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Novelty and Impact

Metal processor workers and workers exposed to aromatic amines had an increased risk of bladder
cancer, also in Iran. In addition, we found that the opium consumption may have been a confounding
factor. The results showed that the risk of bladder cancer was reduced in several major groups of the

International Standard Classification of Occupations after adjustment for the opium use.
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Abstract:

Globally, bladder cancer has been identified as one of the most frequent occupational cancers, but our
understanding of occupational bladder cancer risk in Iran is less advanced. This study aimed to assess
the risk of bladder cancer in relation to occupation in Iran. We used the IROPICAN case-control study
data including 717 incident cases and 3477 controls. We assessed the risk of bladder cancer in relation
to ever working in major groups of the International Standard Classification of Occupations (ISCO-68)
while controlling for cigarette smoking, opium consumption. Logistic regression models were used to
estimate odds ratios (ORs) and 95% confidence intervals (CI). In men, decreased ORs for bladder cancer
were observed in administrative and managerial workers (OR 0.4; CI: 0.2, 0.9), and clerks (OR 0.6; CI:
0.4, 0.9). Elevated ORs were observed in metal processors (OR 5.4; CI: 1.3, 23.4), and workers in
occupations with likely exposure to aromatic amines (OR 2.2; CI: 1.2, 4.0). There was no evidence of
interactions between working in aromatic amines-exposed occupations and tobacco smoking or opium
use. Elevated risk of bladder cancer in men in metal processors and workers likely exposed to aromatic
amines aligns with associations observed outside Iran. Other previously confirmed associations between
high-risk occupations and bladder cancer were not observed, possibly due to small numbers or lack of
details on exposure. Future epidemiological studies in Iran would benefit from the development of
exposure assessment tools such as job exposure matrices, generally applicable for retrospective

exposure assessment in epidemiological studies.

Introduction

Bladder cancer is one of the most common cancers among Iranian men (4th in prevalence, and 5th
in incidence), with an ascending incidence trend observed over the past decade '. Worldwide, half of
bladder cancers are attributed to tobacco smoking, followed by 5 to 20% attributed to occupational
exposure to chemicals 7. Various occupations, industries, and agents encountered in occupational
environments have been classified as carcinogenic to humans (Group 1) for bladder cancer by the
International Agency for Research on Cancer-World Health Organization (IARC-WHOQO) Monographs
8 An elevated risk of bladder cancer has also been observed among occupations such as rubber industry
workers, painters, hairdressers, dry-cleaners, and transportation workers %10 Further, exposure to four
aromatic amines including 2-naphthylamine 4-aminobiphenyl, ortho-toluidine, and benzidine, are
established occupational carcinogens for bladder cancer and usually occurring in certain jobs/ industries
such as textile, dye, rubber, leather, paint, and printing industries 112 Tn addition to tobacco smoking
and some occupational exposures, recently, opium consumption has been classified as carcinogenic to

humans (Groupl) with sufficient evidence in humans for bladder cancer risk . Several other risk



factors have been suspected to be associated with bladder cancer risk e.g., schistosomiasis infection '*

135 and genetic susceptibility "%,

To date, most studies examining bladder cancer risk in occupational settings have been conducted
in high-income countries. Information on occupational bladder cancer risk in Low- and Middle-income
countries, including Iran, is limited. Few case-control studies have estimated the risk of bladder cancer

associated with occupation in Iran '

, with results based on few cases (less than 300) in single-centre
studies. Further, few of these studies adjusted for the effects of tobacco smoking. Therefore, we took
advantage of a large, nationwide case-control study (IROPICAN: Iranian study on Opium and Cancer
risk) using available detailed data to investigate relationships between occupation and bladder cancer

in Iran, while adjusting for tobacco smoking and opium consumption.

Materials and Methods

The IROPICAN nationwide multicentre hospital-based case-control study of various cancers (lung,
urinary bladder, colorectal, and head and neck), in individuals over 18 years of age, with a total of 3299
cancer cases with a response rate of 99% for cases and 89% for controls. Cases and controls were
recruited from 27 hospitals in ten provinces across Iran between 2016 and 2020. Iran has a total of 31
provinces, but the 10 selected ones were chosen as considered representative for the entire country and
include 42.5% of the total Iranian population. Almost all patients, regardless of their socio-economic
background, have equal access to the diagnostic and treatment facilities for cancer patients provided by
the referral hospital in each province. The main objective of IROPICAN was to investigate the cancer
risks associated with opium consumption. More details on the design and study objectives have been

described elsewhere 2.

Study population

A total of 717 cases of bladder cancer were eligible for inclusion.. All histologically confirmed
(ICD-0O: C67) cases of malignant bladder cancer according to the International Classification of
Diseases for Oncology (ICD-0O-3) were actively recruited from hospitals. Only malignant cases with
newly diagnosed bladder cancer (less than one year before the interview) were eligible for participating

in the study, while all of the benign, ulcerative, and in situ tumours had to be excluded **.

For each case, a cancer-free control, frequency-matched by sex, 5-year age group, and place of
residence, was selected from visitors at the same hospital. Controls were hospital visitors who were
relatives or friends of hospitalized patients in non-oncology wards, excluding emergency rooms and
maternity wards. In the current analysis, we included 3477 controls (2392 male, and 1085 female) from

the main study, i.e., controls that initially were recruited for all cancers, to increase sample size.
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Data collection

Information was gathered from eligible participants by trained interviewers via a semi-structured
questionnaire during a face-to-face interview. Participants reported up to three jobs or other types of
work circumstance longer than a year in their lifetime, including job title, industry or company title, job
tasks, and age at start and end of each job. Three jobs were sufficient to capture the entire lifetime

occupational history for the vast majority of Iranians.

Data on demographics (age, sex, place of residence), exposure to environmental tobacco smoke, and
individual consumption history of tobacco smoking, opium, and water-pipe smoking were collected.

For each individual substance status, duration, frequency, and amount was recorded by time.

All occupation titles were coded using International Standard Classification of Occupations (ISCO-
68) at the 5-digit level *°. A binary variable (ever/never) was created for each ISCO-68 major group
(nine major groups including military service), and each selected high-risk occupation for bladder
cancer (ever/never) in the workers’ lifetime career. The selected high-risk occupations were either
classified by IARC-WHO Monographs programme, e.g. metal industry workers, rubber industry
workers, chemicals and dyes manufacturing, painters, and occupations that routinely applying some of
the aromatic amines explicitly; such as 2-naphthylamine, 4-aminobiphenyl, ortho-toluidine, and
benzidine *°; or the excess risk of bladder cancer has been previously reported in workers in the printing
and textile industries, welders, petroleum industry workers, hairdressers, leather goods makers,
electronic workers, glass industry workers, and plumbers * ¢. We also included construction workers
and drivers for further evaluation, as previous studies have found an increased risk of bladder cancer in
the Iranian population ' *2. On the other hand, we excluded hairdressers from the list of high-risk
occupations for bladder cancer. Beauty salons in Iran are gender -specific in which the male hairdressers
have different tasks in comparison to the female hairdressers in beauty salons; normally they cut, style,
and trim hair or shaving or trimming of beards and moustaches. Therefore, commonly used cosmetic

products are not routinely applied in male beauty salons.

The list of potential high-risk occupations and the associated ISCO-68 codes (based on 5-digit codes)
are listed in Table S1. To create each specific occupation in the list, all corresponding codes were
extracted from the ISCO-68 handbook and finally all relevant codes for the specific occupation were

grouped together.

Variability in tasks and potential exposures within a specific occupation is well understood *’;
therefore, we decided to combine occupations in which workers potentially are exposed to some
aromatic amines (i.e. 4-aminobiphenyl 4-APB, benzidine and metabolites, and 2-naphthylamine that

have been identified as a Group 1 carcinogen for bladder cancer) **. Exposure to aromatic amines occurs



mainly during their production or use (i.e., chemical engineering technician and chemical processers
workers, rubber and plastic industry workers). Some occupations with high exposure to aromatic
amines, such as those in auramine production, magenta production, and print workers were not
represented in the current study, The list of high-risk occupations (using 5-digit ISCO 68 codes) is
presented in Table S2.

Statistical analysis

The Chi-square test for categorical variables was applied to assess potential differences between
cases and controls regarding distributions of age groups, individual substance use (e.g., tobacco, opium,
water-pipe), and environmental tobacco smoke. Two-sided p-values were used with a 5% nominal

statistical significance.

To investigate associations between occupation and bladder cancer, odds ratios (ORs) and 95%
confidence intervals (Cls) were computed using unconditional logistic regression models as detailed

below.

Three models were fitted to assess the risk of bladder cancer associated with ISCO 68 major groups
and selected occupations (based on 5-digit codes); classifying the remaining study population as non-
exposed. Model 1 was adjusted for age (5-years categories) and residential areas (10 provinces), The
provinces were however chosen in a way to represent the different geographical and cultural areas of
the country and included the capital of Iran(no adjustment for sex needed as only males were analysed)
In model 2, cigarette smoking status (never/former/current) and intensity (never smokers/ <10/ 10-20/
>20 pack years) was added to Model 1. Model 3 included model 1 and model 2 plus opium consumption
(never users; <1 time day; 1-2/day; >2/day). In the text we refer to the fully adjusted model (model 3)
unless otherwise mentioned. Water-pipe smoking (never/ever) and environmental tobacco smoke
exposure (never/ever) did not change effects observed in the models so were not retained in the final

analyses. Since only 93 cases were women and the vast majority of them were housewives, we didn't

have any cases for almost all the potentially high-risk occupations for bladder cancer.

The interaction between occupational exposure to aromatic amines and smoking has been reported
previously ¥°. Thus, this interaction was examined on an additive scale by calculating the relative excess
risk due to interaction (RERI), and on a multiplicative scale using an interaction term between exposed
workers to aromatic amines (never vs ever) and smoking status (never vs ever smoker) in logistic
regression models *°. This was also done with opium consumption (never vs ever) instead of smoking

to test for potential interaction between exposure to aromatic amines and opium consumption.

Statistical analyses were conducted using the statistical package STATA 15.1 (StataCorp. 2017.
Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC, licensed to IARC — CIRC).
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Results

Characteristics of the 624 male, and 93 female cases and 2392 male, and 1085 female controls are
presented in Table 1. The mean age for cases was 63.4 years and 57.9 years for controls, with 3.8
controls per case in men. In women, the mean age for cases was 65.2 years and 56.2 years for controls,
with 11.7 controls per case. Cigarette smoking, opium consumption, were more frequent among cases
compared to controls in both sexes. Out of 3016 participants, only 1066 (35.3%) had held a second

occupation, while only 170 (5.4%) of them had held a third occupation in their lifetime career.

Table 2 presents information on the risk of bladder cancer by ever having worked in ISCO-68 major
occupational groups. In men, an inverse association was observed in the fully adjusted model for
administrative and managerial workers (OR 0.4; CI: 0.2, 0.9), and clerks (OR 0.6; CI: 0.4, 0.9). An
increased risk of bladder cancer was observed in the baseline model for plant and machine operators
(OR 1.4; CI: 1.0, 1 .8), and elementary occupations (OR 1.3; CI: 1.0, 1.5), however this effect was
attenuated in subsequent adjusted models. No other significant associations were observed for other

major groups. No significant associations were found in the main occupational groups for women.

The risk of bladder cancer associated with ever having worked in selected high-risk occupations for
bladder cancer are shown in table 3. An elevated risk of bladder cancer was observed among metal
processors (OR 5.4; CI: 1.3, 23.4), based on small numbers of exposed subjects (5 cases; 4 controls).
Also, increased risk was observed in occupations with likely exposure to aromatic amines (OR 2.2; CI:
1.2, 4.0). An elevated risk of bladder cancer was observed among heavy vehicles drivers in Model 1

(OR 1.7; CI: 1.1, 2.7), which became nonsignificant when adjusting for substance use.

We did not observe an increased risk of bladder cancer among painters, plumbers, hairdressers, and
rubber industry workers. However, non-significant increased risk has been observed in some other
occupations including construction workers, road drivers, welders, electronic workers, and glass

industry workers.

Table 4 shows the joint effects of smoking tobacco or opium use and having worked in occupations
with exposure to aromatic amines. No significant deviations from an additive or multiplicative scale

were observed.

Discussion

This study examined the risk of bladder cancer in various occupations in Iran, and is the largest
epidemiological study to date; with detailed collected occupational history data *'. In men, inverse

associations were observed in two major ISCO-68 groups of white-collar occupations including
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administrative and managerial workers, and clerks, while adjusting for tobacco smoking and opium
consumption. Elevated risks of bladder cancer were observed in the major ISCO-68 groups of plant and
machine operators, and elementary occupation workers, with attenuated associations when adjusted for
potential confounders. We did not find any associations between major occupational groups and the

risk of bladder cancer in women.

Further analyses of specific occupations revealed increased risk of bladder cancer in metal processors,
and in workers with a high probability of exposure to aromatic amines. A positive association was also
observed in heavy vehicle drivers, although the association was attenuated after full adjustment for

substance use.

The lower risk of bladder cancer among white-collar workers may be explained by the healthier
lifestyle and higher socio-economic status of this group compared with other occupations. Previous
studies have shown that the prevalence of smoking is higher among some “elementary occupations” 3>
3. Therefore, adjustment is very important for individual substance use habits including smoking.
Adjustment for opium consumption, which has been recently classified as a human carcinogen,
(including for urinary bladder cancer) by the IARC monograph programme ", is also important because
over 40 per cent of the world's opium use takes place in Iran **. The latest study, based on data from the
IROPICAN study, shows that the adjusted risk of bladder cancer associated with ever opium
consumption is 3.5 (CI: 2.8, 4.3) *°. After adjustment for this risk factor, the risk of bladder cancer may

be significantly affected.

Metal processing is an occupation where workers may have concomitant exposure to a variety of
chemicals from metal working fluids (MWFs), which may contain known and suspected carcinogenic
substances such as PAHs, which are established carcinogens linked to bladder cancer. The excess risk
of bladder cancer in some occupations in the metal industry, such as sheet metal workers, blacksmiths,
and machinists, may be due to exposure to chemicals that are no longer used in high-income countries,
e.g., benzidine or b-naphthylamine *’. In this study, metal processors were found to have an excess risk
of bladder cancer, although based on small numbers of subjects. This finding is consistent with that of

3 An elevated risk of bladder cancer has often been found in metalworking

previous studies
occupations, but most have not addressed MWFs exposure using quantitative measurements, therefore
it’s not clear which agents in MWFs are attributable to the bladder cancer risk®”>? *>*!_ On the basis of
quantitative measurements, only one cohort study has been conducted and has reported an increased

risk of bladder cancer in association with MWFs #2.,

Occupational exposure to aromatic amines i.e., 4-aminobiphenyl, 2-naphthylamine, benzidine and
its metabolites have been classified as carcinogenic to humans and are strongly and consistently
associated with bladder cancer development **. On the other hand, tobacco smoking is known as a

source of exposure to the mixture of potential carcinogenic chemicals including aromatic amines that



may lead to excess risk of bladder cancer in smokers. However, aromatic amines has been detected in
urine of non-smokers as well, suggesting a role of occupational exposure ****. In this study, an elevated
risk of bladder cancer was observed in a group of occupations with potentially high levels of exposure
to aromatic amines (i.e., chemical engraining technician and chemical processers workers, painters,
rubber, and plastic industry workers). Since there are no exposure measurements data available to
characterize exposures for potential high-risk occupations in Iran *', it is unclear if the observed
association is related to occupational exposure to aromatic amines or to other carcinogenic agents, for
example: PAHs or PAH derivatives (i.e., 2-nitronaphthalene which can be metabolized to 2-

naphthylamine of aromatic amines) ***.

We observed an excess risk of bladder cancer in heavy vehicle drivers, which is consistent with
some previous findings ***°, but the association was rather weak and not statistically significant in the
fully adjusted model. Truck drivers tend to have the highest exposure to PAHs from diesel exhaust,
including 2-nitronaphthalene and benzene *°. It is assumed that exposure to the nitro-PAHs, namely 2-
nitronaphthalene, which is produced during incomplete combustion, could be an indirect source of
exposure to 2-naphthylamine in drivers *. However, it is not clear if the excess risk is attributed to

PAHs or some aromatic amines °'.

While workers in occupations such as rubber industry workers, painters and workers in benzidine-
based dyestuffs industries (e.g. textile workers, leather workers, plastics workers), are exposed to a
variety of human carcinogens, including known bladder cancer carcinogens such as aromatic amines *
6.28,52.10.53.54 " oyr study found no significant excess risk for these occupations. workers may be exposed
to PAHs, solvents and aromatic amines during rubber manufacturing and vulcanisation ** **. For
instance, previous studies in rubber industry have indicated correlations between increased risk of
bladder cancer and exposure to some aromatic amins e.g. 2-naphthylamine in those units of rubber
industry manufacture that has been used more than other units °*°’, but the quantity of exposure to
aromatic amines in various units of rubber industries in Iran is not known. Painters may be exposed to
several confirmed bladder cancer carcinogens including 2-naphthylamine, 4-aminobiphenyl and
benzidine through exposure to dyes and pigments (e.g., aromatic azo dyes, phthalocyanines, rhodamine
and benzidine-based dyes) and to some other carcinogens such as nickel and chromium compounds,
silica, asbestos, and PAHs (e.g. benzene in solvents) but in this study either we didn't observe excess
risk of bladder cancer in painters 52 % . The small number of workers in these jobs, with insufficient
statistical power to detect associations, is one possible explanation. Another explanation may be that

the circumstances of exposure in Iran are different from those in other countries.

The results of this study did not show joint effects between occupational exposure to aromatic
amines and individual substance use including tobacco smoking and opium consumption, even though

this association has been reported previously *.



Although the IROPICAN study was not specifically designed to evaluate the effects of occupation
on cancer, the available information on occupational history is rich, including the duration of
employment in each held occupation. Approximately five percent of participants had held a third job,
so the rest of participants had held one or two job in their life, therefore; we assume this study has
covered life-time career job history of the vast majority of participants. Mostly epidemiological studies
of occupational cancer, considering tobacco smoking as the main risk factor for bladder cancer, and
almost never adjusting for opium consumption. The present study is the first to adjust for the effect of

opium consumption in occupational cancer research.

There are nevertheless limitations to this work. First, various occupations were merged into
groupings that may not have reflected exposures unique to specific occupations or occupational tasks,
thus potentially masking effects in certain subpopulations. Job titles were used as a surrogate indicator
of occupational exposure to aromatic amines to detect the risk of bladder cancer in workers who
possibly were exposed to the aromatic amine components in workplace environment, therefore, at the
individual level of exposed study participants, no definitive attribution of direct exposure to aromatic
amines can be made. Although there is sufficient statistical power in some occupational groups, the
small sample size in some of specific high-risk occupations, such as painters or rubber workers, with a

non-statistically significant reverse association may be explained by the small sample size.

In conclusion, our findings show associations between increased bladder cancer risk and working
as metal processor and working in occupations with high-level of exposure to aromatic amines, after
controlling for smoking and opium consumption. This suggests that exposure to aromatic amines
contribute to the bladder cancer burden also in Iranian industries, that need control measures to reduce
exposures and protect workers. Further priority work should be to develop a specific job-exposure-
matrix (JEMs) specialized for the Iranian working population that allows investigations of specific

chemical agents and occupational cancer risk in the country.
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Tables

Table 1: Characteristics of the study population by case-control status and sex

Study participants’ characteristics Male N (%) p-value fozr)nale N “p-value
Cases ggr;tzrols Cases Controls
624 (100.0) (100.0) 93 (100.0) 1,085 (100.0)
Age categories, years n (%) n (%) <0.001 n (%) N <0.001
<35 4(0.6) 73 (3.0) 2 (2.5) 45 (4.1)
35-39 6(0.9) 87 (3.6) 2 (2.5 52 (14.8)
40-44 14 (2.4) 138 (5.8) 4(4.3) 91 (8.4)
45-49 29 (4.6) 219 (9.2) 33.2) 111 (10.2)
50-54 65 (10.4) 324 (13.5) 9 (9.7) 150 (13.8)
55-59 101 (16.2) 422 (17.6) 5(5.4) 174 (16.0)
60-64 126 (20.2) 430 (18.0) 12 (12.9) 184 (17.0)
65-69 110 (17.6) 331 (13.8) 20 (21.5) 147 (13.5)
70-74 68 (10.9) 206 (8.6) 12 (12.9) 83 (7.6)
75-79 62 (9.9) 99 (4.1) 9(9.7) 26 (2.4)
80- 84 19 (3.0) 47(1.2) 11 (11.8) 15(1.4)
85+ 20(3.2) 16 (0.7) 4(4.3) 7 (0.6)
Cigarette smoking status <0.001 0.08
Never smokers 194 (31.1) 1,438 (60.1) 88 (94.6) 1,040 (95.9)
Former smokers 145 (23.2) 383 (16.0) 0(0.0) 20 (1.8)
Current smokers 285 (45.7) 571(23.9) 5(54) 25 (2.3)
Intensity of smoking (pack/year) in ever smokers <0.001 0.6
<10 83 (13.3) 359 (15.0) 2(2.1) 28 (2.6)
10 to 20 88 (14.1) 207 (8.6) 1(1.2) 8(0.7)
>20 259 (41.5) 388 (16.2) 2(2.1) 9 (0.8)
Opium consumption status (times/day) <0.001 <0.001
Never 330 (52.9) 1,966 (82.2) 87 (93.5) 1,060 (97.7)
<l/day 123 (19.7) 294 (12.3) 2(2.1) 20 (1.8)
1-2/day 115 (18.4) 99 (4.1) 1(1.1) 2(0.2)
>2/day 56 (9.0) 33 (1.4) 3(3.2) 3(0.3)
Water-pipe smoking 0.1 0.2
Never 573 (91.8) 2,239 (93.6) 82 (88.2) 999 (92.1)
Ever 51(8.2) 153 (6.4) 11 (11.8) 86 (7.9)
Environmental tobacco smoke 0.9 0.6
Never 457 (73.2) 1,749 (73.1) 62 (66.7) 696 (64.1)
Ever 167 (26.7) 643 (26.9) 31(33.3) 389 (35.9)
The longest occupation held (major groups of ISCO-68) <0.001 0.4
0/1: Professional, Technical and Related Workers 58 (9.1) 266 (11.1) 1(1.1) 54 (5.0)
2: Administrative and Managerial Workers 7(L.1) 61 (2.5) 0(0.0) 10 (0.9)
3: Clerical and Related Workers 30 (4.8) 211 (8.8) 4(4.3) 15(1.4)
4: Sales Workers 59 (9.5) 182 (7.6) 1(1.1) 10 (0.9)
S: Service Workers 25 (4.0) 125 (5.2) 1(1.1) 29 (2.7)
6: Agricultural, Animal Husbandry and Forest 152 (24.4) 541 (22.6) 4(4.3) 56 (5.2)
7: Craft and related trades workers 36 (5.8) 147 (6.1) 3(3.2) 37.(3.4)
8: Plant and machine operators 48 (9.6) 172 (7.2) 0(0.0) 1(0.1)
9: Elementary occupations 152 (30.3) 554 (23.1) 1(1.1) 8(0.7)
X: Military Force 9 (1.8) 130 (5.4) - -
X1: Housewives - - 77 (82.8) 859 (79.2)
Missing, students, jobless 1(0.2) 9(0.4) 1(1.1) 6 (0.5)
Note: ISCO-68, International Standard Classification of Occupations; OR, odds ratio; CI, confidence interval; N, number; —, no data.

“p-value for heterogeneity

16




Table 2: Risk of bladder cancer related to ever having worked in ISCO-68 major occupational groups stratified

ISCO-68 major groups Ever worked Model 14 Model 2° Model 3¢

(Cases/Controls) OR (95% CI) OR (95% CI) OR (95% CI)

Male Female Male Female Male Female Male Female
0/1: Professional, Technical and Related Workers 71/ 318 3/75 0.8 (0.6, 1.1) 0.5 (0.1, 1.7) 1.0 (0.7, 1.3) 0.5 (0.1, 1.7) 1.1 (0.8, 1.5) 0.5(0.2, 1.9)
2: Administrative and Managerial Workers 10/93 0/ 11 0.4 (0.2,0.8) No cases 0.4 (0.2,0.8) No cases 0.4 (0.2,0.9) No cases
3: Clerical and Related Workers 36/ 252 4/23 0.5(0.4,0.7) 3.0(0.9,9.5) 0.6 (0.4, 0.8) 2.6 (0.8, 8.7) 0.6 (0.4, 0.9) 2.7(0.8,9.2)
4: Sales Workers 81/282 1/16 1.1(0.8, 1.4) 1.7(0.2,14.0) | 1.1(0.8,1.4) 1.9(0.2,15.1) | 1.1(0.8,1.5) 1.9 (0.2, 15.7)
5: Service Workers 36/ 173 3/55 0.7 (0.5, 1.1) 1.0 (0.3,3.3) 0.7 (0.5, 1.1) 0.8 (0.2,2.9) 0.8 (0.5, 1.2) 0.9 (0.3,3.2)
6: Agricultural, Animal Husbandry and Forest 191/ 676 7/ 70 1.1 (0.9, 1.3) 1.4 (0.5, 3.8) 1.1 (0.9, 1.3) 1.5(0.5, 4.0) 1.0 (0.8, 1.2) 1.5(0.6,4.1)
7: Craft and related trades workers 56/ 196 3/75 1.1 (0.8, 1.5) 0.6 (0.5, 2.0) 1.1 (0.8, 1.5) 0.6 (0.2, 2.0) 1.2 (0.8, 1.6) 0.5 (0.1, 1.8)
8: Plant and machine operators 68/ 229 0/3 1.4 (1.0, 1.8) No cases 1.2 (0.9, 1.7) No cases 1.1(0.7, 1.4) No cases
9: Elementary occupations 206/ 717 1/14 1.3 (1.0, 1.5) 1.5(0.2,12.4) | 1.1(0.9,1.4) 1.3(0.2,10.9) | 1.0(0.8,1.3) 0.8 (0.1,9.1)
X: Military Force 24/ 148 - 0.6 (0.4,0.9) - 0.7 (0.4, 1.1) - 0.8 (0.5, 1.3) -
Xi: Housewives - 78/ 875 - 0.8 (0.4, 1.5) 0.8 (0.4, 1.6) - 0.8 (0.4, 1.6)

Note: Each occupational group is individually compared to the respective remaining group of samples. ISCO-68, International Standard Classification of Occupations; OR, odds ratio; CI, confidence interval;
N, number; The figures may not match those in Table 1 because Table 1 is based on the longest occupation held, whereas Table 2 compares ever with never, using all occupations held.

“Model 1 (M1) includes age categories (5-year categories) and residence (provinces)

»Model 2 (M2) includes M1 variables plus cigarette smoking status and intensity.

“Model 3 (M3) includes M2 variables plus opium consumption.
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Table 3: Risk of bladder cancer associated with ever having worked in the selected specific occupations (ISCO-68) in men

ISCO-68 selected occupations Ever worked Model 14 Model 2° Model 3¢

N (Cases/Controls) OR (95% CI) OR (95% CI) OR (95% CI)
Textile industry workers 12/ 49 1.0 (0.5, 1.8) 0.9 (0.4, 1.7) 0.6 (0.3, 1.6)
Painters 3/31 0.4 (0.1, 1.5) 0.3 (0.1, 1.2) 0.3 (0.1, 1.3)
Construction workers 90/ 316 1.2 (0.9, 1.5) 1.2 (0.9, 1.5) 1.1 (0.8, 1.5)
Road drivers 54/ 188 1.2 (0.8, 1.6) 1.0 (0.7, 1.4) 1.0 (0.7, 1.5)
Heavy vehicles drivers 26/ 69 1.7 (1.1,2.7) 1.4(0.9,2.4) 1.2(0.7,2.1)
Welders 16/53 1.3(0.7,2.4) 1.3(0.7,2.5) 1.1(0.6,2.1)
Plumber 3/21 0.7(0.2,2.3) 0.7(0.2,2.4) 0.5(0.1, 1.8)
Petroleum industry workers 4/ 13 1.2(0.4,3.7) 1.9 (0.6, 6.9) 2.3(0.7,7.5)
Rubber industry workers 3/17 0.7 (0.2, 2.6) 0.7 (0.2, 2.5) 0.8(0.2,2.9)
Hairdresser 5/32 0.7 (0.3, 1.9) 0.6 (0.2, 1.8) 0.5(0.2, 1.5)
Metal processors 5/4 4.1 (1.0, 16.1) 3.8(0.8, 16.5) 54(1.3,23.4)
Leather goods makers 4/7 1.9(0.5,6.7) 1.5(0.4, 5.6) 1.1(0.3,4.2)
Mechanics 18/55 1.4(0.8,2.4) 1.4 (0.8, 2.5) 1.1 (0.6, 2.0)
Electronic workers 10/ 40 1.2 (0.6, 2.5) 1.2(0.5,2.5) 1.2 (0.5, 2.6)
Glass industry workers 7/ 15 1.9(0.7,4.9) 1.6 (0.6,4.2) 1.8 (0.6, 5.0)
Workers likely exposed to | 21/48 1.7 (1.0, 3.0) 1.9(1.1,3.3) 2.2(1.2,4.0)
aromatic amines

Note: ISCO-68, International Standard Classification of Occupations; N, number; OR, odds ratio; CI, confidence interval.
“Model 1 (M1) is adjusted for age categories (5-year categories) and residence (provinces)
»Model 2 (M2) is adjusted for M1 plus cigarette smoking status and intensity.
“Model 3 (M3) is adjusted for M2 plus opium consumption.
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Table 4: Effect modification between smoking or opium consumption; and employment in high-risk occupations for

aromatic amines exposure

Exposure status to cigarette smoking N OR “ (95% CI)
Case/Controls

Never-smoker and aromatic amines exposed worker 173/ 1273 ref

Never smoker and aromatic amines exposed worker 9/27 2.51.1,5.7)

Ever-smoker and never aromatic amines exposed worker 430/ 1073 33(2.7,4.0)

Ever-smoker and ever aromatic amines exposed worker 12/ 21 5.0(2.3,10.6)

P value multiplicative interaction 0.9

RERI * 0.1(-4.1,3.0)

Exposure status to opium consumption

Never-opium user and never aromatic amines exposed worker 290/ 1801 ref

Never-opium user and aromatic amines exposed worker 15/ 40 23(1.2,4.4)

Ever- opium user and never aromatic amines exposed worker 313/ 545 4.5(3.7,5.6)

Ever- opium user and ever aromatic amines exposed worker 6/ 8 6.8(2.2,20.4)

P value multiplicative interaction 0.8

RERI b 0.9 (-6.7, 8.4)

Note: N, number; OR, odds ratio; CI, confidence interval.

“ Adjusted odds ratio for age categories (5-year categories), and residence (provinces)
» RERI: biological interaction on an additive scale: relative excess risk due to interaction
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