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Abstract

Background: Our aim was to identify gaps and limitations in the current literature and to make recommendations
for future research required to address these. Materials and Methods: We reviewed occupational exposures and
related factors associated with the risk of prostate cancer between 2000 and 2012. These included chemical,
ergonomic, physical or environmental, and psychosocial factors which have been reported by epidemiological
studies across a range of industries. Results: The results are inconsistent from study to study and generally this is
due to the reliance upon the retrospectivity of case-control studies and prevalence (ecological) studies. Exposure
assessment bias is a recurring limitation of many of the studies in this review. Conclusions: We consider there
is insufficient evidence to implicate prostate cancer risk for ergonomic, physical, environmental or psychosocial
factors, but there is sufficient evidence to implicate toxic metals, polychlorinated biphenyls (PCBs) and polycyclic
aromatic hydrocarbons (PAHs). More research is required to identify specific pesticides that may be associated
with risk of prostate cancer.
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Introduction

Epidemiological research on prostate cancer is
difficult because of the large proportion of men who, with
increasing age, will develop prostatic tumours of low
malignant potential that will have no discernible effect
on a man’s health or longevity. This presents a problem
because many ageing men will develop lower urinary tract
symptoms (LUTS) related to benign prostatic hypertrophy
(BPH) which when investigated and treated by trans-
urethral resection of the prostate (TURP) foci of prostatic
adenocarcenoma will be identified in the tissue removed
by this procedure. Thus, increased medical surveillance,
common for many occupational cohorts, is likely to
result in increased prostate cancer diagnosis compared
with the general male population. This problem has been
exacerbated since the advent of prostate specific antigen
(PSA) testing two decades ago which has led to gross over
diagnosis of tumours that otherwise would have remained
undetected. It follows that epidemiological studies of
prostate cancer must take into account, where possible,
some index of tumour aggressiveness and potential to
progress to invasive disease. For an overview of references
on the background to Prostate Cancer and occupational
exposure, see Tables 1 for reviews and for research studies.

The topic of principal interest to public health
practitioners is the question of the causes of clinically
significant prostate cancer and the identification of
potentially avoidable risk factors that men encounter in
their everyday lives. It is necessary to answer the question:

what constitutes harmful exposure to certain substances
or experiences in relation to men’s occupations? Greater
levels of prevention will then lead to a reduction in the
incidence, morbidity and consequent mortality from
prostate cancer. The importance of such research can
be underscored by the fact that prostate cancer was the
4% ranking cause of cancer death and the 3™ highest for
cancer incidence for men in Victoria in 2008 (Thursfield
et al., 2010). The median age at diagnosis was 67 years
(Thursfield et al., 2011b). The incidence rate in 2010 was
115.4 per 100,000 men and the mortality rate was 13.3
per 100,000 men (Thursfield et al., 2011a). Five year
survival in Victoria is 91% (Thursfield et al., 2012). In
comparison, the median overall survival in Canada for
intermittent therapy is 8.8 years and continuous therapy
9.1 years (Crook et al., 2012).

It is not known what causes prostate cancer, the only
established risk factors being age, race (African and
Caribbean) and having a family history of prostate cancer.
Over the last two decades, researchers have investigated a
range of risk factors (Bostwick et al., 2004) that includes
the intensity of exposures to a range of hazardous
chemicals (Sharma-Wagner et al., 2000; Achanzar et
al., 2001) including genetic factors (Cui, 2001), alcohol
consumption (Lumey et al., 1998) (not in the time period
but included as a starting point and for completeness),
the impact of smoking over time (Giles et al., 2001),
sexual activity (Dennis and Dawson, 2002), early growth,
body size and body mass index (Giles et al., 2003) , and
to radiation (Gershkevitsh et al., 2002) (Table 1). Also,

'Department of Epidemiology and Preventive Medicine, Monash University, The Alfred, *Cancer Epidemiology Centre, Cancer
Council Victoria, *Centre for Genetic Epidemiology, University of Melbourne, Melbourne, Australia *For correspondence:

2doolans@vic.australis.com.au

Asian Pacific Journal of Cancer Prevention, Vol 15, 2014

501



Glenn Doolan et al

"TBATAINS [[BIOAO 0) J0odsax
s AdeIdy) snonunuod 0) JOLIDJUI-UOU Sem uoneALidop udsSoIpue JUo)IUWLISIUT JEY) PIPNIOUOD) “OIULISISAT SUOULIOY AB[Op puUe OJI] JO
Kypenb oaoxdwr pnom Aderayjorper 1iye Uonead[d VSd 1oy uoneatidop uaSoIpue Jua)IUISIUT PAJESTISOAUT JBY) [BLI) [OIUOD PISTOPULY

1T 1-98'0:%S6 ¥ ID 1® ¢0' [=d4H
s1eak [ g=Aderoy], snonunuo)/siedk g g=Adeioy [, uaniuLrojug
[BAIAINS [[BIOAQ UBIPIIA

*SEXQ], UI UQW JOj paiodar d1om [BATAINS Jooued djejsoxd ur sanLredsip [e1oel [enuelsqng “SISOUSeIP 1e dSeasIp Jo

o5e)s umous[un Uk Y)Im 9SOY) JOJ PUE ‘SEISIP PIOUBAPE PUE ASEISIP PIZI[BIO] YA PISOUSEIP 950y} 10§ P[OY Usw yor[q Joj dSejueApesip
[ea1aIns jo uraped oy, ‘uonednodo [euorssojoid 10 JuswoSeurw B Y)im pue ‘uoneanpa a89[[02 e yim ‘K11oaod mofoq Sural] uow

Jo saSejuoorad pue ‘onfeA dWOY UBIPAW ‘OWOOUI P[OYISNOY URIPAW SUT)OOPAI BJED ORI} SNSUAD U0 PIseq Sem dINSeall SHS YL “700T
ySnoIyl G661 WOIY SeXI, Ul Jooued 93e3soid Yiim PasouSeIp uow J0f [BATAINS UT SanLIedSIp [EI0RI JOUIoyMm QUIWLIOP 0} UONEBSIISIAUL UY

UOW UM [IM
paredwod 100ued 91eIs01d JO JIp 03 A[OYI[ QIOW SIOM USWI [JOq
[0T1-20°T ‘IO %S6] 1171 “YH :uaw oruedsiy

[€8'1-8S"T ‘IO %S$6] OL'1 “YH :usw oe[g

*sqofl pajerar feorwayd pue sqol Surssaooxd ureirdo Surpnpout 1oued jeysord 10j s1030e) s orydesSowap umouy [[om Surpuy Aq

sa1pms snotadid porroddns y10m SIYT, ‘[OPOW SNSUISUOD YI0MIAU [BINAU B 0) paredwod uayy sisA[eue onel sppo [enuanbas £q pourwexd
Q1om 10381y JuowKo[dwd Jo S1eak G ISIY dU) PUB UONEONPI ‘SMIe)s [eILIeW ‘dwooul ‘snjels Suryows ‘dnoid oSe ‘ooel :papnjoul so[qeLeA
Ay L, "Apms [o1u0d—-osed paseq-uonendod e ur ysu1 1ooued ajejsold pue £10)s1y uonednooo usamiaq diysuonefar [enuajod oy pajessoAu]

000'$9$-000°ST$
u2aMmJ)oq opew oym ewo[dip [00yds Y31y € 159q 18 YIIm ‘SIBOK()9
uey]) I9P[O ‘URW PALLIBW “Yov[{ © 1/ S[) UI YSLI }SIJLaID)

*Pa102)op 9q PINOJ SSeW Apoq Ued] SUIpn[out YImoIs pue dzis

£poq J[Npe JO SIOYIEW YIIM SUOTIBIOOSSE OU Jnq JSLI 100ued 2))soxd yirm pojeroosse are ‘SuLLIeds oude [eroe] se yons ‘Ayroqnd ur A)anoe
Juopuadap-uadorpue 1ay)o jo sioyrew pue ‘Kyroqnd ur 1nds yimoi13 pake[ap se yons ‘uonoe ua3oIpue paAe[ap JO SIAMNIEU JBy) PApN[OU0))
OJI] J[NPE UT IJe] 10 [ 95k Je SSew ApOq UBS] pue Xopul SSEW Apoq Surpnfour ozis £poq JO S2INSeduw YIIm pa)Iodar o1om SUONRIOOSSE ON
*opeI3 Inowin £q Os[e pue sased [[e uo pauriojiad sem SIsA[euy "8661 01 $661 WOIJ eIeNsny Ul Apnis [01u0d-ased ‘paseq-uonendod

® UI 9ZIS 0) SAFUBYD PuB JZIS ‘YIMO0IT Ap0Oq JO SIOYILUI JO IOqUINU B PUB YSLI I00UED 918)s01d Ud9M)Aq SUOTIBIOOSSE JO UOTRSTISIAU]

(00" 1-§%'0) £9°0 JO YO e oALT JurLreds
Quoe [eroey Suraey ‘ojduwexo 10J ‘1 UBY) SSI[ SONEI SPPO dALS

OS[e QUOR JO SAINSBAIW WS Pue ([£L6°0-€9°0] 640 [O] oner
SPpPO) YSLI PAONPaI SpuaLl} uey) 1aje] 1nds yimois e Suiaey

“190uEd 9YeIsord

JO Q0UDPIOUT AU YIIM PAJRIJOSSE JOU Sem SUDOWS JBY) POPN[OUOD St ] "AITUN 0) ASO[D AIOM SI[QRIIRA 2SI} J0J [EAIDIUT dOUIPYUOD %66
Yy Je 5, O 150w pue Sumb aours s1eak pue Sunjows Jo sreak-yored ‘payows junowe ‘Juryows Jo UoneINp 10J 109JJ2 asuodsar-asop e Jo
QOUSPIAD OU SeM I, “Todued d)e)sold operS ySiy pue ojeropowr pue SUDJOWS JO YSII AY) SUTWELXI JBY) APNJS [0NU0O-Ised URl[ensny Uy

(LY T-L9°0) 00" /(0L 1-96°0) 8T'1 :smowmn) apeis-ysiy
(66'0-65°0) 9L°0/(ST'T-8L°0) S6°() sTnowN) apeIs AJeIopojN
(S0'1-69°0) T8 0/(TT 1-58'0) TO'T

SIOYOWS JULIND/SIONOWS JOULIO]

"SI paYyuI[-X oY) A1red pinom (06/1-02Z/T 10 %S6) OF1/1 Pue “ysir A1red

pIos (001/1-08€/1 1D %S6) 00T/1 10 S 9ATSS0a1 oY) A11ed PINOM (06/1-027/T 1D %S6) OF1/1 PUE SLI JURUILIOP oY) A11ed P[nom
uaw (Z1/1-08/1 1D %S6) 0¢/1 Arerewrxoiddy ‘ypod pue AdupAg ‘ounoqapy ur sarnsidar uonendod ySnoay) passadoe (sIeak(), uey) Ss9f
93¢ Je 100ued 9Yeysoxd Aq pejoayye sarfiwey uerensny paseq-uonendod 97+ Jo s10308] o1US 19939p 0) Jurwre SIsA[eue UoneSAITOS

%001 ~ PAUI] X PUB SAISSII9Y

(9%S8-LS 1D %S6)
90 ~199JJ0 JUBUIWIO(] Y} Sem SIK()Y 0] QOULIAUSJ

‘uondwnsuod [OYo[e JO [0A9] pajiodal 1SoySIY oY) JOJ UGAD JOU *SISYULIP JOASU O} JOULIOJ PUE JUSLIND ‘JOAS Surredwod ayejur [oyoore
pue 100uEd d)e)so1d UooMmIoq UIIS Sem UOIBIOOSSE ON “[66] — LL6]U99MI0q PANITUPE SOIIYM *S () UI Jodued djejsold pue asn [0Y0d[y

(S'1-6'0=10%56) T 1=40 Auy

Lrewuung

(ID%S6) YO/s3urpury

snonunpuoy) | JuaNIULIAU] epRUR)
969 069 (2102) “'1e 32 oo1D
6V LS vsn
Apms 1oyo) (1107) “Te 30 My
vsn
9€9 6TL (0100) “'18 10 1quoQ
eIjRNSNY
6011 9LV (€000) e 12 so[1D
eI[RNSNY
1434 86v1 (1002) 1 12 se[ID
eI[RNSNY
60v1 9LY1 (10027) “'Te 32 M)
vsn
I70°C 669 (8661) “"Te 30 Aown']
(N) N) £nuno)
s[ouo) sase) Apmy§

SAIPMS 10)98-3[STY

*S2I00S UOSAI[D) JO JUSWUILLIAOSE ) YINno1y) s1 8D 10§ Suigels 0y Junejar
UOBUWLIOJUT O1ISOUT0I] "] (Z-900T Ul JoOULD M SUBLIOIA 0] suraned [earains Surpiedal uonewiojul aAndiosaq

'S 11=018Y 9OUIPIDUL/E"E [=UIeaP JO ALy

%16=8Dd (%) TeAIAINS 18K G

BLIOIOIA UI [BATAINS
JO sajewnsa uo yoday [eardojoruapidyg

eI[RNSNY

(2102) “'1® 12 playsIny L,

"TBATAINS UI SPUQI) pue d[qe) *s189K ()7 1SB] O} JOAO [EATAINS UT 9SBAIOUT APEAIS | (](T JOJ BLIOJIIA UI SPUAL) PUE SINSNE)S eIEnsSNy
Arewiuns 99uapIdUl 19uUed JO Iapuad Aq dnoi3 93y "7 Ul BI[RNSNY ‘BLIOJIIA UI I9OULD UO SAINTI pue $)9BJ JO 1S931p € C1=a18Y [BAIAINS/{ G| =By dOUIPIOU] 100ued U0 J10doy [eorojorwapidg | (1107) ‘BISnie] 29 ploysiny],
SIBOAG/ PISY USJAl UBLIOIOIA £ UI] pasouserq
“(0661 Ut 8£) T8=Yreap Je oFe URIpowW oy,
-uonearqnd snoraaid o) uonedriqnd JoUNIE SOIUAIRIJIP Jopuas pue ‘uondslep A[res ‘uonerndod SureSe oy opnpour *(9peIap © UI SILAA UOADS UI 9SBAIOP E) 010C 10J BLIOIOIA U JOOUED JO JXJUOD eIfensny

ASAY L, "800T UI JOOUED [EIIAIOD PUE SIOOUED UOWILIOD JSOW 9AL d0) 9Y) JOJ SPUQI) JUSOAI PUE SISALIP [BIO0S ) JO S)OYS 108,

sIeak/ g=s1soueIp je a3e UBIpIA

[e100s uo J10day [eor3ojorwapidyg

(1107) “'Te 3 proysmyg,

*SO[BWU UT 9JUAPIOUT JOdUELD SUIPEI] AY) SBY JOOUBD 9JeIS0I “d[qe) Arewwns
© SB UJAIS ST 90UdPIdUT 190UED JO J1opudd Aq dnoid 93y "8 Ul BI[ENSNY ‘BLIOIOIA UI JOOUED UO SAINSY pue sjoej Jo 1Sa31p v

18T 91 prepuelg a5y
G ¢ QeI pIepuels ¥S

800C Ul BLIOIOIA UL 9ouaplour
100ued U0 J10doy [eordojorwopidg

elensny

(0107) T8 12 ploysIny L,

‘y3noua Suoy aa1] Koy J1 100ued d1eysord ordoosororu dojoadp [[im sudSorpue SUNeMOId YIIM udw [[e AJ[enudssg

*$10J08] 19Y10 10 “9[K1sJ1] ‘uonednooo Ja1p Jo sso[preSar plIom dy) punoIe usw jo saje)sord o) UryIm punoy 190y onsejdoau
JO POOYI[AYI] Je[IwIs yiim ‘Apoq UBWINY SY) UT IOOUBD UIYS-UOU Aur Jo aoudfeadld JsaySiy ay) sey 10oued 2JeIsold “1oued
ayeysoad uewny 10y s1030ef ysir oaneInd oy Jo sisA[eue paseq-armnieId| ‘oarsuayarduwos pue K1eiodwa)uod v ST MITAI S,

SUONLIIO OUAIRJIY 9pS |

maraoy ydop ug

vsn

($00T) [ 1 Yo1mIsog

*sdojoaap 10oued Aeysoxd yorym ySnoay) wsiueyoow uo Judsaider Kew suonodJur Jey)

P21sa33ns s1 3] “oSeriIew 151y Je 238 JO ‘9SIN0JIAUI IsIY Je 93 ‘saferurew o[dnnw yym suoneroosse 1oddns jou seop eyep
oy, s1owed [enxas Jo JoquINU PISEAIOUT UE pue ‘AJIATIOR [enxas Jo Aouanbaiy SUISEAIOUT UB )M PIJRIOOSSE OS[E ST JSII AT,
*SUOTIORJUT pANTWSULI) AT[enxas JO AIOISTY B UIIm Uow SUOWE JOOUED 21e1sold JO YSII 9ATIR[AI PaJeAd]d Uk 1sa33ns vjep oyJ,

LET-T1=ID%S6 T 1=¥44

m‘sﬁﬁma Jenxas jo -ou wEmmo‘aﬁﬁ
6'€ - T=10%S6 € 7=q9 stdLg
LT-TT1=I0%S6 + 1= [[FPAQ

sa1pmg Juapuadapur 9¢
sIsA[euy eI

vsn

(2002) *'Te 10 stuuaq

Arewrwng

(ID%S6)4O /s3uipury

PO

Anuno)
MITARY

S

MITAY J0)IBJ-YSTY

SIIPN)S J0JIBJ-Y[SIY PUB SMIIAIY J030BJ-3SIY ' B

502 Asian Pacific Journal of Cancer Prevention, Vol 15, 2014



several U.S. authors have identified racial disparities for
Black men (Dombi et al., 2010) with a hazard Ratio of
1.70 (95%CI 1.58-1.83) (White et al., 2011).

Literature Review

In this update, we review in narrative form the
literature between 2000 and 2012, dividing occupational
risk factors into four groups: chemicals and heavy (and
toxic) metals (Klaassen et al., 1996), ergonomic, physical,
environmental and psychosocial factors. We reviewed a
number of systematic reviews and believe they are of
good strength and quality of evidence and have added
subsequent articles not covered in the reviews.

The following key words and phrases were used
in an online literature search of the PubMed Medline
(NLM) and Medline 1996-present databases at OVID
database links. Alcohol, aliphatic, alicyclic and aromatic
hydrocarbon solvents, andrology, arsenic, cadmium, diet,
environmental factors, ergonomic, fungicides herbicides
and insecticides, heat, incidence, inconvenient & difficult
work postures, ionizing radiation, lead, low frequency
magnetic fields (EMF), manual handling of burdens,
maximum allowable concentrations, mortality, nickel,
occupational exposure, organic solvents and chlorinated
hydrocarbon solvents, physical workloads, physical
factors, prevalence, prevention, prostate cancer, prostate
neoplasms, psychosocial factors, radiation exposure, radio
frequency radiation (RFR), risk factors, risk, sedentary
work, smoking, standing work, threshold, toxic metals,
ultraviolet radiation and workload.

Articles published between 2000 and 2012 were
reviewed and selected on the basis of their adherence to
review methodology were included in this update. The
reviews which have been evaluated on the strength of their
methodology are listed separately to the new studies and
both groups are presented in chronological order in the
tables to illustrate the order and knowledge progression
in which this research has been undertaken.

Heavy and toxic metals

The main chemical risk factors within this category
include aliphatic and alicyclic hydrocarbon solvents,
aromatic hydrocarbon solvents, chlorinated hydrocarbon
solvents, other organic solvents, arsenic, cadmium,
chromium, lead, nickel, fungicides, herbicides and
insecticides. Past reviews have separately discussed
individual elements within this category.

Table 2A lists important reviews (7 in-total) and Table
2B studies (14 in-total) related to heavy metals. An early
review by Wong and Raabe (2000), which was confined
to lead exposure related to petroleum workers, reported
no association. Another investigation (Siddiqui et al.,
2002) from India, concluded that environmental exposure
of ageing males to lead might be a risk factor, but more
recent studies by Lam et al. (2007) and Gwini et al. (2012)
reported that lead was not associated with prostate cancer.
Overall, the evidence pertaining to lead is inconsistent and
it is unlikely occupational exposure to lead is associated
with prostate cancer incidence.

A recent review of arsenic exposure by Benbrahim-
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Tallae and Waalks (2008) suggested there was clear in
vitro evidence of arsenic precipitating events leading
to androgen independence during prostate cancer cell
progression. However, the authors suggest there is
essentially no available information on arsenic levels in
the human prostatic tissue and urged that further work in
this area was required.

Arsenic is a major risk factor for Blackfoot Disease
(BFD), a unique peripheral vascular disease that was
endemic to the south-western coast of Taiwan. A
Taiwanese study (Yang et al., 2008) of BFD, arsenic
exposure and prostate cancer investigated the tap-water
supply system before and after replacing the use of an
artesian well water source for drinking and cooking in the
early 1960s. The objective of this study was to determine
whether prostate cancer mortality decreased after the
improvement of the drinking-water supply system by
eliminating arsenic ingestion from the artesian well water.
Standardized mortality ratios (SMRs) for prostate cancer
were calculated for the BFD endemic area for the years
1971-2006. Results showed that mortality attributed to
prostate cancer declined gradually after the improvement
of the drinking-water supply system. The authors claimed
a direct cause and effect relationship associated with
arsenic exposure.

With respect to cadmium exposure Koyama et al.
(2002) reported in a review that cadmium increases
the occurrences of tumours in testis, lung, prostatic,
haematopoietic tissues and injection sites. It was recently
restated by the IARC that in view of positive associations
observed between cadmium and cadmium compounds and
cancer of the prostate, cadmium and cadmium compounds
are carcinogenic to humans, and therefore are classed as
Group 1 (IARC working group,2012). Cadmium exposure
is occupationally associated with nickel-cadmium battery
manufacture and cadmium recovery plant smelting and
is also associated with cigarette smoking; but has not
been associated with prostate cancer in this instance.
Verougstraete et al. (2003) in the latest available update
of their systematic review did not confirm an association
between cadmium exposure and prostate cancer and
concluded that environmentally exposed populations were
not at an increased relative risk of prostate cancer.

In 2001, Achanzar et al. (2001) investigated the
intensity of exposure to a range of hazardous chemicals
including cadmium and a year later Achanzar et al. (2002)
investigated acquired apoptotic resistance in cadmium-
transformed human prostate epithelial cells (CPTE). They
hypothesized that acquired apoptotic resistance might be a
key aspect of cadmium-induced malignant transformation
of prostate epithelial cells and could contribute to both
tumour initiation and the acquisition of aggressive
characteristics subsequent to tumour formation. However,
other researchers (Singh et al., 2012) have identified this
self destructive cell (apoptotic) process as the key to
finding a method of destroying prostate cancer cells.

In a later review of laboratory rodent studies,
Waalkes (2003) described cadmium as a heavy metal of
considerable environmental and occupational concern.
Waalkes concluded that cadmium could cause a number
of molecular lesions that would be relevant to oncogenesis
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, protect against prostate cancer.
Sahmoun et al. (2005) in a review of

in various cellular model systems. However,
other investigations indicate cadmium to be
poorly mutagenic and probably acting through
indirect or epigenetic mechanisms, potentially
etal.,2004) concluded that suppression of DNA
repair added to the population of cells with
could be blocked by cadmium, facilitating
aberrant cell accumulation. These hypotheses
gained further support (Achanzar et al., 2002;
Nakamura et al., 2002; Platz et al., 2002;
Vinceti et al., 2007) following investigations by
Platz et al. (2002) and Nakamura et al. (2002).
Further investigations have suggested that a
combination of lead and cadmium may initiate
the development of prostate cancer due to their
combined effect on testosterone (Telisman et

In contrast to the earlier findings, Huff et
al. (2007), Van Wijngaarden et al. (2008) and
Li et al. (2011) failed to implicate cadmium
in prostate carcinogenesis. Although Li et al.
(2011) did suggest there was a dose response
relationship with carcinogenesis at other
organs. Other studies have examined the zinc:
cadmium ratios (Drasch et al., 2005, Anetor
et al., 2008) and the possibility that reduced
selenium uptakes may have a more pronounced
effect in the presence of high cadmium levels.
Lee et al. (2009) proposed that a cysteine-rich
protein called metallothionein (MT) binds
heavy metals (such as cadmium) and would,
15 studies concluded that in contrast to

suppression of apoptosis. A later review (Goyer
damaged DNA and chemical-induced apoptosis

including aberrant activation of oncogenes and

A further metal of interest that may be

laboratory studies, epidemiological studies
do not convincingly implicate cadmium as a
cause of prostate cancer and suggested that
incorporating biological measures of cadmium
exposure in epidemiological studies might
associated with prostate cancer is hexavalent
chromium, which has been classified as an
IARC group 1 carcinogen since the 1980s.
Trivalent chromium compounds are not

considered carcinogenic and are necessary
for sugar and lipid metabolism. In the review
update period we found no reviews or studies
addressing chromium compounds and prostate

A number of other miscellaneous
occupational chemical exposures have been
investigated in regard to prostate cancer
risk. See Table 3A and 3B for summaries on
occupational chemical exposure. For example,
Ruder et al. (2004) investigated mortality rates
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An Update on Occupation and Prostate Cancer
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Table 3A. Chemical Reviews

Review Method Findings OR(95%CI) Summary
Country
Van Maele-Fabry Meta Analysis of 18 OR =128 A review of cohort studies that examined the occurrence of prostate cancer in pesticide manufacturing workers in order to undertake a

qualitative and quantitative evaluation of the risk as well as to as:

ss the level of epidemiological evidence for each class of chemical
compounds. After stratification by specific chemical class, consistent increases in the risk of prostate cancer were found in all groups
but statistical significance was reported only for accidental or non-accidental exposure to phenoxy herbicides contaminated with dioxins
and furans. There was no obvious indication of publication bias. The overall meta-analysis provides additional quantitative evidence
consistent with prior reviews focusing on other groups exposed to pesticides (farmers, pesticide applicators). The results again point
to occupational exposure to pesticides as a possible risk factor for prostate cancer but the question of causality remains unanswered.

A review of the epidemiologic literature to evaluate the hypothesis that agricultural exposure to pesticides is causally associated with
prostate cancer risk. Despite sporadic positive findings, these studies did not show consistently increased risks to support a causal
ion between agricultural pesticide use and prostate cancer. It is clearly not possible to exonerate any particular pesticide as a
putative cause of prostate cancer - to do so would require an inverse empirical association with an upper confidence limit below the
null value. Existing evidence does not point to any pesticide as satisfying widely used guidelines for establishing causation: a strong,
exposure-dependent and demonstrably unconfounded, unbiased association, documented in several studies.

This author suggests there is increasing evidence both from epidemiology studies and animal models that specific endocrine-disrupting
compounds may influence the development or progression of prostate cancer. In large part, these effects appear to be linked to
interference with oestrogen signalling, either through interacting with ERs or by influencing steroid metabolism and altering oestrogen
levels within the body. In humans, epidemiologic evidence links specific pesticides, PCBs and inorganic arsenic exposures to elevated
prostate cancer risk. There appears to be heightened sensitivity of the prostate during the critical developmental windows including in-
utero and neonatal time points as well as during puberty. Thus infants and children may be considered a highly susceptible population
for ED exposures and increased risk of prostate cancers with aging.

Diverse studies have consistently demonstrated a higher risk of prostate cancer in agricultural populations than in the general population.
The hypothesis that this higher risk is linked to the use of pesticides has been tested in a number of studies, mostly in North America
and Europe. However, to date, with a few possible exceptions, it has been impossible to demonstrate a significant association between
exposure to pesticides or a chemical family of pesticides and prostate cancer.

Highlights the carcinogenic properties of Environmental endocrine disrupting chemicals ( EDC’s) . Exposures to EDC’s generate
prostate cancer. Looks at the dose effect response at different ages. Examines the usefulness of the adoption of mathematical modelling
and computer simulation afforded by system biology approaches. Calls for public health policy on the reduction of the use of EDC’s .

South Korea

et al., (2006) studies published between [95%CT (1.05-1.58].
Belguim 1984 and 2004.
Mink et al., A Review of eight cohort No meta-analysis
(2008) studies and five case
USA control studies. assoc!
Prins, Commentary No meta-analysis
(2008)
USA
Ndong et al., Review No meta-analysis
(2009)
France
Soto & Review of over 70 studies No meta-analysis
Sonnenschien., as a result of the 1991
(2010) Wingspread Conference
USA
Park et al., Meta-Analysis Significant decreased
(2010) deaths from all cancers

(SMR =0.75,95% CI =

Investigate the relationship between low external doses of ionizing radiation exposure and the risk of cancer mortality among nuclear
power plant worker from 1990 to January 2009. A total of 11 epidemiologic studies were included. The findings of this meta-analysis
were similar with those of the 15 Country Collaborative Study conducted by the International Agency for Research on Cancer. Further
studies are needed to clarify the low SMR of cancers, for which there is no useful screening tool, in nuclear power plant workers.

This is an update of a previous review of epidemiological evidence pertaining to the human carcinogenic potential of triazine herbicides.
In the 36 studies evaluated, atrazine was the most common triazine investigated. Non-Hodgkin lymphoma, prostate cancer, and breast
cancer were most frequently investigated. Collectively, the available epidemiology studies do not provide consistent, scientifically
convincing evidence of a causal relationship between exposure to atrazine or triazine herbicides and prostate cancer in men. Based upon
the assessment studies, there is no scientific basis for inferring the existence of a causal relationship between triazine exposure and the

Although ozone-depleting methyl bromide was destined for phase-out by 2005, it is still widely applied as a consequence of various
critical-use-exemptions and mandatory international regulations aiming to restrict the spread of pests and alien species (e.g. in
globalized transport and storage). Focus is on toxic (especially chronic) or carcinogenic effects from the use of methyl bromide, on bio-
monitoring data and reference values. Only 91 referred to toxicity of methyl bromide and 29 used the term “carcinogenic”, “neoplastic”
or “mutagenic”. Both the epidemiological evidence and toxicological data suggest a possible link between methyl bromide exposure

and serious health problems, including prostate cancer risk from occupational and community exposure. The environmental risks of

0.62 - 0.90)
Sathiakumar Review of 36 studies on No meta-analysis
etal., (2011) mainly atrazine exposure.
USA
occurrence of cancer in humans.
Budnik et al., Systematic review Overall, exposure to me-
(2012) thyl bromide is associated
Germany with an increased risk of
prostate cancer.
methyl bromide are not in doubt.
Mullins & Loeb, Review No Meta-Analysis
(2012) Overall, no specific
USA environmental or oc-

cupational exposure has
been definitively shown
to cause CaP.

This manuscript reviews the literature on environmental exposures and CaP. While no definitive causative evidence linking CaP and
Agent Orange exists, the United States Department of Veteran Affairs considers CaP as related to Agent Orange exposure. While a
causative relationship between pesticide exposure and CaP has not been established, the data do suggest that men with significant
pesticide exposure may be at increased risk and should be carefully screened. Despite some data demonstrating a direct association
between cadmium and CaP risk, the literature does not convincingly implicate cadmium as a cause of CaP. Limiting excessive exposure
to cadmium and lead likely has a beneficial impact on overall health and possibly prostate health.

for workers in plastic boat building plants in Ohio and reported
excess mortality for prostate cancer associated with styrene
exposure. In 2004, Zeegers et al. (2004) reported an increased
prostate cancer risk for rubber workers but it was not statistically
significant. Manufacturers of rubber tyres use rubber, coal black,
sulphur, phenolic resins, chlorine, sulphuric acid and cobalt
compounds which would make it difficult to identify a causative
agent. A further mortality study (Hauptmann et al., 2004) reported an
elevated risk in formaldehyde industry workers for prostate cancer
but a dose-response relationship was not reported. Rybicki (2006)
reported that petroleum workers with high polycyclic aromatic
hydrocarbons (PAH) exposure, and who carry the GSTP1 Val (105)
variant allele, were at increased risk of prostate cancer, especially
if aged under 60 years or had a family history of the disease. A
small Australian case control study (Fritschi et al., 2007) reported
non-significant excess risks of prostate cancer associated with
occupational exposure to oils other than mineral oil. But a recent
USA study (Koutros et al., 2011) reported significant associations
between petroleum and prostate cancer. In mining, Girschik et al.
(2010) reported Australian miners had a statistically significantly
reduced risk of prostate cancer, which may be explained by the
healthy worker effect.
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More recently, exposure to PAHs was implicated in
prostate carcinogenesis by a prospective study of 15 million
Scandinavians that reported elevated SIRs (Pukkala, 2009) for
chimney sweeps and hairdressers. Chimney sweeps are exposed
to carcinogens such as PAHs from chimney soot and the work
environment of hairdressers has also varied over time with
respect to exposure to chemical agents.

In the vehicle manufacturing industry, mortality rates are
reported to be higher than expected for workers in casting
operations (Delzell et al., 2003) where exposure to oil-based
fluid use is part of the production process. Exposure of auto
industry workers to oil-based fluids was reported to be modestly
associated with prostate cancer with a latency period of at least
25 years (Agalliu et al., 2005a; 2005b). Prince et al. (2006)
reported that electrical capacitor manufacturing workers exposed
to polychlorinated biphenyls (PCBs) had increased prostate
cancer mortality associated with cumulative PCB exposure.

We identified three recent reviews by Van Maele-Fabry et al.
(2006) Mink et al. (2008) and Ndong et al. (2009) of exposure to
pesticides, herbicides and insecticides. The first review by Van
Maele-Fabry et al. (2006) included 18 cohort studies of prostate
cancer risk in pesticide manufacturing workers. A qualitative



and quantitative evaluation of the risk was assessed
together with the level of epidemiological evidence for
each class of chemical compounds used between 1984 and
2004. Meta-analyses were performed for each chemical
class separately, resulting in a meta-rate ratio estimate
for all studies of 1.28 (95%ClI= 1.05-1.58). Consistent
increases in the risk of prostate cancer were observed for
all chemical classes but statistically significant increases
in risk were observed only for exposure to phenoxy
herbicides contaminated with dioxins and furans, and a
recent study (Burns et al., 2011) reported fewer cancer
cases were observed than expected.

Mink et al. (2008) analyzed eight cohort studies and
five case-control studies that quantified and/or evaluated
agricultural exposure to particular pesticide classes or
chemicals. Although there were some positive findings,
these studies did not show sufficiently consistent increased
risks to support a causal association between agricultural
pesticide use and prostate cancer. Mink et al. (2008) argued
strenuously those studies of prostate cancer that use an
‘external’ comparison group must be interpreted in the
context of confounding by differences in prostate-specific
antigen (PSA) screening intensity. They further identified
that most studies failed to adjust for potential confounders
other than age and time period and concluded that it was
clearly not possible to exonerate any particular pesticide
as a putative cause of prostate cancer.

Studies of agricultural workers have consistently
demonstrated a higher risk of prostate cancer compared
with the general population (Ndong et al., 2009). The
hypothesis that risks to agricultural workers might be
linked to the use of pesticides has been investigated in a
number of studies, mostly in North America and Europe.
With only a few limited exceptions such as Koutros et
al. (2010a; 2011) it has not been demonstrated that a
significant association between exposures to pesticides, or
a chemical family of pesticides, and prostate cancer exists.
The pesticides studies are summarised in Table 3 which
includes limited evidence of elevated risk of prostate
cancer in relation to exposure to organochlorines (Kumar
et al., 2010; Sawada et al., 2010). Organochlorines,
which have the capacity to move up the food chain and
bioaccumulate in the fat of large animals and humans,
affect the nervous system in particular and also have an
association with prostate cancer. Other authors (Prins,
2008) have indicated that infants and children may be
considered susceptible to Endocrine Disrupting Chemical
(EDC’s) exposure and increased risk of prostate cancer
with aging. Soto and Sonnenschein (2010) have reported
that exposure to EDC’s generates prostate cancer as well
as other cardiovascular and thyroid endocrinology.

Of recent interest is the finding of a novel study (St-
Hilaire et al., 2010) of weather patterns in the USA that
finds there is a higher rate of prostate cancer in the North,
than in the South of the USA. The study relates this finding
to organic pollutants and pesticides that are endocrine
disrupting chemicals.

Insecticides (2003) also showed an increase in risk
among farmers exposed to organochlorine insecticides and
acaricides (OR=2.5,95%CI=1.4-4.2) and DDT (OR=2.1,
95%Cl=1.2-3.8) and dicofol, (OR=2.8,95%CI= 1.5-5.0).
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Recently a study (Cockburn et al., 2011) reported an
association between prostate cancer and methyl bromide
OR=1.62 (95%CI=1.02-2.59) and a review (Budnik et
al., 2012) on methyl bromide, which was used as a soil
fumigant against pests, reported it to be significantly
associated with prostate cancer with an OR of 1.21 (95%CI
0.98-1.49) but the p value was >0.05.

A number of other studies have examined the more
recently available and commonly used organophosphate
insecticides which include the early biological warfare
agents such as nerve gas or the more modern Sarin gas.
Organophosphate insecticides used primarily in farming
affect acetylcholine control in nerve stimulation, such
as Phorate (sometimes in combination with family
history, (Mahajan et al., 2006b) Fonfos (Mahajan et al.,
2006a; Koutros et al., 2010b; Barry et al., 2011; 2012),
Coumaphos (Christensen et al., 2010) and fumigants,
such as triazine herbicides (Mills and Yang, 2003), all
were reported to contribute to a small increased risk of
prostate cancer. Atrazine was also investigated by Hessel
et al. (2004) but no association was reported with prostate
cancer. This was supported recently by Sathiakumar et
al. (2011), who indicated that there was no scientific
basis for inferring the existence of a causal relationship
between triazine exposure and the occurrence of cancer
in humans. Pesticides in general have been investigated
by a number of researchers (Boers et al., 2005; Fritschi et
al., 2007; Strom et al., 2008; Lynch et al., 2009; Subahir
etal.,2009; Xu et al.,2010; Band et al., 2011) with some
studies reporting weak associations with prostate cancer
and another (Mullins et al., 2012) concluding overall there
are no specific environmental or occupational exposure
identified that causes prostate cancer.

A recent study from Martinique (Landau-Ossondo
et al., 2009) considered that pesticides and especially
organochlorine pesticides could be causally associated
with prostate cancer due to their carcinogenic properties.
This was also supported by Xu et al. (2010) and suggested
a reduction in world-wide use of OC’s. However, two
other studies, Boers et al. (2005) and Fritschi et al. (2007)
failed to find a significant association with pesticides.
Furthermore, no association is reported with cyanazine
exposure (Lynch et al., 2006) or metachlor exposure
(also found in surface and ground water). Metachlor was
reported to have a significantly decreased relative risk
with prostate cancer (2006). Aronson et al. (2010) and
Sawada et al. (2010) also suggest that long term low-
level exposure to organochlorine pesticides and PCBs in
the general population does not contribute to increased
prostate cancer.

A recent Australian study by Macfarlane et al. (2009)
examined the occupational classification of workers
who were exposed to pesticides and concluded that only
about 30% of farm workers actually came in contact with
pesticides, herbicides or insecticides and, therefore, the
level of pesticide exposure for this group of workers may
be over estimated.

Ergonomic factors
Ergonomic factors include inconvenient and difficult
work postures, manual handling of burdens, occupational
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An Update on Occupation and Prostate Cancer
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physical activity, perceived physical workloads, sedentary
work and standing work. Table 4 summarizes reports that
investigated ergonomic risk factors for prostate cancer.
Past research has mainly focused on physical activity
in the workplace. MacLennan et al. (2002) investigated
the physical activity of company employees and Lagiou
et al. (2008) examined the association of occupational
physical activity with the risk of prostate cancer. The
association with physical activity tended to be more
pronounced for men aged 65 years or younger. Both
research teams advised that preventive measures should
focus on increasing physical activity. Strom et al. (2008)
in analysis stratified by cancer stage, concluded that
cases with organ-confined prostate cancer were 56%
less likely to have moderate /high levels of occupational
physical activity. In a cancer registry study, Flinton and
Walters (2004) reported an elevated risk for working
subjects with low levels of physical activity compared
with a high activity group. They also reported the retired
group to have a slightly elevated risk, although it was not
statistically significant. This study suggested that physical
activity might offer a small but significant reduction in
prostate cancer risk for currently employed workers. A
Canadian study, Friedenreich et al. (2004) investigated
types of physical activity and reported that risks were
decreased for occupational and recreational activity but
were increased for household activity when comparing
the highest and lowest quartiles. For physical activity
performed throughout life, only that activity done during
the first 18 years of life was associated with decreased risk.
When the intensity of activity was examined (i.e.,low, <3;
moderate, 3-6; and vigorous, >6 metabolic equivalents)
only vigorous activity was associated with decreased
prostate cancer risk. This study provided inconsistent
evidence for an inverse association between physical
activity and prostate cancer. This is supported recently by
Orsini et al. (2009) who concluded that not sitting for most
of the time at work is associated with reduced incidence
of prostate cancer.

However, Krishnadsan et al. (2007) reported that
radiation workers were associated with a higher incidence
of prostate cancer as opposed to aerospace workers
who have higher activity levels at work which are also
invariably associated with prostate cancer.

Young et al. (2009) in a systematic review on the risk
of prostate cancer from whole body vibration (WBV)
exposure related occupations and estimated a combined
meta-rate ratio from a systematic review of five case-
control and three cohort studies published between
1996 and 2004. A random effects model gave an overall
pooled RR estimate of 1.14 (95%CI 0.99-1.30) based on
17 estimates of RR from the eight studies. Significant
heterogeneity was found and it was concluded that the
non-statistically significant increased pooled RR for
prostate cancer obtained from this meta-analysis indicated
that occupational exposure to WBYV could not be ruled out
as a possible risk factor for the disease. This conclusion
is not supported by the data. All the studies included
in the meta-analysis involved driving occupations that
exposed participants to other risk factors such as PAHs,
lack of exercise and obesity that could not be controlled
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for in the analysis. The non-significant point estimate
is, thus, likely to be due to residual confounding. Any
future epidemiological studies on this topic need to
take these issues seriously in the research design and
conduct. A population-based case-control study of men in
Northeastern Ontario, Canada, failed to provide evidence
for significant occupational risk factors for prostate cancer
(Sass-Kortsak et al.,2007) but the authors persisted in their
view that whole body vibration exposures and physical
activity were worth pursuing in future occupational
studies.

Physical and environmental factors

Table 5A which summarises relevant reviews and
Table 5B which summarises relevant studies, investigating
physical and environmental factors that include heat,
ionizing radiation, low frequency electromagnetic fields
(hence-forth to be referred to as electromagnetic fields
(EMF)), radio frequency, and ultraviolet radiation. Our
literature search found no reports of studies that implicated
either heat or radio frequency radiation with prostate
cancer risk.

A recent meta-analysis of 11 epidemiological studies
of nuclear power plant workers (Park et al.,2010) assessed
the relationship between low doses of external ionizing
radiation and the risk of cancer mortality. Significant
decreased deaths from all cancers except prostate cancer
were reported. The authors concluded that further studies
were needed to clarify the low SMR of cancers, for which
there is no useful screening tool for nuclear power plant
workers.

A further investigation by Beal et al. (2005) reported

that prostate cancer incidence was associated with
working in the storage device facilities/within the facility’s
laboratories, but employee mortality was lower than
expected. Krishnadasan et al. (2007) also suggested that
radiation workers compared with aerospace workers were
at increased risk of prostate cancer and this was possibly
related to lower levels of physical activity. Atkinson et al.
(2007) re-assessed early epidemiological studies of the
UKAEA workforce that had followed up the mortality of
those who worked to the end of 1979, and had reported a
significant excess of prostate cancer deaths in some subsets
of the cohort, particularly workers internally monitored for
tritium contamination and those employed at the Winfrith
laboratories. The excess seemed to have been associated
with work involving heavy-water reactors. The finding
of lower prostate cancer mortality levels during later
observational periods led them to conclude that the early
findings may have been related to chance.
Two recent reviews have investigated cosmic ionizing
radiation and risk of prostate cancer (Buja et al., 2005;
Ott and Huber, 2006). Ott and Huber, (2006) reviewed 20
studies in detail, 14 retrospective, 3 prospective cohort
studies and 3 meta-analyses. Sixteen studies were set in
the civil aviation environment, two in the military aviation
environment and two in both environments. Three studies
reported increased risks for pilots to develop prostate
cancer but there was insufficient evidence to support the
hypothesis that cosmic radiation might be the causative
agent.



Table 4. Ergonomic Studies
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Study Cases Controls | Findings OR(95%CI) Summary
Country (N) N)
MacLennan 46 obs. 1999 PCa 11/6.3 (SIR=175, CI = 87-312) In a study on atrazine and other triazine herbicides, of the 11 prostate cancer cases, nine were diag-
et al., (2002) 40 exp. A/Workers 5/1.3 (SIR=394, CI=128- nosed at an early clinical stage. Indicates no causal relationship between atrazine and PCa.
USA 920) C/Workers 6/8.0 3 (SIR=119,
CI=44-260)

Flinton & 3,008 15,737 | High Activity level An investigation into physical activity and prostate cancer. Despite limitations in the data, an
Walters OR =2.13,(95%CI =129 -3.52) elevated risk was seen in working subjects with low levels of activity compared with the high
(2004) activity group. In the retired group there was a slight elevation of risk, although it was not statisti-
Ireland cally significant. The study suggests that physical activity offers a small but significant reduction in

prostate cancer risk for those people in work.
Friedenreich 988 1,063 OA OR=0.90 (95% CI=0.66-1.22) No association for total lifetime physical activity and prostate cancer risk was reported. The risks
et al., (2004) FEYLOR = 0.78 (95% CI= 0.59 were decreased for Occupational Activity (OA) but were increased for household activity when
Canada -1.04) comparing the highest and lowest quartiles. For activity performed at different age periods through-
VA OR=0.70 (95%C1=0.54-0.92) out life, activity done during the First 18 years of Life (FEYL) decreased risk. Vigorous activity
decreased prostate cancer risk.
Sass-Kortsak 760 1,632 LCOPAOR = 133 (95% CI= This study does not provide strong evidence for significant occupational risk factors for prostate
etal., (2007) 1.02-1.74) cancer. Whole-body vibration (WBV) exposures, as well as physical activity (PA), may be worth
Canada WBVOR = 138(95% CI=1.07 pursuing in future occupational studies. Physical Activity (LCOPA) was reported to have a signifi-
-1.78) cant odds ratio.
Lagiou PCa 320 246 High versus low activity for PCa There was a suggestive inverse association of physical activity with prostate cancer (P for trend
et al.,( 2008) BPH 184 OR=0.69 (95%CI=0.40-1.22) 0.12) and a significant one with BPH (P for trend 0.04. The association of physical activity with
Greece BPH OR=0.59 (95%CI =0.31-1.11) both conditions tended to be more pronounced among men 65 years old or younger.
Strom 176 174 OPA OR=0.44 (95%CI1=0.26-0.76) Compared to controls, cases were three times more likely to work in jobs with high agrichemical
et al., (2008) Obesity OR=2.50 (95%CI=1.20-5.20) exposure, and 54% less likely to work in jobs with moderate/high occupational physical activity.
USA Increased risk of being diagnosed with advanced PCa was associated with obesity at the time, but
not with occupational physical activity.

Krishnadasan 362 1,805 ASW OR=0.55 (95%C1=0.32-0.95) Investigating occupational physical activity and prostate-cancer incidence among workers at a
etal., (2008) RW OR=0.95 (95%CI=0.43-2.1) nuclear and rocket engine-testing facility in Southern California. High activity levels at work were
USA inversely associated with prostate-cancer incidence among aerospace workers (ASW), but not

among radiation workers (RW). The results suggest that adult men who are more continually active
at work may have a decreased risk of prostate cancer.

Orsini Fatal=190 Total Men who sit half of the time at work The possible benefit of lifetime physical activity (PA) in reducing prostate cancer incidence and

etal.,(2009) | Incidence=2,735 | Cohort | experienced a 20% lower risk (95% mortality is unclear. This prospective cohort of 45 887 men aged 45-79 years was followed up

Sweden =45887 | CL: 7-31%). from January 1998 to December 2007 for prostate cancer incidence (n: 2735) and to December
2006 for its subtypes and for fatal (n: 190) prostate cancer. Multivariate-adjusted incidence in the
top quartile of lifetime total Physical Activity decreased by 16% (95% confidence interval (CI):
2-27%) compared with that in the bottom quartile. It was also observed that an inverse association
between average lifetime work or occupational activity and walking or bicycling duration and
prostate cancer risk for advanced prostate cancer for every 30 min per day increment of lifetime
walking or bicycling in the range of 30 to 120 min per day. These results suggest that not sitting
for most of the time during work or occupational activity and walking or bicycling more than 30
minutes per day during adult life is associated with reduced incidence of prostate cancer.

Bujaetal. (2005) performed a meta-analysis of cosmic
rays and prostate cancer risk using a random effect model
for 9 cohort studies on pilots and male flight attendants.
For civil pilots the meta-SIR was 1.47 (1.06-2.05) for
prostate cancer. They suggested that non-occupational
risk factors such as age (civil pilots are older than military
pilots and cabin attendants) and disrupted sleep pattern
(entailing hyposecretion of melatonin, which has been
reported to suppress proliferative effects of androgen on
prostate cancer cells) might be involved. Previously, an
investigation of cosmic rays and risk of prostate cancer
for airline pilots reported an association with the number
of long distance flights (Pukkala et al., 2002), but the
authors stressed that the finding needed to be confirmed
and queried whether this association could be confounded
by sexual activity or other factors, such as time spent in
unusual locations.

When looking at the reported risk in relation to
diagnostic radiation procedures and the risk of prostate
cancer, Myles et al. (2008) reported a risk to patients
undergoing barium enema and hip x-rays at the 5 year
interval and with those with a family history, at the 20
year interval, the adjusted odds ratio for hip x-rays was
5.01 (95%CL=0.36-3.43) at the ten year interval and 14.23
(95%CL=0.53-4.02) at the 20 year interval. Unfortunately
there was no reported adjustment for age. In relation to
occupational exposure to radiation in treating physicians
(Schiefer et al., 2009) in the seeding of the prostate,
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the cumulative effect of treatment applications on the
physician was such that experienced physicians could
undertake 400 applications per year without exceeding the
threshold value, but inexperienced physicians could only
safely undertake 200 applications per year. This study had
too small a sample to give more definitive associations
regarding prostate cancer and occupational radiation
exposure in the physicians themselves.

Electro-Magnetic Fields

A nested case-control study of US electricity utility
workers investigated a possible association between
exposure to electromagnetic fields or polychlorinated
biphenyls (PCBs) and mortality from prostate cancer
(Charles et al.,2003). It reported that workers categorized
in the highest decile of EMF exposure were twice as
likely to die from prostate cancer as those in lower deciles
of exposure to EMFs, following adjustment for PCB
exposure, race, and active work status within the past 2
years. Exposure to high levels of both EMFs and PCBs
was not associated with prostate cancer mortality. They
concluded that the possible association between EMF
exposure and prostate cancer mortality warranted further
investigation.

Ultraviolet Radiation
Evidence from various studies using different
experimental approaches has been interpreted as showing
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Table 5A. Physical and Environmental Reviews and Studies

3.42 (CI = 1.94-6.06).
In civil pilots, meta-SIR was 1.47
(1.06-2.05) for prostate cancer.

Reviews Cases Controls Findings Summary
Country (N) N) OR(95%CI)
Buja et al., (2005) meta-analysis Male cabin attendants & civil and | Flight personnel are exposed to cosmic ionizing radiation, chemicals
Italy military pilots, meta-SIRs were (fuel, jet engine exhausts, cabin air pollutants), electromagnetic fields

from cockpit instruments, and disrupted sleep patterns.. These tumours
share as risk factors, ionizing radiation, recreational sun exposure and
socioeconomic status. The meta-SIRs are not adjusted for confounding;
the magnitude of risk for melanoma decreased when we corrected for
socioeconomic status. Age (civil pilots are older than military pilots and
cabin attendants) and disrupted sleep pattern (entailing hyposecretion of
melatonin, which has been reported to suppress proliferative effects of
androgen on prostate cancer cells) might be involved.

Moon et al., (2005)
UK

Review

No Meta-Analysis

Collectively, these data suggest the hypothesis that, UVR exposure has
beneficial effects on susceptibility and outcome to a variety of complex
diseases including PCa. We describe evidence from studies in various
diseases, but mainly from prostate cancer patients, that supports this
hypothesis, but we emphasize that, although supportive data are avail-
able, the concept is unproven. Indeed, other explanations are possible.
However, given the potentially important public health implications of
the hypothesis and the potential for the development of novel therapeutic
modalities, we believe the concept is worthy of further investigation.

Ott & Huber, (2006)
Switzer-land

Review of 20 studies
1990 - 2003.
1 retro-/prospective
13 retrospective
3 prospective cohort
3 meta-analysis studies

Seven out of nine studies reported
an identical or decreased over-all-
risk for aviators to develop cancer
of any kind compared to the
general population. Three studies
reported an increased risk for the
development of prostate cancer.

Sixteen studies were set in the civil aviation environment, two studies

in the military aviation environment and two studies were set in both
environments.. Although this review reported some studies that identified
higher risks for pilots to develop cancer of the skin, prostate cancer or
leukaemia, there is not enough scientific evidence to support the hypoth-
esis, that cosmic radiation is the cause for these findings. It shows to

be important to include other factors in the interpretation of the results,
since some of the findings may be well explained by life-style factors of
the aviation community.

Young et al., (2009)
Canada

systematic review and
meta-analysis

The overall pooled RR estimate
was 1.14 (95% CI 0.99-1.30) for
the random effects model, based
on 17 estimates of relative risk
from the eight studies. Significant
heterogeneity was reported.

The risk of prostate cancer in whole body vibration was estimated in re-
lated occupations and a combined meta-rate ratio. Five case-control and
three cohort studies published between 1996 and 2004 were analysed.
There was no indication of publication bias. The increased, though not
statistically significant pooled RR for prostate cancer obtained in this
meta-analysis indicates that occupational exposure to WBV cannot be

ruled out as a possible risk factor for the disease. However, all included
studies involved driving occupations with exposure to other risk factors
for prostate cancer. Therefore, further epidemiologic studies are needed
to better understand this association.

that, apart from harmful effects on the pathogenesis of
the common skin cancers, ultraviolet radiation (UVR)
might exert a beneficial effect on development of various
internal cancers and other chronic diseases. Moon et
al. (2005) describe evidence from studies investigating
various diseases, including prostate cancer, that supports
a beneficial effect of UVR, but they emphasize that
the concept is yet to be convincingly established but
worthy of further investigation. Other researchers such
as Freedman et al. (2002) have supported this position
and reported residential and occupational exposure to
sunlight to be negatively and significantly associated with
mortality from female breast, ovarian, prostate, and colon
cancer. Bodiwala et al. (2003a) identified a combination
of exposure parameters to UVR that distinguished
prostate cancer patients from those with BPH. This study,
however, did not investigate UVR exposure related to
occupation, but a review of previously unpublished data
(Bodiwala et al., 2003b) confirmed that high levels of
cumulative UVR exposure, adult sunbathing, childhood
sunburns and regular holidays in hot climates were each
independently and significantly associated with a reduced
risk of prostate cancer. Others (de Vries et al., 2007) also
reported UVR exposure to significantly decrease the risk
of advanced prostate cancer, indicating a possible anti-
progression effect of UVR. Patients with a skin cancer
on the chronically UVR exposed head and neck area and
those diagnosed after the age of 60 years had decreased
prostate cancer incidence rates. These results support
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the hypothesis that UVR exposure might protect against
prostate cancer.

Psychosocial factors

In occupational exposure research Workload refers to
an individual’s workload as they perceive it. The question
arises whether a worker who believes they have had a high
or onerous workload over a number of years is likely to
develop the disease under investigation. This includes
workers who admit to continuously working more than
fifty hours a week over more than twelve months at a time.
The hypothesis is that associated stress over a number of
years or decades could influence risk. No recent literature
was identified on this exposure and prostate cancer.

Conclusions

IARC classifies the heavy or toxic metals including
lead, cadmium, hexavalent chromium compounds
and arsenic as carcinogenic. Blood levels of zinc and
selenium and their ratio to cadmium levels seem to be
intricately entwined and may point to aggressive prostate
cancer diagnosis in the future, but these links require
further clarification. Evidence concerning risks related
to chemical exposures such as hydrocarbon solvents and
pesticides remains unconvincing. Although the evidence
for PAHs and PCBs is stronger, there are many specific
pesticide agents that have not been significantly associated
with prostate cancer. Further research to clarify the
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Summary

An investigation into mortality from prostate cancer. Residential exposure to sunlight was
negatively and significantly associated with mortality from prostate cancer.

Studying the analysis of blood samples in relation to Chromosomal aberration in peripheral
lymphocytes and doses to the active bone marrow in radiotherapy of prostate cancer.

Cohort study of two cohorts of PCa & BPH of self reported exposure. Low sunlight exposure
confers increased prostate cancer risk. This study did not look at occupational exposure.

A confirmatory study. Exposure to ultraviolet (UV) radiation may be protective to prostate
cancer. It was confirmed that higher levels of cumulative exposure such as adult sunbathing
and childhood sunburns and regular holidays in hot climates were each independently and
significantly associated with a reduced risk of this cancer.

Based on a cohort of 138,405 air craft workers. Work-related factors affect cancer pattern
of the pilots. A cohort of 10,051 male and 160 female airline pilots from Denmark, Finland,
Iceland, Norway, and Sweden was followed for cancer incidence through the national cancer
registries. It did not indicate a marked increase in cancer risk attributable to cosmic radiation.

Investigated EMFs and PCBs and mortality from prostate cancer among US electric utility
workers. Workers categorized in the highest 10 percent of EMF exposure were twice as likely
to die from prostate cancer as those exposed to EMFs at lower levels. Exposure to high levels
of both EMFs and PCBs showed no association with prostate cancer mortality. Non-White
race was strongly associated with risk of prostate cancer mortality. The association between
EMF exposure and prostate cancer mortality warrants further investigation.

Confirmed the 2004 results by the same authors in the workforce of the UK Atomic Energy
Authority (UKAEA). The association of prostatic cancer with radiation dose was much less
significant than in previous reports. Overall, radiation workers at UKAEA showed no excess
mortality. The previously detected association of prostate cancer with high radiation dose
may have been a statistical artifact or a risk associated with discontinued activities.

Cohort study of mortality with 6,579 observed deaths, for all cancers combined (2159
observed) and for other major diseases. Prostate cancer was associated with facilities/
laboratories at the storage device facility.

Cohort study in which skin cancer patients were at decreased risk of developing prostate
cancer compared with the general population especially shortly after diagnosis. The risk
of advanced prostate cancer (APCa) was significantly decreased indicating a possible anti-
progression effect of UVR. UVR protects against PCa.

A case-control study to investigate whether exposure to low dose ionisation radiation from
diagnostic x-ray procedures could be established as a risk factor for prostate cancer. For those
with a family history of cancer, exposures to hip x-rays dating 10 or 20 years before diagnosis
were associated with a significantly increased risk of prostate cancer: Findings show that
exposure of the prostate gland to diagnostic radiological procedures may be associated with
increased cancer risk. This effect possibly modified by a positive family history of cancer
which suggests that genetic factors may play a role.

Reviews Cases | Controls Findings
Country N) N) OR(95%CI)
Freedman et al., sunlight OR = 0.82 (95%CI=0.70-0.97)
(2002)
USA
Gershkevitsh et 6 3 Observational Human laboratory study
al., (2002)
Germany
Bodiwala et al., PCa 453 BPH 78.7% increase in scores (<30)
(2003) 312 40% increase in scores (>8)
UK
Bodiwala et al., PCa 212 BPH Decreased level sunbathing 5 times x PCa
(2003) 135 Risk
UK
Pukkala et al., 466 10,051 There was an increase in the relative risk of
(2002) prostate cancer with increasing number of
Finland flight hours in long-distance aircraft (p trend
0.01).
Charles et al., 387 1935 EMFs OR=2.02, 95%Cl=1.34-3.04)
(2003) PCBs OR=1 47 (95%CI=0.97-2.24)
USA Non-White OR = 3.67 (95%CI=2.66-5.06)
Atkinson et al., 475 39,546 | Comparison of two data sets
(2007) 1946-1979 and 1980 -1997.
England
Beall et al., (2005) | 6,579 | 120,257 | Exp. deaths SMR=65 (95%CI=64-67)
USA PCa SMR=198 (95%CI=117-313)
de Vries et al., 13,541 CPa SIR=0.89 (95%CI1=0.78-0.99)
(2007) ACPa SIR=0.73 (95%CI=0.56-0.94)
Holland
Myles,, et al., 431 409 Hip x-rays
(2008) Syrs adj. OR=2.23 (95%ClI=142-3.49)
UK adjusted for family history of cancer,
10yrs adj. OR=5.01(95%ClI=1.64-15.31)
20yrs adj. OR 14.23(95%CI=1.83-110.74)
Schiefer et al., 4 Doctors plus
(2009) 24 Patients
Australia

Radiation exposure of the treating physician during prostate seed implantation. If no other
radiation exposure needs to be considered, an experienced physician can perform about 400
applications per year without exceeding the limit of 500mSv/year; for novices, the corre-
sponding figure is about 200.

hypothesis of acquired apoptotic resistance in relation
to cadmium exposure whereby the body’s ability to kill
off cancer cells is inhibited also needs to be clarified and
tested on males.

Recent investigations of ergonomic risk factors
showed high levels of occupational activity level to
be beneficial and low levels to be modestly positively
associated with prostate cancer risk. The association was
stronger in the presence of a family history of prostate
cancer which is known to be a significant risk factor and,
thus, a possible confounding factor. Whole body vibration
was also implicated in two articles related to physical
activity, but further research on male workers will require
cohort studies to provide firm evidence.

In relation to physical or environmental risk factors,
for ionizing radiation all three reviews since 2002 (Buja
et al., 2005; Ott and Huber 2006; Park et al., 2010) agree
that there is insufficient evidence to support a relationship
between ionizing radiation exposure and prostate cancer,
but none could rule out the possibility of a very small
risk. Several reports implicate UVR as being protective
against PC. It was also concluded (Buja et al., 2005) that
there were too many confounders such as age, disrupted
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sleep patterns, long distance flights and unusual stopovers
and the presence of such factors require to be further
investigated. EMFs were reported to be related to high
mortality rates for US utility workers at high exposure
levels compared with lower exposure levels, but overall
the mortality levels were not significantly different to
unity.

Three recent reviews of pesticides and prostate
cancer suggested that reported risk levels were too low to
significantly implicate pesticides, although modest effects
associated with pesticides could not be excluded. The
major limitation of these reviews is they tend to target a
single specific agent, not the full range of possible agents
and few attempt to address mixtures and co-carcinogens.
Unfortunately, no major reviews have been published
regarding low occupational physical activity simply due
to the lack of publications on this topic. Methodological
difficulties in occupational and non occupational exposure
to UVR have resulted in a limited number of studies
investigating occupational UVR exposure and prostate
cancer.

The major limitation of the occupational literature
is the lack of prospective cohort studies in most areas
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reviewed. The results are inconsistent from study to
study and generally this is due to the reliance upon the
lack of homogeneity of the case-control studies and
prevalence (ecological) studies. Exposure assessment
bias is a recurring limitation of many of the studies in this
review, primarily due to the poor exposure assessment
methodology. Many past studies have relied upon
occupation or industry to describe exposure, with only a
few studies using Job Exposure Matrices (JEMs) or expert
assessment. Occasionally, marginally significant results
are attributed to chance and significant results attributed
to age or genetics. A limitation suggested by Macfarlane
et al. (2009) is that the job title of “farm worker” is a
poor surrogate exposure metric for pesticides, herbicides
or insecticides, with serious misclassification potential
for level and duration of exposure. Future studies must
improve exposure assessment methodology for more
meaningful results.
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