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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 (CIs) 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 = 1.19, 95% CI = 1.13–1.26); materials processing (chemical, petroleum, rubber, plastic) (HR = 1.35, 95% CI = 1.19–1.52); wood processing (HR = 1.87, 95% CI = 1.22–2.87); metal machining (HR = 1.56, 95% CI = 1.21–2.00); metal shaping and forming (HR = 1.46, 95% CI = 1.32–1.62); fabricating and assembling metal products (HR = 1.37, 95% CI = 1.25–1.51), other construction trades (HR = 1.54, 95% CI = 1.16–2.05), motor transport operating (HR = 1.69, 95% CI = 1.48–1.94), mechanic and repair work (HR = 1.39, 95% CI = 1.04–1.85); and printing (HR = 1.51, 95% CI = 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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1. Introduction

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 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 a risk, such as hairdressing (11, 12), and nail salons (13, 14), which may involve exposure to chemicals in hair dyes (11), and volatile organic compounds (14), respectively. Another study identified increased risk of lung cancer among female nurses with long duration of rotating night shift work, although this was only observed among smokers (15). Furthermore, environmental tobacco smoke exposure, including second-hand smoke, varies by 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 occupation, leading to sexual division of labour (18, 19). Studies have shown that females and males with the same job title often 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. Materials and methods


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, 23). The ODSS was established using accepted lost-time compensations claimants from the Workers Safety Insurance Board (WSIB) from 1983 to 2019 (n = 2,387,756). The WSIB claims data 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 (Figure 1).
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FIGURE 1
Description of the linkage process used to identify incident cases of lung cancer among female and male workers in the occupational disease surveillance system (ODSS).


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 recognized as prevalent cases (n = 197,927) (Figure 1). Workers entering the cohort with a cancer claim were also excluded from 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 each stratum. As the ODSS uses the Standard Industrial Classification (SIC), a different coding system from what is used in 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.

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 due to 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).




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).


TABLE 1 Descriptive characteristics of lung cancer cases and the overall ODSS cohort (1983–2020).
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By occupation at the division level, sex differences in lung cancer risk were observed with adjustment for age at start of 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 2 Sex-specific risk of lung cancer by division level occupation groups compared to all other workers in the ODSS (1983–2020).
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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.


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).
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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 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, particularly in excavating, grading, and paving, as well as among carpenters and glaziers, with exposure to asbestos, diesel engine exhaust, and 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.

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, 33) but there also may be other unaccounted-for exposures. There is also evidence that lung cancer may be 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 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 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 change occupation based on claim information, the results changed minimally (<5%). Where there 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-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 administrative occupations while male workers are over-represented in manufacturing occupations where workers are 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 identified 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 involved in identified occupations is needed. This study highlights the important role that work plays in cancer, particularly among female workers.
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