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Abstract
Background  Prostate cancer (PCa) is the most frequent incident cancer among males in industrialized countries, 
but little is known about its aetiology. A role for occupational exposures is suggested. Occupational exposure as a 
firefighter, a protective service occupation (PSO), is classified as carcinogenic to humans by the International Agency 
for Research on Cancer, with limited evidence in humans for PCa. We studied the association between PSO and PCa 
risk considering tumour aggressiveness and screening practices.

Methods  The EPIdemiological study of Prostate Cancer (EPICAP), the Prostate cancer & Environment Study (PROtEuS) 
and the MultiCase-Control study in common tumours in Spain (MCC-Spain) are population-based case-control 
studies, conducted respectively in France, Canada, Spain, in 2005–2014 in men ≤ 85 years old, including overall 3,859 
incident cases and 4,359 controls frequency-matched on age. Participants were interviewed face-to-face using 
general and occupational questionnaires covering all jobs held in career, coded according to the 1988 International 
Standard Classification of Occupations. Unconditional logistic regressions estimated associations between PSO and 
PCa, after adjusting for potential confounders. Two sets of analyses were conducted, without and with consideration 
of screening. The latter is believed to yield the main findings since less subject to detection bias.

Results  When restricting controls to those recently screened, men employed as firefighters ≥ 10 years had increased 
risk (OR (Odds ratio) = 2.01 [95% confidence interval] [1.02; 3.97]) of non-aggressive PCa. Positive associations for non-
aggressive PCa among men employed < 10 years as police officers (OR = 2.53 [1.07; 5.96]) and police inspectors and 
detectives (OR = 6.75 [1.47; 30.96]) were observed. Very few cases in PSO were characterized by aggressive tumours.

Conclusions  Findings from this large population-based study corroborate the higher PCa risk previously reported 
among firefighters, but only for non-aggressive tumours. Screening practices had a substantial impact on risk 
estimates. Future studies should investigate specific exposures, and account for PCa aggressiveness and individual 
screening patterns.
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Introduction
A continuous increase in the incidence of prostate cancer 
(PCa) has been observed since the 90s in high-income 
countries; making it the most common male cancer. 
This rise in PCa incidence reflects the increased use of 
transurethral resection of the prostate (TURP) surgeries 
and widespread prostate specific antigen (PSA) screen-
ing. In 2022, GLOBOCAN estimates 158,422 new cases 
of PCa in Western Europe, 96,952 in Southern Europe, 
and 255,782 in Northern America. Meanwhile, PCa rep-
resented the second cause of cancer death in males in 
Northern America and Western Europe and the third 
one in Southern Europe [1, 2].

Except for age, ethnicity, and family history of PCa 
in first-degree relatives, that are non-modifiable well-
established risk factors, the aetiology for PCa remains 
largely unknown. Suspected risk factors include lifestyle 
and environmental exposures, including occupational 
circumstances and agents. An increased risk of PCa has 
been observed among farmers/agricultural workers, pes-
ticide manufacturers and applicators, heavy/toxic met-
als and chemical workers, administrative and managerial 
workers, nightshift workers and men employed in pro-
tective service occupations (PSO) [3, 4].

Over the last decades, some studies have examined the 
risk of PCa in all PSO combined with conflicting results 
[5–7], while many studies have focused more specifically 
on some of these occupations such as firefighters, police 
workers, prison/security guards and armed forces.

Among them, firefighters have been the most studied 
and occupational exposure as a firefighter was recently 
classified by the International Agency for Research on 
Cancer (IARC) [8] as carcinogenic to humans based on 
sufficient evidence for mesothelioma and bladder cancer 
and limited evidence in humans for PCa. Indeed, even 
though positive associations were observed in several 
studies [9–15], chance, confounding and/or bias could 
not be ruled out with reasonable confidence.

Among other PSO, police officers may be at greater risk 
of developing PCa [5, 14–16], but findings are less con-
sistent which may be due to the fact that certain studies 
presented limitations on the assessment of occupational 
history. No clear relationship with PCa was yet estab-
lished for prison and security guards [5, 17] and more 
studies are still needed to evaluate their PCa risk. Finally, 
most studies on armed forces did not find excess risks, 
except in an occupational cohort among Vietnam war 
veterans [18] and two population-based case-control 
studies for aggressive cancer [6, 7], particularly with pro-
longed employment [7].

PSO usually involve exposure to different chemical, 
biological, physical, and psycho-social hazards poten-
tially associated with PCa risk. These professionals can 
be chronically exposed to nightshift work, which was 

positively associated with PCa in previous studies [19, 
20] and was classified in 2020 as probably carcinogenic 
to humans by IARC [21]. Men who worked in PSO are 
also subject to consistent chronic workplace stress, which 
was associated with an increased PCa risk before age 65 
[22]. Moreover, these workers have strict physical apti-
tude requirements at recruitment, introducing a possible 
healthy worker effect [16, 23].

Despite this important literature, reliable conclusions 
among PSO are still difficult to draw considering meth-
odological shortcomings. Most previous studies did not 
include an exhaustive occupational history and relied on 
current or longest-held job as proxies of lifetime exposure 
to PSO and did not consider duration of employment; 
others where often conducted in specific occupational 
cohorts. Few studies were based on sufficiently large sam-
ples to conduct in-depth analyses in subgroups, potential 
confounders were not thoroughly investigated; only three 
recent studies considered tumour aggressiveness in their 
analyses [5–7]. Most previous studies did not address the 
potential impact of screening (either by PSA or digital 
rectal examination) on the associations studied, which 
may have introduced screening bias into their findings. 
Since PCa detection rates can differ across occupational 
groups [24], it is essential to consider screening behav-
iour and evaluate tumour aggressiveness when studying 
risk incurred in specific occupations.

In this context, the main goal of the present study was 
to evaluate the risk of PCa in PSO overall and in sub-
groups, including firefighting, considering cancer aggres-
siveness and screening practices, in a pooled analysis of 
three case-control studies.

Methods
Study population
The current study is based on data from three popula-
tion-based case-control studies: EPICAP (EPIdemio-
logical study of Prostate CAncer) [7, 20, 25], PROtEuS 
(The Prostate cancer & Environment Study) [5, 26, 27] 
and MCC-Spain (MultiCase-Control study in common 
tumours in Spain) [19, 28] conducted respectively in 
France, Canada and Spain during 2005–2014. All were 
specifically conceived to address the role of environmen-
tal and occupational factors in the occurrence of PCa.

In EPICAP, eligible cases were males newly diagnosed 
with histologically confirmed PCa in 2012–2013, 75 
years old or less, identified across all health centres in the 
department of Hérault, and living in this geographic area 
at the time of diagnosis. Eligible controls were men ran-
domly selected among the general population, with no 
history of PCa, living in this department and frequency-
matched on age (5-year age groups). Moreover, quotas 
based on broad occupational groups were defined to 
represent the occupational distribution in the general 
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population. The study finally included 819 incident cases 
(183 aggressive) and 879 controls, with response rates of 
75% and 79%, respectively.

In PROtEuS, eligible cases were males newly diag-
nosed with PCa and histologically confirmed in one of 
the seven largest French-speaking hospitals in Montreal 
during 2005–2009, 75 years old or less, registered on the 
French-speaking electoral list and living in one of Mon-
treal’s 39 electoral districts. Eligible controls were males 
frequency-matched on age (5-year age groups), with no 
history of PCa, registered on the French-speaking elec-
toral list, and living across the same districts as cases. A 
total of 1,937 incident cases (436 aggressive) and 1,994 
controls were enrolled in the study, with response rates of 
80% and 56%, respectively.

In MCC-Spain, eligible PCa cases were male aged 85 
years old or less, newly diagnosed in 2008–2013, histo-
logically confirmed in one of the 11 collaborating hos-
pitals in seven Spanish regions and living in the same 
regions for six months or more. Eligible controls were 
frequency-matched on age (5-year age groups), sex and 
region with cases, with no history of PCa, and randomly 
selected from the administrative records of primary 
health care centres. In total, 1,115 incident cases of PCa 
(275 aggressive) and 1,493 controls, with response rates 
of 72% and 53% respectively, were included.

In total, the three studies involved 3,859 incident cases, 
including 893 aggressive cases, and 4,359 controls.

Data collection
In the three studies, participants were interrogated face-
to-face by trained interviewers using standardized ques-
tionnaires. Sociodemographic characteristics, personal/
family medical histories, lifestyle (e.g., recreational physi-
cal activity, smoking and alcohol consumption, dietary 
habits) and environmental (e.g., residential, and occupa-
tional histories) factors were collected.

Anthropometric measurements were also performed 
during interviews and blood, or saliva samples were col-
lected. Clinical data were collected from cases’ medical 
records. The Gleason score at diagnosis was extracted 
from pathology reports and was used to characterize PCa 
aggressiveness. Information on PCa detection tests by 
PSA and/or digital rectal examination was obtained dur-
ing interview and/or from medical records.

Occupational assessment
Cases and controls completed an occupational question-
naire covering all jobs held, at least six months for EPI-
CAP and one year for PROtEuS and MCC-Spain. Data on 
start and end dates, company names and addresses, and 
the description of main tasks performed were reported.

For each job held (excluding volunteering work), occu-
pational codes were assigned by industrial hygienists 

blinded to the participant’s case/control status. Occupa-
tions were coded using, for EPICAP, the 1968 Interna-
tional Standard Classification of Occupations (ISCO-68) 
further transcoded into the 1988 International Standard 
Classification of Occupations (ISCO-88); for PROtEuS, 
ISCO-88 codes were assigned directly; for MCC-Spain, 
the 1994 Spanish National Classification of Occupations 
(CNO-94) was transcoded into ISCO-88. ISCO-88 uses 
a decimal coding method with four levels, providing 
successively finer detail about each occupation: 1-digit 
major groups, 2-digit sub-major groups, 3-digit minor 
groups and 4-digit unit groups and this classification was 
selected for our pooled study.

In the present study, we used 1 minor group’s code 
(3-digit) of PSOs (010-Armed forces) and 6 unit groups’ 
codes (4-digit) of PSO (5161-Firefighters, 5162-Police 
officers, 5163-Prison guards, 5169-Protective service 
occupations not elsewhere classified (e.g., bodyguards, 
lifeguards, patrolmen/women), 3151-Building and fire 
inspectors, 3450-Police inspectors and detectives). Two 
additional broad variables of all PSO combined were fur-
ther created for better comparison with literature data: 
one including all PSO and another one including PSO 
except armed forces.

Statistical analysis
For each occupational group, we used two exposure indi-
cators: ever employment (no, yes) and lifetime cumula-
tive duration of employment (in years). Then, we created 
different classes according to the quartile’s distribution 
amongst exposed controls. Finally, for better compari-
son with previous studies, we opted for two cumulative 
duration classes (< 10 years, ≥ 10 years). Only military 
personnel with more than two years of experience were 
included in the analyses, thereby excluding participants 
who completed military service (usually up to two years) 
without pursuing a career in the armed forces. We only 
considered PSOs’ subgroups with at least ten participants 
(cases + controls ≥ 10) ever employed in the three studies 
combined.

Associations between the various PSO and PCa risk 
were studied using unconditional logistic regression 
models which yielded odds ratios (OR) and 95% con-
fidence intervals (CI). Multinomial logistic regression 
models were carried out to examine associations based 
on PCa aggressiveness, using the Gleason score at diag-
nosis. If the score was < 7 or equal to 7 (3 for the primary 
site and 4 for the secondary site), the tumour was con-
sidered as non-aggressive cancer and if it was equal to 7 
(4 + 3) or ≥ 8, it was deemed to be aggressive, based on its 
prognosis [29].

Prostate cancer is known to be a highly screening-
sensitive cancer and some occupations, such as some 
PSO tend to undergo regular occupational health 
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examinations which may include screening for prostate 
cancer. In order to reduce the potential for undiag-
nosed PCa among controls and to examine the pos-
sible role of screening on the associations studied we 
used two analytical approaches to assess associations 
between PSO and PCa risk. The first set of analyses 
included all participants (3,859 incident cases and 
4,359 controls). The second set included all cases, but 
restricted controls to the 2,807 men who had under-
gone screening within two years of interview. The 
comparisons to recently screened controls are consid-
ered as our main results.

All analyses were systematically adjusted for the rec-
ognized PCa risk factors: age (in years), ethnic origin 
(Caucasian, other) and first-degree family history of 
PCa (no, yes). Models were also adjusted for potential 
confounders with a p-value < 0.1 in univariate analyses 
such as educational level (university, high school, pri-
mary school, less than primary (or none)), body-mass 
index (< 25  kg/m2, 25–29  kg/m2, ≥ 30  kg/m2), inten-
sity of physical activity (very active, moderately active, 
weakly active) based on quartiles of lifetime METs 
(metabolic equivalent task) in EPICAP and MCC-
Spain and self-reported in PROtEuS and night-shift 
work (never, ever (defined as working three nights per 
month for one year or more)). Moreover, we adjusted 
the models on the three studies, using PROtEuS as ref-
erence study.

In the analyses of all PSO combined, the unexposed 
participants consisted of men never employed in any 
PSO subgroup. However, in the analyses of a specific 
PSO subgroup, we included all workers from the other 
subgroups within PSO in the unexposed category.

Pooled analyses involved data harmonization of 
occupational and clinical variables and potential con-
founders across the three studies. Gleason scores 
were missing for 39 cases, which were excluded from 
analyses.

Sensitivity analyses were also conducted where we 
applied a priori lag periods of 5 years and 10 years 
in our analyses to allow for a possible latency effect, 
which meant that men employed for the first time in 
any PSO’s subgroup less than 5 years or 10 years prior 
to the reference date were considered as unexposed. In 
other analyses on specific PSO subgroups, we excluded 
workers from the other subgroups within PSO in the 
unexposed category. Finally, we evaluated associations 
by study to examine the differences of risks estimates 
in each study separately. Results from sensitivity analy-
ses and those based on individual studies are presented 
using the entire sets of controls.

All statistical analyses were performed using SAS 
software (9.4 version).

Results
Selected characteristics of study participants from EPI-
CAP, PROtEuS, MCC-Spain and the pooled study are 
presented in Table  1. The proportions of subjects with 
aggressive tumours were 22.6% (n = 182), 22.6% (n = 436) 
and 25.3% (n = 275) in EPICAP, PROtEuS, and MCC-
Spain respectively. Participants were mostly Caucasian. 
The mean (± SD) age of participants was 65 years in EPI-
CAP, 64 years in PROtEuS and 66 years in MCC-Spain. A 
first-degree family history of PCa was about twice as fre-
quent among cases as controls in all contributing studies. 
Participants in MCC-Spain tended to have a lower educa-
tional level and were more often obese (≥ 30 kg/m2) and 
less physically active than those in the other two studies. 
More subjects from EPICAP and MCC-Spain had ever 
held an occupation entailing nightshift than those from 
PROtEuS. 69% of controls in EPICAP were screened for 
PCa within the two years preceding the interview. Cor-
responding values were 75.8% for PROtEuS and 46.6% for 
MCC-Spain.

Main characteristics of PSO jobs among controls in 
EPICAP, PROtEuS, MCC-Spain and the pooled study are 
reported in Table 2. The most represented subgroups in 
all three studies, including the pooled study, were police 
officers and workers in PSO not elsewhere classified. In 
the pooled study, the highest mean cumulative employ-
ment durations were for firefighters [21.2 (11.2) years] 
and police officers [22.6 (11.1) years].

Table  3 presents the results from the pooled analyses 
of the association between PSO (never/ever and by dura-
tion of employment) and overall PCa risk based on all 
controls.

Using all available controls, we did not observe associa-
tions with overall PCa risk among men who had worked 
in PSO (Table  3). However, employment in firefighting 
was associated with a higher risk of overall PCa espe-
cially in men employed 10 years or more in this occu-
pation (OR = 1.95 [1.04; 3.64]). Elevated risks were also 
observed among men ever employed as police officers 
(OR = 1.49 [1.03; 2.17], with a stronger association among 
those employed less than 10 years (OR = 2.11 [1.05; 4.24]). 
Moreover, police inspectors and detectives had elevated 
risks (OR = 1.90 [1.06; 3.40]) for ever exposure, particu-
larly those who had worked less than 10 years (OR = 7.59 
[1.70; 33.87]) even though with wide CI. Finally, men who 
had worked 10 years or more in armed forces tended to 
be at risk of PCa (OR = 1.90 [0.81; 4.45]).

Our main findings are presented in Table 4 where we 
studied the association between PSO (never/ever and by 
duration of employment) and overall PCa risk using only 
recently screened controls.

When restricting controls to those screened within 2 
years of interview (Table 4), we did not observe associa-
tions with overall PCa risk among men who had worked 
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in PSO. However, employment as police officers was 
positively associated with overall PCa risk, especially in 
men who had worked less than 10 years (OR = 2.41 [1.06; 
5.48]). Moreover, police inspectors and detectives had 
elevated risks, particularly when employed less than 10 
years (OR = 5.94 [1.32; 26.69]) although with wide CI.

Table  5 presents the results from the pooled analyses 
of the association between PSO (never/ever and by dura-
tion of employment) and PCa risk by cancer aggressive-
ness, using all controls.

Based on all controls (Table  5), we observed posi-
tive associations with non-aggressive PCa among 
workers who were employed in PSO 10 years or more 

(OR = 1.38 [1.05; 1.83]). However, ORs for aggres-
sive PCa among these groups were below unity. Ever 
employment as a firefighter was associated with an OR 
of 1.94 [1.08; 3.47] (29 cases) of non-aggressive cancer 
and an OR of 0.79 [0.27; 2.32] (4 cases) of aggressive 
cancer. Corresponding ORs for employment at least 10 
years were 2.31 [1.21; 4.42] (25 cases) and 1.02 [0.34; 
3.09] (4 cases), respectively. Positive associations were 
also found with non-aggressive PCa among workers 
employed as police officers and as police inspectors and 
detectives. For instance, employment less than 10 years 
as a police officer yielded an OR of 2.21 [1.06; 4.63] 
(17 cases), while it was of 8.62 [1.89; 39.26] (11 cases) 

Table 2  Selected characteristics of protective service occupational jobs among controls
ISCOa 1988 Code / Protective service occupations Number of 

participants
n

Total number of 
PSOb jobs
n

Cumulative duration in PSO 
jobs (in years)
Mean (± SD) Minimum-

Maximum
EPICAP (N = 818) / 6094 jobs 7.4 jobs per 

control
  • 5161 Firefighters 6 6 18.6 (14.6) 1–33
  • 5162 Police officers 16 42 29.4 (4.9) 12–34
  • 5163 Prison guards 1 1 2 (0) 2–2
  • 5169 Protective service occupations not elsewhere classified 28 42 9.8 (10.4) 0.5–35
  • 3151 Building and fire inspectors 3 5 15.3 (13.6) 1–28
  • 3450 Police inspectors and detectives 3 5 18 (8.5) 10–27
  • 010 Armed forces 9 12 7.4 (5.6) 3–17
PROtEuS (N = 1991) / 11 498 jobs 5.8 jobs per 

control
  • 5161 Firefighters 16 23 22.1 (10.0) 3–32
  • 5162 Police officers 24 53 19.2 (12.3) 1–38
  • 5163 Prison guards 6 8 17.8 (11.6) 2.5–31
  • 5169 Protective service occupations not elsewhere classified 67 100 9.3 (9.3) 1–40.5
  • 3151 Building and fire inspectors 2 3 8.3 (10.3) 1–15.5
  • 3450 Police inspectors and detectives 16 25 19.8 (9.6) 1.5–32.5
  • 010 Armed forces 35 38 5.5 (4.1) 3–23
MCC-Spain (N = 1493) / 5387 jobs 3.6 jobs per 

control
  • 5161 Firefighters 0 0 0 (0) -
  • 5162 Police officers 15 20 21 (11.2) 3–40
  • 5163 Prison guards 0 0 0 (0) -
  • 5169 Protective service occupations not elsewhere classified 6 6 14.3 (14.2) 2–33
  • 3151 Building and fire inspectors 1 1 15 (0) 15–15
  • 3450 Police inspectors and detectives 1 1 45 (0) 45–45
  • 010 Armed forces 6 9 12.1 (13.5) 3–30
Pooled study (N = 4359) / 22 979 jobs 5.3 jobs per 

control
  • 5161 Firefighters 22 29 21.2 (11.2) 1–33
  • 5162 Police officers 55 115 22.6 (11.1) 1–40
  • 5163 Prison guards 7 9 15.6 (12.2) 2–31
  • 5169 Protective service occupations not elsewhere classified 101 148 9.7 (9.9) 0.5–40.5
  • 3151 Building and fire inspectors 6 9 12.9 (10.4) 1–28
  • 3450 Police inspectors and detectives 20 31 20.8 (10.6) 1.5–45
  • 010 Armed forces 50 59 6.7 (6.3) 3–30
Abbreviations:aISCO International standard classification of occupations,  bPSO Protective service occupations
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among police inspectors and detectives, albeit with 
wide CI.

Our primary results by cancer aggressiveness are 
reported in Table  6 where we studied the association 
between PSO (never/ever and by duration of employ-
ment) and PCa risk based on recently screened controls.

When restricting controls to those recently screened 
(Table  6), there was a suggestion of an elevated risk of 
non-aggressive PCa among men who had worked in 
PSO 10 years or more (OR = 1.26 [0.93; 1.70] (115 cases). 
However, we did not observe associations among these 
groups for aggressive PCa. Elevated risks of non-aggres-
sive PCa were observed among men ever employed in 
firefighting, and among those who had worked 10 years 
or more (OR = 2.01 [1.02; 3.97] (25 cases) while an OR 
of 0.86 [0.28; 2.66] (4 cases) was found for aggressive 
PCa. Ever employment as police officers was associated 
with a higher risk of non-aggressive PCa, especially in 
men employed less than 10 years (OR = 2.53 [1.07; 5.96] 
(17 cases) and an OR of 2.12 [0.68; 6.54] (5 cases) was 
observed for aggressive PCa. Furthermore, positive asso-
ciations with non-aggressive PCa were found among men 
who had ever worked as police inspectors and detectives, 
especially less than 10 years (OR = 6.75 [1.47; 30.96] (11 
cases) although with wide CI. Corresponding OR for 
aggressive PCa was 3.73 [0.52; 26.83] (2 cases).

In sensitivity analyses, when considering men who 
worked for the first time in each PSO’s subgroup less 

than 5 years or 10 years prior to the reference date as 
unexposed to consider a potential PCa latency, risk esti-
mates were mostly unchanged (Additional file 1: Tables 
S1-S4). Finally, results for analyses on specific PSO sub-
groups remained consistent when we excluded workers 
from the other subgroups within PSO in the unexposed 
category (Additional file 1: Tables S5-S6).

Results from individual studies were limited by the 
number of participants employed in the various PSO. 
In EPICAP, there was a suggestion of elevated risks 
among members of armed forces, especially for aggres-
sive cancers (Additional file 2: Tables IS1-IS2). In PRO-
tEuS, which was based on a larger sample, there were also 
suggestions of excess risks in police officers and police 
inspectors and detectives, and some more pronounced 
risks of non-aggressive cancers among firefighters and 
police officers (Additional file 2: Tables IS3-IS4). Finally, 
all PSO combined appeared to have some excess risks 
of non-aggressive cancers in MCC-Spain; however, we 
could not accurately estimate the risks by subgroup for 
many PSO categories due to small numbers of partici-
pants (including firefighters) (Additional file 2: Tables 
IS5-IS6).

Discussion
Our main findings, which account for screening, are 
consistent with an elevated risk of PCa among some 
PSO, particularly among men employed for less than 10 

Table 4  Associations between protective service occupations and overall prostate cancer in the pooled analysis, restricting controls to 
those screened within 2 years of interview (N = 6666)
ISCOa 1988 Code / 
Description

Never Ever employed Employed < 10 years Employed ≥ 10 years
nb n OR [95% CI]c n OR [95% CI] n OR [95% CI]

Protective service occupations Controls 2640 167 1.00 reference 74 1.00 reference 93 1.00 reference
All cases 3624 235 1.06 [0.85; 1.33] 96 0.99 [0.71; 1.38] 139 1.11 [0.84; 1.48]

Protective service occupations 
(except armed forces)

Controls 2672 135 1.00 reference 48 1.00 reference 87 1.00 reference
All cases 3668 191 1.07 [0.83; 1.36] 64 1.05 [0.71; 1.57] 127 1.07 [0.79; 1.45]

• 5161 Firefighters Controls 2790 17 1.00 reference 3 1.00 reference 14 1.00 reference
All cases 3826 33 1.52 [0.83; 2.78] 4 0.81 [0.17; 3.85] 29 1.68 [0.87; 3.25]

• 5162 Police officers Controls 2766 41 1.00 reference 8 1.00 reference 33 1.00 reference
All cases 3788 71 1.37 [0.91; 2.07] 22 2.41 [1.06; 5.48] 49 1.12 [0.70; 1.79]

• 5163 Prison guards Controls 2801 6 1.00 reference 2 1.00 reference 4 1.00 reference
All cases 3848 11 1.07 [0.38; 3.03] 3 0.70 [0.09; 5.34] 8 1.24 [0.36; 4.26]

• 5169 Protective service 
occupations not elsewhere 
classified

Controls 2738 69 1.00 reference 43 1.00 reference 26 1.00 reference
All cases 3784 75 0.82 [0.58; 1.17] 41 0.78 [0.49; 1.24] 34 0.88 [0.51; 1.51]

• 3151 Building and fire 
inspectors

Controls 2804 3 1.00 reference 1 1.00 reference 2 1.00 reference
All cases 3855 4 0.53 [0.11; 2.61] 3 1.47 [0.14; 15.46] 1 0.14 [0.01; 1.81]

• 3450 Police inspectors and 
detectives

Controls 2791 16 1.00 reference 2 1.00 reference 14 1.00 reference
All cases 3827 32 1.74 [0.94; 3.24] 13 5.94 [1.32; 26.69] 19 1.15 [0.56; 2.35]

• 010 Armed forces Controls 2772 35 1.00 reference 29 1.00 reference 6 1.00 reference
All cases 3811 48 1.08 [0.67; 1.75] 34 0.85 [0.48; 1.49] 14 2.08 [0.79; 5.53]

Abbreviations: aISCO International standard classification of occupations, bn Number of participants in each group, cOdds ratio adjusted for age (continuous variable), 
ethnic origin, first-degree family history of this cancer, studies included in pooled analysis (study of reference: PROtEuS), educational level, body-mass index (2 years 
before reference date), intensity of physical activity and night shift work
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years as police officers and police inspectors and detec-
tives. We also found elevated risks of non-aggressive 
PCa among firefighters employed ≥ 10 years, and among 
police officers, police inspectors and detectives who 
worked < 10 years. There was no evidence of excess risks 
of aggressive cancers in PSO, including firefighters, once 
screening patterns were considered although the number 
of exposed men with high-grade cancers was small.

One striking observation is that associations were 
generally attenuated when restricting controls to those 
screened within 2 years of interview and that most con-
fidence intervals now included the null value. The excess 
risks observed were for non-aggressive cancers and/or for 
periods of employment of less than 10 years. Altogether, 
these findings appear to reflect a screening bias, whereas 
elevated risks would be found for less aggressive disease 
and among men with a shorter period of employment 
that often occurred more recently, as they may be sub-
jected to a closer medical monitoring. Due to the nature 
of their usual tasks, regular occupational health check-
ups are mandatory throughout their careers, possibly 

influencing their screening behaviour and leading to PCa 
diagnoses at a younger age than the general population 
[16, 23]. In our control series, men employed in PSO had 
a higher prevalence of recent screening (82%) than other 
controls (79%). The corresponding prevalence was even 
higher among firefighters and police officers (90%).

Positive associations with overall PCa have been previ-
ously observed among men ever employed in PSO [30, 
31] and in men with prolonged exposure to PSO [5]. In 
our pooled analysis, there was a suggestion of an elevated 
OR among those employed 10 years or more, specifically 
for non-aggressive PCa.

We identified six meta-analyses that showed a slight 
excess risk among firefighters [9–13, 15], particularly 
when employed > 20 years [10]. The elevated PCa risk 
among long-term firefighters observed in our study 
(without taking screening into account) is in agreement 
with findings from previous population-based case-
control studies [32, 33] and cohorts [16, 34], particularly 
among workers employed 20 years or more [34]. When 
we considered screening practices, this association 

Table 5  Associations between protective service occupations and prostate cancer aggressiveness (N = 8179)
ISCOa 1988 Code / 
Description

Never Ever employed Employed < 10 years Employed ≥ 10 years
nb n OR [95% CI]c n OR [95% CI] n OR [95% CI]

Protective service 
occupations

Controls 4125 234 1.00 reference 109 1.00 reference 125 1.00 reference
Non-aggressive 2740 187 1.23 [0.99 ; 1.52] 72 1.03 [0.74 ; 1.43] 115 1.38 [1.05 ; 1.83]
Aggressive 847 46 0.87 [0.61 ; 1.24] 22 0.94 [0.57 ; 1.56] 24 0.83 [0.52 ; 1.32]

Protective service occu-
pations (except armed 
forces)

Controls 4170 189 1.00 reference 73 1.00 reference 116 1.00 reference
Non-aggressive 2774 153 1.24 [0.98; 1.58] 47 1.04 [0.70; 1.55] 106 1.36 [1.02; 1.82]
Aggressive 857 36 0.83 [0.56; 1.22] 15 0.95 [0.52; 1.74] 21 0.77 [0.47; 1.26]

• 5161 Firefighters Controls 4337 22 1.00 reference 5 1.00 reference 17 1.00 reference
Non-aggressive 2898 29 1.94 [1.08 ; 3.47] 4 0.83 [0.21 ; 3.32] 25 2.31 [1.21 ; 4.42]
Aggressive 889 4 0.79 [0.27 ; 2.32] 0 - 4 1.02 [0.34 ; 3.09]

• 5162 Police officers Controls 4304 55 1.00 reference 13 1.00 reference 42 1.00 reference
Non-aggressive 2869 58 1.65 [1.11 ; 2.45] 17 2.21 [1.06 ; 4.63] 41 1.47 [0.92 ; 2.33]
Aggressive 880 13 1.10 [0.59 ; 2.05] 5 1.86 [0.65 ; 5.27] 8 0.86 [0.40 ; 1.87]

• 5163 Prison guards Controls 4352 7 1.00 reference 3 1.00 reference 4 1.00 reference
Non-aggressive 2917 10 1.60 [0.59 ; 4.33] 2 0.70 [0.11 ; 4.53] 8 2.27 [0.66 ; 7.79]
Aggressive 892 1 - 1 - 0 -

• 5169 Protective ser-
vice occupations not 
elsewhere classified

Controls 4258 101 1.00 reference 64 1.00 reference 37 1.00 reference
Non-aggressive 2870 57 0.87 [0.61 ; 1.23] 30 0.75 [0.47 ; 1.19] 27 1.06 [0.63 ; 1.80]
Aggressive 876 17 0.75 [0.43 ; 1.31] 10 0.77 [0.37 ; 1.57] 7 0.72 [0.30 ; 1.74]

• 3151 Building and 
fire inspectors

Controls 4353 6 1.00 reference 2 1.00 reference 4 1.00 reference
Non-aggressive 2925 2 0.35 [0.07 ; 1.90] 2 2.37 [0.20 ; 27.91] 0 -
Aggressive 892 1 0.90 [0.10 ; 7.87] 0 - 1 1.00 [0.11 ; 9.29]

• 3450 Police inspec-
tors and detectives

Controls 4339 20 1.00 reference 2 1.00 reference 18 1.00 reference
Non-aggressive 2902 25 1.97 [1.06 ; 3.64] 11 8.62 [1.89 ; 39.26] 14 1.19 [0.57 ; 2.47]
Aggressive 886 7 1.73 [0.71 ; 4.18] 2 4.78 [0.67 ; 34.27] 5 1.36 [0.49 ; 3.74]

• 010 Armed forces Controls 4309 50 1.00 reference 41 1.00 reference 9 1.00 reference
Non-aggressive 2890 37 1.13 [0.70 ; 1.82] 26 0.89 [0.50 ; 1.59] 11 2.01 [0.82 ; 4.92]
Aggressive 882 11 1.10 [0.54 ; 2.21] 8 0.95 [0.42 ; 2.18] 3 1.63 [0.44 ; 6.10]

Abbreviations: aISCO International standard classification of occupations, bn Number of participants in each group, cOdds ratio adjusted for age (continuous variable), 
ethnic origin, first-degree family history of this cancer, studies included in pooled analysis (study of reference: PROtEuS), educational level, body-mass index (2 years 
before reference date), intensity of physical activity and night shift work
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disappeared. Moreover, in our study, the excess PCa risk 
in firefighters was confined to non-aggressive cancers. 
Cancer aggressiveness was not considered in those previous 
studies.

A few recent studies also have observed elevated 
risks associated with ever employment as police offi-
cers or police inspectors and detectives [16, 17], 
including from the Nordic Occupational Cancer 
studies (NOCCA) cohort [35]. However, duration of 
employment as well as cancer aggressiveness or can-
cer detection were not considered in these studies. 
A previous publication based on the PROtEuS study 
reported an increased risk of non-aggressive PCa 
among police officers and detectives [5]. Moreover, 
one meta-analysis showed a slight excess risk of PCa 
among policemen, however duration of employment 
and cancer aggressiveness were not considered [15].

Elevated risks of overall PCa were found among men in 
the armed forces in two population-based studies from 
the NOCCA cohort [30, 31]. The elevated risks of PCa 

observed in our study were based on too few participants 
to draw conclusions.

Men who work in PSO are intermittently or acutely 
exposed to various chemical agents in their working 
environment. Many of them are known or suspected to 
be carcinogenic, or are recognized endocrine disrup-
tors, which can be relevant to the carcinogenesis of a 
hormone-dependant organ such as the prostate. More 
studies with strong methodological protocols may help 
resolved this.

Firefighters can be exposed to combustion products 
from fires (e.g., polycyclic aromatic hydrocarbons (PAH) 
and particulates), building materials (e.g., asbestos), 
chemicals in firefighting foams (e.g., perfluorinated and 
polyfluorinated substances (PFAS)), flame retardants 
or diesel engine exhaust [8]. In PROtEuS, a weak posi-
tive association with non-aggressive PCa was found with 
occupational exposure to PAH from wood, especially 
among firefighters [36].

Table 6  Associations between protective service occupations and prostate cancer aggressiveness in the pooled analysis, restricting 
controls to those screened within 2 years of interview (N = 6627)
ISCOa 1988 Code / 
Description

Never Ever employed Employed < 10 years Employed ≥ 10 years
nb n OR [95% CI]c n OR [95% CI] n OR [95% CI]

Protective service 
occupations

Controls 2640 167 1.00 reference 74 1.00 reference 93 1.00 reference
Non-aggressive 2740 187 1.14 [0.90; 1.45] 72 1.00 [0.70; 1.43] 115 1.26 [0.93; 1.70]
Aggressive 847 46 0.81 [0.57; 1.17] 22 0.92 [0.54; 1.54] 24 0.75 [0.46; 1.21]

Protective service occu-
pations (except armed 
forces)

Controls 2672 135 1.00 reference 48 1.00 reference 87 1.00 reference
Non-aggressive 2774 153 1.16 [0.90; 1.51] 47 1.06 [0.69; 1.62] 106 1.22 [0.89; 1.67]
Aggressive 857 36 0.77 [0.52; 1.16] 15 0.96 [0.51; 1.80] 21 0.69 [0.41; 1.14]

• 5161 Firefighters Controls 2790 17 1.00 reference 3 1.00 reference 14 1.00 reference
Non-aggressive 2898 29 1.83 [0.98; 3.43] 4 1.04 [0.22; 5.02] 25 2.01 [1.02; 3.97]
Aggressive 889 4 0.71 [0.24; 2.15] 0 - 4 0.86 [0.28; 2.66]

• 5162 Police officers Controls 2766 41 1.00 reference 8 1.00 reference 33 1.00 reference
Non-aggressive 2869 58 1.52 [0.99; 2.33] 17 2.53 [1.07; 5.96] 41 1.26 [0.77; 2.08]
Aggressive 880 13 1.01 [0.53; 1.92] 5 2.12 [0.68; 6.54] 8 0.74 [0.34; 1.65]

• 5163 Prison guards Controls 2801 6 1.00 reference 2 1.00 reference 4 1.00 reference
Non-aggressive 2917 10 1.36 [0.48; 3.92] 2 0.90 [0.12; 7.01] 8 1.58 [0.46; 5.50]
Aggressive 892 1 - 1 - 0 -

• 5169 Protective ser-
vice occupations not 
elsewhere classified

Controls 2738 69 1.00 reference 43 1.00 reference 26 1.00 reference
Non-aggressive 2870 57 0.84 [0.58; 1.23] 30 0.76 [0.46; 1.25] 27 0.96 [0.54; 1.70]
Aggressive 876 17 0.73 [0.41; 1.29] 10 0.77 [0.37; 1.61] 7 0.68 [0.27; 1.67]

• 3151 Building and 
fire inspectors

Controls 2804 3 1.00 reference 1 1.00 reference 2 1.00 reference
Non-aggressive 2925 2 0.32 [0.05; 2.19] 2 1.44 [0.12; 17.52] 0 -
Aggressive 892 1 0.88 [0.09; 8.85] 0 - 1 1.01 [0.09; 11.70]

• 3450 Police inspec-
tors and detectives

Controls 2791 16 1.00 reference 2 1.00 reference 14 1.00 reference
Non-aggressive 2902 25 1.81 [0.95; 3.48] 11 6.75 [1.47; 30.96] 14 1.12 [0.52; 2.42]
Aggressive 886 7 1.57 [0.64; 3.89] 2 3.73 [0.52; 26.83] 5 1.26 [0.45; 3.56]

• 010 Armed forces Controls 2772 35 1.00 reference 29 1.00 reference 6 1.00 reference
Non-aggressive 2890 37 1.10 [0.65; 1.84] 26 0.84 [0.46; 1.54] 11 2.21 [0.80; 6.13]
Aggressive 882 11 1.06 [0.51; 2.19] 8 0.89 [0.38; 2.10] 3 1.74 [0.43; 7.06]

Abbreviations: aISCO International standard classification of occupations, bn Number of participants in each group, cOdds ratio adjusted for age (continuous variable), 
ethnic origin, first-degree family history of this cancer, studies included in pooled analysis (study of reference: PROtEuS), educational level, body-mass index (2 years 
before reference date), intensity of physical activity and night shift work
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In our pooled analysis, the positive associations 
observed among police officers and police inspectors and 
detectives pertained to men who had worked less than 
10 years, which could reflect recent concerns and closer 
medical attention among workers in these occupations. 
While we often assume long latency periods for solid 
tumours, shorter latencies have been reported in some 
contexts including menopausal hormone treatment and 
breast cancer risk. Given the limitations of using duration 
of employment as a recognized poor proxy for occupa-
tional exposure, the observed inverse-exposure relation-
ship could also reflect exposure misclassification or other 
biases. Alternatively, these results could be chance find-
ings or be associated with job-related specific exposures.

Our pooled analysis, combining studies with simi-
lar protocols and conducted over the same time frames, 
benefited from a large sample size (3,859 cases, 4,359 
controls), thus providing greater precision than previous 
studies. Despite this, numbers in some analytical sub-
groups were quite small. Response rates were relatively 
high although some selection bias is possible, especially 
among controls, selected from the general population. 
In EPICAP, quotas based on broad occupational groups 
were applied to the control series to reflect those in the 
source population. In PROtEuS, a comparison of the 
socio-demographic characteristics of participants and 
non-participants revealed only marginal differences, 
reassuring against selection bias. Nevertheless, selection 
bias cannot be eliminated in MCC-Spain, where the par-
ticipation rate was lower.

In addition, all three studies collected a complete work 
history covering all jobs held with detailed information 
on specific tasks, which informed the assignment of jobs 
titles by industrial hygienists blinded to the case/control 
status of participants. In this study, we were able to cover 
a wide range of PSO, to derive different indicators of 
exposure, to use a strategy to assess the potential impact 
of screening on the associations studied, to conduct dif-
ferent sensitivity analyses and to consider several poten-
tial confounders.

Ethnic origin is an established risk factor for PCa and 
men of sub-Saharan African descent are the most at risk 
[37]. Due to unavailability of detailed data on ethnicity, 
we could only distinguish the Caucasian participants 
from the other ethnic origins when adjusting our models.

Recall bias resulting from the use of self-reported work 
history is possible, although a high concordance between 
data collected from self-reported questionnaires and his-
torical employment records has been documented [38].

It has previously been demonstrated that occupational 
groups may have different PCa screening practices [24]. 
As PSO tend to be more frequently than non-PSO in 
contact with the occupational health system, this could 
result in distorted PCa risk estimates due to screening 

bias. Associations were indeed attenuated when restrict-
ing controls to those screened recently and elevated risks 
were largely confined to low-grade cancers.

Conclusions
Our ability to study tumour aggressiveness and account 
for screening practices at the individual level distinguishes 
this work from most others. We documented associations 
between some PSO over shorter employment durations and 
risk of non-aggressive PCa.

Our findings also contribute evidence on several PSO 
subgroups that were rarely studied. Future epidemiological 
studies should be based on exposure to various PSO, con-
sider tumour aggressiveness and PCa screening behaviour, 
and investigate chemical, physical and psychosocial circum-
stances that are specific to those occupations.
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