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Introduction: Lung and breast cancer are important in the working-age
population both in terms of incidence and costs. The study aims were to estimate
the 10-year risk of lung and breast cancer by occupation and smoking status and
to create easy to use age-, and sex-specific 10-year risk charts.

Methods: New lung and breast cancer cases between 2010 and 2014 from all 5
cancer registries of Western Switzerland, matched with the Swiss National Cohort
were used. The 10-year risks of lung and breast cancer by occupational category
were estimated. For lung cancer, estimates were additionally stratified by smoking
status using data on smoking prevalence from the 2007 Swiss Health Survey.

Results: The risks of lung and breast cancer increased with age and were the
highest for current smokers. Men in elementary professions had a higher 10-year
risk of developing lung cancer compared to men in intermediate and managerial
professions. Women in intermediate professions had a higher 10-year risk of
developing lung cancer compared to elementary and managerial professions.
However, women in managerial professions had the highest risk of developing
breast cancer.

Discussion: The 10-year risk of lung and breast cancer di�ers substantially
between occupational categories. Smoking creates greater changes in 10-year
risk than occupation for both sexes. The 10-year risk is interesting for both patients
and professionals to inform choices related to cancer risk, such as screening and
health behaviors. The risk charts can also be used as public health indicators and
to inform policies to protect workers.
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1. Introduction

Lung cancer, in men and women, and breast cancer, in women, are important in the

working-age population both in terms of incidence and costs (1). In Switzerland, between

2013 and 2017, lung cancer was the second most common cancer diagnosed in men and the

third in women and the leading cause of cancer deaths in men and the second in women

(2). In the same period, breast cancer was the most common type of cancer diagnosed in

women, but had a lowermortality rate than lung cancer (2). Both lung and breast cancer were
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more often diagnosed in French-speaking (Western) Switzerland

than German-speaking Switzerland (2).

Associations of lifestyle-related factors with cancer risk have

been explored in the literature, but accurate estimates of the cancer

burden associated with occupations is lacking. Assessing the effect

of occupation on cancer risk is challenging due to data availability

and quality, particularly on measurements and levels of exposures,

and information on employment. Burden estimates are only

available for a few countries and are not directly comparable (3–5).

Occupation can be considered as proxy of occupational exposures

and working conditions that may result in the development

of occupational cancers (3, 6). Occupational cancers are those

that are wholly or partly caused by exposure to carcinogens

or circumstances at work (7). In particular, several carcinogens

that can potentially cause lung cancer have been identified in

occupational settings, such as arsenic, asbestos, cadmium, and

diesel fumes (1, 8–11) while ionizing radiation, some chemicals,

and night work are suggested to be related to female breast cancer

(12–15). An estimated 10 and 5% of lung cancer deaths among

men and women, respectively, could be attributable to exposure to

occupational carcinogens (11).

Accounting for smoking patterns is key to understanding

the burden of occupational cancer. Smoking prevalence varies

by occupation due to, for example, sociodemographic and

employment-related factors (16). Previous studies found higher

smoking rates in blue-collar occupations, such as construction and

extraction, compared to managers (17, 18). Since smoking is a

major cause of lung cancer, trends in lung cancer incidence follow

trends in smoking behavior. In Switzerland, smoking prevalence

among men peaked in the 1950’s and among women in the 1970’s,

which was followed by a lung cancer incidence peak among men in

the 1980’s and an increase since the 1970’s among women (19–21).

To our knowledge, there is scarce evidence on the association of

occupation with cancers in Switzerland (8, 10). One study among

Swiss men showed increased cancer risk for several occupations,

with results varying by cancer site (22). However, this study

had several limitations, most notably the quality of occupational

definition. In addition, for health decision making, it is useful to

estimate an individual’s risk of disease in the future. The cumulative

10-year risk, which is the probability for a given individual of

developing a given disease in the next 10 years, is an appropriate

metric to do so (23, 24).

Our first aim was therefore to estimate the age-, and sex-

specific cumulative 10-year risk of both lung cancer, in men and

women, and breast cancer, in women, in Western Switzerland,

by occupation, and, for lung cancer, also by smoking status. Our

second aim was to create easy to interpret risk charts for lung and

breast cancer using the previously calculated risk estimates.

2. Methods

2.1. Data sources

New lung and breast cancer cases registered by all five cancer

registries in Western Switzerland (Fribourg, Geneva, Neuchatel-

Jura, Valais, and Vaud) between 2010 and 2014 were used.

Information on occupation and vital status were retrieved from the

Swiss National Cohort (SNC) and were matched with the data from

the cancer registries. The SNC covers an estimated 98.6% of the

population and is based on data from the 1990 and 2000 federal

censuses (25). Smoking prevalence, stratified by age and sex, was

computed using data from the 2007 Swiss Health Survey (SHS). The

SHS is a survey on the health status and determinants of health of

the Swiss population aged 15 years and older.

Participants were eligible for the study if they were of working

and transitional to retirement age (18 to 65 years at study entry)

and were permanent residents of one of theWestern Swiss cantons.

In addition, they had to be included into the SNC either on

December 4, 1990 (the date of the 1990 census) or on December

5, 2000 (the date of the 2000 census) and have information

on occupation. End of follow-up was at the earliest date of:

death, emigration, 85th birthday, or end of the study (December

31, 2014).

2.2. Outcomes

Lung cancer, in men and women, and breast cancer, in women,

were the two primary outcomes. Only incident primary malignant

cancers were considered and were identified based on the data from

the cancer registries, coded using the International Classification

of Diseases for Oncology (ICD-O), 3rd edition: C33–C34 for lung

cancer and C50 for breast cancer. Using probabilistic linkage, the

Institute of Social and Preventive Medicine of the University of

Bern linked the registries’ data with SNC data. Almost all lung and

breast cancer could be linked with the SNC data (94.4%).

2.3. Occupation

Occupational status was categorized using the International

Standard Classification of Occupations version 1988 (ISCO-88).

This classification was used in the 1990 and 2000 censuses and

coded using four-digit codes by the Swiss Federal Statistical

Office. Based on this information, the following three categories

were constructed: workers in (A) agriculture, industry, crafts,

and elementary professions; (B) intermediate professions,

administrative employees, personal service and personnel; and

(C) managerial, intellectual or scientific professions. In this study,

category A was labeled as “elementary professions,” category B

as “intermediate professions,” and category C as “managerial

professions” (26).

2.4. Smoking

Sex-, age-, and time-period specific prevalence of never, former,

and current smoking in Switzerland were used to compute risks.

To estimate the risk of lung cancer by smoking status, national

smoking prevalence data stratified by age and sex were used.

Smoking status was defined as a categorical variable: never smokers,

former smokers, and current smokers, based on the questions

“Do you currently smoke?” and “Have you ever smoked regularly

for more than 6 months?” in the 2007 SHS. Using the 2007

survey provides the most recent prevalence estimates before

cancer diagnosis.
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2.5. Calculations

The 10-year risks of lung and breast cancer at age 35, 45, 55,

65, and 75 between the years 2010 to 2014, by occupation, were

estimated following the studies by Bruder et al. and Woloshin et al.

using the formulas below (23, 24). The 10-year risk of lung cancer at

age A was computed by the difference between the cumulative risk

until age A + 10 years and the cumulative risk until age A. For an

individual aged 35 this would mean the risk of getting lung cancer

between the ages of 35 and 44 was calculated as the cumulative risk

of having lung cancer at age 44 minus the cumulative risk at age

35. Separate charts were created for men and women to take the

influence of sex into account. As lung cancer is highly related to

smoking habits, the risk charts for lung cancer were stratified by

smoking status: current, former, never smoker.

1. Calculation of age-, sex-, occupation-specific
incidence rate

Age-, sex-, cause-specific lung cancer risk= all men of a specific

age and occupation who were diagnosed with lung cancer between

2010 and 2014 divided by the total number of men of that age in the

population and occupation between 2010 and 2014.

2. Calculation of age-, sex-, occupation-specific
incidence rate among never smokers

Risknever smokers = riskwhole population/(prevalencenever smokers

+ prevalencecurrent smokersx RRcurrent smokers

+ prevalenceformer smokersx RRformer smokers)

The Swiss Health Survey was used to compute the prevalence of

each smoking strata by age, sex, and time. The relative risk (RR) of

lung cancer associated with current and former smoking compared

to never smoking was used: RR = 6.57 for current smokers below

60 years of age, 9.62 for current smokers between 60 and 69, 9.07

for current smokers 70 years or over, and 4.30 for former smokers

of all ages (27).

3. Calculation of age-, sex-, occupation-specific
incidence rate among current smokers

For any given age group and sex:

Riskcurrent smokers = risknever smokers x RRcurrent smokers

4. Calculation of age-, sex-, occupation-specific
incidence rate among former smokers

For any given age group and sex:

Riskformer smokers = risknever smokers x RRformer smokers

5. Accumulation of the age-, sex-,
occupation-specific incidence rates

To estimate 10-year risk for the age group starting at age X,

accumulate the risks for age X until X+9.

2.6. Risk charts

Using the calculated 10-year risk estimates, risk charts for

lung and breast cancer, by age group, occupational status, and

smoking status were created in the following way: the charts (see

Figures 1–3) show the number of individuals per 1,000 who will

develop lung or breast cancer over the next 10 years, beginning

at the indicated age. For each age category, from left to right, the

risk for individuals in the elementary professions, intermediate

professions, and in managerial professions are shown. The risk

charts for lung cancer additionally show the risk by smoking status.

Within each age category, the top row shows the risk for never

smokers, the middle row for former smokers, and the bottom row

for current smokers.

3. Results

In total, 3,090 men and 2,102 women were diagnosed with lung

cancer and 7,045 women were diagnosed with breast cancer in the

FIGURE 1

10-year risk chart of lung cancer for men by occupational group
and smoking status. The chart indicates the number of men per
1,000 who will get lung cancer during the next 10 years, beginning
at the indicated age. Elementary professions: agriculture, industry,
crafts, elementary professions. Intermediate professions:
intermediate professions, administrative employees, personal
service and personnel. Managerial professions: managerial,
intellectual, or scientific professions.
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period 2010–2014 and were included in the study (Table 1). Most

men were working in elementary professions and most women in

FIGURE 2

10-year risk chart of lung cancer for women by occupational group
and smoking status. The chart indicates the number of women per
1,000 who will get lung cancer during the next 10 years, beginning
at the indicated age. Elementary professions: agriculture, industry,
crafts, elementary professions. Intermediate professions:
intermediate professions, administrative employees, personal
service and personnel. Managerial professions: managerial,
intellectual, or scientific professions.

intermediate professions. The prevalence of never smokers was the

highest in the total population among both men and women, 43

and 58%, respectively.

3.1. Risk chart for lung cancer in men

Figure 1 and Supplementary material 1 show the risk chart

of developing lung cancer for men. The overall pattern of

risk within the next 10 years increases with every age group

until age 75. In addition, men in elementary professions have

the highest risk of developing lung cancer, at all ages. For

example, in the age group 55–64, the risk estimate for men in

elementary professions is 10/1,000, compared to 6/1,000 for men

in intermediate professions and 5/1,000 for men in managerial

jobs (Supplementary material 1). When also taking smoking status

into account (Figure 1), current smokers have the highest risk of

developing lung cancer. Looking at the age group 55–64 again,

the risk estimates for men in elementary professions is 19/1,000

for current smokers, compared to 9/1,000 in former smokers and

2/1,000 in never smokers.

3.2. Risk chart for lung cancer in women

The risk chart for lung cancer in women is shown in Figure 2

and Supplementary material 2. As in men, the risk within the

next 10 years increases with every age group until age 75.

Women in intermediate professions have the highest risk of

developing lung cancer between the ages of 45 and 75, before

and after that, women in elementary professions have a higher

risk. For example, in the age group 55–64, the risk estimate

for women in intermediate professions is 5/1,000, compared to

4/1,000 for women in both elementary and managerial professions

FIGURE 3

10-year risk chart of breast cancer for women by occupational group. The chart indicates the number of women per 1,000 who will get breast
cancer during the next 10 years, beginning at the indicated age. Elementary professions: agriculture, industry, crafts, elementary professions.
Intermediate professions: intermediate professions, administrative employees, personal service and personnel. Managerial professions: managerial,
intellectual, or scientific professions.
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TABLE 1 Participant characteristics 2010–2014.

Men
lung

cancera

Women
lung

cancera

Women
breast
cancera

Incidence rate/1,000 4 2 8

N elementary professions 548 59 261

N intermediate professions 370 406 1,869

N managerial professions 257 82 519

N other/missing 1,915 1,555 4,396

Prevalence of current smokersb 32.3% 23.6% 23.6%

Prevalence of former smokersb 24.3% 18.2% 18.2%

Prevalence of never smokersb 43.4% 58.2% 58.2%

aTotal N (N other/missing profession) men lung cancer 3,090 (1,915), women lung cancer

2,102 (1,555), women breast cancer 7,045 (4,396).
bTotal prevalence in the Swiss population for all ages, by sex.

(Supplementary Material 2). This overall pattern persists when

also taking smoking status into account (Figure 2), where current

smokers have the highest risk of developing lung cancer. For

women aged 55–64 in intermediate professions, the 10-year risk

is 13/1,000 for current smokers, compared to 6/1,000 for former

smokers and 1/1,000 for never smokers.

3.3. Risk chart for breast cancer in women

Figure 3 displays the risk chart for breast cancer in women. Like

for lung cancer, the risk of developing breast cancer increases with

every age group until age 75. Whereas, for lung cancer women in

managerial professions had the lowest overall risk of developing

lung cancer, this group has the highest risk of developing breast

cancer between the ages of 45 and 65. The risk for women in

elementary and intermediate professions is higher below the age

of 45 and over the age of 75. For example, in the age group 65–74,

the risk estimate for women in managerial professions is 25/1,000,

compared to 21/1,000 for women in intermediate professions and

16/1,000 for women in elementary professions.

4. Discussion

Charts were created to estimate the sex-specific 10-year risk

of both lung cancer, in men and women, and breast cancer, in

women, in Western Switzerland, by occupation, and, for lung

cancer, by smoking status. To the best of our knowledge, these are

the first estimates of 10-year risk of developing lung or breast cancer

taking occupational status into account. Results showed an overall

increasing risk of lung and breast cancer by age group. Men in

elementary and women in intermediate professions had the highest

risk of developing lung cancer. Women in managerial professions

had the highest risk of developing breast cancer. Smoking status

creates greater change in 10-year risk than occupational status

for both sexes. In addition, 10-year risk of lung cancer remains

higher in men than women in Western Switzerland. In women,

10-year risk is higher for breast than lung cancer, except for

current smokers.

The association between occupation and cancer can be direct

through occupational exposures, but the occupational categories

can also be viewed as a descriptor of socioeconomic status (28).

Studies on socioeconomic status and cancer show similar results

as our findings. Risk of lung cancer has been shown to be

higher among lower socioeconomic status individuals (29–32).

This socioeconomic gradient is likely due to differences in risk

factors and exposures related to lung cancer, such as smoking,

diet and occupational exposures (33–35). In women, a higher

socioeconomic status is associated with a higher risk of breast

cancer (36, 37). Possible explanations are diet, exercise andwomen’s

reproductive behaviors (38, 39).

A main strength of this study was the use of high-quality and

exhaustive data from five cancer registries in Switzerland, with

information on all cases of lung and breast cancer (40). This allowed

for a reliable estimate of the incidence rates. We also computed

up-to-date and easy to interpret risk graphs that are useful in risk

communication and health decision making.

This study also has some limitations. First, more personalized

risk estimates, taking other disease-specific and synergistic effects

between risk factors into account, would be even more useful

for reliable estimates. Non-occupational risk factors such as diet,

physical activity, weight, socioeconomic status, and air pollution

could be interesting to include in the calculations (11, 12). In our

calculations we used estimates of the sur-risk due to smoking,

which underestimates the risk of lung cancer. This will be in

particular the case among workers in certain professions where

exposure to certain lung carcinogens is more likely. However, this

was not the aim of this study and would create complexity to

the easy to interpret risk charts that already account for the most

important risk factors. It could also be useful to estimate the 10-

year risk of breast cancer in women by smoking status, as some

studies found an association of passive and active smoking with

higher risk of breast cancer (41). However, currently available risk

estimates for exposure to tobacco and breast cancer differs by

factors such as age at starting smoking relative to age at menarche

and family history of breast cancer, and we did not have data

available on this. In addition, accounting for smoking patterns is

key when estimating lung cancer, but smoking is not the major

cause of breast cancer. Another limitation is that the estimate of

smoking status, was not directly available in the data. Smoking

prevalence in Switzerland in 2007 by age group and sex was used

as an estimate, which should be valid to some extent, but may

have under- or overestimated the risk differences between never,

former, and current smokers. Finally, only data from Western

Switzerland was used to create the risk charts. Therefore, these

charts may not give accurate estimates for the whole country.

However, the aim of this paper was to estimate 10-year risk of

lung and breast cancer by occupational status and to create easy

to interpret risk charts.

The 10-year risk charts are useful for both patients and

professionals to inform choices related to cancer risk, such as

screening and health behaviors. The charts clearly show the

magnitude related to certain risk factors, in this case smoking,

which could facilitate health professionals in consultations about
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smoking cessation and informed health decision making (23). The

risk charts can also be informative as public health indicators

and for policies to protect workers. Adequate and clear risk

communication about diseases such as cancer, that are often feared

by individuals, is important. It can also be valuable to create

these charts for other diseases to show an individual’s risk of this

disease, but also to put the risks of different diseases into context

(23). Frequently used measures in public health, such as incidence

and prevalence, are difficult for lay persons to understand and

translate to their individual risk, whereas lifetime and 10-year

risk seem to be more informative, intuitive, and easily understood

(23, 24).

5. Conclusion

This is the first study that estimates the 10-year risk of

developing lung or breast cancer by occupational status in

Switzerland. Results indicate that men in elementary professions

and women in intermediate professions have the highest risk of

developing lung cancer.Women in themanagerial professions have

the highest risk of developing breast cancer.

Estimating an individual’s probability of developing cancer in

the next 10 years, i.e., the cumulative 10-year risk, is informative

and easily understood by both individuals and health professionals

(23, 24). However, these risk estimates need to be updated regularly

to stay adequate, as health behaviors and incidence rates for

lung and breast cancer change over time. We also recommend

future larger studies to take synergistic effects between risk factors

into account to have more precise estimates. When up to date

and simple risk charts are available, they have the potential to

aid in discussions about cancer risk as well as health decision

making, such as screening or health behaviors, by highlighting the

differences in 10-year risk between groups. In addition, by taking

occupation into account, populations at high risk may be identified

and awareness for the importance of occupational exposures and

working conditions may be raised.

Data availability statement

The datasets presented in this article are not readily available

because due to the nature of this research, study participants could

not agree for their data to be shared publicly. Supporting data

is therefore not available in accordance with ethical and legal

requirements. Requests to access the datasets should be directed

to bernadette.vanderlinden@unifr.ch.

Ethics statement

The studies involving human participants were reviewed and

approved by Swissethics have approved the creation and use of

this database for this project (N◦ de ref CER-VD 2018-02077).

Written informed consent for participation was not required for

this study in accordance with the national legislation and the

institutional requirements.

Author contributions

BL, NB, AC, and IG: conceptualization, validation, and

methodology. NB: data curation. BL: formal analysis and writing—

original draft preparation. NB, PA, YB, J-LB, EF, SG, IK, MM, ER,

AC, and IG: writing—review and editing. All authors have read and

agreed to the published version of the manuscript.

Funding

This work was supported by Grant No. KFS-4699-02-2019

from the Swiss Cancer Research Foundation and the Swiss

Cancer League.

Acknowledgments

We thank the Swiss federal statistical office for providing

mortality and census data, and for the support that made the Swiss

National Cohort and this study possible. The members of the Swiss

National Cohort Study Group are Matthias Egger (Chairman of the

Executive Board), Adrian Spoerri and Marcel Zwahlen (all Bern),

Milo Puhan (Chairman of the Scientific Board), Matthias Bopp

(both Zurich), Martin Röösli (Basel), Michel Oris (Geneva), and

Murielle Bochud (Lausanne). We thank the Institute of Social and

Preventive Medicine, University of Bern, for the data linkage.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.

1137820/full#supplementary-material

Frontiers in PublicHealth 06 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1137820
mailto:bernadette.vanderlinden@unifr.ch
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1137820/full#supplementary-material
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


van der Linden et al. 10.3389/fpubh.2023.1137820

References

1. Rushton L. The global burden of occupational disease. Curr Environ Health Rep.
(2017) 4:340–8. doi: 10.1007/s40572-017-0151-2

2. Office fédéral de la statistique. Le cancer en Suisse, rapport 2021 - Etat des lieux et
évolutions. Neuchâtel 2021. Office federal de la statistique.

3. Purdue MP, Hutchings SJ, Rushton L, Silverman DT. The proportion of
cancer attributable to occupational exposures. Ann Epidemiol. (2015) 25:188–92.
doi: 10.1016/j.annepidem.2014.11.009

4. Marant Micallef C, Shield KD, Vignat J, Baldi I, Charbotel B, Fervers
B, et al. Cancers in France in 2015 attributable to occupational exposures.
Int J Hyg Environ Health. (2019) 222:22–9. doi: 10.1016/j.ijheh.2018.
07.015

5. Kim J, Labrèche F, Peters CE, Davies H, McLeod C, Lavoué J, et al. 0470
Comparison of occupational cancer burden estimates. Occupat Environ Med. (2017)
74(Suppl 1):A149–A. doi: 10.1136/oemed-2017-104636.388

6. Pukkala E, Martinsen JI, Lynge E, Gunnarsdottir HK, Sparén P, Tryggvadottir L,
et al. Occupation and cancer - follow-up of 15 million people in five Nordic countries.
Acta Oncol. (2009) 48:646–790. doi: 10.1080/02841860902913546

7. Olsson A, Kromhout H. Occupational cancer burden: the contribution of
exposure to process-generated substances at the workplace.Mol Oncol. (2021) 15:753–
63. doi: 10.1002/1878-0261.12925

8. Bovio N, Wild P, Guseva Canu I. Lung cancer mortality in the swiss working
population: the effect of occupational and non-occupational factors. J Occup Environ
Med. (2021) 63:1029–36. doi: 10.1097/JOM.0000000000002302

9. Guseva Canu I, Gaillen-Guedy A, Wild P, Straif K, Luce D. Lung cancer mortality
in the French cohort of titanium dioxide workers: some aetiological insights. Occup
Environ Med. (2020) 77:795–7. doi: 10.1136/oemed-2020-106522

10. Bovio N, Richardson DB, Guseva Canu I. Sex-specific risks and trends in lung
cancer mortality across occupations and economic activities in Switzerland (1990–
2014). Occup Environ Med. (2020) 77:540–8. doi: 10.1136/oemed-2019-106356

11. Bade BC, Dela Cruz CS. Lung Cancer 2020: Epidemiology, Etiology, and
Prevention. Clin Chest Med. (2020) 41:1–24. doi: 10.1016/j.ccm.2019.10.001

12. Engel CL, Sharima Rasanayagam M, Gray JM, Rizzo J. Work and female
breast cancer: the state of the evidence, 2002–2017. New Solut. (2018) 28:55–78.
doi: 10.1177/1048291118758460

13. Li A, Shen Z, Sun Z, Yun S, Tian X, Hu Z, et al. Occupational risk factors and
breast cancer in Beijing, China: a hospital-based case-control study. BMJ Open. (2022)
12:e054151. doi: 10.1136/bmjopen-2021-054151

14. Brito-Marcelino A, Duarte-Tavares RJ, Marcelino KB, Silva-Neto JA. Breast
cancer and occupational exposures: an integrative review of the literature. Rev Bras
Med Trab. (2021) 18:488–96. doi: 10.47626/1679-4435-2020-595

15. Xiao W, Huang J, Wang J, Chen Y, Hu N, Cao S. Occupational exposure to
organic solvents and breast cancer risk: a systematic review and meta-analysis. Environ
Sci Pollut Res Int. (2022) 29:1605–18. doi: 10.1007/s11356-021-17100-6

16. McEntee A, Kim S, Harrison N, Chapman J, Roche A. Patterns and prevalence
of daily tobacco smoking in australia by industry and occupation: 2007–2016. Nicotine
Tobacco Res. (2021) 23:2047–55. doi: 10.1093/ntr/ntab126

17. Fujishiro K, Stukovsky KD, Roux AD, Landsbergis P, Burchfiel C. Occupational
gradients in smoking behavior and exposure to workplace environmental tobacco
smoke: the multi-ethnic study of atherosclerosis. J Occup Environ Med. (2012) 54:136–
45. doi: 10.1097/JOM.0b013e318244501e

18. Syamlal G, Mazurek JM, Hendricks SA, Jamal A. Cigarette smoking trends
among U.S. working adult by industry and occupation: findings from the 2004–
2012 national health interview survey. Nicotine Tob Res. (2015) 17:599–606.
doi: 10.1093/ntr/ntu185

19. Oberli LS, Valeri F, Korol D, Rohrmann S, Dehler S. 31 years of lung cancer in the
canton of Zurich, Switzerland: incidence trends by sex, histology and laterality. Swiss
Med Wkly. (2016) 146:w14327. doi: 10.4414/smw.2016.14327

20. Janssen-Heijnen MLG, Coebergh J-WW. The changing epidemiology of lung
cancer in Europe. Lung Cancer. (2003) 41:245–58. doi: 10.1016/S0169-5002(03)00230-7

21. Levi F, Franceschi S, La Vecchia C, Randimbison L, Te VC. Lung
carcinoma trends by histologic type in Vaud and Neuchâtel, Switzerland, 1974–1994.

Cancer. (1997) 79(5):906–14. doi: 10.1002/(SICI)1097-0142(19970301)79:5<906::AID-
CNCR6>3.0.CO;2-9

22. Bouchardy C, Schüler G, Minder C, Hotz P, Bousquet A, Levi F, et al. Cancer risk
by occupation and socioeconomic group among men—A study by the association of
Swiss Cancer Registries. Scand J Work Environ Health. (2002) 28 Suppl 1:1–88.

23. Bruder C, Bulliard JL, Germann S, Konzelmann I, Bochud M, Leyvraz M, et al.
Estimating lifetime and 10-year risk of lung cancer. Prev Med Rep. (2018) 11:125–30.
doi: 10.1016/j.pmedr.2018.06.010

24. Woloshin S, Schwartz LM, Welch HG. The Risk of Death by Age, Sex, and
smoking status in the united states: putting health risks in context. JNCIJ Nat Cancer
Inst. (2008) 100:845–53. doi: 10.1093/jnci/djn124

25. SFSO. Methodology report—coverage estimation for the Swiss population
census 2000. Neuchâtel: Swiss Federal Statistical Office (2004).

26. François M, Favre F, Chiolero A. Observatoire valaisan de la santé (OVS). Sion:
Travail et santé en Valais. (2020).

27. Lee PN, Forey BA, Coombs KJ. Systematic review with meta-analysis of the
epidemiological evidence in the 1900s relating smoking to lung cancer. BMC Cancer.
(2012) 12:385. doi: 10.1186/1471-2407-12-385

28. Collatuzzo G, Teglia F, Boffetta P. Role of occupation in shaping cancer
disparities. Cancers. (2022) 14(17). doi: 10.3390/cancers14174259

29. Zou X, Wang R, Yang Z, Wang Q, Fu W, Huo Z, et al. Family socioeconomic
position and lung cancer risk: a meta-analysis and a mendelian randomization study.
Front Public Health. (2022) 10:780538. doi: 10.3389/fpubh.2022.780538

30. Pizzato M, Martinsen JI, Heikkinen S, Vignat J, Lynge E, Sparén P, et al.
Socioeconomic status and risk of lung cancer by histological subtype in the Nordic
countries. Cancer Med. (2022) 11:1850–9. doi: 10.1002/cam4.4548

31. Sidorchuk A, Agardh EE, Aremu O, Hallqvist J, Allebeck P, Moradi T.
Socioeconomic differences in lung cancer incidence: a systematic review and meta-
analysis. Cancer Causes Control. (2009) 20:459–71. doi: 10.1007/s10552-009-9300-8

32. Pukkala E, Teppo L, Hakulinen T, Rimpelä M. Occupation and smoking
as risk determinants of lung cancer. Int J Epidemiol. (1983) 12(3):290-6.
doi: 10.1093/ije/12.3.290

33. Alberg AJ, Brock MV, Samet JM. Epidemiology of lung cancer: looking to the
future. J Clin Oncol. (2005) 23:3175–85. doi: 10.1200/JCO.2005.10.462

34. Alberg AJ, Ford JG, Samet JM. Epidemiology of lung cancer: ACCP
evidence-based clinical practice guidelines (2nd edition). Chest. (2007) 132:29s–55s.
doi: 10.1378/chest.07-1347

35. Ocké MC, Bueno-de-Mesquita HB, Feskens EJ, van Staveren WA, Kromhout D.
Repeated measurements of vegetables, fruits, beta-carotene, and vitamins C and E in
relation to lung cancer. The Zutphen study. Am J Epidemiol. (1997) 145(4):358-65.
doi: 10.1093/oxfordjournals.aje.a009113

36. Bryere J, Dejardin O, Launay L, Colonna M, Grosclaude P, Launoy G.
Socioeconomic status and site-specific cancer incidence, a Bayesian approach in
a French cancer registries network study. Eur J Cancer Prev. (2018) 27:391–8.
doi: 10.1097/CEJ.0000000000000326

37. Bulliard J-L, Bovio N, Arveux P, Bergeron Y, Chiolero A, Fournier E,
et al. Occupational factors and socioeconomic differences in breast cancer risk
and stage at diagnosis in swiss working women. Cancers. (2022) 14:3713.
doi: 10.3390/cancers14153713

38. Pudrovska T, Anikputa B. The role of early-life socioeconomic status in breast
cancer incidence and mortality:unraveling life course mechanisms. J Aging Health.
(2012) 24:323–44. doi: 10.1177/0898264311422744

39. Grabinski VF, Brawley OW. Disparities in breast cancer. Obstet Gynecol Clin
North Am. (2022) 49:149–65. doi: 10.1016/j.ogc.2021.11.010

40. Lorez M, Bordoni A, Bouchardy C, Bulliard JL, Camey B, Dehler S, et al.
Evaluation of completeness of case ascertainment in Swiss cancer registration. Eur J
Cancer Prev. (2017) 26:S139–s46. doi: 10.1097/CEJ.0000000000000380

41. Ou Z, Gao Y, Jiang D, Cui J, Ren Y, Tang S, et al. Global trends in
death, years of life lost, and years lived with disability caused by breast cancer
attributable to secondhand smoke from 1990 to 2019. Front Oncol. (2022) 12:38.
doi: 10.3389/fonc.2022.853038

Frontiers in PublicHealth 07 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1137820
https://doi.org/10.1007/s40572-017-0151-2
https://doi.org/10.1016/j.annepidem.2014.11.009
https://doi.org/10.1016/j.ijheh.2018.07.015
https://doi.org/10.1136/oemed-2017-104636.388
https://doi.org/10.1080/02841860902913546
https://doi.org/10.1002/1878-0261.12925
https://doi.org/10.1097/JOM.0000000000002302
https://doi.org/10.1136/oemed-2020-106522
https://doi.org/10.1136/oemed-2019-106356
https://doi.org/10.1016/j.ccm.2019.10.001
https://doi.org/10.1177/1048291118758460
https://doi.org/10.1136/bmjopen-2021-054151
https://doi.org/10.47626/1679-4435-2020-595
https://doi.org/10.1007/s11356-021-17100-6
https://doi.org/10.1093/ntr/ntab126
https://doi.org/10.1097/JOM.0b013e318244501e
https://doi.org/10.1093/ntr/ntu185
https://doi.org/10.4414/smw.2016.14327
https://doi.org/10.1016/S0169-5002(03)00230-7
https://doi.org/10.1002/(SICI)1097-0142(19970301)79:5<906::AID-CNCR6>3.0.CO;2-9
https://doi.org/10.1016/j.pmedr.2018.06.010
https://doi.org/10.1093/jnci/djn124
https://doi.org/10.1186/1471-2407-12-385
https://doi.org/10.3390/cancers14174259
https://doi.org/10.3389/fpubh.2022.780538
https://doi.org/10.1002/cam4.4548
https://doi.org/10.1007/s10552-009-9300-8
https://doi.org/10.1093/ije/12.3.290
https://doi.org/10.1200/JCO.2005.10.462
https://doi.org/10.1378/chest.07-1347
https://doi.org/10.1093/oxfordjournals.aje.a009113
https://doi.org/10.1097/CEJ.0000000000000326
https://doi.org/10.3390/cancers14153713
https://doi.org/10.1177/0898264311422744
https://doi.org/10.1016/j.ogc.2021.11.010
https://doi.org/10.1097/CEJ.0000000000000380
https://doi.org/10.3389/fonc.2022.853038
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Estimating 10-year risk of lung and breast cancer by occupation in Switzerland
	1. Introduction
	2. Methods
	2.1. Data sources
	2.2. Outcomes
	2.3. Occupation
	2.4. Smoking
	2.5. Calculations
	1. Calculation of age-, sex-, occupation-specific incidence rate
	2. Calculation of age-, sex-, occupation-specific incidence rate among never smokers
	3. Calculation of age-, sex-, occupation-specific incidence rate among current smokers
	4. Calculation of age-, sex-, occupation-specific incidence rate among former smokers
	5. Accumulation of the age-, sex-, occupation-specific incidence rates

	2.6. Risk charts

	3. Results
	3.1. Risk chart for lung cancer in men
	3.2. Risk chart for lung cancer in women
	3.3. Risk chart for breast cancer in women

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


