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Background: While it is well-established that occupational exposures significantly
contribute to the risk of developing lung cancer, there remains a notable gap in
understanding the specific sex differences in lung cancer risk, particularly
among female workers. This study aimed to examine sex differences in lung
cancer risk across various occupations, with an emphasis on the female workforce.
Methods: A cohort of approximately 2.37 million workers with lost-time
compensation claims were linked to the Ontario Cancer Registry and followed
until lung cancer diagnosis, age 85, emigration, death, or end of follow-up (Dec
31, 2020). Cox proportional hazards models were used to estimate sex-specific
hazard ratios (HRs) and 95% confidence intervals (Cls) for lung cancer by
occupational group (division, major and minor levels), adjusted for birth-year
and age and indirectly adjusted for cigarette smoking.

Results: A total of 12,216 and 30,291 incident lung cancer cases were identified
among females and males, respectively. Several occupations demonstrated stronger
associations for lung cancer in females, with at least a 20% increased risk compared
to males. These occupations at the major level include food and beverage
preparation services (HR =119, 95% Cl =1.13-1.26); materials processing (chemical,
petroleum, rubber, plastic) (HR =135, 95% Cl =1.19-152); wood processing (HR =
1.87, 95% Cl=122-2.87); metal machining (HR =156, 95% Cl=1.21-2.00); metal
shaping and forming (HR =146, 95% Cl=132-162); fabricating and assembling
metal products (HR = 1.37, 95% Cl = 1.25-1.51), other construction trades (HR =1.54,
95% Cl=116-2.05), motor transport operating (HR =169, 95% Cl=148-1.94),
mechanic and repair work (HR =139, 95% Cl=1.04-1.85); and printing (HR =1.51,
95% Cl =1.30-1.75). These patterns were similar across minor level occupations.
Conclusions: This study identified sex differences across various occupations, with
some occupational groups demonstrating stronger associations among female
workers. However, these findings should be interpreted with caution. The observed
differences may be attributed to various factors that influence risk, such as
occupational exposures, use and effectiveness of personal protective equipment,
and other biological or lifestyle factors.
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Lung cancer is the leading cancer and cause of cancer-related deaths in Canada (1). It
has been estimated that occupational exposures are responsible for approximately 15% of
lung cancer cases in Canada (2). Despite substantial contributions to occupational lung
cancer research, there is a significant knowledge gap when it comes to understanding sex
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differences in occupational lung cancer risk. Research on
occupational risk factors for lung cancer have primarily focused
on males, lacking sufficient evidence regarding female workers (3).

The International Agency for Research on Cancer (IARC) has
identified many occupational exposures, such as asbestos, acheson
process, aluminum production, arsenic, cadmium, chromium VI,
diesel engine exhaust, iron and steel founding, nickel, outdoor air
pollution, painting, radon-222, soot, silica dust, welding fumes,
and x- and gamma-radiation, as lung carcinogens in humans (4).
There is evidence linking lung cancer risk to specific male-
dominated occupations in construction (5), quarries, sand pits and
mining (6), transportation (7), painting (8), and welding (9), even
after adjusting for cigarette smoking. However, there is limited
understanding of sex-specific differences in lung cancer risk (10).
Some studies have explored occupations where females may be at
), and nail salons (13, 14),
), and
volatile organic compounds (14), respectively. Another study

a risk, such as hairdressing (11,
which may involve exposure to chemicals in hair dyes (

identified increased risk of lung cancer among female nurses with
long duration of rotating night shift work, although this was only
(15).

tobacco smoke exposure, including second-hand smoke, varies by

observed among smokers Furthermore, environmental
occupation, with certain industries having the highest exposure
(e.g., trades, transport, and equipment operating; sales and
services) (16). Exposure to environmental tobacco smoke may also
differ by sex, although findings have been limited (17).

Exposures to carcinogens within the same industry or occupation
may vary by sex. Personal protective equipment (PPE) and safety
measures may not be equally effective for females as they are for
males, given that the equipment is not designed with female-
specific fit in mind (18). Additionally, females may have less
training in proper PPE use and experience higher energy costs
when using PPE (18). Gender roles may also influence specific
tasks assigned to workers within a particular industry or
). Studies

have shown that females and males with the same job title often

occupation, leading to sexual division of labour (18,
perform different tasks (20, 21). For example, in railway cleaning
occupations, females were more likely to be assigned tasks
involving greater exposure and inhalation of chemical products (21).

The objective of this study was to examine potential sex differences
in lung cancer risk within the Occupational Disease Surveillance
System (ODSS), a large cohort of Ontario workers. This study aimed
to explore whether females may have a higher risk of lung cancer
compared to males, across the same occupational groups.

2.1. Data linkage

The Occupational Disease Surveillance System (ODSS) is a unique
cohort that was developed by linking Ontario workers to large
administrative health databases to monitor occupational disease (22,

). The ODSS was
compensations claimants from the Workers Safety Insurance Board
(WSIB) from 1983 to 2019 (n=2,387,756). The WSIB claims data

established using accepted lost-time
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included the workers’ occupation and industry at the time of claim.
Occupation was coded according to the 1971 Canadian Classification
Dictionary of Occupation (CCDO) and industry was coded using the
1970 and 1980 Standard Industrial Classification (SIC). Both coding
systems consist of three levels of classification: division (broadest),
major (intermediate), and minor (most specific). Workers with
missing sex, birthdate, claim date, occupation/industry, or under the
age of 15 years were excluded (n = 17,557). Workers were then linked
using name, sex, and birthdate to the Registered Persons’ Database
(RPDB) which provides information on death data, residence in the
province (emigration), and unique health insurance number (HIN).
A small number of workers could not be linked to the RPDB due to
missing information (n=1,979). This linkage resulted in a total of
2,368,220 workers in the cohort ( ).

Workers were then linked to the Ontario Cancer Registry
(OCR) (1964-2020) through deterministic (by use of HIN) and
probabilistic (without HIN, by use of name, sex, birth date, and
death date) linkages. Workers with a cancer diagnosis prior to
cohort entry (January 1, 1983) were excluded as these were
). Workers
entering the cohort with a cancer claim were also excluded from

recognized as prevalent cases (n=197,927) (

this analysis. Incident cases were coded using the International
Classification of Diseases 10th Revision.

2.2. Statistical analysis

Entry into the cohort was based on the first claim and workers
were censored at date of cancer diagnosis, death, emigration, age
85, and the end of the study period (December 31, 2020). Lung
cancer risk was estimated using a Cox proportional hazard
model to compare the risk within one occupation to all other
groups within the cohort.

All models were adjusted for age at start of follow-up and birth
year and indirectly adjusted for current and former cigarette
smoking. Indirect adjustment for cigarette smoking was achieved
using another provincial data source known as the Canadian
Community Health Survey (CCHS). The CCHS is a cross-sectional
national survey that collects information on health determinants,
health status, among other characteristics. Prevalence estimates (i.e.,
the proportion of current and former smokers) were calculated
from division level industry groups obtained from eight pooled
cycles of the CCHS (2007-2014) for Ontario respondents only (age
15 and older). Stratums were created by grouping CCHS
participants by their North American Industry Classification
System (NAICS) code, sex, and birth year (as five-year age groups).
The prevalence of current and former smokers was calculated for
ODSS uses the Standard Industrial
Classification (SIC), a different coding system from what is used in

each stratum. As the
the CCHS data; a crosswalk was required and successfully applied
between the two datasets to help transition from one coding
system to the other. This is to ensure that industry groups
presented in the ODSS were represented by the industry groups in
the CCHS data. If workers had multiple claims for different
industries, smoking proportion was assigned based on their first
accepted claim.
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Workplace Safety & Insurance Board (WSIB) Claims Data
1983-2019
Workers n=2,387,756

Probabilistic and
deterministic linkage
processes

Excluded workers with missing information (sex,
[~ birth date, death date, claim date, occupation,
industry) or if below the age of 15 years (n=17,557)

Registered Persons

Provides information on sex,
| birth date, death date,

Database (RPDB) emigration out of Ontario, and
health insurance number (HIN)
(workers excluded, n=1,979)
ODSS Worker Cohort
1983-2019

n=2,368,220

Probabilistic and
deterministic linkage
processes

Ontario Cancer Registry

(OCR) Records | (diagnose date prior to
cohort entry) were excluded
1964-2020 (n=197,927)

Prevalent cases of cancer

Female workers
n=835,218
(age 15 to 85 years at cohort entry)

Lung cancer cases
n=12,216

Male workers
n=1,525,432
(age 15 to 85 years at cohort entry)

Lung cancer cases
n=30,291

FIGURE 1

system (ODSS).

Description of the linkage process used to identify incident cases of lung cancer among female and male workers in the occupational disease surveillance

Hazard ratios (HR) and 95% confidence intervals (CI)
were calculated for each occupation group at division,
major, and minor levels. Hazard ratios for occupational
groups in which there were less than 6 cases are suppressed
reporting guidelines.  Statistical analysis was
performed using SAS V.9.4 (SAS Institute). This study was
approved by the University of Toronto Health Sciences
Research Ethics Board (#39013).

due to

3. Results

A total of 12,216 (29%) and 30,291 (71%) incident lung cancers
were identified among females and males, respectively. Follow up-
time was generally shorter for lung cancer cases but similar for
both sexes (Table 1).

By occupation at the division level, sex differences in lung
cancer risk were observed with adjustment for age at start of

TABLE 1 Descriptive characteristics of lung cancer cases and the overall ODSS cohort (1983-2020).

Lung cancer cases

Overall ODSS cohort

Females

N, (%) 12,216 (29%)

Males
1,525,432 (65%)

Females
835,218 (35%)

Males
30,291 (71%)

Year of birth, median (IQR) 1945 (1937-1952)

1941 (1933-1949) 1960 (1950-1970) 1960 (1949-1969)

Years of follow-up, median (IQR) 19 (12-25) 19 (12-26) 21 (12-30) 25 (16-32)
Age at start of follow-up, median (IQR), years 48 (40-54) 48 (40-56) 37 (27-48) 33 (25-44)
Age at end of follow-up, median (IQR), years 65 (58-72) 66 (59-73) 59 (49-69) 59 (50-69)

n, number of workers; IQR, interquartile range; ODSS, occupational disease surveillance system.
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TABLE 2 Sex-specific risk of lung cancer by division level occupation groups compared to all other workers in the ODSS (1983-2020).

Females

Males

Division level occupation groups

HR* (95% ClI) HR* (95% CI)

Managerial and Administrative 216 0.89 (0.78-1.02) 228 0.72 (0.64-0.83)
Natural Sciences, Engineering, Mathematics 60 0.86 (0.66-1.10) 304 0.77 (0.69-0.87)
Social Sciences 240 0.90 (0.79-1.03) 83 0.91 (0.73-1.12)
Teaching 336 0.56 (0.50-0.62) 89 0.40 (0.33-0.49)
Medicine and Health 1,623 0.87 (0.83-0.92) 212 0.77 (0.67-0.88)
Artistic, Literary, Recreational 53 0.98 (0.75-1.29) 111 0.97 (0.80-1.17)
Clerical 1,786 1.07 (1.02-1.13) 1,683 0.98 (0.94-1.03)
Sales 1,078 1.01 (0.95-1.08) 816 0.83 (0.78-0.89)
Services 3,178 1.18 (1.13-1.23) 3,341 0.97 (0.93-1.00)
Farming, Horticultural, Animal Husbandry 107 0.92 (0.76-1.11) 577 1.02 (0.94-1.11)
Forestry and Logging 7 1.66 (0.79-3.48) 255 1.07 (0.95-1.21)
Mining and Quarrying, including Oil/Gas Fields 6 2.79 (1.25-6.21) 489 1.38 (1.26-1.51)
Processing (Mineral, Metal, Chemical) 334 1.27 (1.14-1.41) 1,410 1.27 (1.21-1.35)
Processing (Food, Wood, Textile) 571 1.07 (0.98-1.16) 1,200 1.02 (0.96-1.08)
Machining 504 1.36 (1.24-1.48) 3,863 1.16 (1.12-1.20)
Product Fabricating, Assembling, Repairing 1,388 1.05 (0.99-1.11) 5,637 1.04 (1.01-1.07)
Construction and Trades 74 1.36 (1.09-1.72) 4,759 1.00 (0.96-1.03)
Transport Equipment Operating 288 1.50 (1.33-1.68) 4,158 1.31 (1.26-1.35)
Materials Handling 678 1.14 (1.05-1.23) 2,426 1.20 (1.15-1.25)
Other Crafts and Equipment Operating 189 1.44 (1.24-1.66) 496 1.06 (0.97-1.16)

HR*, hazard ratio, adjusted for age at start of follow up and birth year, indirectly adjusted for cigarette smoking; Cl, confidence interval; statistically significant increased risks

are bolded.

follow-up, birth year, and indirect adjustment for cigarette smoking
(Table 2). Eleven of the 20 division level groups, including a wide
range of occupations, observed hazard ratios for lung cancer
greater than 10% higher among females compared to males.
Females in mining and quarrying, machining, forestry and
logging, construction, services, transport equipment operating,
and other crafts and equipment operating had approximately
20% or higher increased risk of lung cancer, compared to males.

Table 3 presents selected occupational major groups where
females or males had elevated risks of lung cancer, with
adjustment for age at start of follow-up, birth year, and cigarette
smoking. Within these major groups, selected minor groups are
shown where there were distinct differences or similarities in
lung cancer risk in females or males. It is clear that many major
level groups had higher risks among female workers, in
comparison to male workers (e.g., food and beverage preparation
services; metal machining; printing) and patterns remain
consistent when examining minor level groups. Lung cancer risk
in workers across all major and minor level groups are shown in
Supplementary Table S1.

4. Discussion

To date, few studies have explored the relationship between
occupation and lung cancer risk in females compared to males in
the same occupations. In this large worker cohort, we found that
females in various traditional high-risk occupations had elevated
risks for lung cancer consistent with males in the same
occupations. Our study also observed higher lung cancer risks
among females than males in certain occupations, emphasizing

Frontiers in Environmental Health

sex-based differences in lung cancer risk. Previously, Pukkala
et al. (24) also reported similar findings for female construction
workers, transport workers, printers, mechanics, chemical process
workers, and drivers, among other occupations (24).

In this study we observed a greater risk of lung cancer among
females relative to males in some occupational groups with well-
established exposure to workplace lung carcinogens (25). This
includes certain  construction occupations,
excavating, grading, and paving, as well as among carpenters and

glaziers, with exposure to asbestos, diesel engine exhaust, and

particularly  in

crystalline silica (26, 27). Asbestos exposure is likely when
construction workers are engaged in the maintenance, renovation,
or demolition of older buildings that once used asbestos materials.
They can be exposed to diesel engine exhaust when operating
diesel powered machines, especially in enclosed spaces. Exposure to
silica is also likely as many construction activities generate dust
from silica-containing materials (e.g., chipping, sawing). Workers
may also be exposed to bitumens used in asphalt and roofing,
which is classified as possibly carcinogenic to humans (4). Females
in chemical, petroleum, rubber, plastic and related processing had a
higher risk of lung cancer and rubber manufacturing work has
been associated to lung cancer (4). Female transport equipment
operators, including truck, bus, and taxi drivers, with exposure to
diesel engine and other motor vehicle exhaust were also at
increased risk (28). A very large gap, though based on very small
numbers, was also seen for mining, with exposure to diesel engine
exhaust, crystalline silica, radon, and metals (25). Females in
printing occupations also showed an increased risk of lung cancer,
which has been linked to lung cancer with limited evidence (4). In
almost all cases, males were also at increased risk, but the relative
risk among females was higher.

frontiersin.org
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TABLE 3 Sex-specific risk of lung cancer in selected major and minor level occupation groups compared to all other workers in the ODSS (1983-2020).

ajor and or level o pation group ase R* (95% ase R* (95%
Food and Beverage Preparation and Related Services 1,301 1.19 (1.13-1.26) 436 0.79 (0.72-0.87)
Supervisors: food and beverage preparation and related services 114 1.26 (1.05-1.52) 58 0.86 (0.66-1.11)
Chefs and cooks 407 1.36 (1.23-1.50) 230 0.84 (0.74-0.96)
Bartenders 54 2.45 (1.88-3.21) 36 1.24 (0.89-1.72)
Waiters, hostesses and stewards, food and beverage 351 1.27 (1.14-1.41) 56 0.78 (0.60-1.01)
Food and beverage preparation and related services 457 1.10 (1.00-1.21) 84 0.81 (0.65-1.01)
Other Services 1,179 1.10 (1.04-1.17) 2,038 1.05 (1.00-1.09)
Supervisors: other service 45 1.78 (1.33-2.38) 112 1.11 (0.92-1.33)
Janitors, charworkers, and cleaners 863 1.18 (1.10-1.27) 1,744 1.09 (1.04-1.15)
Mining And Quarrying (Oil And Gas Field) 6 3.05 (1.37-6.78) 489 1.36 (1.24-1.49)
Metal Processing and Related 38 1.22 (0.89-1.68) 690 1.26 (1.17-1.36)
Moulding, coremaking and metal casting 12 1.42 (0.81-2.51) 177 1.50 (1.29-1.74)
Labouring and other elemental work, metal processing 9 1.27 (0.66-2.44) 135 1.32 (1.11-1.56)
Clay Glass and Stone Processing Forming and Related 29 1.36 (0.94-1.95) 272 1.42 (1.26-1.59)
Labouring and other elemental work: clay, glass and stone processing and forming 11 1.53 (0.85-2.77) 115 1.48 (1.23-1.78)
Chemicals Petroleum Rubber Plastic and Related Materials Processing 266 1.35 (1.19-1.52) 433 1.01 (0.92-1.11)
Inspecting, testing, grading and sampling: chemicals, petroleum, rubber, plastic and related 12 2.00 (1.14-3.53) 8 1.17 (0.58-2.34)
materials processing
Chemicals, petroleum, rubber, plastic and related materials processing, n.e.c. 209 1.33 (1.16-1.52) 265 1.03 (0.91-1.16)
Fish canning, curing and packing 18 0.79 (0.50-1.26) 42 1.86 (1.37-2.51)
Wood Processing, Except Paper Pulp 21 1.87 (1.22-2.87) 131 1.31 (1.10-1.55)
Labouring and other elemental work: wood processing, except pulp and papermaking 9 1.42 (0.74-2.74) 79 1.49 (1.19-1.86)
Metal Machining 62 1.56 (1.21-2.00) 901 0.98 (0.92-1.05)
Machinist and machine tool setting-up 35 1.65 (1.18-2.30) 516 1.03 (0.95-1.13)
Machine tool operating 11 0.88 (0.49-1.59) 194 1.24 (1.08-1.43)
Metal Shaping and Forming, Except Machining 404 1.46 (1.32-1.62) 2,734 1.16 (1.11-1.21)
Forging 9 2.81 (1.47-5.39) 64 1.38 (1.08-1.76)
Sheet metal workers 34 1.37 (0.98-1.92) 330 1.12 (1.01-1.25)
Metalworking-machine operators, n.e.c. 300 1.35 (1.20-1.51) 1,169 1.23 (1.16-1.31)
Welding and flame cutting 41 1.28 (0.94-1.74) 1,046 1.17 (1.10-1.24)
Metal shaping and forming, except machining, n.e.c. 27 1.52 (1.04-2.22) 139 1.31 (1.11-1.55)
Other Machining and Related 33 1.36 (0.97-1.92) 322 1.26 (1.13-1.41)
Filing, grinding, buffing, cleaning and polishing, n.e.c. 18 1.11 (0.70-1.76) 269 1.39 (1.23-1.57)
Patternmakers and mouldmakers, n.e.c. 7 2.50 (1.20-5.23) 24 0.91 (0.61-1.36)
Fabricating and Assembling Metal Products NEC 423 1.37 (1.25-1.51) 1,622 1.10 (1.05-1.16)
Motor vehicle fabricating and assembling, n.e.c. 214 1.38 (1.20-1.58) 912 1.15 (1.08-1.23)
Inspecting, testing, grading and sampling, fabricating and assembling metal products, n.e.c. 22 1.59 (1.05-2.42) 108 1.10 (0.91-1.33)
Labouring and other elemental work, fabricating and assembling metal products, n.e.c. 16 1.14 (0.70-1.87) 127 1.26 (1.06-1.50)
Other fabricating and assembling, metal products, n.e.c. 165 1.26 (1.08-1.46) 349 1.30 (1.17-1.45)
Fabricating Assembling Installing and Repairing Electrical and Electronic and Related Equipment 331 1.31 (1.18-1.47) 492 0.98 (0.89-1.07)
Electrical equipment fabricating and assembling 182 1.40 (1.21-1.62) 222 1.17 (1.03-1.34)
Electronic and related equipment installing and repairing, n.e.c. 38 1.45 (1.06-2.00) 41 0.90 (0.66-1.22)
Labouring and other elemental work: fabricating, assembling, installing and repairing electrical, 20 1.21 (0.78-1.88) 36 1.39 (1.00-1.93)
electronic and related equipment
Fabricating Assembling and Repairing Rubber Plastic and Related Products 92 1.17 (0.95-1.44) 219 1.03 (0.90-1.18)
Bonding and cementing, rubber, plastic and related products 14 1.07 (0.64-1.81) 74 1.27 (1.01-1.60)
Mechanics and Repairers Except Electrical 46 1.39 (1.04-1.85) 2,552 1.02 (0.98-1.06)
Industrial, farm and construction machinery mechanics and repairmen 14 1.35 (0.80-2.29) 1,007 1.11 (1.04-1.18)
Mechanics and repairmen, except electrical, n.e.c. 14 1.59 (0.94-2.69) 609 1.04 (0.96-1.13)
Other Product Fabricating Assembling and Repairing 231 1.32 (1.16-1.50) 647 1.12 (1.04-1.21)
Painting and decorating, except construction 33 1.79 (1.27-2.52) 236 1.16 (1.02-1.31)
Inspecting, testing, grading and sampling: product fabricating, assembling and repairing, n.e.c. 6 1.43 (0.64-3.18) 6 2.82 (1.27-6.25)
Labouring and other elemental work: product fabricating, assembling and repairing, n.e.c. 16 1.19 (0.73-1.95) 54 1.37 (1.05-1.79)
Other product fabricating, assembling and repairing, n.e.c. 139 1.23 (1.04-1.46) 200 1.10 (0.95-1.26)
Excavating Grading Paving and Related 11 2.25 (1.24-4.05) 621 1.36 (1.26-1.48)
Electrical Power Lighting and Wire Communications Equipment Erecting Installing and Repairing 15 0.92 (0.55-1.52) 636 0.85 (0.79-0.92)
Other Construction Trades 48 1.54 (1.16-2.05) 3,594 1.11 (1.07-1.15)
Carpenters and related 6 2.13 (0.96-4.74) 679 0.86 (0.79-0.92)
(Continued)
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TABLE 3 Continued

10.3389/fenvh.2023.1325197

Females [\ EIES

Cases

Major and minor level occupation groups

HR* (95% ClI) HR* (95% CI)

Labouring and other elemental work, other construction trades 11 1.80 (0.99-3.24) 926 0.99 (0.93-1.06)
Motor Transport Operating 221 1.69 (1.48-1.94) 3,838 1.42 (1.37-1.46)
Bus drivers 76 1.44 (1.15-1.81) 201 1.00 (0.87-1.15)
Taxi drivers and chauffeurs 24 2.60 (1.74-3.88) 70 0.97 (0.76-1.22)
Truck drivers 123 1.75 (1.47-2.09) 3,493 1.40 (1.35-1.45)
Motor transport operating, n.e.c. 18 1.71 (1.08-2.72) 135 1.21 (1.02-1.44)
Other Transport and Related Equipment Operating 70 1.52 (1.20-1.93) 189 1.07 (0.93-1.24)
Other transport and related equipment operating, n.e.c. 68 1.35 (1.06-1.72) 172 1.04 (0.89-1.21)
Material Handling and Related NEC 678 1.21 (1.12-1.30) 2,425 1.19 (1.14-1.24)
Longshoremen, stevedores and freight handlers 73 1.30 (1.03-1.64) 646 1.11 (1.02-1.20)
Materials handling equipment operators, n.e.c. 24 2.10 (1.40-3.13) 518 1.44 (1.32-1.57)
Labouring and other elemental work, materials handling 162 1.26 (1.08-1.47) 761 1.21 (1.12-1.30)
Materials handling and related, n.e.c. 54 1.55 (1.19-2.03) 253 1.12 (0.99-1.27)
Printing and Related 171 1.51 (1.30-1.75) 247 0.95 (0.84-1.08)
Printing press 35 1.59 (1.14-2.22) 126 1.03 (0.87-1.23)
Bookbinders and related 55 1.49 (1.14-1.94) 25 0.92 (0.62-1.35)
Labouring and other elemental work: printing and related, n.e.c. 25 1.63 (1.10-2.42) 28 1.29 (0.89-1.87)
Printing and related, n.e.c. 59 1.38 (1.07-1.78) 61 1.02 (0.79-1.31)

HR*, hazard ratio; NEC, not elsewhere classified, adjusted for age at start of follow up and birth year, indirectly adjusted for cigarette smoking; Cl, confidence interval; statistically
significant increased risks are bolded; statistically significant decreased risks are italicized; Major level occupations are highlighted in grey, minor level occupations are white.

We also observed a greater risk of lung cancer females relative
to males in some other “blue collar” occupational groups with
plausible, but less established exposure to workplace lung
carcinogens. These include machining; forestry and logging; wood
processing; many fabricating and assembling involving metal; and
electrical/electronic products. Risk of lung cancer varied in
processing occupations, with stronger associations among females
in specific materials processing and wood processing, while males
had stronger associations in metal processing. Females in metal-
related occupations, including metal machining, demonstrated a
stronger association with lung cancer risk compared to males.
These metal workers are likely exposed to dusts and fumes
containing carcinogenic metals and their compounds (2, 29-32).
We also observed a stronger association among female
mechanics/repairers (excluding electrical) and those in other
occupations involving fabrication, assembly, and repair.

We identified greater risk of lung cancer among females in
service occupations, specifically among food and beverage
preparation services (e.g., chefs/cooks, bartenders) and other
services (e.g., cleaning). Service occupations includes a wide
range of jobs, making it challenging to pinpoint potential
exposures. However, a common exposure among these workers,
particularly those in restaurant settings, is second-hand smoke,
prior to the ban on smoking in restaurants and patios (16).
Some research suggests that polycyclic aromatic hydrocarbons
(PAHs found in cooking fumes) may be related to lung cancer
risk (32,
exposures. There is also evidence that lung cancer may be

33) but there also may be other unaccounted-for

associated to occupational cleaning activities, particularly among
females with increased duration of employment (34).

In this paper, we emphasize associations showing an increased
risk among females because we believe that highlights a significant
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gap in the literature. There notably fewer associations indicating a
greater risk among males (e.g., other machining). It is likely that
lung cancer risk is misrepresented among female workers due to
inadequate occupational history-taking, lack of recognition of
environmental exposures, and limited and biased bibliographies
by conflicted authors, as previously demonstrated in the
incidence of mesothelioma (35).

Some of the sex differences in this study may be due to true
differences in exposure. Two studies by Messing and colleagues
identified that the tasks assigned to workers within a given
occupation differed by gender and could in turn influence
hazardous exposures (20, 21). Gender biases may also influence
the tasks assigned to workers within the same occupation (19).
Sex differences in PPE effectiveness may contribute to study
findings. Many of the blue-collar occupations are male
dominated where PPE was primarily designed for a male-specific
fit and this may impact female worker occupational exposures to
carcinogenic agents (19). Han (18) found that respirators had
decreased fit among females which would result in increased
exposure to dusts and fumes when respirators are used as a form
of protection against contaminants in the air (18).

Sex differences in occupational lung cancer may be confounded
by lifestyle factors that vary by sex and occupation. In our study, we
indirectly adjusted for cigarette smoking using group industry
smoking prevalence estimates from another Ontario population
data source and observed little change in associations (<10%).
This may suggest that there are occupational exposures or other
factors driving the increased risk of lung cancer in identified
occupations. It is important to note we do not have information
on individual cigarette smoking habits and this may still impact
the associations we observe in this study. Syamlal and colleagues
found that even with adjustments for age, race, education and
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income, the odds of smoking were higher among females in
manual labour occupations than males (36). Education, income,
diet, and physical activity are also important factors to consider
when assessing risk of lung cancer by sex and occupation. We
could not adjust for these factors which may impact our findings
by sex and occupation, particularly among occupations where
few occupational exposures are established.

There may be biological and physiological differences between
males and females which may impact lung cancer susceptibility and
the hazardous effects of certain occupational exposures. A
systematic review by Kiyohara and Ohno (37) suggests that, for a
given number of cigarettes smoked, females may be at greater
risk of lung cancer than males (37). Female lungs may also be
more susceptible to developing cancer following the same
occupational exposure to a carcinogenic agent as a male.
Furthermore, on average, females have smaller lung capacity and
higher airway flow rates (38) which could result in greater
aerosol deposition in females (10). Sex differences in genetic and
hormonal factors may also influence susceptibility (39).

There are a number of limitations with this study. Information
on workers’ occupation was collected at a single point in time
through claims data. This may not be reflective of a worker’s
complete employment history or duration of employment. This
could result in non-differential misclassification of exposure,
biasing the result towards the null. Some workers had multiple
accepted claims between 1983 and 2019 and when restricting to
those who did not
information, the results changed minimally (<5%). Where there

change occupation based on claim

were minor changes in risk estimates, the direction of association
and significance did not change. We also lack information on
occupational exposures related to lung cancer. We were unable to
adjust for lifestyle factors such as diet or physical activity as there
is no information on these characteristics in the cohort.
Although we attempted to adjust for cigarette smoking using
population group estimates, this data is limited as it pertains to
the period from 2007 to 2014, overlapping only a portion of the
follow-up period in our study. We were restricted to utilizing
data from these years as it encompassed the maximum number
of years available—eight years of cigarette smoking data. We
could not incorporate data from more recent years because
cigarette smoking estimates could not be combined with data
predating 2015 due to a significant re-design in the national
survey used to obtain cigarette smoking data. These group
estimates do not accurately represent individual cigarette
smoking habits among workers in the ODSS. There also may be
residual confounding from smoking which may have an impact
on findings but is challenging to minimize or account for in
this study.

Another potential limitation is selection bias; workers who are
injured at work and receive lost-time compensation may differ
systematically from those whose claims were rejected or not
compensation for, or where workers did not submit a claim at
all. For example, females report lower injury rates at work and
are more likely to experience injuries of repetitive motion such as
carpel tunnel syndrome which are less likely to receive

compensation (40). Workers’ compensation data may under-
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represent injury, particularly among females and precariously
employed workers (41). Reflecting Ontario’s overall workforce, in

our cohort, females are over-represented in service and

while
represented in manufacturing occupations where workers are

administrative occupations male workers are over-
generally at greater risk of carcinogenic exposures (42, 43).

The key strength of this study is the large sample size of male
and female Ontario workers, made possible by the linkage of very
large administrative datasets. This allowed for sex-specific risks to
be analyzed among a very large number of occupational groups,
even among male-dominated occupations where females are
often excluded from analyses. In addition, by analyzing lung
cancer risk within the ODSS, we were able to compare workers
to other workers, minimizing the healthy worker effect and
providing a comparison group that is similar.

In conclusion, this study identifled sex differences in lung
cancer risk by occupation among Ontario workers. This study
expanded on previous lung cancer findings in the ODSS to
demonstrate that females experienced similar or higher risks of
lung cancer compared to males in many traditional blue-collar as
well as other occupations. Given the limitations of this study, the
findings should be interpreted carefully. This study emphasizes
the need to examine risk among female workers in other large
cohorts or where the sample size of female workers is much
greater to compare findings from this study. Further
understanding on sex differences among occupational exposures
needed. This

highlights the important role that work plays in cancer,

involved in identified occupations is study

particularly among female workers.
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