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Brigitte Tretarre5, Sylvie Cenee1,2 and Florence Menegaux1,2*

Abstract

Background: Although prostate cancer (PCa) is the most frequent male cancer in industrialized countries, little is
known about its aetiology. The literature has suggested an influence of the environment, including occupational
exposures, but results are inconsistent. In this context, we investigated PCa risk associated to employment among
several occupations using data from EPICAP study.

Methods: EPICAP is a French population-based case-control study including 819 PCa incident cases and 879
controls frequency-matched on age. In-person interviews gathered data on potential risk factors and lifetime
occupational histories for each job held at least 6 months. Then, occupations were coded using ISCO 68.
Unconditional logistic regressions were performed to assess the association between occupations (ever occupied
and by duration) and PCa risk, whether all and aggressive, after adjusting for potential confounders.

Results: For ≥10 years of employment, we found positive associations with PCa, whether overall and aggressive,
among Medical, Dental and Veterinary workers (OR (odds ratios) =5.01 [95% confidence interval] [1.27; 19.77]),
Members of the armed forces (OR = 5.14 [0.99; 26.71]) and Fishermen, hunters and related workers (OR = 4.58 [1.33;
15.78]); whether overall and non-aggressive PCa, among Legislative officials and Government administrators (OR =
3.30 [1.10; 9.84]) or Managers (OR = 1.68 [1.18; 2.41]); however a negative association, whether overall and non-
aggressive PCa, among Material-Handling and Related Equipment Operators, Dockers and Freight Handlers (OR =
0.40 [0.17; 0.97]).

Conclusion: Excess PCa risks were observed in the EPICAP study mostly among white collar workers exposed to
several factors in their work environment. These emerging associations can be used to lead future research
investigating specific occupational exposures.
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Background
Prostate cancer (PCa) is the first male cancer in industri-
alized countries, including France [1]. In 2020, based on
GLOBOCAN estimates, 1,276,106 new cases were regis-
tered over the world, 449,761 in Europe with 64,955 in
France. Meanwhile, 358,989 men worldwide, 107,315 in
Europe with 9002 in France died from this cancer [2, 3].
Numerous studies in the past decades focused on

identifying the aetiology of PCa, however, it remains
largely unknown. The only recognized risk factors are
advanced age, ethnic origin and family history of PCa.
Epidemiological studies on migrants showed an increase
of the incidence of PCa for Asians living in the United
states compared to those living in their native countries,
suggesting the role of lifestyle and environmental factors,
including occupational factors [4].
Few original studies have focused on the influence of

occupational factors on the occurrence of PCa before
the 90s. To date, we identified 5 cohorts [5–10] and 10
case-control studies [11–20], two literature reviews [21–
23] and two meta-analysis [24, 25] investigating the role
of occupational factors on PCa risk. Among these, the
risk of PCa was evaluated, yet with inconclusive results,
for farmers [5, 6, 15, 16, 19, 21, 22, 24], pesticide appli-
cators and manufacturers [10, 21, 22, 24], protective ser-
vice workers [5–9, 11, 14–17, 21], administrative and
managerial workers [8–11, 13, 14, 16–19, 22], workers
with jobs related to low physical activity [12, 16, 22, 24],
night shift workers [23, 25, 26], heavy and toxic metals
and chemical workers [5, 7, 14, 18, 21, 22, 24, 27, 28].
However, several studies presented methodological

weaknesses particularly in occupational exposure assess-
ment or study design: studies focusing on specific occu-
pational groups, few studies in general population, few
studies with a sufficient statistical power to go deeply in
the analyses, studies using current or longest job titles as
proxies of lifetime occupational exposures [7, 8, 20] or
studies that did not take into account potential con-
founding factors [19, 20]. Moreover, only two studies
were able to specifically address the aggressiveness of
PCa [11, 15].
In this context, we aimed to investigate PCa risk asso-

ciated to employment among several occupations, taking
into account PCa aggressiveness, using data from EPI-
CAP study.

Methods
Study population
EPICAP (Epidemiological study of prostate cancer) is a
population-based case-control study conducted in the
department of Hérault between 2012 and 2014 to specif-
ically address the role of environmental, occupational
and genetic factors on the occurrence of PCa. Details of
the study design have been described elsewhere [29].

Briefly, eligible cases were all male newly diagnosed
with PCa in 2012–2013, less than 75 years old, living in
Hérault at diagnosis, histologically confirmed cancer
cases recruited in all public and private centres of the
geographic area. Hérault is located in the southeast of
the country. This department was chosen for the exist-
ence of a departmental cancer registry created more
than 26 years ago, its mixed agricultural and urban char-
acter, and its large size (more than 1 million inhabi-
tants). In 2011, the Hérault Cancer Registry observed
770 new cases of prostate cancer, of which 575 were
under 75 years of age. Considering that the number of
cases in 2012–2013 will be similar, approximately 1150
new cases were expected during the study period (2012–
2013). In fact, 1098 eligible cases were identified over
the study period suggesting that the identification of
cases in the EPICAP study was exhaustive.
Eligible controls were men selected among the general

population living in the department of Hérault, free from
this cancer, and frequency-matched on age (5 year age
group) with cases. Quotas for age and socio-economic
status (SES) were defined in order to minimize selection
bias. Thus, the age distribution of the selected controls
had to reflect the age distribution observed among the
cancer cases. In addition, the distribution of the control
group had to reflect the SES distribution of the male
population of the same age in the department of Hér-
ault, based on data from the population census given by
The National Institute of Statistics and Economic Stud-
ies (INSEE). Phone numbers of private homes, obtained
via a survey institute (IPSOS), were selected at random
from the telephone directory of the Hérault department.
In order to maximize the possibility to reach the house-
holds, they were called up to 15 times at different hours
and days during week-days and week-ends. If the house-
hold contained a male who met the eligibility criteria, he
was invited to participate to the study as long as the pre-
defined quota corresponding to his age group and SES
was not reached.
Finally, the study included 819 incident cases and 879

controls with a participation rate of 75 and 79% respect-
ively. Each subject included in EPICAP signed a written
informed consent.

Data collection
All participants were face-to-face interviewed by a
trained research clinical nurse, using a standardised
computer assisted questionnaire. Information related to
usual sociodemographic characteristics, personal and
family medical history, hormonal and metabolic factors,
infectious and inflammatory factors, lifestyle factors and
environmental factors including complete residence and
occupational history were collected.
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Cases and controls went through anthropomorphic
measurements during the interview and blood samples
or saliva samples were proposed to both of them.
Clinical data of all cases were gathered from medical

record of each case including prostatic specific antigen
(PSA) levels and Gleason Score at diagnosis and vali-
dated by the Hérault cancer registry.

Coding of occupation titles
Participants answered a lifetime occupational question-
naire covering all jobs held more than 6months. For
each job held, information on starting and ending dates,
name and address of the company, description of the
tasks involved were gathered. For some specific jobs, a
more detailed questionnaire was answered by partici-
pants. Then, an industrial hygienist coded the job titles
blinded to the subject’s case/control status using the
International Standard Classification of Occupations
(ISCO) 1968. ISCO’s structure uses a decimal method of
coding and has four levels, providing successively finer
detail about each occupation: 1-digit major groups, 2-
digit minor groups, 3-digit unit groups and 5-digit occu-
pational categories [30]. In the present study, we consid-
ered 8 major, 61 minor and 99 unit groups for
occupational categories with at least ten subjects ever
employed. For each category, we used two indicators:
ever employment (no, yes) and lifetime duration of em-
ployment (< 10 years, ≥10 years).

Statistical analysis
Since one case and four controls did not fill the occupa-
tional questionnaire, the analyses were restricted to 818
cases and 875 controls and performed with the statistical
analysis software SAS (9.4 version).
For a given occupational group, associations between

occupation and PCa were studied using unconditional
logistic regression models which calculated odds ratios
(OR) and 95% confidence intervals [95% CI]. The refer-
ence group for each occupational category was the men
never employed in that particular occupation. The ana-
lyses were systematically adjusted for the well-
established risk factors: age, ethnic origin, and first-
degree family history of PCa. Our final models were also
adjusted for other potential confounding factors such as
marital status, waist circumference and physical activity
that were different between cases and controls with a p-
value less than 0.2. Educational level, highly related to
screening behaviour, was also included in our final
models.
We also performed multinomial logistic regression

models to evaluate associations according to PCa aggres-
siveness using the Gleason score at diagnosis. If Gleason
Score was < 7 or equivalent to 7 (3 + 4), it was consid-
ered as non-aggressive cancer and if it was equivalent to

7 (4 + 3) or ≥ 8, then it was considered as aggressive PCa
[31]. Since the Gleason score was missing for 13 cases,
the analyses by prostate cancer aggressiveness was based
on 1680 participants.

Results
Characteristics of the EPICAP population are presented
in Table 1. Among cases, 623 (77.4%) were classified as
non-aggressive cancer and 182 (22.6%) as aggressive
PCa. Among the 806 controls who provided information
on prostate cancer screening, 606 (75.2%) were screened
in the last 2 years before the interview, 66 (8.2%) more
than 2 years before interview, and 134 (16.6) had never
been screened.
Beside first-degree family history of PCa, which was

significantly different between cases and controls (p <
0.001), all other characteristics of the study population
were comparable between cases and controls.
Regarding lifetime occupational history of the 1693

participants, a total of 11,622 jobs have been held for
more than 6months. The average number of jobs held
per men during lifetime was 5 jobs (range 1 to 27).
In Table 2 and 3, we reported the results for all the

major groups (1-digit) and only minor groups (2-digits)
and unit groups (3-digits) with at least one statistically
significant association for ever employment or duration
of employment with overall PCa or PCa aggressiveness.
The overall results can be found in the Additional file 1
(Table S1 for overall PCa and S2 for PCa
aggressiveness).
Associations between selected occupations (ever occu-

pied and by duration) and overall PCa are presented in
Table 2. We observed positive associations between
overall PCa risk and specific occupations lasting 10 years
or more such as Surveyors, draughtsmen and related
technicians (OR = 1.72 [1.06; 2.81]); Medical, dental and
veterinary workers (OR = 3.75 [1.34; 10.49]), particularly
for Medical doctors (OR = 3.98 [1.08; 14.72]); Adminis-
trative and managerial workers (OR = 1.72 [1.24; 2.38]),
particularly for Legislative officials and Government ad-
ministrators (OR = 2.88 [0.98; 8.41]) and Managers
(OR = 1.62 [1.15; 2.27]); and Production supervisors and
general foremen (OR = 1.78 [1.09; 2.91]). A positive asso-
ciation was also observed for men who had ever worked
as Cabinetmakers and related woodworkers (OR = 2.94
[1.03; 8.43]).
However, we observed negative associations, for men

who had ever worked as Service workers (OR = 0.78
[0.60; 1.01]) particularly for Building Caretakers, Char-
workers, Cleaners and Related Workers (OR = 0.44 [0.21;
0.90]); Production and Related Workers, Transport
Equipment Operators and Labourers (OR = 0.76 [0.60;
0.95]), particularly for Food and beverage processers
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Table 1 Selected characteristics of the EPICAP study population (N = 1693)

Characteristics Cases
n = 818 (%)

Controls
n = 875 (%)

p-value*

Gleason score at diagnosis

≤ 7† 623 (77.4) –

≥ 7†† 182 (22.6) –

Age 0.150

< 55 years 48 (5.9) 59 (6.7)

55–59 years 99 (12.1) 99 (11.3)

60–64 years 216 (26.4) 200 (22.9)

65–69 years 274 (33.5) 283 (32.3)

≥ 70 years 181 (22.1) 234 (26.8)

Ethnic origin 0.402

Caucasian, 794 (97.1) 855 (97.7)

Others 24 (2.9) 20 (2.3)

First-degree family history of prostate cancer < 0.001

no 548 (75.2) 722 (90.5)

yes 181 (24.8) 76 (9.5)

Educational level 0.503

none 70 (8.5) 71 (8.1)

primary school 376 (46.0) 434 (49.7)

high school 112 (13.7) 109 (12.5)

university 260 (31.8) 260 (29.7)

Marital status 0.193

married/domestic partnership 674 (82.4) 748 (85.5)

divorced/separated/single 115 (14.1) 98 (11.2)

widowed 29 (3.5) 29 (3.3)

Smoking status 0.362

non-smokers 240 (29.4) 246 (28.1)

former smokers 454 (55.6) 475 (54.3)

current smokers 123 (15.0) 154 (17.6)

Regular alcohol drinking 0.576

no 72 (8.8) 84 (9.6)

yes 744 (91.2) 790 (90.4)

Intensity of physical activity 0.123

< 1 h/week 191 (23.5) 177 (20.3)

lifetime MET between 0.10–6.23 153 (18.8) 172 (19.8)

lifetime MET between 6.25–13.01 133 (16.4) 172 (19.8)

lifetime MET between 13.07–24.11 149 (18.3) 175 (20.1)

lifetime MET between 24.15–351.40 187 (23.0) 174 (20.0)

Waist circumference (in centimetres) 0.082

≤ 94 208 (25.8) 253 (29.6)

> 94 599 (74.2) 602 (70.4)

Body-mass index 2 years before diagnosis or interview, in kg/m2 0.862

< 25 296 (36.7) 314 (36.5)

25–29 377 (46.7) 394 (45.9)
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(OR = 0.58 [0.35; 0.96]); and Transport Equipment Oper-
ators (OR = 0.73 [0.53; 0.99]).
Associations between selected occupations and PCa

aggressiveness are presented in Table 3. We observed
positive associations with aggressive PCa for men who
had ever worked as Professional, technical and related
workers (OR = 1.63 [1.11; 2.42]), especially for Surveyors,
draughtsmen and related technicians (OR = 1.68 [1.00;
2.81]) and Medical, dental and veterinary workers (OR =
4.63 [1.33; 16.15]); and Fishermen, hunters and related
workers (OR = 3.16 [1.00; 10.05]), particularly for Fisher-
men (OR = 4.01 [1.02; 15.69]. All those associations were
particularly observed for a duration of employment of
10 years or more. Men who worked 10 years or more as
Members of the armed forces also had an increased risk
of aggressive PCa (OR = 5.14 [0.99; 26.71]), even though
based on small numbers.
However, we did not observe negative associations

with aggressive PCa in any occupational group.

Discussion
Our results are based on a large population-based case-
control study, carefully and specifically designed to ad-
dress occupational factors and PCa risk, with a particular
interest for aggressive PCa.
Our results showed an increased risk of PCa mainly

among specific Professional, technical and related
Workers and among Administrative and Managerial
Workers, while we observed a decreased risk among Ser-
vice workers and among Production and Related
Workers, Transport Equipment Operators and
Labourers.
Among the existing literature that has investigated oc-

cupational factors and PCa risk, very few studies
assessed the entire occupational history, provided infor-
mation on duration of employment in each occupation
[14–16, 18]. Most of them studied PCa risk based on
longest or last occupation held while only two studies
took into account the aggressiveness of PCa [11, 15].

We observed positive associations with overall and ag-
gressive PCa for men who ever worked as Surveyors,
draughtsmen and related technicians, particularly if they
worked 10 years or more. Similar results were also found
in a North American study based on death certificates of
men from 24 US states (OR = 2.10 [1.30; 3.50]), even
though duration was not assessed [17].
We also found positive associations for Medical, dental

and veterinary workers with the highest risk observed
for Medical doctors. Our findings are consistent with
previous cohort studies from Canada [5] and Nordic
countries [7, 8] that showed a moderated increased risk
for Medical doctors. However, they were not able to as-
sess duration and prostate cancer aggressiveness. This
“Medical, dental and veterinary workers” group is made
up of men of a higher SES which may explain the ob-
served positive associations based on a higher screening
behaviour. In fact, the prevalence of screening in the last
2 years before interview among the Medical, Dental and
veterinary workers group was 100%. However, our re-
sults were more specifically observed for aggressive PCa,
thus minimizing a potential detection bias.
Working in Administrative and Managerial occupa-

tions for 10 years or more has been associated with an
increased risk of PCa in our study, particularly for Legis-
lative officials and Government administrators and Man-
agers. These occupational categories are consistently
observed to be associated with prostate cancer in the lit-
erature [5, 7, 8, 11, 14–16, 20].
While several studies found an increased risk of PCa

with Protective service workers category [7, 8, 16, 32]
and for Firefighters [6, 14, 16], Police officers [6, 9, 15]
and Members of the armed forces [6–8, 11, 14], we did
not observe any association with the Protective service
workers category. However, we observed an increased
risk of aggressive PCa in Members of the armed forces
for men who worked 10 years or more even though
based on small numbers.
When considering working in the Fishermen, Hunters

and Related Workers group for 10 years or more, we

Table 1 Selected characteristics of the EPICAP study population (N = 1693) (Continued)

Characteristics Cases
n = 818 (%)

Controls
n = 875 (%)

p-value*

≥ 30 134 (16.6) 151 (17.6)

Night shift work 0.522

never 532 (65.0) 556 (63.5)

ever 286 (35.0) 319 (36.5)

Last screening for prostate cancer before interview, in years

≤ 2 – 606 (75.2)

> 2 – 66 (8.2)

Never screened – 134 (16.6)

Abbreviations. *p-value: Chi-2 test; † ≤ 7(3 + 4): low aggressive cancer; †† ≥ 7 (4 + 3): high aggressive cancer; MET Metabolic Equivalent of Task

Bijoux et al. Journal of Occupational Medicine and Toxicology            (2022) 17:5 Page 5 of 12



Table 2 Associations between selected occupations and prostate cancer [all cancers] (N = 1693)

ISCO* Code (1 to 3 digits): Description Never Ever employed < 10 years
employed

≥ 10 years employed

Ca/
Co**

Ca/Co OR [95% CI]† Ca/Co OR [95% CI] Ca/Co OR [95% CI]

0/1: PROFESSIONAL, TECHNICAL AND RELATED WORKERS 516/
571

302/
304

1.10 [0.86;
1.40]

88/
102

1.00 [0.72;
1.40]

214/
202

1.16 [0.87;
1.53]

0–2: Architects, Engineers 785/
836

33/39 0.83 [0.50;
1.39]

9/21 0.43 [0.19;
0.96]

24/18 1.32 [0.69;
2.54]

0–3: Surveyors, Draughtsmen and Related technicians 735/
804

83/71 1.34 [0.95;
1.90]

37/41 1.06 [0.66;
1.70]

46/30 1.72 [1.06;
2.81]

0–6: Medical, Dental and Veterinary workers 799/
869

19/6 3.21 [1.24;
8.34]

1/1 0.80 [0.05;
13.88]

18/5 3.75 [1.34;
10.49]

0–61: Medical Doctors 807/
872

11/3 3.98 [1.08;
14.72]

0/0 – 11/3 3.98 [1.08;
14.72]

2: ADMINISTRATIVE AND MANAGERIAL WORKERS 671/
760

147/
115

1.47 [1.10;
1.97]

29/35 0.92 [0.54;
1.58]

118/
80

1.72 [1.24;
2.38]

2–0: Legislative Officials and Government Administrators 796/
865

22/10 2.33 [1.07;
5.07]

10/5 1.83 [0.61;
5.50]

12/5 2.88 [0.98;
8.41]

2–02: Government Administrators 798/
867

20/8 2.80 [1.20;
6.52]

8/3 2.66 [0.69;
10.27]

12/5 2.88 [0.99;
8.43]

2–1: Managers 685/
767

133/
108

1.39 [1.03;
1.86]

28/34 0.89 [0.52;
1.54]

105/
74

1.62 [1.15;
2.27]

2–11: General Managers 769/
843

49/32 2.03 [1.24;
3.31]

15/13 1.58 [0.70;
3.57]

34/19 2.31 [1.26;
4.23]

3: CLERICAL AND RELATED WORKERS 580/
611

238/
264

0.91 [0.73;
1.14]

102/
100

1.01 [0.73;
1.39]

136/
164

0.85 [0.65;
1.11]

4: SALES WORKERS 618/
693

200/
182

1.23 [0.97;
1.56]

97/89 1.16 [0.84;
1.61]

103/
93

1.29 [0.94;
1.78]

4–0: Managers (Wholesale and Retail Trade) 796/
864

22/11 2.00 [0.94;
4.27]

12/3 3.31 [0.88;
12.42]

10/8 1.49 [0.58;
3.85]

5: SERVICE WORKERS 681/
700

137/
175

0.78 [0.60;
1.01]

56/94 0.55 [0.38;
0.80]

81/81 1.05 [0.75;
1.48]

5–5: Building Caretakers, Charworkers, Cleaners and
Related Workers

806/
849

12/26 0.44 [0.21;
0.90]

10/19 0.49 [0.22;
1.10]

2/7 0.28 [0.05;
1.47]

5–8: Protective Service Workers 762/
805

56/70 0.81 [0.55;
1.19]

21/34 0.60 [0.33;
1.06]

35/36 1.02 [0.62;
1.67]

6: AGRICULTURAL ANIMAL HUSBANDRY AND FORESTRY WORKERS,
FISHERMEN AND HUNTERS

707/
762

111/
113

1.00 [0.74;
1.35]

49/54 0.92 [0.60;
1.40]

62/59 1.07 [0.72;
1.59]

6–4: Fishermen, Hunters and Related Workers 803/
867

15/8 1.96 [0.81;
4.76]

2/2 1.14 [0.15;
8.48]

13/6 2.23 [0.82;
6.06]

6–41: Fishermen 809/
870

9/5 1.93 [0.62;
5.97]

1/1 1.29 [0.08;
21.33]

8/4 2.08 [0.60;
7.21]

7/8/9: PRODUCTION AND RELATED WORKERS,
TRANSPORT EQUIPMENT OPERATORS AND LABOURERS

395/
364

423/
511

0.76 [0.60;
0.95]

136/
160

0.78 [0.58;
1.04]

287/
351

0.74 [0.58;
0.96]

7–0: Production Supervisors and General Foremen 747/
821

71/54 1.60 [1.09;
2.34]

28/24 1.36 [0.76;
2.44]

43/30 1.78 [1.09;
2.91]

7–4: Chemical Processers and Related Workers 817/
866

1/9 0.11 [0.01;
0.86]

0/5 – 1/4 0.26 [0.03;
2.50]

7–7: Food and Beverage Processers 789/
828

29/47 0.58 [0.35;
0.96]

16/25 0.59 [0.30;
1.15]

13/22 0.58 [0.28;
1.19]

8–1: Cabinetmakers and Related Woodworkers 804/
870

14/5 2.94 [1.03;
8.43]

9/2 4.03 [0.84;
19.33]

5/3 2.16 [0.50;
9.29]

8–3: Blacksmiths, Toolmakers and Machine Tool Operators 785/
820

33/55 0.69 [0.43;
1.09]

16/34 0.53 [0.28;
0.98]

17/21 0.96 [0.49;
1.88]
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observed an increased risk for aggressive PCa, particu-
larly for Fishermen, while a decreased risk of either an
early or a late-onset of PCa (whether diagnosed before
or after 50 years old) for these workers was reported in
the Nordic Occupational Cancer (NOCCA) studies [7,
8].
We found a positive association with PCa risk for

Production Supervisors and General Foremen as ob-
served in two North American case-control studies
[16, 17].
Some negative associations have also been observed in

our study with Service Workers with conflicting results
in the literature [5, 13, 16] and with Food and Beverage
Processers, Blacksmiths, Toolmakers and Machine-Tool
Operators, Material-Handling and Related Equipment
Operators, Dockers and Freight Handlers as observed in
other original studies [5–8, 12].
Unlike some previous studies and reviews, we did not

find any association in our study with Farmers and Agri-
cultural industry [5, 6, 15, 16, 19, 21, 22, 24], Heavy and
toxic metal workers or Chemical workers, Metalwork
and Chemical industry [5, 7, 14, 18, 21, 22, 24].
Although we were able to study PCa risk in a wide

range of occupations ever occupied and by duration of
employment in each job, we could not clearly identify
specific occupational exposures related to each job held,
which may entail exposure to several different factors
such as chemical, physical or psychosocial factors. We
could not either rule out that certain of our results are
chance findings due to multiple testing. However, we
chose not to use any methods of correction for multiple
testing. Indeed, we adopted an exploratory research with
a hypothesis-generating purpose and we wanted to avoid
reducing the power too drastically due to low already
prevalence of certain occupations [33, 34]. We believed
that our results could be used as leads for future

research related to specific occupational exposures. Still
and all, several factors in the work environment may ex-
plain the associations between specific occupations and
PCa observed in our study.
Several studies on night-shift work and prostate cancer

suggest that night and rotating shift work may be associ-
ated with prostate cancer risk [25, 26, 35], particularly
for long duration and aggressive prostate cancer, includ-
ing the EPICAP study [36, 37]. This may be relevant
across some occupations identified in our study that are
concerned by night-shift work, such as Medical, dental
and veterinary workers, Members of the armed forces or
Fishermen. Indeed, prevalence of night shift work in
those occupations was 33.4% in Medical, dental and vet-
erinary workers, 44.4% in Members of the armed forces,
and 62.5% in Fishermen, Hunters and Related Workers.
In addition, the three occupational groups mentioned
before are also subject to a consistent chronic stress that
may impact cancer development, as observed in a recent
study that found a link between workplace stress and
PCa risk [38]. According to the authors, chronic stress
may influence cancer development by activating the
sympathetic nervous system leading to downregulation
of cellular immune response, genomic instability and
changing in testosterone levels.
Furthermore, sedentary behaviour and low physical ac-

tivity in the workplace may have a negative impact on PCa
risk through changes in testosterone levels, insulin-like
growth factor and immune function [39]. Occupations re-
lated to that in our study are Administrative and manager-
ial occupations. Also, these workers usually have a higher
SES than blue collar workers, which leads to better access
to health services and an increase PSA screening behav-
iour [40, 41], which may explain part of our results, specif-
ically observed for non-aggressive prostate cancer. In fact,
the prevalence of screening in the last 2 years before

Table 2 Associations between selected occupations and prostate cancer [all cancers] (N = 1693) (Continued)

ISCO* Code (1 to 3 digits): Description Never Ever employed < 10 years
employed

≥ 10 years employed

Ca/
Co**

Ca/Co OR [95% CI]† Ca/Co OR [95% CI] Ca/Co OR [95% CI]

8–39: Blacksmiths, Toolmakers and Machine-Tool Operators
Not Elsewhere Classified

808/
857

10/18 0.66 [0.29;
1.51]

1/14 0.09 [0.01;
0.68]

9/4 2.58 [0.76;
8.72]

9–7: Material Handling and Related Equipment Operators,
Dockers and Freight Handlers

760/
794

58/81 0.74 [0.51;
1.08]

48/58 0.86 [0.56;
1.32]

10/23 0.44 [0.20;
0.95]

9–8: Transport Equipment Operators 730/
752

88/
123

0.73 [0.53;
0.99]

37/63 0.61 [0.39;
0.94]

51/60 0.85 [0.56;
1.29]

9–85: Motor vehicle drivers 747/
780

71/95 0.77 [0.54;
1.09]

31/48 0.55 [0.32;
0.95]

40/47 0.95 [0.58;
1.53]

MEMBERS OF THE ARMED FORCES 802/
857

16/18 0.97 [0.48;
1.94]

10/15 0.72 [0.32;
1.65]

6/3 2.21 [0.53;
9.12]

Abbreviations: +occupations (exercised by 10 subjects or more) with at least one statistically significant association for ever employment or duration of
employment; *ISCO: international standard classification of occupations (version of 1968); **Ca/Co: cases/controls; †Odds ratio adjusted for age (age of reference
(60–64 years)), ethnic origin, first-degree family history of this cancer, educational level, intensity of physical activity, waist circumference, marital status; ***Other
health professionals: Nurses, Midwives, Optometrists and opticians, Physiotherapists and occupational therapists, Medical radiology technicians
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Table 3 Associations between selected occupations+ and prostate cancer aggressiveness (N = 1680)

ISCO* Code (1 to 3 digits): Description CA** Never Ever employed < 10 years
employed

≥ 10 years
employed

n*** n OR [95%
CI]****

n OR [95% CI] n OR [95% CI]

0/1: PROFESSIONAL, TECHNICAL AND RELATED WORKERS NA†

A††

C†††

401
106
571

222
76
304

0.96 [0.73;
1.25]
1.63 [1.11;
2.42]

64
22
102

0.89 [0.61;
1.28]
1.36 [0.79;
2.32]

158
54
202

1.00 [0.73;
1.35]
1.83 [1.17;
2.86]

0–2: Architects, Engineers NA
A
C

595
177
836

28
5
39

0.89 [0.52;
1.52]
0.68 [0.25;
1.80]

8
1
21

0.48 [0.20;
1.12]
0.24 [0.03;
1.87]

20
4
18

1.38 [0.69;
2.75]
1.18 [0.38;
3.66]

0–3: Surveyors, Draughtsmen and Related technicians NA
A
C

565
158
804

58
24
71

1.23 [0.85;
1.80]
1.68 [1.00;
2.81]

27
10
41

0.99 [0.59;
1.67]
1.35 [0.65;
2.79]

31
14
30

1.56 [0.92;
2.65]
2.11 [1.06;
4.21]

0–6: Medical, Dental and Veterinary workers NA
A
C

609
177
869

14
5
6

2.90 [1.07;
7.89]
4.63 [1.33;
16.15]

0
1
1

-
2.01 [0.10;
39.56]

14
4
5

3.53 [1.22;
10.22]
5.01 [1.27;
19.77]

0–61: Medical Doctors NA
A
C

614
180
872

9
2
3

3.94 [1.03;
15.04]
4.16 [0.65;
26.55]

0
0
0

-
-

9
2
3

3.94 [1.03;
15.04]
4.16 [0.65;
26.55]

2: ADMINISTRATIVE AND MANAGERIAL WORKERS NA
A
C

507
154
760

116
28
115

1.51 [1.11;
2.06]
1.29 [0.80;
2.06]

21
8
35

0.83 [0.46;
1.51]
1.28 [0.57;
2.91]

95
20
80

1.82 [1.29;
2.57]
1.30 [0.75;
2.23]

2–0: Legislative Officials and Government Administrators NA
A
C

604
180
865

19
2
10

2.52 [1.13;
5.62]
1.06 [0.22;
5.03]

8
1
5

1.83 [0.58;
5.79]
0.84 [0.10;
7.49]

11
1
5

3.30 [1.10;
9.84]
1.29 [0.15;
11.41]

2–02: Government Administrators NA
A
C

606
180
867

17
2
8

3.00 [1.25;
7.19]
1.38 [0.28;
6.74]

6
1
3

2.55 [0.62;
10.52]
1.42 [0.14;
14.23]

11
1
5

3.30 [1.11;
9.85]
1.30 [0.15;
11.49]

2–1: Managers NA
A
C

520
155
767

103
27
108

1.39 [1.02;
1.91]
1.30 [0.81;
2.10]

20
8
34

0.79 [0.43;
1.45]
1.31 [0.58;
2.96]

83
19
74

1.68 [1.18;
2.41]
1.31 [0.75;
2.28]

2–11: General Managers NA
A
C

586
172
843

37
10
32

2.01 [1.19;
3.38]
1.82 [0.86;
3.89]

10
4
13

1.31 [0.53;
3.24]
2.12 [0.65;
6.95]

27
6
19

2.45 [1.30;
4.63]
1.70 [0.65;
4.45]

3: CLERICAL AND RELATED WORKERS NA
A
C

439
132
611

184
50
264

0.94 [0.74;
1.20]
0.82 [0.56;
1.19]

81
20
100

1.08 [0.77;
1.51]
0.84 [0.49;
1.44]

103
30
64

0.86 [0.64;
1.15]
0.81 [0.52;
1.26]

4: SALES WORKERS NA
A
C

465
144
693

158
38
182

1.30 [1.00;
1.68]
1.01 [0.67;
1.51]

72
23
89

1.13 [0.80;
1.61]
1.24 [0.75;
2.06]

86
15
93

1.47 [1.05;
2.05]
0.78 [0.43;
1.40]

4–0: Managers (Wholesale and Retail Trade) NA
A
C

607
177
864

16
5
11

1.86 [0.83;
4.20]
1.95 [0.65;
5.80]

7
4
3

2.12 [0.50;
8.98]
5.66 [1.19;
26.83]

9
1
8

1.86 [0.70;
4.96]
0.54 [0.07;
4.43]

5: SERVICE WORKERS NA
A
C

516
153
700

107
29
175

0.81 [0.61;
1.07]
0.72 [0.46;
1.13]

43
12
94

0.55 [0.37;
0.83]
0.55 [0.29;
1.03]

64
17
81

1.12 [0.78;
1.62]
0.94 [0.53;
1.65]

5–5: Building Caretakers, Charworkers, Cleaners and Related NA 613 10 0.47 [0.22; 8 0.50 [0.21; 2 0.38 [0.07;
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Table 3 Associations between selected occupations+ and prostate cancer aggressiveness (N = 1680) (Continued)

ISCO* Code (1 to 3 digits): Description CA** Never Ever employed < 10 years
employed

≥ 10 years
employed

n*** n OR [95%
CI]****

n OR [95% CI] n OR [95% CI]

Workers A
C

180
849

2
26

1.02]
0.35 [0.08;
1.49]

2
19

1.23]
0.49 [0.11;
2.16]

0
7

2.03]
-

5–8: Protective Service Workers NA
A
C

579
171
805

44
11
70

0.84 [0.56;
1.27]
0.70 [0.36;
1.37]

16
4
34

0.58 [0.31;
1.10]
0.52 [0.18;
1.52]

28
7
36

1.09 [0.64;
1.84]
0.87 [0.38;
2.03]

6: AGRICULTURAL ANIMAL HUSBANDRY AND FORESTRY WORKERS,
FISHERMEN AND HUNTERS

NA
A
C

547
150
762

76
32
113

0.89 [0.64;
1.24]
1.30 [0.83;
2.05]

35
13
54

0.85 [0.53;
1.35]
1.15 [0.60;
2.20]

41
19
59

0.93 [0.60;
1.44]
1.44 [0.81;
2.57]

6–4: Fishermen, Hunters and Related Workers NA
A
C

614
177
867

9
5
8

1.53 [0.57;
4.11]
3.16 [1.00;
10.05]

2
0
2

1.66 [0.22;
12.50]
-

7
5
6

1.54 [0.50;
4.74]
4.58 [1.33;
15.78]

6–41: Fishermen NA
A
C

619
178
870

4
4
5

1.13 [0.29;
4.39]
4.01 [1.02;
15.69]

1
0
1

1.84 [0.11;
30.43]
-

3
4
4

1.01 [0.22;
4.75]
5.10 [1.20;
21.61]

7/8/9: PRODUCTION AND RELATED WORKERS, TRANSPORT EQUIPMENT
OPERATORS AND LABOURERS

NA
A
C

305
86
364

318
96
511

0.76 [0.59;
0.97]
0.73 [0.50;
1.06]

107
26
160

0.81 [0.59;
1.12]
0.63 [0.38;
1.04]

211
70
351

0.72 [0.55;
0.95]
0.79 [0.52;
1.18]

7–0: Production Supervisors and General Foremen NA
A
C

570
166
821

53
16
54

1.60 [1.06;
2.41]
1.60 [0.88;
2.89]

22
5
24

1.43 [0.77;
2.65]
1.11 [0.41;
3.02]

31
11
30

1.73 [1.02;
2.94]
1.98 [0.96;
4.09]

7–4: Chemical Processers and Related Workers NA
A
C

622
182
866

1
0
9

0.14 [0.02;
1.18]
-

0
0
5

-
-

1
0
4

0.37 [0.04;
3.57]
-

7–7: Food and Beverage Processers NA
A
C

600
176
828

23
6
47

0.62 [0.36;
1.07]
0.51 [0.21;
1.23]

11
5
25

0.54 [0.25;
1.16]
0.76 [0.28;
2.08]

12
1
22

0.72 [0.34;
1.51]
0.19 [0.03;
1.46]

8–1: Cabinetmakers and Related Woodworkers NA
A
C

611
180
870

12
2
5

3.53 [1.20;
10.39
1.62 [0.30;
8.65]

8
1
2

4.97 [1.01;
24.42]
1.84 [0.16;
21.03]

4
1
3

2.46 [0.53;
11.30]
1.52 [0.15;
15.20]

8–3: Blacksmiths, Toolmakers and Machine Tool Operators NA
A
C

599
173
820

24
9
55

0.67 [0.40;
1.12]
0.83 [0.40;
1.74]

12
4
34

0.53 [0.27;
1.05]
0.57 [0.20;
1.66]

12
5
21

0.90 [0.43;
1.90]
1.29 [0.47;
3.55]

8–39: Blacksmiths, Toolmakers and Machine-Tool Operators Not
Elsewhere Classified

NA
A
C

617
178
857

6
4
18

0.52 [0.20;
1.37]
1.19 [0.39;
3.66]

1
0
14

0.12 [0.02;
0.92]
-

5
4
4

1.83 [0.47;
7.19]
5.36 [1.28;
22.45]

9–7: Material Handling and Related Equipment Operators, Dockers
and Freight Handlers

NA
A
C

585
162
794

38
20
81

0.62 [0.41;
0.95]
1.24 [0.72;
2.15]

31
17
58

0.71 [0.44;
1.15]
1.51 [0.83;
2.75]

7
3
23

0.40 [0.17;
0.97]
0.61 [0.18;
2.09]

9–8: Transport Equipment Operators NA
A
C

558
159
752

65
23
123

0.71 [0.50;
1.00]
0.85 [0.52;
1.40]

30
7
63

0.65 [0.41;
1.05]
0.51 [0.22;
1.14]

35
16
60

0.76 [0.48;
1.21]
1.22 [0.67;
2.24]

9–85: Motor-Vehicle Drivers NA
A
C

571
163
780

52
19
95

0.74 [0.50;
1.08]
0.93 [0.54;

25
6
48

0.68 [0.40;
1.15]
0.57 [0.24;

27
13
47

0.80 [0.48;
1.34]
1.31 [0.67;
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interview was 93.4% among Managers and 90% among Le-
gislative Officials and Government Administrators.
There is growing evidence that PCa development may

be due to specific chemical exposures in some occupa-
tions. Based on the results of our study, we can mention
at least two occupations that could be concerned: Mem-
bers of the armed forces who are usually exposed to pes-
ticides, solvents, fuels (diesel exhaust), chemical/warfare
agents, particulate matter, polychlorinated biphenyls,
polycyclic aromatic hydrocarbons (PAHs) and Wood-
workers mainly exposed to wood dust, PAHs and pesti-
cides [10, 42, 43]. However, several other occupations
that may be associated with chemical exposures could
also be related to PCa. Assessing chemical exposures
using job exposure matrix will help to go further for
studying occupational exposures in PCa.
Our findings are based on data from the EPICAP

study which presents several strengths either in the se-
lection of the population or in the data collection.
Cases were identified in all cancer hospitals, either

public or private, that recruited prostate cancer patients
in the department of Hérault. In 2011, 770 new cases of
prostate cancer, of which 75% aged less than 75 years
old, were reported by the Hérault Cancer Registry. Con-
sidering that the number of cases observed in 2012–
2013 will be similar, approximately 1150 new cases were
expected during the study period (2012–2013). In fact,
the recruitment of cases was exhaustive since the num-
ber of eligible cases identified over the study period in
the EPICAP study was 1098, thus limiting a potential se-
lection bias. Moreover, even though participation rate in
cases was 75%, the age distribution and the Gleason
score of the non-respondent cases were comparable to
those of the respondent cases, thus limiting a potential
survival bias (private communication from the Hérault
Cancer Registry). We were able to evaluate PCa risk tak-
ing into account aggressiveness, using the Gleason score,
which has rarely been considered in previous occupa-
tional studies. Controls were randomly selected from the

general population of the department of Hérault using
quotas on age (5 years) to reflect the age distribution of
the cases. Moreover, quotas by SES have been estab-
lished in order for our control group to reflect to the
general population of the department of Hérault of the
same age. After the selection process, the distribution by
SES between the control group and the male general
population of the department of Hérault was compared
and no significant difference was found, indicating that
no major selection bias by SES had occurred in the con-
trol population.
Moreover, EPICAP is a population-based case-control

study that has been specifically designed to study the role
of environmental and occupational factors in PCa risk.
We performed a standard lifetime work history that gath-
ered information covering all jobs held more than 6
months throughout life. The job titles were derived from
detailed information, such as starting and ending dates of
each job held and specific tasks, provided by men about
their entire employment history, this might have entailed
errors. However, comparison between historical employ-
ment records and self-reported occupational question-
naires have generally shown a high concordance [44]. The
coding of occupations have been performed by an indus-
trial hygienist, blinded to the subject’s case/control status,
thus reducing differential bias. Finally, we were able to
consider the influence of duration of employment in each
occupation on our results, by interval of 10 years because
PCa latency can be very long, since lifetime occupational
history was available for all subjects.

Conclusions
We observed an increased risk of aggressive PCa for
≥10 years of employment among Medical, Dental and
Veterinary Workers, Surveyors, draughtsmen and related
technicians, Members of the armed forces and Fisher-
men, Hunters and Related Workers and a decreased of
non-aggressive PCa risk for ≥10 years of employment
among Production and Related Workers, Transport

Table 3 Associations between selected occupations+ and prostate cancer aggressiveness (N = 1680) (Continued)

ISCO* Code (1 to 3 digits): Description CA** Never Ever employed < 10 years
employed

≥ 10 years
employed

n*** n OR [95%
CI]****

n OR [95% CI] n OR [95% CI]

1.60] 1.39] 2.55]

MEMBERS OF THE ARMED FORCES NA
A
C

612
177
857

11
5
18

0.87 [0.40;
1.90]
1.36 [0.49;
3.77]

8
2
15

0.76 [0.31;
1.84]
0.64 [0.14;
2.88]

3
3
3

1.46 [0.29;
7.48]
5.14 [0.99;
26.71]

Abbreviations: +occupations (exercised by 10 subjects or more) with at least one statistically significant association for ever employment or duration of
employment; *ISCO: international standard classification of occupations (version of 1968); **CA: cancer aggressiveness; ***n: number of participants in each group;
****Odds ratio adjusted for age (age of reference (60–64 years)), ethnic origin, first-degree family history of this cancer, educational level, intensity of physical
activity, waist circumference, marital status; †NA: non-aggressive cancer cases (Gleason score ≥ 7 (3 + 4)); ††A: aggressive cancer cases (Gleason score ≤ 7 (4 + 3));
†††C: controls; ††††Other health professionals: Nurses, Midwives, Optometrists and opticians, Physiotherapists and occupational therapists, Medical radiology
technicians
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Equipment Operators and Labourers. These emerging
associations can be used to lead future research investi-
gating specific occupational exposures.

Abbreviations
BMI: Body-mass index; EPICAP: Epidemiological study of prostate cancer;
ISCO: International Standard Classification of Occupations; NOCCA: Nordic
Occupational Cancer Study; OR: Odds ratios; PAHs: Polycyclic aromatic
hydrocarbons; PCa: Prostate cancer; PSA: Prostatic specific antigen;
SES: Socioeconomic status; 95% CI: 95% confidence intervals
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