1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Ann Epidemiol. Author manuscript; available in PMC 2016 March 01.

-, HHS Public Access
«

Published in final edited form as:
Ann Epidemiol. 2015 March ; 25(3): 188-192. doi:10.1016/j.annepidem.2014.11.009.

The proportion of cancer attributable to occupational exposures

Mark P. Purduel, Sally J. Hutchings?, Lesley Rushton?, and Debra T. Silverman?

10ccupational and Environmental Epidemiology Branch, Division of Cancer Epidemiology and
Genetics, National Cancer Institute, Bethesda, MD, USA

2Department of Epidemiology and Biostatistics, School of Public Health and MRC-HPA Centre for
Environment and Health, Imperial College London, St. Mary's Campus, Norfolk Place, London,
UK

Abstract

Purpose—To review the literature on the estimation of the population attributable fraction (PAF)
of cancer due to occupational exposures and to describe challenges in the estimation of this metric.
To help illustrate the inherent challenges, we also estimate PAFs for selected cancers diagnosed in
the United States in 2010 attributable to work as a painter (causally associated with bladder and
lung cancer) and shiftwork (possibly associated with breast cancer).

Methods—We reviewed and summarized previous reports providing quantitative estimates of
PAF for total cancer due to occupational exposures. We calculated PAF estimates for painters and
shiftwork using methodology from a detailed investigation of the occupational cancer burden in
Great Britain, with adaptations made for the U.S. population.

Results—The estimated occupation-attributable fraction for total cancer generally ranged
between 2% and 8% (men, 3-14%; women, 1-2%) based on previous reports. We calculated that
employment as a painter accounted for a very small proportion of cancers of the bladder and lung
diagnosed in the United States in 2010, with PAFs of 0.5% for each site. In contrast, our
calculations suggest that the potential impact of shiftwork on breast cancer (if causal) could be
substantial, with a PAF of 5.7%, translating to 11,777 attributable breast cancers.

Conclusions—Continued efforts to estimate the occupational cancer burden will be important as
scientific evidence and economic trends evolve. Such projects should consider the challenges
involved in PAF estimation, which we summarize in this report.

Introduction

Occupational exposures, among the first identified carcinogens,2 make up a substantial
proportion of established cancer-causing agents identified to date, with at least 45 of the 113
agents classified by the International Agency for Research on Cancer (IARC) as
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carcinogenic to humans (Group 1) involving workplace chemicals or employment in
selected occupations and industries.3-6 Over the past four decades, the proportion of total
cancer incidence or mortality attributable to occupational exposures has been estimated
using various methods in different populations because of its important implications
regarding the development and enforcement of occupational health regulations and their
prioritization across different occupational agents.”-20 However, efforts to calculate the
population attributable fraction (PAF) of cancer due to occupation (henceforth referred to as
the “occupation-attributable fraction™) in the United States and other countries are
complicated by many challenges.12:21:22

In this article, we will review the published literature on the estimation of the occupation-
attributable fraction of cancer and discuss some of the challenges in estimation of this
metric. To help illustrate these challenges, we also estimated the PAFs for selected cancers
diagnosed in the United States in 2010 attributable to work as a painter (for cancers of the
lung and bladder) and shiftwork (breast cancer).

Estimates of the total occupational cancer burden

We have limited our review to reports providing quantitative estimates of the total
occupation-attributable fraction of cancer, developed using calculations of PAF or similar
statistics based on estimates of exposure prevalence and relative risk;’-12 these estimates are
summarized in Table 1. This list excludes reported PAF estimates that were not based on
quantitative methods3-16 or that were based on previously reported estimates.1’-19 We also
excluded one estimate that included only lung cancer, mesothelioma, and leukemia.2°

The first reported quantitative estimate of the total occupation-attributable fraction was
reported in 1978 by Bridbord et al.” The report, which considered six occupational
exposures and six cancer sites, estimated that “...occupationally related cancer may comprise
as much as 20% or more of total cancer mortality in coming decades”, with asbestos alone
contributing up to 13%-18%, and additional exposures potentially accounting for an
additional 10%-20%. The vast majority of projected occupation-attributable cancer deaths
involved mesothelioma and cancers of the respiratory tract. However, the calculations had
several data limitations and were based on questionable assumptions, such as the application
of relative risk estimates obtained from studies of highly exposed workers to the total
number of potentially exposed workers (irrespective of exposure level) in order to make
cancer projections. For this and other reasons, the estimated occupational cancer burden
from Bridbord et al. likely represents an overestimate of the true occupational cancer
burden.

In 1981, Doll and Peto assessed the occupational cancer burden as part of a landmark report
estimating the proportions of U.S. cancer mortality attributable to different lifestyle and
environmental factors.® From their assessment, which considered 13 occupational exposures
and (primarily) nine cancer sites, they estimated that only about 4% of all U.S. cancer deaths
were attributable to occupational factors (approximately 8% for men and 1% for women).
Lung cancer accounted for about 70% of occupational cancer mortality, with an estimated
occupation-attributable fraction of 15% in men and 5% in women. Some assumptions made
in the analysis may have led to an underascertainment of the occupational cancer burden,
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such as the restriction to cancers diagnosed before age 65, and the low estimated PAF due to
asbestos for mesothelioma of the peritoneum (assumed to be 15% for men, 5% for women)
and pleural cavity (25% for men, 5% for women). Doll and Peto acknowledged that their
overall estimate was tentative, asserting that “...the final conclusion is unlikely to be out in
either direction by more than a factor of about two”, and likely to change with the discovery
of additional occupational carcinogens.

The most recent calculation of occupation-attributable cancer in the United States was
reported in 2003 by Steenland et al. as part of a comprehensive assessment of the magnitude
of national mortality due to selected causes of death associated with occupational
exposures.? Through calculations involving agents classified by IARC as established human
carcinogens (Group 1) and probably carcinogenic to humans (Group 2A; for bladder cancer
and lung cancer only) for nine established occupation-related cancers, the authors estimated
the proportion of U.S. cancer deaths attributable to occupation at between 2.4% and 4.8%
(3.3-7.3% for men and 0.8-1.0% for women). The three largest contributors were lung
cancer (site-specific PAF 8-19% for men, 2% for women), mesothelioma (85-90% for men,
23-90% for women), and bladder cancer (7-19% for men, 3-19% for women). Steenland et
al. noted that their total estimate may be conservative given their decision to include only
well-established occupation-related cancers.

Estimates of total occupation-attributable fractions for cancer have also been calculated for
other populations. In 1997, Dreyer et al. calculated the proportion of total cancer incidence
attributable to occupational exposures in the Nordic countries between 1970-84, focusing on
nine exposure categories involving IARC Group 1 agents and seven cancer sites linked to
occupation.10 They projected occupation-attributable fractions for total cancer of 2% (3%
for men, 0.1% for women) across these populations by the year 2000. In 2001, Nurminen
and Karjalainen utilized a Finnish job-exposure matrix and published relative risks for 22
IARC Group 1 and 22 Group 2A agents for 26 cancer sites to estimate the impact of
occupational exposures on cancer deaths, as part of a broader project quantifying
occupation-related mortality in Finland.1! Their estimated occupation-attributable fraction
of 8% (14% for men, 2% for women) is comparatively high, due at least in part to the larger
number of evaluated agents and cancer sites considered, some with limited epidemiologic
evidence of association.

In 2012, Rushton et al. reported a detailed examination quantifying the occupational cancer
burden in Great Britain, both overall and within selected industrial sectors.12 The authors
considered all relevant IARC Group 1 agents and occupations as well as Group 2A agents
for which the epidemiologic evidence was rated as “strong” or “suggestive” in IARC
monographs, calculating occupation-related PAF estimates for total cancer and 24 individual
sites. Overall, 5.3% of total cancer was estimated to be due to occupational exposures (8.2%,
men; 2.3%, women). Of the estimated 13,598 incident cancers registered in Britain in 2004
attributable to occupational exposures, the five leading malignancies were lung cancer
(40%), non-melanoma skin cancer (21%), breast cancer (14%), mesothelioma (14%), and
bladder cancer (4%). Forty-one percent of the occupation-attributable cancers were
attributable to work in the construction industry.23 Among women, 54% of the occupation-
attributable cancers were breast cancers attributable to shift work.
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These PAFs across studies are not directly comparable with one another due to differences
in the definition of occupational exposure, number of cancer sites considered, national
employment patterns, distributions of exposure within at-risk occupations, and other factors.
Nonetheless, the majority of published reports suggest that the occupation-attributable
fraction for total cancer in developed countries ranges between 2% and 8%. Sex-specific
PAF estimates range between 3-14% for men and 1-2% for women, although the latter
estimate should be interpreted with caution given the paucity of studies designed to detect
occupational cancer risks among women.24

Examples: PAFs for cancer due to painting and shiftwork

To help illustrate many of the challenges involved in calculating occupation-attributable
fractions for cancer, we estimated the proportion of selected cancers diagnosed in the United
States in 2010 attributable to work as a painter (for cancers of the lung and bladder) and
shiftwork (breast cancer). These two occupational risk factors were the focus of a
comprehensive review of the epidemiologic and toxicological literature for evidence of
carcinogenicity conducted at IARC in 2007.25 Following the review, the IARC working
group maintained the previous classification of painting as a Group 1 carcinogenic exposure
causing lung cancer, and concluded that there was sufficient epidemiologic evidence that it
is also a bladder carcinogen. Shiftwork, evaluated for the first time by IARC, was classified
as a Group 2A agent; the epidemiologic evidence informing this classification came mainly
from studies of breast cancer.

We have developed estimates of the PAF and the number of incident cancers attributable to
painting and shiftwork using the methodology of Rushton et al. for calculating the
occupational cancer burden,12:26 with adaptations made for the U.S. population. For these
calculations, we assumed an exposure-cancer latent period of 10-50 years (i.e., a risk
exposure period of 1960-2000 for occupation-related cancers diagnosed in 2010).

1) Estimating the proportion of the population exposed—We first developed
estimates of ng, the number of U.S. workers employed as painters or performing shiftwork in
1980, the risk exposure period midpoint, using census and survey data, respectively. The
number of workers with a painting-related occupation in 1980 was estimated at
approximately 710,000 (586,000 men, 124,000 women) using employment data from the
1980 U.S. Census of Population for job titles including the words “painter” or “painting”.2
By applying an estimate of the prevalence of shiftwork among female full-time and salary
workers (13%) from the 1985 Current Population Survey (CPS)28 to the 1980 Census
estimate of the total number of employed women (approximately 41,000,000), we estimated
the number of U.S. women who performed shiftwork in 1980 at approximately 5,400,000.

We then calculated the number of people alive in 2010 who were “ever exposed” to
employment as a painter or in shiftwork, Nerep), Using an equation described by Hutchings
and Rushton.26

The equation, in its simplest form, can be expressed as follows:
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N(REP):n0+{n0 Y TO Tt}

e

where ng, defined previously, is the number of workers employed in the midpoint of the risk
exposure period (1980), TO is the annual staff turnover (assumed to be 0.10 for men and
0.14 for women, consistent with previous reports%:26:29) and t is the number of years in the
risk exposure period (40). Thus, the cohort of ever-exposed workers in 2010, Ne(rep),
represents the sum of the original cohort of exposed workers, approximated by ny, and a
cohort of turnover-recruited workers, np * TO * t. U.S. life table estimates of the proportions
of the general population surviving to the target year (2010) were used in the full equation
for Ne(rep) to take into account survival to the target year so that only the ever-exposed
cohort members surviving to 2010 would be counted. We generally used the model
parameter values of Rushton et al., with the exception of using life table and population data
for the United States, and specifying the retirement age as 65 for both men and women. Our
estimates of Ne(rep) indicate that approximately 2.7 million Americans in 2010 had ever
worked as a painter and 30.4 million women had ever performed night shiftwork.

To estimate the proportion of the population exposed, we divided Ne(rep) by the estimated
total number of people ever of working age during the risk exposure period and alive in
2010. Our calculated estimates of the proportion of the population exposed were 1.3% for
work as a painter (2.2%, men; 0.6%, women) and 29% for shiftwork among women.

2) Estimating the cancer relative risks—Estimates of cancer relative risk (RR) for
ever having worked in painting were obtained from recent meta-analyses summarizing
results from studies of bladder cancer and lung cancer among painters; the summary RRs
calculated from smoking-adjusted results were 1.28 (95% confidence interval [CI] 1.15 to
1.43; 27 studies) and 1.35 (95% CI 1.21-1.51; 27 studies), respectively.3%:31 In a 2013 meta-
analysis of shiftwork and breast cancer, the summary RR for having ever performed
shiftwork was 1.21 (95% CI 1.00-1.47; 8 studies).32

3) Calculating the PAF and number of occupation-attributable cancers—We
calculated estimates of PAF due to painting and shiftwork using Levin's equation:

PAF=Pr(E) * (RR—1)/{1+Pr(E) * (RR-1)}

where Pr(E) is the proportion of the population exposed. The number of attributable incident
cancers (AN) was approximated using the following equation:

AN=PAF * D

where D is the number of site-specific incident cancers in 2010.33 We calculated lower and
upper estimates of the PAF and AN using the lower and upper 95% confidence limits of the
summary RR.
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Our estimates of the PAF and number of attributable cancers for painting and shiftwork are
summarized in Table 2. These findings indicate that employment as a painter accounts for a
very small proportion of cancers of the bladder and lung diagnosed in the United States,
with PAF estimates of 0.5% (lower estimate 0.3%, upper estimate 0.8%) and 0.5% (0.3%,
0.7%) respectively, accounting for 347 (186, 531) and 1,093 (657, 1,588) incident cancers,
respectively, in 2010. In contrast, our calculations suggest that the potential impact of
shiftwork on breast cancer (if causal) could be substantial, with a PAF of 5.7% (0.0%,
11.9%) and an estimated 11,777 (0, 24,625) potentially attributable incident cases in the
United States in 2010.

Issues in calculating and interpreting PAFs

Our examples raise several issues, summarized below, that require consideration when
calculating and interpreting national estimates of occupation-attributable cancer burden
using data drawn from multiple sources. More detailed discussions have been previously
published.12:21:22

First, several potential sources of uncertainty are apparent when estimating exposure
prevalence for PAF calculation. Such prevalence data for the target population may be
unavailable or, if present, limited in detail or quality. For example, our use of Census data
for occupational titles including “paint” has likely led to an underestimate in the number of
painters in the U.S. workforce, as there is likely to be a substantial number of workers
classified under other job titles who paint. Data estimating the distribution in exposure levels
in the target population are often non-existent, necessitating either assumptions regarding
the distribution or (as we have done) calculations limited to a dichotomized (ever vs. never)
definition of exposure. Calculations of PAF using dichotomized exposure estimates, one
level consisting exclusively of unexposed individuals, are unbiased when misclassification is
nondifferential and the relative risk estimate is applicable to the exposure definition;
however, such a crude exposure definition can lead to a loss of precision when the exposed
group includes levels of exposure where there is no increased risk.34 In instances where
national exposure data are not available, estimates from external populations are
occasionally used, although the representativeness of such data requires careful
consideration. Importantly, the prevalence and intensity levels of many occupational
exposures have been changing over time; such secular trends, if not accounted for, may
introduce substantial error. In the examples of painting and shiftwork, we assumed no
secular trend in U.S. exposure prevalence, which is generally supported by data from
multiple census and CPS cycles.28:35 Other necessary assumptions regarding exposure-
cancer latency and job employment turnover will also substantially affect PAF calculations.

Similarly, several challenges in estimating RRs for the target population are apparent. The
process of identifying a single estimate of RR or a credible range of estimates from the
totality of published evidence can be laborious. Published meta-analyses, if available, can
greatly simplify this process. In selecting external RR estimates for PAF calculation, the
portability of the estimate requires consideration; for example, the application of a RR
associated with very high exposure levels to a prevalence estimate of workers with any
exposure will result in a biased, inflated PAF. In the case of our estimates for painting and
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shiftwork, the estimates of exposure prevalence and RR both referred to any painting and
shiftwork, and were thus compatible. Other issues affecting the validity of external RR
estimates include publication bias, uncontrolled confounding, and whether the RR estimates
are based on incidence vs. mortality data. This last point is extremely important when
calculating the PAF for less lethal occupation-related malignancies such as bladder cancer.
For bladder cancer, mortality studies are often underpowered to identify occupational risk,
as in the case of some cohort studies of metalworkers.36 Thus for less lethal cancers, the
PAF is better applied to incident case numbers than deaths in order not to underestimate the
attributable numbers.

A particular limitation of the Levin equation for PAF calculation, used in our examples, is
that it is strictly valid only under the assumption that there is no confounding of the
exposure relative risk.21:22 In the presence of confounding, the equation produces a biased
estimate of PAF, even if the RR estimate used has been adjusted for the confounding
factor(s). Ongoing work has shown that the bias from using confounder-adjusted RRs is
close to the ratio of adjusted to unadjusted relative risk and generally likely to be small.26
Methods for calculating overall PAF for a given exposure across strata of confounder levels
can minimize such bias.37-39

Lastly, from a practical standpoint, PAF estimates are most useful in informing public health
regulations when the exposure-disease association is recognized as causal in nature, and
when the exposure is preventable. In this context, our PAF estimate for shiftwork should be
interpreted with caution, given uncertainty regarding its status in terms of causality. Given
the large number of breast cancers potentially attributable to shiftwork, and its uncertain
impact on other malignancies, there is a critical need for additional epidemiologic research
to resolve whether shiftwork is a human carcinogen.

Conclusions

As we have summarized, past publications have provided estimates of 2% to8% of total
cancer as attributable to occupational exposures. The true magnitude of the occupational
cancer burden may be greater given the large number of possible carcinogens (IARC Group
2B) with as-yet inconclusive evidence, and the continuing identification of new potentially
carcinogenic agents in the workplace. Conversely, levels of exposure to many occupational
carcinogens in developed countries are likely to decline with increased regulation and
transfer of manufacturing-industry jobs to developing countries. Thus, continued efforts to
estimate the total occupation-attributable fraction for cancer will be important in the future
as scientific evidence and economic trends evolve. In addition, it will also be important to
extend such investigations to developing countries, where the occupational cancer burden
may be substantial given increasing industrialization and limited occupational health
regulations.*0 All such projects should carefully consider the many challenges involved in
PAF estimation, which we and others have discussed.12:21:22

References

1. Brown JR, Thornton JL. Percivall Pott (1714-1788) and chimney sweepers' cancer of the scrotum.
BrJ Ind Med. 1957; 14(1):68-70. [PubMed: 13396156]

Ann Epidemiol. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Purdue et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 8

. Dietrich H, Dietrich B. Ludwig Rehn (1849-1930)--pioneering findings on the aetiology of bladder

tumours. World J Urol. 2001; 19(2):151-153. [PubMed: 11374319]

. IARC. A Review of Human Carcinogens. [100]. WHO Press; Lyon: 2012.
. IARC. Diesel and Gasoline Engine Exhausts and Some Nitroarenes. [105]. International Agency for

Research on Cancer. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans; Lyon:
2013.

. IARC. Trichloroethylene, Tetrachloroethylene, and Some Other Chlorinated Agents. 106.

International Agency for Research on Cancer. IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans; Lyon: 2014.

. IARC. Agents classified by the IARC Monographs. 1-109 http://monographs.iarc.fr/ENG/

Classification/index.php.

. Bridbord K, Decoufle P, Fraumeni J, Hoel D, Hoover R, Rall D, Saffiotti U, Schneiderman M,

Upton A. Estimates of the fraction of cancer in the United States related to occupational factors.
Post-hearing testimony to Hearings of the US Congress on the Occupational Safety and Health
Administration. Sep 25.1978

. Doll R, Peto R. The causes of cancer: quantitative estimates of avoidable risks of cancer in the

United States today. J Natl Cancer Inst. 1981; 66(6):1191-1308. [PubMed: 7017215]

. Steenland K, Burnett C, Lalich N, Ward E, Hurrell J. Dying for work: The magnitude of US

mortality from selected causes of death associated with occupation. Am J Ind Med. 2003; 43(5):
461-482. [PubMed: 12704620]

. Dreyer L, Andersen A, Pukkala E. Avoidable cancers in the Nordic countries. Occupation. APMIS
Suppl. 1997; 76:68-79. [PubMed: 9462820]

Nurminen M, Karjalainen A. Epidemiologic estimate of the proportion of fatalities related to
occupational factors in Finland. Scand J Work Environ Health. 2001; 27(3):161-213. [PubMed:
11444413]

Rushton L, Hutchings SJ, Fortunato L, Young C, Evans GS, Brown T. Occupational cancer burden
in Great Britain. Br J Cancer. 2012; 107(Suppl 1):S3-S7. [PubMed: 22710676]

Higginson J. Proportion of cancers due to occupation. Prev Med. 1980; 9(2):180-188. [PubMed:
7383983]

Wynder EL, Gori GB. Contribution of the environment to cancer incidence: an epidemiologic
exercise. J Natl Cancer Inst. 1977; 58(4):825-832. [PubMed: 321795]

Doll R. Strategy for detection of cancer hazards to man. Nature. 1977; 265(5595):589-596.
[PubMed: 323717]

Cole P. Cancer and occupation: status and needs of epidemiologic research. Cancer. 1977; 39(4
Suppl):1788-1791. [PubMed: 322843]

Landrigan PJ, Markowitz S. Current magnitude of occupational disease in the United States.
Estimates from New York State. Ann N Y Acad Sci. 1989; 572:27-45. [PubMed: 2697170]
Leigh JP, Markowitz SB, Fahs M, Shin C, Landrigan PJ. Occupational injury and illness in the
United States. Estimates of costs, morbidity, and mortality. Arch Intern Med. 1997; 157(14):1557-
1568. [PubMed: 9236557]

Fritschi L, Driscoll T. Cancer due to occupation in Australia. Aust N Z J Public Health. 2006;
30(3):213-219. [PubMed: 16800196]

Driscoll T, Nelson DI, Steenland K, Leigh J, Concha-Barrientos M, Fingerhut M. The global
burden of disease due to occupational carcinogens. Am J Ind Med. 2005; 48(6):419-431.
[PubMed: 16299703]

Rockhill B, Newman B, Weinberg C. Use and misuse of population attributable fractions. AmJ
Public Health. 1998; 88(1):15-19. [PubMed: 9584027]

Steenland K, Armstrong B. An overview of methods for calculating the burden of disease due to
specific risk factors. Epidemiology. 2006; 17(5):512-519. [PubMed: 16804473]

Hutchings SJ, Rushton L. Occupational cancer in Britain. Industry sector results. Br J Cancer.
2012; 107(Suppl 1):S92-S103. [PubMed: 22710685]

Friesen, MC.; Zahm, SH.; Ward, MH.; Silverman, DT. Occupational Cancer.. In: Goldman, MB.;
Troisi, R.; Rexrode, KM., editors. Women & Health. Elsevier; London: 2013. p. 629-645.

Ann Epidemiol. Author manuscript; available in PMC 2016 March 01.


http://monographs.iarc.fr/ENG/Classification/index.php
http://monographs.iarc.fr/ENG/Classification/index.php

1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Purdue et al.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 9

IARC. Painting, Firefighting, and Shiftwork. [98]. International Agency for Research on Cancer.
IARC Monographs on the Evaluation of Carcinogenic Risks to Humans; Lyon: 2010.

Hutchings SJ, Rushton L. Occupational cancer in Britain. Statistical methodology. Br J Cancer.
2012; 107(Suppl 1):S8-17. [PubMed: 22710683]

Bureau of the Census. United States Summary. Section A: United States. U.S. Department of
Commerce; 1980. 1980 Census of Population: Detailed population characteristics..

Beers TM. Flexible schedules and shift work: replacing the '9-to-5' workday? Monthly Labor
Review. 2000; 123(6):33-40.

Nelson DI, Concha-Barrientos M, Driscoll T, Steenland K, Fingerhut M, Punnett L. The global
burden of selected occupational diseases and injury risks: Methodology and summary. AmJ Ind
Med. 2005; 48(6):400-418. [PubMed: 16299700]

Guha N, Steenland NK, Merletti F, Altieri A, Cogliano V, Straif K. Bladder cancer risk in painters:
a meta-analysis. Occup Environ Med. 2010; 67(8):568-573. [PubMed: 20647380]

Guha N, Merletti F, Steenland NK, Altieri A, Cogliano V, Straif K. Lung cancer risk in painters: a
meta-analysis. Environ Health Perspect. 2010; 118(3):303-312. [PubMed: 20064777]

Kamdar BB, Tergas Al, Mateen FJ, Bhayani NH, Oh J. Night-shift work and risk of breast cancer:
a systematic review and meta-analysis. Breast Cancer Res Treat. 2013; 138(1):291-301. [PubMed:
23400581]

American Cancer Society. Cancer Facts & Figures 2010. American Cancer Society; Atlanta: 2010.
Wacholder S, Benichou J, Heineman EF, Hartge P, Hoover RN. Attributable risk: advantages of a
broad definition of exposure. Am J Epidemiol. 1994; 140(4):303-309. [PubMed: 8059765]
United States Census Bureau. Census of Population and Housing. 2014

Colt JS, Friesen MC, Stewart PA, Donguk P, Johnson A, Schwenn M. A case-control study of
occupational exposure to metalworking fluids and bladder cancer risk among men. Occup Environ
Med. 2014

Cole P, MacMahon B. Attributable risk percent in case-control studies. Br J Prev Soc Med. 1971;
25(4):242-244. [PubMed: 5160433]

Bruzzi P, Green SB, Byar DP, Brinton LA, Schairer C. Estimating the population attributable risk
for multiple risk factors using case-control data. Am J Epidemiol. 1985; 122(5):904-914.
[PubMed: 4050778]

Benichou J. A review of adjusted estimators of attributable risk. Stat Methods Med Res. 2001,
10(3):195-216. [PubMed: 11446148]

Santana VS, Ribeiro FS. Occupational cancer burden in developing countries and the problem of
informal workers. Environ Health. 2011; 10(Suppl 1):S10. [PubMed: 21489206]

Ann Epidemiol. Author manuscript; available in PMC 2016 March 01.



Page 10

"saunsodxa [euonedndoo 01 ajgeingune ale (ewoydwA| ujbpoH-uou ‘ewoydwA| uibpoH ‘urelq ‘Asupry
‘anssI} 8A1193UU0I ‘sealoued ‘winjdaI/uojod ‘yaewols ‘snbeydoss ‘yinow) spsezey Jeuoednado Ag paanpold ag Aew Aqissod Jeys S1aoued,, JO SASED dJeWa) JO 94G'( PUB S3SEI B[eW JO %T 1By} Pawnssy

Purdue et al.

‘uonoely 8|geINgIe-uoednalo sy}
10 UOI1BWIISA 8y} Ul PaIapISuod a1am saunsodxa asayl 40 Auew moy Jesjoun St il ‘1ansmoy ‘Jodal ayi Jo awil 8y} Je paysi|geiss susfouldsed feuoiednddo se 1odal jeutBbiio sy ul palsi| ale sainsodxa asay |
M
(uswom ‘osg°2
‘UaW ‘%Z°8) %E’S SAUS J90UED g sjusbe g dnoio pue T dnois Jeuoiednado DYVI T urellg 1ealo ‘e UOYSNY  ZTOZ
(uawom
‘050'T-8°0 ‘UsW unpys ‘xuAseydoseu / snuis [eseu ‘ewiojay1osaw (200z ©2412) sjuabe yz dnoio Jappe|q
‘%E'L-€'E) %8 V-1'T ‘Buny “Jan1| "elwaxna ‘xuhie| ‘Aaupny ‘1appelq /Bunj pue syusbe T dnolo [euonednado DYV IV Sa1eIS palun ‘[e18 puejusals €002
(uawom (suabouraued uewny ajqeqoud) z dnols zz pue
‘92 ‘UsW ‘%Y T) %8 S3MS JAdURD 9z (Suewny o3 o1uaboulased) T dnoi9 DYV 2z ‘Susbe iy puejui4  uaurejelied} pue usulwINN  TO0Z
uapams
‘RemioN
1SNP POOM‘SU0QJeI0IpAY d1rewoIe 9119AdA|0d ‘puead)]
(uswom AIned |eseu ‘Buruiw ‘syuswiBidy spunodwod [eaw / sfelsw ‘Isnp ‘puejuiq
‘00T 0> ‘UBW ‘%E) %g ‘ewol[aylosaw ‘Buny ‘elwanna| ‘XuAle| ‘Asupi ‘Jeppe|q  Jayles| ‘SJUBAJOS JBY10 PUE BUSZUS(] ‘SOISAYSE ‘I1USSIY Sirewusg ‘e Iskaid 66T
apLojy
M
JAUIA ‘11071831008 UI SUOQIRI0IPAY 2119K0A0d
$1aU30 pue ‘aye1sold ‘Upjs BLOUE[SL-UOU . 191U mm_m pleisnw .__o |Adoudos! ‘uoneipes
(uswom v Buiziuol ‘winjwoayd ‘wniwped ‘1ayis |AY18Wa0I0[Ydsiq
‘52T ‘UBW ‘948°9) %P  ‘BwloljayI0saW ‘Bun| ‘1aAl| ‘BlLUBMNa| ‘XuAle] ‘1appe|q ‘auog ‘auazuaq ‘s0ISagSe ‘O1UasIe ‘saule djewoly Sa18IS paluNn 0lad pue |jod 1861
saInsodxa
JUB1INJ-UaY} U
paseq ‘Aljenow Jaoued yoewols suonoely wnajosad
aInJn} JO a10W 10 9402 ‘ewoljaylosaw ‘Bunj ‘eiwanns| ‘snbeydoss ‘wnjael/uojo) ‘S9PIXO0 [8XJIU ‘WINIWOIYD ‘BUsZUS] ‘O1USSIE ‘S0ISaOSY S318IS palun ‘le1e piogpug  8/6T
uonednaoQ
01 3|qeInqLNyY
sJ90ue) [€10] JO
uonJodoad parewnsy paJapIsuo) sdsoue) pareldossy-Ajjeuolrednadso paJapisuo) swuaby [euoirednadoo Anuno)d SIoylNy  JesA

Author Manuscript

S811JUNOD JBY10 PUE S3J’IS PalIuN 8y) Ul sainsodxa euoiednado 01 ajgeIngLe J8oued [210) Jo uoiuodoid ay) Jo seyewnsg

Author Manuscript

T alqel

Author Manuscript

Author Manuscript

PMC 2016 March 01.

in

available

i

Ann Epidemiol. Author manuscript



Page 11

Purdue et al.

"aJewnss Jaddn ‘JN fe1ewnss Jamo| ‘37 ‘aunsodxa 0} a|geIngLe OTOZ Ul SI80Ued Juapioul Jo Jaquinu ‘GUIVN ‘ysu ajqeInguiie uoneindod ‘4d XSH el ¢

Remiol. Author manuscript; available in PMC 2016 March 01.

:suonRINIGaY

(G29'vz-0) 22211 (6'TT-00) LS  (L¥'T-00T) 12T

(2'82) ze0'1S€E'0E cmeoz(mm JaxIomyIys

(885'T-259) £60'T (L0€0) 50 (tg1-12T) 66T (1€5-98T) LvE (8'0-€0) 50 (ev'T-sT'T) 82T  (E'T) 9€8'0VL'C [e10L Jajured

(r1€-0€T) 9TC (eoTo)zo  (IST-1ZT)SET (5v-97) 62 (e0T0zo  (erT-sTT)8ZT (90) S6E'LT9 UBLIOM Jejured

(€L2'T-828) 118 (T'1-50) 8°0 (tg1-12T) 66T (98%-TLT) 8TE (6'0-€'0) 9°0 (ev'1-sTT) 82T (2'2) TYV'eeT'e UsIN Jaured

@3N @n-3Ndvd @En-3) Yy @EN-37) YN @N3MN %dvd @EN-3DEY @ENID YN @EN-3T) %dvd @N-3DEY (W) N uonejndod  uonednaoO

190UE) 15ealg 180Ued Bun 190UED 18ppe|g

Pasodxa 19A8 8|doad

J19310MIYs pue Jaiuted e se uoiednddo 01 anp OTOZ Ul Uspang Jadued 214109ds-a1Is "S'N paYewnsg

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript



