvis cancers is considerably higher among occupations with higher education and 
in public safety workers. One of the characteristics in many of these occupations is 
a low physical workload. 

In the nested case-control study, there was no association between exposure to 
chromium (VI) or lead and the risk of kidney or renal pelvis cancer. Multiple 
regression analysis revealed that there is an elevated risk of kidney or renal pelvis 
cancer under the age of 59 in individuals with high exposure to nickel. Moreover, 
among individuals diagnosed with kidney or renal pelvis cancer at the age of 59-74, 
the risk was elevated for high exposure to iron, and moderate and high exposure to 
welding fumes. Concurrent exposure to the later agents may hinder interpretation of 
their roles as independent risk factors. 

The results of the analysis of covariates in the above study indicate that there is a 
positive association between exposures to asbestos and diesel engine exhaust and the 
risk of kidney or renal pelvis cancer. Furthermore, the exposures to physical 
workload, wood dust, and UV were found to be associated with a lower risk of 
kidney or renal pelvis cancer. 

This thesis has provided a deeper insight into the association between 
occupational exposures and risk of kidney and renal pelvis cancer. It lays the 
groundwork for future research into risk factors for kidney and renal pelvis cancer. 
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APPENDIX 
II 

Description of cohort studies included in the chapter “2.4.6 Occupational 
exposures” and assessment of their quality according to the Newcastle-
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Occupation and Risk of Kidney Cancer in Nordic Countries

Irmina Maria Michalek, MD, Jan Ivar Martinsen, Elisabete Weiderpass, PhD, Kristina Kjaerheim, PhD,

Elsebeth Lynge, PhD, Pär Sparen, PhD, Laufey Tryggvadottir, PhD, and Eero Pukkala, PhD

Objective: The aim of this study was to describe the occupational variation

in the incidence of kidney cancer in the Nordic population. Methods: The

population comprised of 14.9 million individuals included in censuses

between 1960 and 1990. Standardized incidence ratios (SIRs) were calcu-

lated for each occupational group. Results: Significantly increased SIRs

were observed in welders [1.24, 95% confidence interval (95% CI) 1.14 to

1.35], public safety workers (1.16, 95% CI 1.08 to 1.25), and seamen (1.16,

95% CI 1.07 to 1.26). Significantly decreased SIRs were found in laboratory

assistants (0.76, 95% CI 0.60 to 0.94) and forestry workers (0.77, 95% CI

0.72 to 0.83). Conclusion: A relatively small variation in the incidence of

malignancies of the kidney between occupational groups was found in the

cohort. There is abundant room for further progress in determining the effect

of smoking in particular occupational groups.

Keywords: kidney neoplasms, Nordic countries epidemiology, occupation,

occupational groups, risk

I n 2012, kidney cancer was the ninth and fourteenth most
common cancer worldwide among males and females, respec-

tively.1 It was the most common in the North American and
European populations, with the World age-standardized rates
(ASRs) 11.7 and 8.8 per 100,000 persons at risk per year, respec-
tively. In the Nordic countries, the estimated annual change in ASR
in the latest 10 years was þ2.5% and þ1.3% for men and women,
respectively.2,3 The highest ASR in the Nordic countries was
observed in Iceland and the lowest in Sweden.

The risk of developing kidney cancer is higher among men,
and it increases with age.3 The other known risk factors for the
disease are obesity, cigarette smoking, hypertension, and the end-
stage renal disease.4 In addition, according to the International
Agency for Research on Cancer (IARC), there is sufficient evidence
of a relationship between exposure to X-ray radiation, gamma
radiation, and trichloroethylene, and the increased risk of renal
tumors.5

Several studies conducted in recent years have focused on
occupational risk factors for developing kidney malignancies.6–13

Furthermore, few researchers have addressed the problem of

increased risk among some specific professional groups.14–19 How-
ever, the results of the studies mentioned above are mostly incon-
sistent. There remains a need for research based on data covering the
entire national population.

The purpose of this study is to describe the occupational
variation in the incidence of the malignant neoplasm of the kidney
(excluding malignant neoplasm of the renal pelvis) in the population
of the Nordic countries.

METHODS
The current investigation is part of the Nordic Occupational

Cancer Study (NOCCA). The NOCCA is a cohort study based on
data from five Nordic countries: Finland, Sweden, Norway,
Denmark, and Iceland.20

Data on exposure (occupational category) were obtained
through population censuses conducted between 1960 and 1990.
The censuses included in the present study were held in Sweden in
1960, 1970, 1980, 1990; in Norway in 1960, 1970, 1980; in Finland
in 1970, 1980, 1990; in Iceland in 1981; and in Denmark in 1970.
All individuals aged 30 to 64 years on January 1 of the year of the
respective census were included in the study. The data were
collected through questionnaires, computerized, and centrally
coded using unique personal identity codes, by respective national
statistical offices. All original national occupation codes were
converted to NYK - standard classification comprising 53 distinct
occupational groups, and an additional class of economically inac-
tive persons. NYK is a Nordic adaptation of the International
Standard Classification of Occupations (ISCO) from 1958. No
information about smoking habits was provided, and therefore,
we did not conduct stratification regarding smoking.

The follow-up was performed until emigration, death, or
December 31 of the following year: 2003 in Denmark and Norway,
2004 in Iceland, 2005 in Finland and Sweden. Data on mortality and
emigration were obtained from the Central Population Registries in
respective countries. Data on the outcome, that is, cases of malig-
nancies of the kidney (ICD-7 180), excluding malignancies of the
renal pelvis, were collected from national cancer registries in
respective countries.

For each occupational group, the standardized incidence ratio
(SIR) was calculated. The SIR was defined as the index of the
observed to the expected number of cases, with national incidence
rates as a reference. For each occupation category, the 95% confi-
dence intervals (95% CIs) were calculated assuming the Poisson
distribution of the observed number of cases. More detailed data
(stratified by year of diagnosis, age at follow-up, sex, and country)
are shown only for occupational groups with the highest (�1.15)
and the lowest (�0.85) SIRs. Poisson regression trend test was
performed to evaluate the significance of SIR secular trends.
Statistical analysis was conducted with Stata/IC 15.0 for Mac
(StataCorp LP, Texas).

RESULTS
The population of the NOCCA included 14.9 million people:

0.1 million from Iceland, 2.0 million from Denmark, 2.6 million
from Norway, 3.4 million from Finland, and 6.8 million from
Sweden. In total, they contributed 385 million person-years of
observation in a follow-up until 2005. In this cohort, 85,940 cases

From the Faculty of Social Sciences, University of Tampere, Tampere, Finland
(Drs Michalek, Pukkala), Department of Research, Cancer Registry of
Norway, Institute of Population-Based Cancer Research, Oslo, Norway
(Martinsen, Drs Weiderpass, Kjaerheim), Department of Community Medi-
cine, Faculty of Health Sciences, University of Tromsø, The Arctic University
of Norway, Tromsø, Norway (Dr Weiderpass), Genetic Epidemiology Group,
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of the malignant neoplasm of the kidney were identified (50,330
among males and 35,610 among females).

The highest (�1.15) statistically significant SIRs for malig-
nancies of the kidney for both genders combined were observed in
welders [1.24, 95% confidence interval (95% CI) 1.14 to 1.35],

public safety workers (1.16, 95% CI 1.08 to 1.25), and
seamen (1.16, 95% CI 1.07 to 1.26) (Table 1). The lowest
(�0.85) statistically significant SIRs were found in laboratory
assistants (0.76, 95% CI 0.60 to 0.94) and forestry workers
(0.77, 95% CI 0.72 to 0.83).

TABLE 1. The Observed Number of Cases and Standardized Incidence Ratios of Kidney Malignancies in the Nordic
Countries, by Occupational Category

95% CI

Occupational Category Obs SIR Lower Upper

Administrators 2,453 1.06 1.02 1.11
Artistic workers 312 1.02 0.91 1.14
Assistant nurses 610 0.92 0.85 1.00
Beverage workers 70 1.07 0.84 1.36
Bricklayers 385 1.00 0.90 1.10
Building caretakers 2,343 1.09 1.05 1.14
Chemical process workers 643 0.93 0.86 1.01
Chimney sweeps 42 1.17 0.84 1.58
Clerical workers 4,366 0.99 0.96 1.02
Cooks and stewards 563 1.08 0.99 1.17
Dentists 106 0.91 0.75 1.11
Domestic assistants 871 0.95 0.89 1.01
Drivers 2,791 1.13 1.08 1.17
Economically inactive 21,174 1.02 1.01 1.04
Electrical workers 1,403 1.02 0.97 1.08
Engine operators 1,165 1.07 1.01 1.14
Farmers 5,263 0.80 0.78 0.83
Fishermen 575 1.08 0.99 1.17
Food workers 1,169 1.07 1.01 1.13
Forestry workers 858 0.77 0.72 0.83
Gardeners 2,320 0.91 0.87 0.94
Glassmakers, etc 765 0.94 0.87 1.01
Hairdressers 268 1.03 0.91 1.16
Journalists 155 1.10 0.93 1.28
Laboratory assistants 83 0.76 0.60 0.94
Launderers 263 0.94 0.83 1.07
Mechanics 3,839 1.06 1.03 1.09
Military personnel 419 1.13 1.02 1.24
Miners and quarry workers 279 1.07 0.95 1.20
Nurses 422 0.87 0.79 0.96
Other construction workers 1,527 0.97 0.92 1.02
Other health workers 464 0.94 0.86 1.03
Other workers 2,338 0.99 0.95 1.03
Packers 1,594 1.07 1.02 1.13
Painters 679 0.95 0.88 1.03
Physicians 224 0.91 0.80 1.04
Plumbers 470 1.11 1.01 1.21
Postal workers 930 1.03 0.96 1.10
Printers 493 1.02 0.93 1.12
Public safety workers 793 1.16 1.08 1.25
Religious workers, etc 995 0.95 0.89 1.01
Sales agents 2,737 1.09 1.05 1.13
Seamen 628 1.16 1.07 1.26
Shoe and leather workers 269 1.01 0.89 1.14
Shop workers 3,166 1.04 1.00 1.08
Smelting workers 832 1.06 0.99 1.14
Teachers 1,872 0.87 0.83 0.91
Technical workers, etc. 3,734 1.03 1.00 1.06
Textile workers 1,462 1.01 0.96 1.06
Tobacco workers 34 1.25 0.87 1.75
Transport workers 997 1.09 1.03 1.16
Waiters 495 1.04 0.95 1.14
Welders 540 1.24 1.14 1.35
Woodworkers 2,692 0.93 0.90 0.97

The data given in bold indicate significant estimates.
CI, confidence interval; Obs, observed number of cases; SIR, standardized incidence ratio.
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The SIR showed a statistically significant upward time trend
over the 45 years of follow-up among seamen and farmers (Table 2).
A statistically significant downward trend in the SIR was observed
among public safety workers. When stratified by age at the time of
diagnosis, a statistically significant increase in SIR among farmers
was observed (Table 3). A significant decrease in SIR was observed
among seamen.

In professional groups stratified by sex, none of the occu-
pations was at the significantly elevated risk of developing kidney
tumors among females (Table 4). The lowest significant risk was
observed in female laboratory assistants (0.72, 95%CI 0.51 to 0.97).
The highest statistically significant SIRs of malignancies of the
kidney in males were found in welders (1.25, 95% CI 1.14 to 1.36),
seamen (1.16, 95% CI 1.07 to 1.26), and public safety workers
(1.16, 95% CI 1.08 to 1.25). The lowest significant SIRs were
observed in forestry workers (0.77, 95% CI 0.72 to 0.83) and
farmers (0.78, 95% CI 0.75 to 0.80). Among the analyzed profes-
sional groups, there were no statistically significant differences in
SIR between the Nordic countries (Table 5).

DISCUSSION
To the knowledge of the authors, the present study is the

largest one in terms of a number of observed cancer cases dealing
with the association between the profession and incidence of
malignancies in the kidney so far. Among the 53 professional
groups that were covered by our study, the risk of this cancer
was significantly elevated among welders, seamen, and public

safety workers. Laboratory assistants, forestry workers, and farmers
had the lowest risk of the disease.

The highest risk was observed among welders (SIR¼ 1.24,
95%CI 1.14 to 1.35). This category included individuals involved in
cutting and joining metal parts using flame, electric arcs, and other
sources of heat.20 The Danish welders were included in the category
of mechanic workers. Similar results were reported by MacLeod
et al,21 who observed an increased risk of kidney cancer among
Canadian welders (hazard ratio 1.30, 95%CI: 1.01 to 1.67). Welders
of stainless steel are known to be exposed to solid aerosols of
hexavalent chromium and nickel, generated from elemental com-
pounds.22 Moreover, elevated urinary cadmium levels, associated
with renal tubular dysfunction, were reported in this occupational
group.23 In addition, high levels of chromium, copper, manganese,
and zinc were found in the renal tissue of mice exposed to ARC-
stainless steel welding fumes.24 According to the IARC, there is
limited evidence of a relationship between exposure to cadmium,
cadmium compounds, and welding fumes and elevated risk of
malignancies of the kidney.5

Another occupational category in which we observed the
statistically significant elevation of SIR are seamen (SIR¼ 1.16,
95% CI 1.07 to 1.26). This group includes both sailors working on
deck and in engine rooms. Similar results were reported in other
Nordic studies.25,26 Other researchers found an increased risk of
developing lung cancer, mesothelioma, esophageal adenocarcinoma
and squamous cell carcinoma, leukemia, and urinary bladder in this
occupational class.27–30 Seamen and marine engineers working on

TABLE 2. The Observed Number of Cases and Standardized Incidence Ratios of Kidney Malignancies in Nordic Countries in
Selected Occupational Categories, by Year of Diagnosis

Occupational Category

1961–1975 1976–1990 1991–2005

95% CI 95% CI 95% CI

P
�Obs SIR Lower Upper Obs SIR Lower Upper Obs SIR Lower Upper

Farmers 1,806 0.73 0.70 0.77 4,552 0.78 0.75 0.80 4,168 0.87 0.84 0.90 <0.001
Forestry workers 374 0.82 0.74 0.91 710 0.75 0.70 0.81 632 0.77 0.71 0.83 0.389
Laboratory assistants 2 0.17 0.02 0.62 52 0.80 0.60 1.05 112 0.78 0.65 0.94 0.162
Public safety workers 240 1.24 1.09 1.41 658 1.26 1.16 1.36 688 1.06 0.98 1.14 0.004
Seamen 148 0.89 0.75 1.04 516 1.20 1.10 1.31 592 1.22 1.13 1.33 0.003
Welders 116 1.17 0.97 1.40 374 1.21 1.09 1.34 590 1.28 1.18 1.39 0.256

CI, confidence interval; Obs, observed number of cases; SIR, standardized incidence ratio.
�Poisson linear test for trend.

TABLE 3. The Observed Number of Cases and Standardized Incidence Ratios of Kidney Malignancies in Nordic Countries in
Selected Occupational Categories, by Age at Diagnosis

Occupational Category

30–49 50–69 70þ

P
�

95% CI 95% CI 95% CI

Obs SIR Lower Upper Obs SIR Lower Upper Obs SIR Lower Upper

Farmers 400 0.74 0.67 0.82 4,894 0.79 0.76 0.81 5,232 0.82 0.80 0.85 0.005
Forestry workers 102 0.73 0.60 0.89 866 0.74 0.69 0.79 748 0.82 0.76 0.88 0.050
Laboratory assistants 14 0.39 0.22 0.66 118 0.89 0.74 1.07 34 0.66 0.46 0.93 0.318
Public safety workers 154 1.15 0.97 1.34 840 1.11 1.04 1.19 592 1.25 1.15 1.35 0.089
Seamen 116 1.24 1.02 1.48 764 1.23 1.14 1.32 376 1.03 0.93 1.14 0.011
Welders 144 1.30 1.10 1.53 622 1.19 1.10 1.29 314 1.33 1.19 1.49 0.468

CI, confidence interval; Obs, observed number of cases; SIR, standardized incidence ratio.
�Poisson linear test for trend.
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merchant ships are exposed to asbestos while performing intermit-
tent repair and maintenance tasks.31 Moreover, asbestos used in
gaskets, pipes, valves, and machinery can be released into the
environment at the time of ship motion and vibration.32 Moen
et al33 reported that workers working for more than 24 hours in
the engine room had significantly higher 1-hydroxypyrene urine
levels than unexposed seamen. So far, both asbestos and 1-hydrox-
ypyrene have not been included by the IARC into the List of
Classifications as a risk factor for kidney cancer.5

The third highest SIR in our study was observed in public
safety workers (SIR¼ 1.16, 95% CI 1.08 to 1.25). The group
included workers who protect individuals and property against
hazards and enforcers, that is, firefighters, police officers, detec-
tives, customs officers, and guards.20 Similar results were reported
for American firefighters (SIR¼ 1.27, 95% CI 1.09 to 1.48).34

Contradictory results were reported by Glass et al,35,36 who
observed SIR¼ 0.82 (95% CI 0.71 to 0.94) for volunteer fire-
fighters, and SIR¼ 1.08 (95% CI 0.81 to 1.41) for paid firefighters.
However, an upward trend of the relation of the risk of developing
renal malignancies to employment duration was reported by
the authors. Such results may be partly attributed to the ‘‘healthy
worker effect.’’ Other studies reported nonsignificant SIRs in this
group.37–39 Firefighters are exposed to volatile organic compounds
and polycyclic aromatic hydrocarbons, both due to firefighting
and using personal protective equipment.40–44 Besides, increased

exposure to asbestos, hydrogen chloride, and cyanide was reported
in this professional group.45 None of these compounds have been
recognized by the IARC as a factor associated with an increased risk
of kidney cancer.5

Not all associations between professional categories and
kidney cancer found in the study are exclusive repercussions of
exposures at the workplace. Occupational categories differ in their
exposures to tobacco smoking. Haldorsen et al46 conducted a study
on the smoking-adjusted incidence of lung cancer by occupation in
Norwegian men. According to the authors, in most of the groups that
were occupationally exposed to lung carcinogens, SIRs before
adjustment were above 1.00. Postadjustment SIRs were further
elevated, which indicated an effect of occupational exposure. Au
contraire, the SIRs for waiters and cooks, originally considerably
raised, were lowered to unity subsequently to smoking-adjustment,
suggesting smoking to be the primary justification for the elevated
risk. The above results support clarification that the differing
smoking patterns do not justify all the occupational variation in risk.

Major strengths of our study are the large sample size and
precise coding of occupation in all Nordic countries. Another
significant advantage of our investigation is a high-quality standard
maintained by all Nordic Cancer Registries regarding the complete-
ness and accuracy of the registered data.47 Furthermore, all linkages
between the census data, the mortality, and emigration data were
based on the unique personal identity codes, which guarantee a

TABLE 5. The Observed Number of Cases and Standardized Incidence Ratios of Kidney Malignancies in Nordic Countries
in Selected Occupational Categories, by Country

Denmark Finland Iceland Norway Sweden

95% CI 95% CI 95% CI 95% CI 95% CI
Occupational

Category Obs SIR Lower Upper Obs SIR Lower Upper Obs SIR Lower Upper Obs SIR Lower Upper Obs SIR Lower Upper

Farmers 736 0.70 0.65 0.76 1,482 0.83 0.78 0.87 45 1.00 0.73 1.34 1,179 0.85 0.80 0.90 1,821 0.80 0.76 0.84
Forestry

workers
7 0.38 0.15 0.79 194 0.69 0.60 0.79 0 0.00 0.00 14.96 157 0.76 0.64 0.89 500 0.83 0.76 0.90

Laboratory
assistants

12 0.65 0.34 1.14 32 0.88 0.60 1.24 3 1.17 0.24 3.41 18 0.66 0.39 1.04 18 0.72 0.43 1.14

Public safety
workers

91 1.13 0.91 1.38 185 1.13 0.98 1.31 9 1.12 0.51 2.12 151 1.27 1.08 1.49 357 1.14 1.03 1.27

Seamen 59 1.24 0.94 1.60 83 1.38 1.10 1.71 8 1.44 0.62 2.84 339 1.14 1.03 1.27 139 1.06 0.89 1.26
Welders — — — — 116 1.21 1.00 1.45 2 2.03 0.25 7.33 105 1.32 1.08 1.60 317 1.23 1.10 1.37

CI, confidence interval; Obs, observed number of cases; SIR, standardized incidence ratio.

TABLE 4. The Observed Number of Cases and Standardized Incidence Ratios of Kidney Malignancies in Nordic Countries in
Selected Occupational Categories, by Sex

Occupational Category

Males Females

95% CI 95% CI

Obs SIR Lower Upper Obs SIR Lower Upper

Farmers 4,458 0.78 0.75 0.80 805 1.00 0.93 1.07
Forestry workers 849 0.77 0.72 0.83 9 0.86 0.39 1.63
Laboratory assistants 42 0.80 0.58 1.09 41 0.72 0.51 0.97
Public safety workers 768 1.16 1.08 1.25 25 1.22 0.79 1.80
Seamen 628 1.16 1.07 1.26 0 0.00 0.00 4.16
Welders 533 1.25 1.14 1.36 7 1.12 0.45 2.31

CI, confidence interval; Obs, observed number of cases; SIR, standardized incidence ratio.
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match close to accurate.48 Finally, this is the only study so far that
benefits from data covering the entire national populations.

The limitation of our study is the lack of data stratification
regarding smoking and body mass index, which is likely to affect
our results to some extent. Other known risk factors for renal cancer
not taken into consideration in our research are hereditary tumors,
such as von Hippel–Lindau syndrome, Birt–Hogg–Dubé syn-
drome, tuberous sclerosis, and constitutional chromosome 3 trans-
locations. As the above conditions are rare and not associated with
any of the professions, we do not think that they could confound our
results. Too broad professional categories may conceal the associa-
tion between individual occupational exposures and risk of disease.
However, in our study, we aimed to assess occupational variation in
the incidence of the malignant neoplasm of the kidney, not to
evaluate specific occupational exposures.

CONCLUSION
The purpose of the current study was to determine the

occupational variation in the incidence of the malignant neoplasm
of the kidney in the population of the Nordic countries. This study
has identified a relatively small variation in the incidence of
malignancies of the kidney between occupational groups. The
highest SIRs for both genders combined were observed in welders,
public safety workers, and seamen. The lowest SIRs were found
in laboratory assistants and forestry workers. Future studies,
which take effect of smoking into account, will need to
be undertaken.
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Objectives
To evaluate occupational variation in the incidence of the
malignant neoplasm of the renal pelvis in the population of
the Nordic countries: Denmark, Iceland, Finland, Norway and
Sweden.

Materials and Methods
The study cohort comprised 14.9 million individuals. Data on
occupational history were obtained from national censuses.
Standardized incidence ratios (SIRs) were calculated for each
occupation.

Results
The highest SIRs were found in seamen (1.51, 95% confidence
interval [CI] 1.23–1.82), printers (1.39, 95% CI 1.11–1.71),

welders (1.37, 95% CI 1.03–1.78), and public safety workers
(1.35, 95% CI 1.12–1.62). The lowest SIRs were observed in
forestry workers (0.47, 95% CI 0.35–0.62), gardeners (0.72, 95%
CI 0.62–0.83) and woodworkers (0.81, 95% CI 0.72–0.91).

Conclusions
The study suggests that there is an association between
profession and risk of malignancy of the renal pelvis. The
possible associations between exposure to asbestos, heavy
metals and welding fumes, and risk of developing the disease
should be studied further.

Keywords
renal pelvis cancer, urothelial carcinoma, occupational groups,
occupation, risk, Nordic countries epidemiology

Introduction
Upper tract urothelial carcinoma is a rare malignancy that is
not included as a separate entity in reports from national
cancer registries. Little is known about the epidemiology of
this disease. While data on ureteral cancers are included in
the group ‘other cancers’, data on tumours of the renal
pelvis are usually presented together with data on kidney
tumours.

According to the International Agency for Research on
Cancer (IARC), carcinogenic agents with sufficient evidence
in humans that can be associated with malignancies of the
renal pelvis are tobacco smoking, plants containing
aristolochic acid, phenacetin and analgesic mixtures
containing phenacetin [1]. Additionally, the IARC has
recognized aristolochic acid as an agent connected with a
higher risk of developing the disease, with limited evidence
in humans.

Much research in recent years has focused on occupational
exposures and risk of cancer, but few publications on this issue
have been devoted to malignancies of the renal pelvis [2,3].
Moreover, the data presented in previous papers are limited and
statistically insignificant. By contrast, new publications on
urothelial cancers of the lower urinary tract have emerged [4].
There remains a need, therefore, for further research in the field
of occupational exposures and risk of tumours of the renal pelvis.

The aim of the present study was to describe the occupational
variation in the incidence of malignant neoplasm of the renal
pelvis in the population of the Nordic countries.

Materials and Methods
This research is part of the Nordic Occupational Cancer
Study (NOCCA), a cohort study based on data from all
Nordic countries, namely, Denmark, Iceland, Finland,
Norway and Sweden [5].
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Data on occupation (exposure) were collected during
population censuses handled in the period 1960–1990. All
individuals aged 30–64 years at the time of any of the
censuses composed the population of the NOCCA study.
Respective national statistical offices were responsible for
compiling data from questionnaires, digitalization, and central
coding by unique personal identity codes. The original
national occupation codes were converted to a standard
Nordic classification, NYK, which is an adaptation of the
International Standard Classification of Occupations from
1958. The classification includes 53 specific professional
groups and an extra additional category of economically
inactive persons.

The endpoints of the follow-up were established as emigration,
death or 31 December of the following year: 2003 in Denmark
and Norway, 2004 in Iceland, 2005 in Finland and Sweden.
Central Population Registries in each country were used to
retrieve data on mortality and migration. Data on the cases of
malignancy of the renal pelvis (outcome) identified by
International Classification of Diseases-7 code 180.1, were
obtained from the respective Nordic cancer registries.

The ratios of observed to expected number of cases, denoted
as standardized incidence ratios (SIRs), were calculated for
each of the professional groups, based on the first occupation
noted in the census at time of entry into the study
population. The national incidence rates were used as a
reference. The 95% confidence intervals (CI) were calculated
assuming the Poisson distribution. Occupational categories
with SIRs ≥1.15 and ≤0.85 were further stratified by year of
diagnosis, age at follow-up, sex and country. Although SIR
calculations were based on 5-year categories of both calendar
periods and age, we have here combined the results into 15-
year periods (1961–1975; 1976–1990; and 1991–2005), and
broad age groups (30–49, 50–69, and ≥70 years). A Poisson
regression trend test was conducted to assess the significance
of time trends of the SIRs. Statistical analysis was performed
with Stata/IC 15.0 for Mac (StataCorp LP, College Station,
TX, USA).

Results
The NOCCA dataset was assembled with the data of
14.9 million individuals, contributing to a total of 385 million
person-years of observation until the end of the follow-up. The
population comprised the 6.8 million entities from Sweden,
3.4 million from Finland, 2.6 from Norway, 2.0 million from
Denmark, and 0.1 million from Iceland. Within this cohort,
11 237 cases of malignancy of the renal pelvis were identified
(4 505 among women and 6 732 among men).

The highest (≥1.15) statistically significant SIRs for
malignancy of the renal pelvis for both genders combined
were found in seamen (1.51, 95% CI 1.23–1.82), printers
(1.39, 95% CI 1.11–1.71), welders (1.37, 95% CI 1.03–1.78),

public safety workers (1.35, 95% CI 1.12–1.62), packers (1.23,
95% CI 1.07–1.41), textile workers (1.22, 95% CI 1.06–1.39),
painters (1.22, 95% CI 1.00–1.46), transport workers (1.20,
95% CI 1.01–1.42), clerical workers (1.18, 95% CI 1.09–1.27),
electrical workers (1.18, 95% CI 1.02–1.36) and food workers

Table 1 Observed number of cases and standardized incidence ratios of
kidney malignancies in the Nordic countries, by occupational category.

Occupational
category

Number of
cases

observed

SIR 95% CI

Lower Upper

Administrators 399 1.09 0.98 1.20
Artistic workers 49 1.31 0.97 1.74
Assistant nurses 84 1.07 0.85 1.32
Beverage workers 15 1.05 0.59 1.73
Bricklayers 65 1.03 0.79 1.31
Building caretakers 301 0.97 0.87 1.09
Chemical process workers 95 1.09 0.88 1.33
Chimney sweeps 7 1.73 0.70 3.57
Clerical workers 684 1.18 1.09 1.27
Cooks and stewards 40 0.81 0.58 1.10
Dentists 17 1.13 0.66 1.80
Domestic assistants 109 0.94 0.77 1.13
Drivers 336 1.01 0.91 1.13
Economically inactive 2 578 0.97 0.93 1.00
Electrical workers 191 1.18 1.02 1.36
Engine operators 106 0.85 0.70 1.03
Farmers 571 0.61 0.56 0.66
Fishermen 59 0.84 0.64 1.08
Food workers 203 1.16 1.01 1.34
Forestry workers 53 0.47 0.35 0.62
Gardeners 195 0.72 0.62 0.83
Glass makers etc. 120 1.08 0.90 1.29
Hairdressers 44 1.19 0.86 1.60
Journalists 19 1.15 0.69 1.80
Laboratory assistants 17 1.20 0.70 1.92
Launderers 40 0.99 0.70 1.34
Mechanics 521 1.13 1.04 1.24
Military personnel 49 1.00 0.74 1.32
Miners and quarry workers 28 1.02 0.68 1.47
Nurses 68 1.05 0.81 1.33
Other construction workers 207 0.88 0.76 1.01
Other health workers 76 1.17 0.92 1.47
Other workers 371 1.09 0.98 1.21
Packers 208 1.23 1.07 1.41
Painters 112 1.22 1.00 1.46
Physicians 42 1.24 0.90 1.68
Plumbers 62 1.26 0.97 1.62
Postal workers 109 1.02 0.84 1.23
Printers 89 1.39 1.11 1.71
Public safety workers 118 1.35 1.12 1.62
Religious workers etc. 106 0.88 0.72 1.07
Sales agents 302 1.10 0.98 1.24
Seamen 105 1.51 1.23 1.82
Shoe and leather workers 40 1.26 0.90 1.72
Shop workers 561 1.12 1.03 1.22
Smelting workers 131 1.13 0.94 1.34
Teachers 260 0.95 0.84 1.07
Technical workers, etc. 508 1.09 1.00 1.19
Textile workers 219 1.22 1.06 1.39
Tobacco workers 8 1.28 0.55 2.53
Transport workers 142 1.20 1.01 1.42
Waiters 57 1.07 0.81 1.39
Welders 56 1.37 1.03 1.78
Woodworkers 285 0.81 0.72 0.91

SIR, standardized incidence ratio. Data given in bold indicate significant estimates.
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(1.16, 95% CI 1.01–1.34; Table 1). The lowest (≤0.85)
statistically significant SIRs were observed in forestry workers
(0.47, 95% CI 0.35–0.62), gardeners (0.72, 95% CI 0.62–0.83)
and wood workers (0.81, 95% CI 0.72–0.91).

An ascending trend in SIRs over the whole period of the
follow-up was found among public safety workers (Table 2).
A descending tendency in the SIR was observed among food

workers and packers. Statistically significantly elevated SIRs
were observed among printers and transport workers, in
professional categories stratified by age at the time of
diagnosis (Table 3). A significant decline in SIRs was found
in food workers and packers.

When stratified by sex, the highest SIRs were observed in
seamen (1.51, 95% CI 1.23–1.82), and clerical workers (1.19,

Table 2 Observed number of cases and standardized incidence ratios of kidney malignancies in Nordic Countries in selected occupational categories,
by year of diagnosis.

Year of diagnosis

Occupational
category

1961–1975 1976–1990 1991–2005 P*

Number of
cases

SIR 95% CI Number
of cases

SIR 95% CI Number
of cases

SIR 95% CI

Lower Upper Lower Upper Lower Upper

Clerical workers 118 1.18 0.97 1.41 552 1.24 1.14 1.35 698 1.13 1.05 1.22 0.259
Electrical workers 42 1.23 0.88 1.66 132 1.07 0.90 1.27 208 1.25 1.09 1.43 0.433
Food workers 62 1.64 1.26 2.10 184 1.20 1.03 1.39 160 1.02 0.86 1.19 0.002
Forestry workers 12 0.30 0.15 0.52 58 0.59 0.45 0.76 36 0.42 0.30 0.59 0.690
Gardeners 52 0.72 0.54 0.95 146 0.63 0.53 0.74 192 0.81 0.70 0.93 0.132
Packers 82 1.52 1.21 1.88 194 1.30 1.13 1.50 140 1.03 0.87 1.22 0.004
Painters 22 0.84 0.53 1.28 100 1.25 1.01 1.52 102 1.31 1.07 1.59 0.108
Printers 20 1.36 0.83 2.11 70 1.36 1.06 1.71 88 1.42 1.14 1.75 0.790
Public safety
workers

12 0.61 0.31 1.06 100 1.39 1.13 1.69 124 1.49 1.24 1.78 0.011

Seamen 24 1.58 1.02 2.36 94 1.65 1.33 2.02 92 1.36 1.10 1.67 0.274
Textile workers 52 1.17 0.88 1.54 194 1.22 1.06 1.41 192 1.23 1.07 1.42 0.775
Transport
workers

30 1.18 0.80 1.69 114 1.17 0.97 1.41 140 1.23 1.04 1.45 0.737

Welders 8 0.95 0.41 1.86 42 1.44 1.04 1.95 62 1.40 1.07 1.80 0.484
Woodworkers 78 0.77 0.61 0.96 236 0.77 0.67 0.87 256 0.86 0.76 0.98 0.211

SIR, standardized incidence ratio. *Poisson linear test for trend.

Table 3 Observed number of cases and standardized incidence ratios of kidney malignancies in Nordic Countries in selected occupational categories,
by age at diagnosis.

Age at diagnosis

Occupational
category

30–49 years 50–69 years ≥70 years P*

Number
of cases

SIR 95% CI Number
of cases

SIR 95% CI Number
of cases

SIR 95% CI

Lower Upper Lower Upper Lower Upper

Clerical workers 66 0.97 0.75 1.23 718 1.17 1.08 1.26 584 1.22 1.12 1.32 0.118
Electrical workers 24 0.98 0.63 1.46 204 1.15 1.00 1.32 154 1.26 1.07 1.48 0.205
Food workers 16 1.18 0.68 1.92 232 1.30 1.14 1.47 158 1.01 0.86 1.18 0.034
Gardeners 20 1.13 0.69 1.75 178 0.73 0.62 0.84 192 0.69 0.60 0.80 0.156
Forestry workers 6 0.62 0.23 1.34 38 0.36 0.26 0.50 62 0.56 0.43 0.72 0.155
Packers 26 1.72 1.12 2.52 208 1.27 1.10 1.45 182 1.14 0.98 1.32 0.070
Painters 12 1.30 0.67 2.28 128 1.35 1.13 1.61 84 1.04 0.83 1.29 0.093
Printers 4 0.49 0.13 1.27 94 1.35 1.09 1.66 80 1.58 1.25 1.96 0.033
Public safety
workers

8 0.76 0.33 1.50 124 1.38 1.14 1.64 104 1.40 1.15 1.70 0.271

Seamen 14 1.75 0.96 2.94 120 1.57 1.30 1.87 76 1.38 1.09 1.73 0.303
Textile workers 10 0.89 0.43 1.64 200 1.22 1.06 1.40 228 1.24 1.09 1.42 0.503
Transport workers 10 0.87 0.42 1.61 112 0.93 0.76 1.12 162 1.55 1.32 1.81 <0.001
Welders 12 1.54 0.80 2.70 60 1.31 1.00 1.68 40 1.42 1.02 1.94 0.986
Woodworkers 28 0.89 0.59 1.28 252 0.74 0.65 0.83 290 0.87 0.78 0.98 0.162

SIR, standardized incidence ratio. *Poisson linear test for trend.
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95% CI 1.08–1.31), among males and females respectively
(Table 4). All 95% CIs, calculated for both sexes separately,
overlapped. The lowest SIRs were found in forestry workers
(0.48, 95% CI 0.36–0.62) in men, and gardeners (0.66, 95%
CI 0.50–0.86) in women. No significant differences in SIRs
were observed when stratified by country (Table 5).

Discussion
In the present study, the highest risk of developing malignant
neoplasms of the renal pelvis was observed among seamen,
printers, welders, public safety workers, packers, textile
workers, painters, transport workers, clerical workers,
electrical workers and food workers. The lowest risk was
found in forestry workers, gardeners and woodworkers. The
above pattern is similar to that reported for cancer of the
urinary bladder [4]; however, a more substantial relative
excess was observed in malignancy of the renal pelvis.

The professional group characterized by the most significant
risk of tumours of the renal pelvis were seamen (SIR 1.51,
95% CI 1.23–1.82). This group included both sailors working
on deck and in engine rooms [5]. Similarly, other studies
conducted on the NOCCA population reported an increased
risk of developing kidney [5] and urinary bladder [4]
tumours in this occupational group. The risk may be
associated with increased exposure to asbestos fibres, which
are gradually released from pipes, gaskets and other insulating
materials, along with ship movements [6]. Moreover, high
exposure to asbestos was observed among marine employees
performing all conservation works [7]. Asbestos has not been
recognized by the IARC as a carcinogen associated with an
increased risk of malignancy of the renal pelvis [1].

Printers were another group in which we observed a
significantly increased risk of renal pelvis cancer (SIR 1.39,

95% CI 1.11–1.71). According to the previously adopted
definition, the group included people who composed type,
cast and engraved printing plates and operated printing
presses to print text and illustrations, that is, setters, non-
textile printers and bookbinders [5]. Similar results were
observed for urinary bladder tumours [4]; however, for the
same occupational group in the same population, the risk of
malignancies of the kidney (excluding the renal pelvis) was
not significantly increased (unpublished). This finding may be
related to the different histological composition of the above
anatomical structures. In contrast to the kidney, urothelial
epithelium dominates in the renal pelvis as well as in the
urinary bladder. Printers are exposed to inks and solvent
fumes. Elevated concentration of many polycyclic aromatic
hydrocarbons, including benzo[a]pyrene, has also been
reported in the atmosphere of rotary letterpress machine
rooms [8,9]. While the printing process was recognized by
the IARC as a carcinogenic agent with limited evidence in
humans regarding kidney and urinary bladder malignancies,
it is still not recognized as a carcinogen associated with renal
pelvis malignancy [1].

Welders were characterized by the third highest SIR (1.37,
95% CI 1.03–1.78). This professional group included people
who join and cut metal parts using flame, electric arc and
other sources of heat to melt and cut or fuse metal. The
Danish welders were included in another occupational
category, mechanic workers. Similar SIRs in the group of
welders were obtained for malignancies of the kidney,
excluding the renal pelvis (unpublished), but a lower SIR was
observed for bladder tumours [4]. Welders are exposed to
solid aerosols of hexavalent chromium and nickel, generated
from elemental compounds [10]. Elevated cadmium levels in
the urine were also reported in this group [11]. Furthermore,
rodents exposed to ARC-stainless steel welding fumes have

Table 4 Observed number of cases and standardized incidence ratios of kidney malignancies in Nordic Countries in selected occupational categories,
by sex.

Occupational category Men Women

Number of cases SIR 95% CI Number of cases SIR 95% CI

Lower Upper Lower Upper

Clerical workers 262 1.15 1.02 1.30 422 1.19 1.08 1.31
Electrical workers 169 1.16 0.99 1.35 22 1.33 0.83 2.01
Food workers 145 1.18 0.99 1.38 58 1.14 0.86 1.47
Forestry workers 53 0.48 0.36 0.62 0 0.00 0.00 3.60
Gardeners 137 0.75 0.63 0.89 58 0.66 0.50 0.86
Packers 177 1.24 1.06 1.44 31 1.17 0.80 1.66
Painters 111 1.22 1.00 1.47 1 0.99 0.03 5.51
Printers 74 1.37 1.08 1.73 15 1.46 0.82 2.41
Public safety workers 115 1.35 1.11 1.62 3 1.44 0.30 4.20
Seamen 105 1.51 1.23 1.82 0 0.00 0.00 51.05
Textile workers 84 1.30 1.04 1.61 135 1.18 0.99 1.39
Transport workers 140 1.21 1.02 1.43 2 0.79 0.10 2.87
Welders 56 1.39 1.05 1.80 0 0.00 0.00 7.63
Woodworkers 281 0.82 0.72 0.92 4 0.48 0.13 1.22

SIR, standardized incidence ratio.
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been found to have high levels of chromium, copper,
manganese and zinc in their renal tissue [12]. While welding
fumes have been recognized by the IARC as carcinogenic
agents with limited evidence in humans for kidney tumours,
they have not yet been accepted as factors related to renal
pelvis cancer [1].

Public safety workers were another group in which we
observed an elevated SIR (1.35, 95% CI 1.12–1.62). The
category included people who protect individuals and
property against hazards and enforce the law, that is,
firefighters, police officers, detectives, customs officers and
security guards [5]. Similar SIRs were observed for kidney
(unpublished) and urinary bladder tumours [4]. Volatile
organic compounds and polycyclic aromatic hydrocarbons are
known occupational exposures in this professional category
[13–17]. Exposures to asbestos, hydrogen chloride and
cyanide were also reported in this category [18]. None of
these compounds has been recognized by the IARC as a
factor associated with the increased risk of cancer of the renal
pelvis [1].

Because there is limited research on the topic of occupational
exposure and risk of malignancy of the renal pelvis, it is not
possible to compare our results with the current literature. To
our knowledge, this is the first study on the relationship
between occupational affiliation and risk of renal pelvis
cancer characterized by such a large study population and
based on data from the entire population.

The main strengths of the present study include the large
sample size, the large number of cases of cancer of the renal
pelvis and the completeness of their registration. Linkage
based on unique personal identity numbers and accuracy of
occupational coding are additional key advantages of this
research. The lack of consideration of tobacco smoking as a
potential confounding factor is a limitation of the study,
while exposure to other recognized carcinogens associated
with renal pelvis tumours, namely, aristolochic acid and
phenacetin, are so rare that they could be considered
irrelevant in the present study.
In conclusion, the results of the present study suggest that
there is an association between occupation and risk of
malignancy of the renal pelvis. Additional studies that take
into account the effect of smoking are necessary. Further
research should focus on the possible associations between
exposure to asbestos, heavy metals and welding fumes and
the risk of developing malignancy of the renal pelvis.
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Introduction

Knowledge of possible causes of renal pelvis malignancies is
an important area of attention both within the field of uro-
logical oncology and epidemiology. The International Agency
for Research on Cancer (IARC) classified the following agents
as carcinogenic to human renal pelvis: aristolochic acid,
phenacetin and tobacco smoking [1]. Although extensive
research has been carried out on the matter, no single study
exists deploying entire national populations and reporting
analysis adjusted for the prevalence of tobacco smoking.

The objective of this study was to describe the smoking-
adjusted occupational variation in the incidence of renal pel-
vis cancer in the male population of the Nordic countries.

Material and methods

The source population for this study was the Nordic
Occupational Cancer Study (NOCCA). NOCCA is a cohort
study based on data from five Nordic countries, namely,
Denmark, Iceland, Finland, Norway and Sweden. Its popula-
tion included 14.9 million individuals (7.4 million males and
7.5 million females). The NOCCA study was described in
detail by Pukkala et al. [2].

In the present study, analyses were conducted for men
only. Women were not included because in various occupa-
tional categories, smoking patterns changed irregularly, and
it is hard to estimate the sum effect of the smoking habits in
a given population.

Data on occupation were obtained from national popula-
tion censuses. The censuses included in this research were
held in Sweden in 1960, 1970, 1980 and 1990; in Norway in
1960, 1970 and 1980; in Finland in 1970, 1980 and 1990; in
Iceland in 1981; and in Denmark in 1970. For individuals par-
ticipating in more than one census, the first registered occu-
pation was used. All individuals aged 30–64 years on

1 January of the year of the respective census composed the
study cohort. The data collected through the censuses were
digitalized and centrally encoded by the respective national
statistical offices. The original national exact occupation
codes were converted to 53 distinct occupational categories.
One of them (domestic workers) was too small to be
included in this study.

The above-described population was followed-up until
emigration, death, or 31 December of the following year:
2003 in Denmark and Norway, 2004 in Iceland, 2005 in
Finland and Sweden. Data on mortality and emigration were
retrieved from the Central Population Registries in each
country. Data on cancer cases were obtained from the
respective Nordic cancer registries. Linkages were performed
using unique personal identity codes. In this study, cases of
renal pelvis cancer coded as 180.1, according to ICD-7,
were included.

Data on survey-based occupation-specific tobacco smok-
ing prevalence in Finnish males (1978–1995) were obtained
from the Finnish Information System on Occupational
Exposures (FINJEM) [3]. No comparable data from other
Nordic countries were available. Data on the occupational
category-specific standardized incidence ratio (SIR) of lung
cancer among males (1960–2005) came from the publication
of Pukkala et al. [2].

Simple linear regression analysis was used to examine the
linear relationship between survey-based smoking prevalence
in Finnish males and SIR of lung cancers in Finnish males.
The following occupational categories were not included in
the model, due to missing data on the prevalence of smok-
ing: domestic assistants, economically inactive, hairdressers
and tobacco workers. Additionally, to account for the occu-
pational categories characterized by risk factors for lung can-
cer other than smoking, possibly affecting the above linear
trend [4], the following categories (with the SIR of lung can-
cer >1.15) were not included in the regression equation:
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drivers (exposed to diesel exhaust [5,6]); painters (exposed to
polycyclic aromatic hydrocarbons [6]); plumbers (exposed to
asbestos [5]), beverage workers, chemical process workers,
electrical workers, smelting workers and waiters. Mean smok-
ing prevalence (explanatory variable) was 35.9% (standard
deviation (SD) 8.2%). Mean SIR of lung cancer was 0.93 (SD
0.35). The assumptions of the simple linear regression ana-
lysis were met. To account for the risk of lung cancer
observed in nonsmokers, the intercept was defined a priori
at 0.05. The regression line was described by the equation Y
¼ 0.05 þ 2.46X (r2¼0.58), where Y denoted SIR of lung can-
cers in Finnish males, and X denoted smoking prevalence in
Finnish males. The model was validated using a jackknife
resampling [7].

Subsequently, the above model was used to predict the
smoking prevalence by occupation among Nordic males. It
was assumed that the relationship between the prevalence
of smoking and the risk of lung cancer for different occupa-
tional categories should be similar in all Nordic countries.
Smoking-adjusted SIR was calculated as a sum of the
expected number of cases in the occupational category and
the product of the expected number of cases in this cat-
egory and difference between smoking prevalence in the
category and the smoking prevalence in the entire popula-
tion. The 95% confidence intervals (95%CI) were calculated
assuming a Poisson distribution.

Data management and statistical analyses were performed
using Stata/IC 15.0 for Mac (StataCorp LP, College Station,
TX, USA).

All studies presented in this thesis were register-based
studies conducted without direct contact with participating
individuals. The studies were part of the NOCCA project. The
NOCCA study was according to the legal requirements in
each of the Nordic studies contributing data, and individual-
level data were used solely for scientific purposes in accord-
ance with the respective permissions. The NOCCA project
obeys strict rules to secure complete confidentiality and pro-
tection of the individuals.

Results

The study population encompassed 7.4 million men: 0.1 mil-
lion from Iceland, 1.0 million from Denmark, 1.3 million from
Norway, 1.7 million from Finland and 3.4 million from
Sweden, who contributed, in total, 185 million person-years
of observation in the follow-up. Among the study popula-
tion, 6732 cases of renal pelvis cancer were identified.

The highest statistically significant smoking-adjusted SIRs
were observed for physicians, artistic workers and public
safety workers and the lowest ones for forestry workers,
farmers and unskilled construction workers (Table 1). In 21
out of 52 occupational categories, the smoking-adjusted SIR
was closer to 1.0 than the non-adjusted SIR.

Discussion

An unexpected finding of this study is the elevated and stat-
istically significant smoking-adjusted SIR of renal pelvis

cancer among physicians, which to our knowledge has not
been reported in earlier studies. Elevated, although not stat-
istically significant, risks were also found for dentists and
other health workers.

A possible cause of the elevated risk of renal pelvis cancer
among physicians that should be considered is exposure to
phenacetin. Phenacetin is an analgesic and antipyretic drug
that was extensively used in the past. According to IARC,
phenacetin is carcinogenic to the renal pelvis [1]. However,
there is no study on healthcare providers being at elevated
exposure to phenacetin. Also, the literature is too sparse to
suggest that addiction to analgesic drugs is prevalent in this
group [8]. Nevertheless, the observation of excess risk of
renal pelvis cancer among physicians, a professional group
with easy access to this drug, is noteworthy.

Another possible explanation of our findings is that the
physicians can be exposed both to X-radiation and gamma
radiation. These agents have been previously classified by
IARC as carcinogenic to the human urinary bladder, but not
to the renal pelvis [1]. However, as both the urinary bladder
and the renal pelvis is lined chiefly with transitional epithe-
lium, we hypothesize that there might be an association
between exposure to X-radiation or gamma radiation and
elevated risk of renal pelvis cancer among physicians.
Notwithstanding, the study by Hadkhale et al. [9] did not
report on the increased risk of bladder cancer among physi-
cians. Further studies need to be carried out to validate
our assumption.

Finally, regarding the findings of elevated risk or renal
pelvis cancer among physicians, it is important to bear in
mind a possible surveillance bias. Symptoms of this cancer,
like dysuria, hematuria and urgency, can remain unnoticed
or dissimulated in the general population. Hence, clinicians
may have a higher probability of having renal pelvis cancer
detected due to increased surveillance.

Another unexpected finding was an elevated smoking-
adjusted risk among artistic workers. According to the
authors’ knowledge, this is the first study reporting such a
result. Previously, Tarvainen et al. [10,11] described an
increased risk of mouth and pharynx cancer among artists.
The interpretation of our findings is challenging, as the litera-
ture on occupational exposures among artistic workers
is sparse.

An elevated smoking-adjusted SIR was also observed
among public safety workers. The category included workers
who protect individuals and property against hazards and
enforcers, namely, firefighters, police officers, detectives, cus-
toms officers and guards. These findings are consistent with
our previous study, where we presented non-adjusted SIRs
of the renal pelvis cancer [12]. From the tabulations made
for paper Pukkala et al. [13], we know that the SIR for renal
pelvis cancer among Nordic firefighters is 1.04 (95%CI
0.50–1.91), suggesting that the increased risk in the category
of public safety workers is not driven by exceptionally high
risk among firefighters.

None of the agents recognized by IARC as carcinogenic to
renal pelvis is specific to public safety workers. However,
among agents recognized as carcinogenic to the human
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urinary bladder [1], there are some, to which particular
groups of public safety workers are occupationally exposed,
like arsenic (firefighters) or diesel engine exhaust (police offi-
cers and firefighters). The study by Hadkhale et al. [9] also
reported on the increased risk of bladder cancer among pub-
lic safety workers. Based on the similar morphology of the
above organs, we postulate that there may be an association
between exposure to arsenic and diesel engine exhaust and
the risk of renal pelvis cancer. These postulates are sup-
ported by our previous study, in which we observed that
exposure to diesel engine exhaust was connected with
higher risk of renal and renal pelvis cancer [14]. Further stud-
ies on this topic would be worthwhile.

The lowest statistically significant smoking-adjusted SIRs
were observed among forestry workers and farmers. These
observations are consistent with our previous study, where
we reported on non-adjusted SIRs of the renal pelvis cancer
[12]. They can be partially explained by the fact that the
above occupational categories are characterized by high
exposure to perceived physical workload, which is connected
with lower body mass index (BMI). A positive association
between BMI and risk of urothelial tumors has been previ-
ously postulated by Bae et al. [15].

Main strengths of this research are the large sample size
and the fact that the study benefits from data covering the

entire national populations. Other important advantages are
precise coding of occupation in all Nordic countries and a
high-quality standard maintained by all Nordic Cancer
Registries regarding the completeness and accuracy of the
registered data [16].

A limitation of the presented study is that occupational
categories were based on the data from the first available
census. Hence, there is a possibility of exposure misclassifica-
tion, which could bias the observed effect towards the null.
However, such dilution is probably rather small because
occupational stability in the Nordic countries has been
high [17].

It might be considered as another limitation of the study
that the deployed smoking prevalence data are from the
period 1978 to 1991 and hence cannot as such interfere on
the causation of cancers diagnosed before that period.
However, the time trends in smoking among Finnish men
decreased rather parallelly in most population subgroups
[18], and therefore the relative difference between the occu-
pation in smoking prevalence are similar irrespective of
which cross-sectional information we use.

In conclusion, the results of this investigation show that
there is an association between occupation and the risk of
renal pelvis cancer. Moreover, the diverse prevalence of
smoking among different occupational categories plays an

Table 1. The observed number of cases (Obs) and standardized incidence ratios (SIRs) of renal pelvis cancer in Nordic males in
occupational categories with either non-adjusted smoking-adjusted SIR >1.15 or <0.85 and Obs >5, sorted according to the
smoking-adjusted SIR.

Occupational
category Obs

Smoking
prevalence

Non-adjusted Adjusted

SIR 95%CI SIR 95%CI

Dentists 15 18.3% 1.31 0.73–2.16 1.66 0.93–2.74
Physicians 39 19.5% 1.30 0.93–1.78 1.63 1.16–2.23
Chimney sweeps 7 58.5% 1.75 0.70–3.60 1.47 0.59–3.02
Artistic workers 41 35.8% 1.37 0.99–1.86 1.43 1.03–1.94
Other health workers 31 31.7% 1.30 0.89–1.85 1.42 0.96–2.01
Public safety workers 115 37.4% 1.35 1.11–1.62 1.38 1.14–1.65
Laboratory assistants 9 33.3% 1.27 0.58–2.41 1.35 0.62–2.57
Textile workers 84 38.2% 1.30 1.04–1.61 1.32 1.05–1.63
Printers 74 46.7% 1.37 1.08–1.73 1.28 1.01–1.61
Transport workers 140 37.0% 1.21 1.02–1.43 1.24 1.05–1.47
Welders 56 52.0% 1.39 1.05–1.80 1.23 0.93–1.60
Clerical workers 262 34.5% 1.15 1.02–1.30 1.21 1.07–1.37
Seamen 105 63.8% 1.51 1.23–1.82 1.21 0.99–1.47
Assistant nurses 9 32.9% 1.10 0.50–2.09 1.18 0.54–2.24
Technical workers 490 31.3% 1.08 0.99–1.18 1.18 1.08–1.29
Administrators 365 31.7% 1.08 0.97–1.19 1.17 1.05–1.30
Religious workers 92 23.2% 0.98 0.79–1.20 1.17 0.95–1.44
Electrical workers 169 39.8% 1.16 0.99–1.35 1.16 0.99–1.35
Plumbers 62 55.7% 1.26 0.97–1.62 1.09 0.83–1.40
Packers 177 50.8% 1.24 1.06–1.44 1.12 0.96–1.29
Painters 111 47.9% 1.22 1.00–1.47 1.12 0.92–1.35
Food workers 145 46.3% 1.18 0.99–1.38 1.10 0.93–1.30
Gardeners 137 25.6% 0.75 0.63–0.89 0.87 0.73–1.03
Miners and quarry

workers
28 62.2% 1.03 0.68–1.48 0.84 0.56–1.21

Woodworkers 281 37.0% 0.82 0.72–0.92 0.84 0.74–0.94
Engine operators 104 46.7% 0.85 0.69–1.03 0.79 0.65–0.96
Fishermen 58 45.1% 0.83 0.63–1.07 0.79 0.60–1.02
Unskilled construction

workers
205 51.6% 0.88 0.76–1.01 0.78 0.68–0.90

Farmers 496 20.7% 0.62 0.56–0.67 0.76 0.69–0.83
Waiters 11 75.2% 0.94 0.47–1.69 0.70 0.35–1.25
Beverage workers 8 55.7% 0.75 0.32–1.47 0.64 0.28–1.27
Launderers 7 50.0% 0.65 0.26–1.34 0.59 0.24–1.21
Cooks and stewards 10 61.4% 0.69 0.33–1.27 0.57 0.27–1.05
Forestry workers 53 33.7% 0.48 0.36–0.62 0.51 0.38–0.66
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important role in occupational variation in the incidence of
renal pelvis cancer. Finally, the study identified that the
smoking-adjusted incidence of renal pelvis cancers is
increased in physicians, artists, public safety workers, textile
workers, printers and transport workers.
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A B S T R A C T

Objectives: To determine whether occupational exposure to heavy metals (chromium (VI), iron, nickel, lead) and

welding fumes is associated with the risk of kidney cancer and to describe whether other occupational exposures

included in the Job Exposure Matrix of the Nordic Occupational Cancer (NOCCA) study are associated with the

risk.

Materials and methods: Nested case-control study among individuals registered in population censuses in

Finland, Iceland, and Sweden in 1960–1990. A total of 59,778 kidney cancer cases, and 298,890 controls

matched on sex, age, and country. Cumulative occupational exposures to metals (chromium (VI), iron, nickel,

lead), welding fumes, and 24 other occupational exposure covariates, lagged 0, 10, and 20 years.

Results: Overall, there was no or very little association between kidney cancer and exposures studied. The risk

was elevated in individuals with high exposure to asbestos (OR 1.19, 95%CI 1.08–1.31). The risk was sig-

nificantly decreased for individuals characterized with high perceived physical workload (OR 0.86, 95%CI

0.82–0.91), high exposure to ultraviolet radiation (OR 0.85, 95%CI 0.79–0.92), and high exposure to wood dust

(OR 0.82, 95%CI 0.71–0.94). The risk of kidney cancer under the age of 59 was elevated in individuals with high

exposure to nickel (OR 1.49, 95%CI 1.03–2.17). The risk of kidney cancer in age 59–74 years was elevated for

individuals with high exposure to iron (OR 1.41, 95%CI 1.07–1.85), and high exposure to welding fumes (OR

1.43, 95%CI 1.09–1.89).

Conclusions: The only markedly elevated risks of kidney cancer were seen for the highest exposures of nickel and

iron/welding fumes in specific age strata.

1. Introduction

Studies over the past three decades have provided valuable in-

formation on kidney cancer risk factors. Existing research recognizes

the critical role played by tobacco smoking and obesity (Moch et al.,

2016). Moreover, the important role of trichloroethylene and gamma

radiation as carcinogenic agents that increase the risk of kidney cancer

has been recognized by the International Agency for Research on

Cancer (IARC) (IARC, 2006). Other agents that IARC identified as po-

tential carcinogens connected with kidney cancer are perfluorooctanoic

acid, printing process, arsenic, and cadmium (IARC, 2006).

Effects of exposure to toxic heavy metals, apart from arsenic, have

not been comprehensively examined. There is little published data on

chromium and nickel (Boffetta et al., 2011; Ilychova and Zaridze, 2012;

Langard, 1994; Rashidi and Alavipanah, 2016; Southard et al., 2012).

Moreover, Pesch et al. (2000) demonstrated that occupational
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exposures to cadmium, lead, welding fumes, and soldering fumes was

connected with an elevated risk of kidney cancer in a German popu-

lation. Pukkala et al. (2009) presented welders as one of the occupa-

tions characterized with the highest risk of developing kidney cancer in

Nordic males. Recently, the IARC paid attention to associations be-

tween exposure to welding fumes and risk of cancer, though bias,

chance, and confounding could not be reasonably excluded (Guha et al.,

2017). There remains a paucity of evidence on the association between

exposure to iron and risk of kidney cancer.

Debate continues about the relative importance of exposure to as-

bestos, some organic solvents, and pesticides and the risk of kidney

cancer (Goodman et al., 1999; Jones et al., 2015; Kleinman et al., 2015;

Messing et al., 1994; Ron et al., 1999; Sali and Boffetta, 2000; Wong,

1987; Xie et al., 2016). Recently, elevated risk of kidney cancer was

connected with exposures to some types of dusts like glass fibers, mi-

neral wool fibers, and brick dust (Karami et al., 2011). Other causal

factors leading to kidney cancer remain speculative.

The primary objective of this study was to assess associations be-

tween occupational exposure to heavy metals (chromium (VI), iron,

nickel, lead) and welding fumes, and the risk of kidney cancer. The

secondary aim was to describe other occupational exposures possibly

associated with the risk of kidney cancer.

2. Materials and methods

A nested case-control study of individuals from three Nordic coun-

tries (Finland, Iceland, and Sweden), who developed kidney cancer

from 1961 to 2005, was performed.

2.1. Source population

The project was based on the Nordic Occupational Cancer Study

(NOCCA) cohort which comprised 14.9 million individuals from five

Nordic countries. NOCCA study was described in detail by Pukkala et al.

(2009). The study has received approvals from country-specific ethical

committees.

2.2. Study design and participants

Both cases and controls were extracted from the NOCCA study. The

participants in this study were recruited from Finland, Iceland, and

Sweden. Norway and Denmark were excluded because of lack of access

to the individual level records.

The cases were defined as all individuals diagnosed with cancer of

the kidney or the renal pelvis (7th International Classification of

Diseases 180) between 1961-2005 in Sweden, 1971-2005 in Finland,

and 1982-2004 in Iceland. For each case, five controls were randomly

selected from the NOCCA individuals, who were alive and free from

kidney cancer on the date of diagnosis of the case (henceforth the

“index date” for the case-control set). Controls were individually mat-

ched to cases on birth date, sex, and country. Both cancers and controls

could have a history of any other comorbid cancer.

2.3. Source of data on exposure and outcome

Data on exposure were obtained through population censuses, in

which participants were asked to indicate their occupation through free

text, using self-administered questionnaires. The following censuses

contained information on occupation and were included in the study:

Sweden - 1960, 1970, 1980, 1990; Finland - 1970, 1980, 1990; and

Iceland - 1981. Participation in the census was mandatory.

Subsequently, the data were digitalized and encoded using Nordisk

Yrkesklassifisering (NYK), a Nordic adaptation of the International

Standard Classification of Occupations from 1958. Data on outcome

were acquired from national cancer registers in the respective Nordic

countries. Finally, unique personal identity codes were used to perform

linkage of the information on occupations from censuses, cancer cases

from cancer registries, and death and emigration from national popu-

lation registries. Only participants with a minimum age of 20 at the

index date and having information from at least one census prior to

index date were included in this study.

For the purpose of the detailed exposure estimation, NOCCA Job

Exposure Matrix (NOCCA-JEM) was used (described in detail by

Kauppinen et al. (2009)). The matrix converses NYK codes to quanti-

tative estimates of exposure to 29 substances potentially related to

cancer risk (Table 1). For each occupational category, it provides two

variables for each agent: the probability of being exposed (P) and the

average exposure level (L) among the exposed persons. Time of ex-

posure (T), was assessed individually, starting at the age of 20 (typical

age to start work in non-academic occupations), and index date or age

of 65 (typical age at retirement), whichever occurred first.

Cumulative occupational exposures (CE) to 29 agents, defined as

× ×P L T , were calculated for all cases and controls. The occupation
reported during the first census in which the individual took part was

considered an occupation performed by this individual from the age of

20 years. When more than one occupational code was assigned to one

person in different censuses, it was assumed that the change of work

Abbreviations

CE Cumulative exposures

CI Confidence intervals

IARC International Agency for Research on Cancer

NOCCA Nordic Occupational Cancer Study

NOCCA-JEM Nordic Occupational Cancer Study Job Exposure

Matrix

NYK Nordisk Yrkesklassifisering

OR Odds ratio

UV Ultraviolet

Table 1

Occupational exposure agents taken into account in the study.

Abbreviation Occupational exposure agents Unit

ALHC Aliphatic and alicyclic hydrocarbon solvents ppm

ANIM Animal-borne dust mg/m3

ARHC Aromatic hydrocarbon solvents ppm

ASB Asbestos f/cm3

BAP Benzo(a)pyrene μg/m3

BENZ Benzene ppm

BITU Bitumen fumes mg/m3

CHC Chlorinated hydrocarbon solvents ppm

CR Chromium μg/m3

DEEX Diesel engine exhaust mg/m3

FE Iron mg/m3

FORM Formaldehyde ppm

GASO Gasoline ppm

IRAD Ionizing radiation mSv

MCH Methylene chloride ppm

NI Nickel μg/m3

NIGH Nightwork none

OSOL Other organic solvents ppm

PB Lead μmol/l

PER Perchloroethylene ppm

PPWL Perceived physical workload score a

QUAR Quartz dust mg/m3

SO2 Sulphur dioxide ppm

TCE 1,1,1-Trichloroethane ppm

TOLU Toluene ppm

TRI Trichloroethylene ppm

UV Ultraviolet radiation J/m2

WELD Welding fumes mg/m3

WOOD Wood dust mg/m3

a Score of workers reporting heavy or rather heavy physical work in national

Finnish “Quality of Work Life Survey”, Finland 1990 (Statistics Finland, 2018).
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occurred in the middle of the period between the censuses. For these

individuals, CE was a sum of all × ×P L T , calculated for each separate
occupational period. All cumulative exposures were calculated for three

different lags of 0, 10, and 20 years, to allow for a cancer latency

period. The results for lag 10 and lag 20 were similar, and we therefore

only present findings for the lag of 10 years.

2.4. Statistical analysis

Conditional logistic regression was used to generate odds ratios

(OR) and 95% confidence intervals (CI), testing the hypothesis that

exposure to heavy metals (chromium (VI), iron, lead, and nickel) and

welding fumes is associated with increased risk of kidney cancer.

The final main effect model was created using the purposeful se-

lection of variables (explained in detail by Bursac et al. (2008)). The

choice of this method of creating the model allows avoiding “over-

fitting” of the model and generation of numerically unstable estimates.

In the first step, we fitted the univariable logistic regression model

for each independent CE variable. Subsequently, we created a first

multivariable logistic model in which we fitted all of the covariates for

which p-value of its Wald statistic was< 0.25 in the univariable logistic

model. The significance level of 0.25 was recommended by Mickey

(Mickey and Greenland, 1989). Variables describing heavy metal ex-

posures were forced in the model as a priori selected variables of in-

terest in this study. Next, we assessed the significance of each variable

from the multivariable model using the Wald statistic. We gradually

eliminated covariates not contributing at the traditional significance

level of p < 0.05. For each reduction, we calculated the difference

between the values of the estimated coefficients, . Excluded variables

for which > 20% were added back into the model. Subsequently, we
compared the fit of the first multivariable logistic model with the final

one, deploying a likelihood ratio test.

The algorithm denoted aliphatic and alicyclic hydrocarbon solvents,

asbestos, chlorinated hydrocarbon solvents, diesel engine exhaust,

perceived physical workload, quartz dust, trichloroethylene, ultraviolet

radiation, and wood dust, as significant/confounding covariates.

Subsequently, correlation check between these agents was performed

(Supplemental Fig. 1). Iron and welding fumes were highly correlated,

and therefore they were not used in the same model. The final models

were as follows: 1) ALHC + ASB + CHC + CR + DEEX + NI + PB +

PPWL + QUAR + TRI + UV + WELD + WOOD; 2) ALHC +

ASB+CHC+CR+DEEX+FE+NI+PB+PPWL+QUAR+TRI+UV

+ WOOD.

Each occupational agent was analyzed as a three-category exposure,

including low (< 50 percentile), moderate (≥50 percentile and<90

percentile), and high (≥90 percentile). Individuals with no exposure

(defined as × × =P L T 0) constituted a reference category.

Subsequently, to assess a dose-response relationship between exposure

to heavy metals (chromium (VI), iron, lead, and nickel) and welding

fumes, and kidney cancer, Pearson's chi-squared test for linear trend

was performed. Unexposed individuals were excluded from the analysis

for the trend test. To evaluate the robustness of our inferences a posthoc

conservative Bonferroni procedure was adopted for multiple analyses.

The Bonferroni-corrected significance threshold was 0.004 (i.e., 0.05/

13 variables) (Dunn, 1961). We deemed a p-value<0.004 as sig-

nificant evidence for a causal association when assessing the sig-

nificance of trend test.

To explore possible effect modifiers, analyses were later stratified by

sex and age group at diagnosis (< 59, 59–74,> 74). Age groups were a

priori determined based on quartile distribution (that is<Q1, Q1-

Q3,>Q3).

Data management and all analyses were performed using R studio

1.1.442, using packages corrplot, dosresmeta, Epi, lmtest, readxl,

ResourceSelection, survival, and xlsx.

3. Results

In the study, 59,778 kidney cancer cases, and 298,890 sex-, age-,

and country-matched controls were identified (Table 2). Males ac-

counted for 58.3% of study participants, and females for 41.7%. Most

individuals were born before 1940. The mean age at the diagnosis was

66 years (median 67 years).

3.1. Heavy metals and welding fumes

In the OR analysis for both sexes and all age groups (Table 3), for

none of the studied agents, the dose-response trend was statistically

significant. It was observed that ORs in women were frequently higher

than in men although based on a much smaller number of cases

(Table 4). Moreover, moderate and high exposures to welding fumes

were associated with excess risk in men. This may still not indicate that

the absolute excess risk due to the exposure would be higher in women

because the reference incidence level of kidney cancer is much lower in

women. In the analysis with stratification by age at the index date

(Table 5), in the group of< 59 years, OR for high exposure to nickel

was significant (OR 1.49, 95%CI 1.03–2.17). In the group of 59–74

years, ORs for the following were statistically significant: high exposure

to iron (OR 1.41, 95%CI 1.07–1.85), moderate exposure to welding

fumes (OR 1.27, 95%CI 1.02–1.56), and high exposure to welding

fumes (OR 1.43, 95%CI 1.09–1.89).

3.2. Other exposures

Further analysis of covariates revealed a statistically significant in-

crease of OR for high exposure to asbestos (OR 1.19, 95%CI 1.08–1.31).

Statistically significant (more than 10%) decrease of OR was observed

among individuals characterized with high exposure to aliphatic and

alicyclic hydrocarbon solvents (OR 0.81, 95%CI 0.69–0.95); high ex-

posure to perceived physical workload (OR 0.86, 95%CI 0.82–0.91);

moderate (OR 0.85, 95%CI 0.81–0.88), and high exposure (OR 0.85,

95%CI 0.79–0.92) to ultraviolet (UV) radiation; and high (OR 0.82,

95%CI 0.71–0.94) exposure to wood dust. Dose-response test for trend

was statistically significant for exposure to UV (p < 0.001).

Table 2

Demographic characteristics of the study population.

Characteristic Cases Controls Total

N % N % N %

Total 59,778 100.0 298,890 100.0 358,668 100.0

Sex Male 34,856 58.3 174,280 58.3 209,136 58.3

Female 24,922 41.7 124,610 41.7 149,532 41.7

Country Finland 17,647 29.5 88,235 29.5 105,882 29.5

Iceland 588 1.0 2940 1.0 3528 1.0

Sweden 41,543 69.5 207,715 69.5 249,258 69.5

Year of birth ≤1910 8992 15.0 44,960 15.0 53,952 15.0

1911–1920 14,660 24.5 73,300 24.5 87,960 24.5

1921–1930 16,656 27.9 83,280 27.9 99,936 27.9

1931–1940 10,745 18.0 53,725 18.0 64,470 18.0

1941–1950 5998 10.0 29,990 10.0 35,988 10.0

1951–1960 2399 4.0 11,995 4.0 14,394 4.0

≥1961 328 0.5 1640 0.5 1968 0.5

Age at index

date

20–29 94 0.2 474 0.2 568 0.2

30–39 792 1.3 3971 1.3 4763 1.3

40–49 4257 7.1 21,296 7.1 25,553 7.1

50–59 11,756 19.7 58,749 19.7 70,505 19.7

60–69 18,499 30.9 92,338 30.9 110,837 30.9

70–79 17,846 29.9 89,276 29.9 107,122 29.9

≥80 6534 10.9 32,786 11.0 39,320 11.0
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4. Discussion

4.1. Heavy metals and welding fumes

This study was unable to demonstrate any significant dose-depen-

dent relationship between exposures to chromium (VI), iron, nickel,

lead, and welding fumes and the risk of developing kidney cancer.

Among individuals diagnosed under the age of 59 years, a link may

exist between exposure to nickel and risk of kidney cancer. The value of

ORs among the individuals diagnosed between the age of 59 and 74,

and characterized by moderate and high CE to welding fumes, and high

CE to iron, suggests that a weak link may exist between exposure to

welding fumes or iron, and risk of developing kidney cancer.

Concurrent exposure to iron and welding fumes hinders understanding

of their independent roles as risk factors. In the case of the other ORs

identified in the study (low CE to lead), we cannot exclude the possi-

bility of chance findings.

One of the issues that emerge from the findings of the present study

Table 3

Odds ratios (OR) and 95% Confidence intervals (95% CI) of kidney cancer associated with occupational exposures.

Agent (unit) Cumulative exposure Cases Controls OR 95% CI p-value for trend

Heavy metals and welding fumes

Chromium b (μg/m3-years) unexposed 53,272 268,143 1.00 Ref 0.78

< 1331.05 3248 15,379 0.99 0.91–1.09

1331.05–13,611.17 2647 12,253 1.07 0.96–1.18

> 13,611.17 611 3115 0.99 0.86–1.15

Iron b (mg/m3-years) unexposed 54,153 273,058 1.00 Ref 0.36

< 410.84 2841 12,887 1.09 0.94–1.27

410.84–4899.30 2206 10,377 1.10 0.95–1.28

> 4899.30 578 2568 1.15 0.94–1.39

Nickel b (μg/m3-years) unexposed 54,074 272,532 1.00 Ref 0.57

< 992.80 2859 13,227 0.92 0.80–1.06

992.80–5624.32 2266 10,503 0.90 0.78–1.04

> 5624.32 579 2628 0.99 0.82–1.20

Lead b (μmol/l-years) unexposed 52,154 263,218 1.00 Ref 0.58

< 369.53 3874 17,776 1.09 1.03–1.16

369.53–1151.97 3040 14,276 1.06 0.99–1.13

> 1151.97 710 3620 0.95 0.86–1.05

Welding fumes a (mg/m3-years) unexposed 54,154 273,062 1.00 Ref 0.27

< 254.00 2756 12,970 1.05 0.90–1.22

254.00–12,281.40 2281 10,300 1.14 0.98–1.33

> 12,281.40 587 2558 1.20 0.99–1.46

Other exposures

Aliphatic and alicyclic hydrocarbon solvents b (ppm-years) unexposed 56,679 284,102 1.00 Ref 0.50

< 1740.45 1628 7316 1.01 0.93–1.09

1740.45–30,000.62 1223 5931 0.99 0.90–1.08

> 30,000.62 248 1541 0.81 0.69–0.95

Asbestos b (f/cm3-years) unexposed 50,693 253,982 1.00 Ref 0.36

< 192.41 4486 22,513 0.97 0.93–1.01

192.41–1628.47 3646 17,947 1.04 0.98–1.10

> 1628.47 953 4448 1.19 1.08–1.31

Chlorinated hydrocarbon solvents b (ppm-years) unexposed 58,461 292,116 1.00 Ref 0.71

< 2233.27 702 3344 1.05 0.95–1.16

2233.27–5779.19 490 2746 0.93 0.80–1.07

> 5779.19 125 684 0.89 0.70–1.13

Diesel engine exhaust b (mg/m3-years) unexposed 52,487 265,786 1.00 Ref 0.07

< 66.00 3692 16,869 1.08 1.03–1.12

66.00–197.39 2863 12,931 1.07 1.02–1.12

> 197.39 736 3304 1.07 0.98–1.17

Perceived physical workload b (scorec-years) unexposed 26,320 127,620 1.00 Ref 0.06

< 418.66 17,375 84,989 0.99 0.97–1.02

418.66–1600.14 13,151 68,740 0.97 0.94–1.00

> 1600.14 2932 17,541 0.86 0.82–0.91

Quartz dust b (mg/m3-years) unexposed 55,905 278,965 1.00 Ref 0.98

< 126.85 1932 9967 1.04 0.98–1.12

126.85–640.53 1567 7952 1.03 0.95–1.10

> 640.53 374 2006 0.91 0.79–1.03

Trichloroethylene b (ppm-years) unexposed 56,316 282,593 1.00 Ref 0.61

< 3192.54 1760 8118 1.00 0.94–1.07

3192.54–12785.08 1347 6560 0.92 0.85–1.00

> 12,785.08 355 1619 1.03 0.88–1.19

Ultraviolet radiation b (J/m2-years) unexposed 46,077 224,064 1.00 Ref < 0.001

<464,202.10 7140 37,124 0.94 0.91–0.97

464,202.10–860,940.90 5213 30,198 0.85 0.81–0.88

> 860,940.90 1348 7504 0.85 0.79–0.92

Wood dust b (mg/m3-years) unexposed 57,138 284,698 1.00 Ref 0.10

< 923.70 1334 7082 0.95 0.89–1.02

923.70–3675.15 1062 5670 0.92 0.85–0.99

> 3675.15 244 1440 0.82 0.71–0.94

a OR estimates calculated using Model 2.
b OR estimates calculated using Model 1.
c Score of workers reporting heavy or rather heavy physical work in national Finnish “Quality of Work Life Survey”, Finland 1990 (Statistics Finland, 2018).
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is the weak association between exposure to welding fumes and the risk

of kidney cancer. This accords both with our earlier observations

(Michalek et al., 2018a, 2018b) and those of MacLeod et al. (2017).

Furthermore, this finding is in line with the position of the IARC (IARC,

2006). In our study, the definition of welders encompassed individuals

who join and cut metal parts using flame, electric arc, and other sources

of heat to melt and cut or fuse metal. Exposures of welders may differ

depending on their actual work.Therefore, it would be good if the

NOCCA-JEM, like its Finnish equivalent FINJEM, would include ex-

posure estimates for combinations of occupation and industry (e.g.

“welder in stainless steel industry”; see Kauppinen et al., 1998). Un-

fortunately, we did not have access to industry codes for all Nordic

countries. The known occupational exposures among welders are

fumes, gases, UV radiation, electromagnetic fields, and coexposure to

asbestos and solvents (Guha et al., 2017). Further studies, which take

these variables into account, will need to be undertaken.

The observed higher ORs among females exposed to iron and

welding fumes might suggest possible higher biological susceptibility of

the female kidney to metals, which was already suggested in the lit-

erature (Johnson et al., 2003). However, it is challenging to demon-

strate sound sex differences even in such a large study due to the very

few women ever employed as a welder, smelter, furnacemen, plumbers,

and other metal industry workers. We should also avoid direct com-

parison of the relative risk estimates between sexes as the incidence of

kidney cancer in unexposed women used as the reference is much lower

than in men.

Prior studies noted the importance of exposure to lead (Boffetta

et al., 2011; Ilychova and Zaridze, 2012). However, the findings of the

current study do not support the previous research. There are several

possible explanations for this inconsistency. One of them might be the

fact that the previous studies were based on small study populations.

This inconsistency may also be due to the fact that the regression

models in the previous studies included a little number of variables of

interest. It could be argued that the positive results in those studies

were caused by the fact that no covariates were included.

For the purpose of the discussion, we created one more set of two

conditional logistic regression models in which we included only heavy

metals and welding fumes, i.e., S1) CR + NI + PB + WELD, and S2)

CR + FE + NI + PB. These experiments were designed to estimate

what effect heavy metals and welding fumes would have on ORs if they

were the only occupational exposure factors included in the final

multivariable model, that is, data for only five occupational agents

instead of 29 would be available. These experiments confirmed that for

smaller models that do not include other covariates, ORs are mostly

higher (Supplemental Table 1).

Findings on no association between the exposure to chromium (VI)

and the risk of kidney cancer are consistent with the literature (Boffetta

et al., 2011; Langard, 1994). Very little was found in the literature on

the question of exposures to iron or nickel and the risk of kidney cancer.

In our study, we were unable to examine the possible association

between occupational exposure to cadmium and risk of kidney cancer

because estimates for cadmium exposure are not included in the

NOCCA-JEM. The importance of this metal regarding kidney toxicity

due to its estrogenic nature was broadly discussed in the literature

(Johnson et al., 2003) in the context of the estrogenic features of the

kidney (Maric, 2009).

4.2. Other covariates

The results of this study indicate that there is a positive association

between exposure to asbestos and the risk of kidney cancer. This study

supports evidence from previous observations (Peters et al., 2018a, b;

Sali and Boffetta, 2000). Furthermore, we found an increased risk of

developing kidney cancer among individuals exposed to diesel engine

exhaust. This finding was also reported by Peters et al. (Peters et al.,

2018a, b) and Boffetta et al. (2001).

In this study, the physical workload was found to be associated with

a lower risk of kidney cancer. These results are likely to be related to

findings, that obesity may be associated with a higher risk of kidney

malignancies (Ildaphonse et al., 2009; Mathew et al., 2009; Sawada

et al., 2010).

Exposure to wood dust was found to be associated with a decreased

risk of developing kidney cancer. Full understanding of how wood dust

contributes to the risk of kidney cancer is still lacking. It was reported

that the standardized incidence ratio was lower among woodworkers

(Pukkala et al., 2009). However, these results need to be interpreted

with caution as there is a positive correlation between exposure to

wood dust and exposure to perceived physical workload (Supplemental

Fig. 1), which is inversely correlated with the risk of obesity, that is a

recognized risk factor of kidney cancer.

Table 4

Sex-specific odds ratios (OR) and 95% Confidence intervals (95% CI) of kidney cancer associated with exposures to heavy metals and welding fumes.

Agent (unit) Cumulative exposure Males Females

Cases Controls OR 95% CI p-value for trend Cases Controls OR 95% CI p-value for trend

Chromium b (μg/m3-years) unexposed 28,805 145,488 1.00 Ref 0.55 24,467 122,655 1.00 Ref 0.55

<1331.05 3004 14,314 1.00 0.91–1.11 244 1065 0.93 0.69–1.25

1331.05–13,611.17 2462 11,467 1.10 0.98–1.23 185 786 0.84 0.59–1.21

>13,611.17 585 3011 1.04 0.89–1.22 26 104 0.74 0.39–1.41

Iron b (mg/m3-years) unexposed 29,578 149,845 1.00 Ref 0.31 24,575 123,213 1.00 Ref 0.72

<410.84 2607 11,956 1.09 0.93–1.28 234 931 1.34 0.73–2.48

410.84–4899.30 2101 9935 1.14 0.98–1.33 105 442 1.09 0.57–2.09

>4899.30 570 2544 1.16 0.95–1.42 8 24 1.37 0.40–4.69

Nickel b (μg/m3-years) unexposed 29,527 149,453 1.00 Ref 0.42 24,547 123,079 1.00 Ref 0.82

<992.80 2620 12,210 0.92 0.79–1.06 239 1017 0.79 0.46–1.33

992.80–5624.32 2149 10,054 0.87 0.75–1.02 117 449 1.12 0.65–1.94

>5624.32 560 2563 0.93 0.76–1.14 19 65 1.49 0.60–3.70

Lead b (μmol/l-years) unexposed 27,897 141,415 1.00 Ref 0.78 24,257 121,803 1.00 Ref 0.87

<369.53 3427 15,978 1.07 1.00–1.15 447 1798 1.17 0.99–1.39

369.53–1151.97 2860 13,455 1.05 0.98–1.13 180 821 0.99 0.79–1.25

>1151.97 672 3432 0.94 0.85–1.04 38 188 0.83 0.54–1.29

Welding fumes a (mg/m3-years) unexposed 29,579 149,849 1.00 Ref 0.24 24,575 123,213 1.00 Ref 0.63

<254.00 2485 11,877 1.06 0.91–1.24 271 1093 1.25 0.69–2.29

254.00–12,281.40 2211 10,014 1.17 1.00–1.36 70 286 1.29 0.65–2.55

>12,281.40 581 2540 1.22 0.99–1.49 6 18 1.42 0.35–5.87

a OR estimates calculated using Model 2.
b OR estimates calculated using Model 1.
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Finally, an unanticipated finding was that exposure to UV radiation

was associated with a lower risk of kidney malignancies. A dose-re-

sponse effect was confirmed with the test for trend. A possible ex-

planation for this might be an increased level of vitamin D due to

sunlight exposure. These results corroborate ideas of Darling et al.

(2016). Here, again, a note of caution is due since a positive correlation

between exposure to UV radiation and exposure to perceived physical

workload exists (Supplemental Fig. 1). Physical activity decreases the

risk of obesity, that is one of the recognized risk factors of kidney

cancer.

Table 5

Odds ratios (OR) and 95% Confidence intervals (95% CI) of kidney cancer associated with exposures to heavy metals and welding fumes, by age at index date.

Agent (unit) Cumulative exposure Cases Controls OR 95% CI p-value for trend

Age at index date < 59 years

Chromium b (μg/m3-years) 13,239 66,963 1.00 Ref 0.83

< 1331.05 1183 5365 1.08 0.91–1.28

1331.05–13,611.17 827 3862 1.06 0.88–1.28

> 13,611.17 79 387 0.93 0.66–1.30

Iron b (mg/m3-years) unexposed 13,508 68,356 1.00 Ref 0.91

< 410.84 1125 4958 0.95 0.71–1.26

410.84–4899.30 623 2940 0.97 0.72–1.29

> 4899.30 72 323 1.01 0.62–1.63

Nickel b (μg/m3-years) unexposed 13,470 68,181 1.00 Ref 0.50

< 992.80 1246 5549 1.04 0.80–1.34

992.80–5624.32 485 2329 1.01 0.77–1.32

> 5624.32 127 518 1.49 1.03–2.17

Lead b (μmol/l-years) unexposed 12,876 65,278 1.00 Ref 0.74

< 369.53 1683 7722 1.05 0.95–1.17

369.53–1151.97 690 3211 1.02 0.90–1.15

> 1151.97 79 366 1.06 0.80–1.42

Welding fumes a (mg/m3-years) unexposed 13,508 68,356 1.00 Ref 0.88

< 254.00 1086 4975 0.92 0.69–1.22

254.00–12,281.40 622 2757 1.01 0.76–1.35

> 12,281.40 112 489 1.15 0.77–1.74

Age at index date 59–74 years

Chromium b (μg/m3-years) unexposed 24,892 125,119 1.00 Ref 0.96

< 1331.05 1474 7187 0.95 0.83–1.09

1331.05–13,611.17 1313 6063 1.06 0.92–1.23

> 13,611.17 297 1569 0.94 0.75–1.17

Iron b (mg/m3-years) unexposed 25,318 127,525 1.00 Ref 0.15

< 410.84 1297 6047 1.22 0.98–1.52

410.84–4899.30 1026 4855 1.22 0.98–1.51

> 4899.30 335 1511 1.41 1.07–1.85

Nickel b (μg/m3-years) unexposed 25,293 127,281 1.00 Ref 0.23

< 992.80 1196 5741 0.83 0.68–1.02

992.80–5624.32 1187 5455 0.85 0.69–1.04

> 5624.32 300 1461 0.77 0.58–1.02

Lead b (μmol/l-years) unexposed 24,370 122,861 1.00 Ref 0.67

< 369.53 1624 7524 1.09 1.00–1.20

369.53–1151.97 1652 7889 1.05 0.95–1.15

> 1151.97 330 1664 0.98 0.84–1.13

Welding fumes a (mg/m3-years) unexposed 25,319 127,527 1.00 Ref 0.13

< 254.00 1200 5767 1.14 0.92–1.42

254.00–12,281.40 1133 5190 1.27 1.02–1.56

> 12,281.40 324 1454 1.43 1.09–1.89

Age at index date > 74 years

Chromium b (μg/m3-years) unexposed 15,141 76,061 1.00 Ref 0.89

< 1331.05 591 2827 0.96 0.78–1.17

1331.05–13,611.17 507 2328 1.04 0.81–1.33

> 13,611.17 235 1159 1.06 0.78–1.43

Iron b (mg/m3-years) unexposed 15,327 77,177 1.00 Ref 1.00

< 410.84 419 1882 1.02 0.73–1.44

410.84–4899.30 557 2582 1.03 0.75–1.41

> 4899.30 171 734 0.96 0.63–1.44

Nickel b (μg/m3-years) unexposed 15,311 77,070 1.00 Ref 0.94

< 992.80 417 1937 0.96 0.70–1.30

992.80–5624.32 594 2719 0.97 0.72–1.30

> 5624.32 152 649 1.13 0.75–1.70

Lead b (μmol/l-years) unexposed 14,908 75,079 1.00 Ref 0.67

< 369.53 567 2530 1.17 1.01–1.36

369.53–1151.97 698 3176 1.16 0.99–1.35

> 1151.97 301 1590 0.94 0.80–1.12

Welding fumes a (mg/m3-years) unexposed 15,327 77,179 1.00 Ref 0.95

< 254.00 470 2228 0.95 0.68–1.34

254.00–12,281.40 526 2353 1.08 0.79–1.49

> 12,281.40 151 615 0.98 0.63–1.51

a OR estimates calculated using Model 2.
b OR estimates calculated using Model 1.
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4.3. Strengths and limitations of the study

To the knowledge of the authors, this is the first study to assess the

relationship between exposure to heavy metals and welding fumes

deploying whole national populations. The high number of kidney

cancer cases (59,778) is the main strength of our study.

Additional advantages are the linkage based on unique personal

identity codes and the accuracy of occupational coding. The method of

the linkage, by definition, ensured a complete ascertainment of relevant

events. Moreover, according to Pukkala et al. (2018), close to 100%

coverage of incident cases has been reported in each of the registries.

Findings of our study may be somewhat limited by the lack of data

regarding tobacco smoking. However, a study adjusting the incidence

of lung cancer for smoking (Haldorsen et al., 2004) supported clar-

ification that the differing smoking patterns do not explain all the oc-

cupational variation in risk. Other known risk factors for renal cancer

not taken into consideration in our research are hereditary tumors, such

as von Hippel-Lindau syndrome.

Another source of uncertainty is limited data on professional history

which was assessed only during censuses. We had to assume that there

were no changes between the age of 20 years and the earliest known

census occupation, nor between the latest known census occupation

and age of 65 years.

5. Conclusions

In conclusion, in our study, there was no association between ex-

posure to chromium (VI) or lead and the risk of kidney cancer. Multiple

regression analysis revealed that there is an elevated risk of kidney

cancer under the age of 59 in individuals with high exposure to nickel.

Moreover, among individuals diagnosed with kidney cancer at the age

of 59–74, the risk was elevated for high exposure to iron, and moderate

and high exposure to welding fumes. Concurrent exposure to the latter

agents may hinder interpretation of their roles as independent risk

factors.
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