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Abstract 

Background· Prostate . d b · · · · · · · cance1 an o es1ty are both senous cond1t1ons that affect millions of men . 

While studies regarding associations between the two conditions have had conflicting 

conclusions, investigation into etiologic mechanisms may shed a more specific light on any 

existing link. Epigenetics is an emerging field which finds environmental factors influencing 

genetic transcription factors, without modifying the DNA. Epigenetics may hold promise both in 

finding a link between prostate cancer and obesity, and also in developing more specific 

screening tests for prostate cancer in all men. Search criteria: A literature search was performed 

of Pub Med using MeSH terms "Prostate Neoplasm," "Obesity," and "Epigenetics." Articles were 

selected based on detail of analysis, novelty, and clinical applicability. Findings: While studies 

have had conflicting conclusions about whether obesity is or is not associated with overall 

prostate cancer risk, there is a clearer association between obesity and high grade tumors. 

Research is also conflicting about whether obesity affects morbidity or mortality prognosis after 

diagnosis of prostate cancer. Considering the poor specificity in screening men with prostate­

specific antigen, research into genetic and epigenetic mechanisms may lead to better screening 

tests for prostate cancer in obese men and all men as a whole. (198 words) 

Keywords: Prostate Cancer, Obesity, Epigenetics 
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Introduction 

Prostate cancer is cu. . ti ti . 11en Y 1e most commonly diagnosed cancer in men and causes the 

second highest numbe. f d . 1 o cancer eaths m men (American Cancer Society, 2013). Research into 

prostate cancer proores 1 f: . 
b ses on severa ronts, particularly pathogenesis, diagnosis and appropriate 

screening tests risk st . f fi · d _. . . , ra 1 1cation, an tteatment. Prostate-specific antigen (PSA) has been 

commonly used in the last decade to screen for prostate cancer, but recent guideline changes 

have altered screening strategies in by acknowledging inadequacy of using PSA for screening 

(Moyer, 2012). Incorporating PSA into screening and treatment strategies can lead to false­

positive screening and performing unnecessary surgeries that reduce quality of life when 

removing benign lesions or non-life tlu·eatening cancers (Moyer, 2012). 

It is important to identify people through routine and targeted screening who are at 

increased risk of disease. Labels of ' overweight' and ' obese' have been developed by health 

agencies to identify those who are at increased risk of disease because of their weight. A simple 

and accessible way of identifying overweight and obese people is by calculating their body mass 

index from their height and weight. The Centers for Disease Control and Prevention (CDC) 

defines "overweight" as a BMI of 25.0 to 29.9 kg/m2 and "obese" as greater than 30.0 kg/m2 

(CDC, 2012). They acknowledge however, that this calculation is an estimate of a person's body 

fat and disease risk, and that it may not be accurate for all, particularly people with large muscle 

mass, like athletes. Other methods of estimating body fat exists, and range from simple tests like 

posterior arm skin fat fold caliper measurement, or waist circumference, to technical and costly 

measurements by ultrasound, computed tomography or magnetic resonance imaging (CDC, 

2012). 
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The role of obesity · . . . 
m prostate cancer nsk 1s debated in the medical community. Rates of 

obesity are climbino in th U . d S . . . . . 
0 e nite tates and its presence and seventy 1s Imked with many 

adverse health condition (B. 2004 
s 1ay, ; Sturm, 2007). If obesity is linked with prostate cancer, it 

will be important to tak b · · . . 
c e o es1ty status mto cons1derat1on when developing guidelines for 

screenino and treatment f t . . . 0 o pros ate cancer. It will also be 1mpo1iant to understand mechanisms 

of a link between obesity and prostate cancer, if one exists . 

Both inheritable genetic changes and environmental factors can impact risk of cancer 

development. Besides the direct impact on the DNA by environmental factors, these factors can 

also affect the epigenome, or biochemical factors that alter expression levels of a gene without 

directly affecting the DNA sequence. Epigenetic changes are particularly sensitive to lifestyle 

and environmental conditions (Zhang et al. , 2011). Epigenetic changes may include 

hypomethylation which can induce gene transcription of oncogenes, or hype1methylation which 

can silence tumor suppressor genes (Ellinger et al, 2010; Kargul & Laurent, 2009; Nelson, De 

Marzo, & Y egnasubramanian, 2009). Research is ongoing into the association between obesity 

and methylation status in prostate cancer biopsy samples. 

The purpose of this review of the literature is to describe existing knowledge about 

association between obesity and prostate cancer, in its screening, diagnosis, severity, and 

prognosis. Atiention will also be given to possibilities of an epigenetic link between the two 

conditions. 

Search Strategy 

h . 1-1 . t ·e r·evi·ew the researcher searched PubMed, via the University of North In t 1s 1 era m , 

F . 1 I_realth Science Library for MeSH major topic terms and keywords of Dakota Harley I enc 1 ~ ' 
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"Prostatic Neoplasms" AND "Ob . , 
es1ty'· d "P · an rostatic Neoplasms" AND "Epigenetics". The 

researcher select d . . 
e ongmal research to i J d 

nc u e based on the detail of analysis, mechanistic 

support of data novelt d . 
, Y, an potential clinical usefulness of the findings. 

Review of the Literature 

This review of th rt . . 
e 1 erature will cover the following topics: the link between obesity and 

prostate cancer noted in the 1- · 1 . . . . . 
c mica practice and ep1dem10log1cal studies, the impact of obesity 

on screening for prostate . d . . . cance1 , an epigenetic regulation in prostate cancer. 

Obesity and prostate cancer incidence, severity and prognosis 

Several articles have come to various conclusions about whether greater obesity raises or 

lowers overall risk of prostate cancer. In a single center retrospective cohori study, among 787 

men refeITed for prostate biopsy, higher body mass index (BMI) was associated with a greater 

chance of the biopsy revealing prostate cancer (Freedland, Terris, Platz, & Presti, 2005). In a 

population case control study, 753 men age 40 to 64 with diagnosed prostate cancer were 

compared with 703 age matched controls. A weak (p=0.04) inverse relationship between BMI 

and prostate cancer was noted, but only if the researchers used non-standard cut-offs for BMI 

stratification (Porter & Stanford, 2005). In a large prospective randomized study, where all 

patients were definitively diagnosed with or without prostate cancer with biopsy, the overall 

prostate cancer risk was not affected by presence of obesity (Gong et al., 2006). 

To investigate this association more clearly, some researchers have used novel methods 

to look at the relationship between obesity and prostate cancer. Computed tomography was 

d l te the l·ole in either visceral fat or subcutaneous fat in prostate cancer risk. A 
use to eva ua 

. .fi 
1 

1 ·g1 er risk of prostate cancer was found for pmiicipants with higher visceral fat, or 
sigm 1cant y 11 1 
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visceral to subc t 
u aneous ratio (von H fi . 

a e, Pma, Perez, Tavares, & Barros, 2004). In a 
randomized p . . 

iospective study, a oenef . . 
• 

0 Ic smgle nucleotide polymorphism (SNP) that is associated 

with obesity was tested aoainst develo 
0 pment of prostate cancer over five years. The abnormal 

allele that is associated with b . . . 
0 esity was, m this st11dy, associated with a lower incidence of 

prostate cancer overall b t h. h . 
' ' u a ig er nsk of more severe prostate cancer. The authors of this 

study felt as though using the SNP . . . 
as an md1cator of obesity would lead to fewer confounding 

factors. However they ackn 1 d d h 1 . . . ' ow e ge t at t 1e actual b1olog1c mechamsm of the genetic 

variation at this site is unknown (Lewis et al., 2010) . 

Studies have also looked at whether obesity is associated with grade of cancer at 

diagnosis. Several retrospective cohort st11dies of patients who underwent radical prostatectomy 

had their BMI evaluated in relation to their cancer's pathologic characteristics. In these five 

studies with large sample sizes, there was no significant relationship between BMI or other 

measures of obesity or adiposity and any pathologic variables including Gleason score, extra-

capsular extension, cancer volume, seminal vesicle invasion, lymph node invasion, and positive 

surgical margins (Gallina et al., 2007; Isbarn et al. , 2009; Pruthi, Swords, Schultz, Carson, & 

Wallen, 2009; Zilli et al., 2011). However, other studies have found a clearer association 

between BMI and poor pathologic characteristics. Three retrospective cohort studies, similar to 

those above, have noted associations with BMI and higher tumor grade, greater tumor size and 

percentage of prostate occupied by tumor, positive surgical margins, and Gleason score (Arnling 

et al., 2001; Freedland et al. , 2008; Freedland, Bafiez, Sun, Fitzsimons, & Moul, 2009). In 

. . 1 . ective randomized study where every subject and control received a 
addition, a aige, prosp ' 

. . · · through biopsy concluded that, compared with men of normal BMI, obese 
defimt1ve diagnosis ' 

,t::. 
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men had d 
a ecreased risk of l 

ow grade prostate c d · . 
(G ancer an an increased nsk of high-grade cancer 

ong et al., 2006). 

Finally, several studies have inve . . . . 
stigated the role of obesity m prognosis of prostate 

cancer after diagnosis A . . 
· prospective follow up study of 1302 radical prostatectomy patients 

had no significant differenc . . . 
e 111 biochemical recurrence related to BMI (van Roermund et al., 

2009). A retrospective stud 
Y came to the same conclusion (Banez et al., 2009). Another study 

following external beam rad· t· l . . 
c ta 1011 t 1erapy investigated differences between obese and normal 

weight men, and found no ·o 'fi d'f:c . 
Sli:,nI icant 1 1erence 111 PSA relapse, deaths from prostate cancer, or 

deaths from any cause (Geinitz et al., 2011). 

On the other hand, a prospective cohort study of higher stage prostate cancer patients 

found that overweight and obese patients were approximately 1.8 times more likely to die of 

their prostate cancer or the prostate cancer treatment than patients with nonnal weight 

(Efstathiou et al., 2007). A large multicenter retrospective cohort study found that obesity was 

significantly associated with biochemical rectmence, and that BMI was associated with 

recurrence in Tl stage cancers, but not in stage 2 or 3 prostate cancers. Interestingly, the same 

study also found that obese men diagnosed with prostate cancer by digital rectal exam, but not by 

PSA, have same long-term outcomes as normal BMI men. These authors hypothesized that 

although digital rectal exam is more technically difficult in obese men, its lower sensitivity may 

have compensated for some of the false positivity inherent in PSA screening (Freedland et al., 

2008). 

Obesity and Prostate Cancer Screening 
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The fact that a traditional di ital . . 
g 1ectal exam as screening may offer improved prognosis 

over prostate cancers diagnosed b PSA . . . . 
Y sc1eemng highlights some of the issues that influenced 

the US Preventive Service Ta k F . . 
s orce to recently recommend agamst usmg PSA routinely for 

prostate cancer screening (M . 
2012

) p . . 
oyer, . articularly m obese men, the PSA may be falsely-

negative. In additio · · h . . . 
n, some scientists ave theorized that havmg a greater body mass and plasma 

volume may dilute PSA and confuse prostate cancer diagnosis. Three single cohort analysis 

studies have found that with greater BMI among men without prostate cancer, the PSA trends 

lower (Beebe-Dimmer et al. , 2008; Chia et al., 2009; Grubb et al. , 2009). Grubb et al. also 

calculated whole-body mass of PSA, and found it to be consistent through BMI ranges. These 

authors suggested that if PSA is used for prostate cancer screening, that obese men may have a 

lower threshold for PSA before biopsy is recommended (Grubb et al., 2009). 

Conflicting evidence regarding the relationships between obesity and prostate cancer, and 

between obesity and the use of PSA in screening, has prompted scientists to investigate alternate 

mechanisms in prostate cancer etiology and screening. These alternate mechanisms have 

included genetic and epigenetic mechanisms. As mentioned above, one obesity-associated SNP 

. . · t d · th a lower risk of prostate cancer overall, but with a higher risk vanatwn has been associa e w1 

of high-grade prostate cancer (Lewis et al. , 2010). 

Epigenetics and prostate cancer 

l decades has investigated changes in DNA mutations and Research over the last severa 

l nt and prooression of prostate cancer. deletions in relation to the deve opme e 
More recently 

. fi l specialty in prostate cancer research. While . . has been identified as a use u 
epigenetics . d · d 

. DNA has long been implicate m cancer an . . lated to actual changes m , 
traditional genetics, ie ' 
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other human patho!o . . 
gy, ep1genetics deals with chan . 

DNA b . ges that occur without changing the actual 
ase pair sequence E . . 

· p1genet1c chanoes . 
. o may occur with methylation of DNA nucleotides 

particularly at cytosine-phos h t . ' 
P a e-guamne (CpG) d' 1 . 

muc eot1de sequences in the DNA. These 
changes often are seen in promoter se m 

g ents of DNA and may upregulate or downregulate gene 

expression (Dobosy Robeiis Fu & J 
' ' arrod, 2007). I-lypermethylation of the GSTP I gene in 

pariicular is one of the more rese . h d . . 
ai c e epigenetic change associated with prostate cancer 

(Yamanaka et al., 2003; Maruyama et al., 2002). 

Another mechanism of epigenetic regulation is hi stone modification. Histones are 

bundles of protein which supply structural support to segments of DNA. Modification of 

histones, particularly acetylation and methylation may structurally cause the DNA to open or 

close, thus promoting or decreasing transcription of a particular gene (Jeronimo et al., 2011 ) . 

Compared to changes in DNA sequence, it is theorized that epigenetic changes in 

oncogenesis may be both more likely to be influenced by environmental or personal risk factors, 

and have become a new target for therapeutic interventions (Dobosy, Roberts, Fu & Jarrod, 

2007). Dietary supplements of folate or methionine directly affect S-adenosylmethionine, the 

primary substrate for DNA methylation. Selenium supplements can also reduce 

hypomethylation (Dobosy, Roberts, Fu & Ja1Tod, 2007) . 

l . d' · esti' crating the prevalence of a hypermethylation of GSTP 1 Severa stu 1es mv o 

s have detected it in 90% of prostate cancer cases. This 
transcriptional regulatory sequence 

. than any of the known genetic defects (Nelson, Marzo, & 
represents a greater proport10n 

t analysis concluded that GSTP-1 methylation testing 
Yegnasubramanian, 2009). A recent me a-, 

The study was strengthened by the fact that 
·1· ·ty in diagnosing prostate cancer. 

offers good sens1 1v1 
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the control group in th· is meta-anal . . ys1s was rigorously chose 
prnstate biopsy Th n to be men who actuall . 

. ese men were alread y went m for 
. Y those suspected to h 

an ideal control gro . ave prostate cancer and co 
up agamst which to test th ' mpose 

e researchers' h h . 
GSTP-1 testing or a panel of ypot es1s (Wu, 2011). The use of 

prostate cancer associated gene . . 
offer a good balan . . . . prnmoter methylation sites may 

ce m sens1tiv1ty and specificity in screenin . . 
2011). g fo1 prostate cancer (Jeronimo, 

There may potentiall b . . . y e a role of ep1genet1cs in the link between ob ·1 d es1 Y an prostate 

cancer. A case control stt d fi d l y oun that obesity can trigoer methylat· h . . ~ ion c anges m DNA of 

penpheral leukocytes and may be linked to the . 1 f . . ie a ive unmune compromise that obese people 

expenence (Wang et al., 2010) . However, to our knowledge, research has not been completed to 

evaluate the association between prostate cancer related epigenetic changes and obesity. In fact 

' , pigene 1cs returned no results searches of Pub Med to include Prostatic Neoplasm Obesity and E . t· 

when searched either by MeSH tenn or keyword . 

Conclusion: 

In summary, obesity appears to be associated with higher grade prostate tumors and 

poorer outcomes after prostatectomy. Improved diagnosis and prognosis may be attainable in 

obese men, with augmented understanding of the pathogenesis of prostate cancer through 

epigenetic changes. Screening for prostate cancer between PSA and epigenetic markers together 

may particularly benefit obese men, whose diagnosis by traditional PSA screening is more 

complicated by the aforementioned possible dilutional effect where PSA concentration goes 

down with greater BMI and plasma volume. An ideal test with perfect sensitivity and specificity 

· ti ossi'ble but through greater understanding, testing for prostate cancer can be 

1s not curren y p , 
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honed and result in screening that identifies life threatening cancers, and does not indicate risky 

procedures when they are unnecessary . 
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