
 

 

Introduction 
 
The prostate is a male accessory sex gland situ-
ated at the base of the bladder surrounding the 
urethra. Its function is to produce several com-
ponents of semen that aid sperm survival, func-
tion and motility [1,2]. Pathology of the prostate 
is a frequent cause of morbidity and mortality; 
prostatitis affects around 15% of men at some 
point in their lives [3] and clinical benign pros-
tate hyperplasia around 20-40% - although his-
tological prevalence is much higher [4]. Prostate 
cancer is the most common cancer in men, with 
217,730 new cases estimated in the US in 
2010 (http://www.cancer.gov/cancertopics/
types/prostate).  A prostate cancer diagnosis is, 
however, not a death sentence.  While some 

cancers do progress and become invasive, 
many do not impact on the natural lifespan of 
the patient – men are more likely to die with 
prostate cancer than from it [5]. The estimated 
case-fatality rate of screen detected prostate 
cancer is 16% [6] but when considered in abso-
lute terms, given the high incidence rate, pros-
tate cancer is still a significant cause of death 
(it is estimated that 32,050 men will die from 
prostate cancer in the US in 2010 [http://
www.cancer.gov/cancertopics/types/prostate]).  
 
Age is the most significant prostate cancer risk 
factor; diagnosis in men under 40 years is ex-
tremely rare but rates rise steeply after middle 
age. Ethnicity also affects risk considerably; in 
the US and the UK black men are around 2-3 
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times more likely to develop prostate cancer 
than white men [7]. Family history is also an 
indicator of risk; inherited susceptibility traits 
may cause around 5-10% of all cases (http://
info.cancerresearchuk.org/cancer-statsindex. 
htm). In addition to these, the effect of the west-
ern lifestyle and its metabolic consequences on 
prostate cancer progression is gaining recogni-
tion [8,9,10]. The current evidence and possible 
mechanisms supporting a role for obesity and 
other important metabolic sequelae of westerni-
sation, such as insulin resistance and abnormal 
hormone production, in advanced and aggres-
sive prostate cancer are explored in this review.  
 
Environmental causes of prostate cancer 
 
Rapid industrialisation facilitated by agricultural 
and technological advances has dramatically 
changed our dietary composition and physical 
activity patterns – qualitatively and quantita-
tively [11]. This is most notable in developed 
(‘western’) countries, where the consumption of 
large volumes of energy dense food combined 
with sedentary lifestyles has lead to a substan-
tial burden of obesity and metabolic and hormo-
nal imbalance [9]. These conditions put indi-
viduals at increased risk of a variety of chronic 
diseases including diabetes, coronary heart dis-
ease and some cancers [12,8,13].  The geo-
graphic distribution of industrialisation and ur-
ban development appears to mirror variations in 
prostate cancer incidence and mortality [9], 
which has led many to believe there may be a 
causal connection.  
 
Autopsy studies of prostate cancer prevalence 
have universally found an unexpectedly high 
prevalence of latent prostate carcinomas in 
men over 50 years of age when compared to 
incidence rates [14,15]. Although there is some 
variation by geographical location, even popula-
tions with low clinical prostate cancer incidence, 
such as Japan, have high clinically-undetected 
prevalence rates [16].  This suggests that there 
may be some environmental factor (or factors) 
influencing development of clinically evident 
disease in those populations where incidence is 
high. 
 
Studies of immigrants from populations with a 
low risk of prostate cancer to those with a high 
risk appear to support this environmental theory 
[17].  Risk profiles of migrants often converge 
towards those of locals [17,18,19,20], indicat-

ing that factors other than genetics are impor-
tant in development of clinical prostate cancer.  
The rising levels of clinical disease in Asian 
countries have been attributed to westernisa-
tion [21,8,22]. However, the results of migration 
studies should be considered with caution as 
several other factors that vary between country 
of origin and country of residence may substan-
tially affect incident rates; for example more 
regular health checks, higher prostate-specific 
antigen (PSA) testing rates and more complete 
cancer registries. 
 
Obesity and prostate cancer 
  
For many years failure to stratify by disease 
stage or grade (Box 1), or by incidence versus 
mortality masked the complex relationship now 
emerging between adiposity and prostate can-
cer [23]. A meta-analysis of 43 observational 
studies that investigated the relationship be-
tween body mass index (BMI) and prostate can-
cer incidence revealed an overall rate ratio (RR) 
of 1.05 per 5 kg/m2 (95% CI 1.01-1.23) [24]. 
However, when stratified by stage, a stronger 
relationship with advanced disease (RR 1.12, 
95% CI 1.01-1.23) and no relationship with lo-
calised disease (RR 0.96, 95% CI 0.89-1.03) 
was observed. The majority of studies published 
since this meta-analysis have also found posi-
tive associations between body mass and ad-
vanced, aggressive and/or fatal prostate cancer 
[25,26,27,28], though some smaller studies did 
not [29,30].  
 
Box 1. Grade and Stage 
 
Gleason grade: Tumour grade is a measure of how 
‘normal’, or well differentiated, the cancer cells ap-
pear under microscopic examination. The more ab-
normal, the higher the grade, and the more likely 
the tumour is to grow, metastasise and lead to the 
death of the patient. Gleason grade is a specific 
scale used for grading prostatic adenocarcinoma 
that is calculated from the sum of the two most 
common grades seen within the sample.  
 
Stage: Tumour staging is a measure of the extent 
and spread of tumour throughout the body. In pros-
tate cancer the TNM scale is used, in which the 
extent of the tumour (T 1-4), the spread to lymph 
nodes (N 0-3) and presence of metastases (M 0-1) 
are included. For example, T1 and 2 are organ con-
fined (localised within the prostate).  Tumour stage 
indicates what treatment options would be of bene-
fit to the patient and the likelihood of progression. 
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Often this pattern of association has been at-
tributed to detection bias – more obese men 
have lower PSA levels and larger prostates, im-
pairing detection of prostate cancer during the 
early stages [10]. Therefore cancers may pre-
sent at a more advanced stage in obese men, 
when prognosis is poorer; hence the positive 
association of BMI with prostate cancer mortal-
ity. However, several plausible biological mecha-
nisms linking obesity and clinically evident pros-
tate cancer have also been proposed. 
 
Overview of potential mechanisms 
 
Multiple overlapping metabolic and hormonal 
pathways are disrupted in obesity (Figure 1). 
Insulin resistance is an increasingly common 
consequence, which is accompanied by raised 
insulin and bio-available insulin-like growth fac-
tor (IGF)-I – both of which may positively influ-
ence prostate cancer growth and progression as 
well as the expression of other growth factors. 
Excess adiposity results in increases in adipo-
cyte-derived peptides such as leptin and inter-
leukin (IL)-6, which have been associated with 

prostate cancer progression. In contrast, the 
proposed ‘anti-cancer’ adipokine, adiponectin, 
is decreased in obesity. Aberrations in adi-
ponectin levels may affect prostate carcino-
genesis directly and through linkage with multi-
ple other metabolic pathways. Obesity is associ-
ated with lower testosterone and higher oestro-
gen levels due to peripheral aromatisation of 
androgens to oestrogens in the adipose tissue. 
It has been hypothesised that low testosterone 
levels may select for androgen independent 
cells and promote progression. Additionally, the 
metabolic consequences of a western lifestyle 
are coupled with a chronic low grade inflamma-
tory state which may substantially contribute to 
a hormonal milieu, along with other adipokines 
and growth factors, which favours cancer cell 
survival and progression. Disturbances in lipid 
and amino acid metabolism also appear to be 
linked to prostate cancer.  
 
The remainder of this review outlines in vitro, in 
vivo and epidemiological evidence for a link be-
tween specific obesity-related hormonal sys-
tems and prostate cancer progression.  The 

Figure 1. Overview of potential pathways linking metabolic disruption to prostate cancer progression. Arrows: stimu-
lates/up regulates. Dashed lines: inhibits/down regulates. Abbreviations: T2DM type 2 diabetes mellitus, IGF insulin-
like growth factor, IGFBP IGF binding protein, IL-6 interleukin-6, TNF-α tumour necrosis factor alpha, VEGF vascular 
endothelial growth factor.   
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review is based on a search of the Medline elec-
tronic bibliographical database, which included  
the following terms: “adipokines”, 
“adiponectin”, “leptin”, “insulin”, “insulin-like 
growth factor”, “interleukin-6”, “diabetes”, 
“metabolism”, “inflammation” AND “prostatic 
neoplasms”.  This was supplemented by the 
authors’ citation of relevant papers.  
 
Adipokines - adipose tissue as an endocrine 
organ 
 
Adipocytes are the major constituent of white 
adipose tissue, the main site of energy storage 
in mammals (in contrast, brown adipose tissue 
mainly generates heat). However, adipocytes 
also synthesise and secrete a range of bioactive 
molecules termed adipokines [9]. The adipoki-
nes, including leptin, adiponectin and inter-
leukin (IL)-6, can act both locally through 
autocrine and paracrine signal transduction and 
systemically through endocrine pathways 
[9,31]. Several properties of adipokines could 
influence prostate carcinogenesis, in particular 
progression. Leptin, the first adipokine to be 
discovered, has been shown by several studies 
to induce proliferation, cell migration and inva-
sion and/or prevent apoptosis when adminis-
tered to the androgen independent prostate 
cancer cell lines PC3 or DU145 [32,33,34,35]. 
Intriguingly, leptin has not been found to en-
hance proliferation of androgen dependent 
LNCaP cells by most studies [32,31,36], 
(although not all [35]) indicating possible differ-
ential effects on non-aggressive and aggressive 
prostate cancer phenotypes.  Leptin also in-
duces expression of several angiogenic growth 
factors including vascular endothelial growth 
factor (VEGF), transforming growth factor-beta1 
(TGF-β1), and basic fibroblast growth factor 
(bFGF) [34] and has itself been found to have 
angiogenic activity [37]. 
 
Similarly, IL-6 has been implicated in the pro-
gression of hormone refractory prostate cancer, 
but may promote differentiation in androgen 
dependent cells [38,39]. Chronic exposure of 
LNCaP cells to IL-6 produces LNCaP cells that 
express IL-6, which develop into tumour xeno-
graphs that grow more rapidly and to larger vol-
umes than their IL-6 negative equivalents 
[40,41].  
 
In contrast to IL- 6 and leptin, adiponectin is 
inversely associated with BMI [42]. It has been 

shown to inhibit proliferation of prostate cancer 
cells in vitro regardless of their androgen sensi-
tivity and to antagonise the proliferative effects 
of leptin and IGF-I on androgen independent 
(DU145) prostate cancer cells [42]. Adiponectin 
has also been reported to restore expression of 
the tumour suppressor gene p53 in LNCaP 
cells, which had been inhibited by administra-
tion of leptin [36]. Adiponectin is a potent inhibi-
tor of angiogenesis, in both in vitro and in vivo 
models and has also been shown to inhibit cell 
migration [43].  Adiponectin is modulated by 
and modulates various components of other 
metabolic and hormonal pathways; it is athero-
protective [43] and involved in sensitisation of 
insulin [44], which is related to prostate cancer 
(see section on Insulin-IGF system). It also pos-
sesses anti-inflammatory properties, including 
inhibition of IL-6 and tumour necrosis factor-α 
(TNF-α) [45,46]. Through its downstream effec-
tor 5’-AMP-activated protein kinase (AMPK), 
adiponectin signalling may also inhibit the lipo-
genic enzyme fatty acid synthase (FASN) and 
protein synthesis through inhibition of mammal-
ian target of rapamycin (mTOR) [45,46]. Testos-
terone negatively regulates adiponectin levels 
[44], while calorie restriction and weight loss 
increase levels [45]. Furthermore, there is some 
evidence to suggest physical activity and calorie 
restriction may protect against prostate cancer 
progression [12,47]. Taken together, the in vitro 
evidence indicates adiponectin may have poten-
tial as a therapeutic agent across the spectrum 
of prostate cancer phenotypes [42].  
 
Several observational studies have examined 
circulating levels of adipokines in men with 
prostate cancer, with mixed findings (Tables 1 
to 4).  Few studies of leptin and prostate cancer 
incidence found clear evidence of associations. 
Three found positive associations [48,49,50], 
although one of these was not a dose response 
relationship and risk attenuated at very high 
leptin levels [50]. Three studies found no evi-
dence of an association [51,52,53], and a fur-
ther three found no clear evidence but risk esti-
mates were suggestive of an inverse relation-
ship [54,55,56]. No studies of leptin and ad-
vanced, aggressive or fatal disease reported 
inverse associations, but many were under-
powered to provide robust evidence. Only two 
small studies reported positive associations 
[57,49] and three others were indicative of such 
a relationship but the evidence was insufficient 
to be conclusive [51,55,58]. Two small studies 
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Prostate Cancer Incidence 

Study, Country Authors Year Design Size Results - RR/OR (95% CI)* Comments 

Greece [56] Lagiou 1998 CC 43 PCa: 48 HC OR = 0.70 (0.32-1.55) 
Adjusted for age, height, 
education, BMI, E, T, DHT, DHEAS, 
SHBG and IGF-1 

China [53] Hsing 2001 CC 128 PCa: 304 HC ORT3 vs T1 = 1.10 (0.59-2.07) Adjusted for age, education, BMI, 
WHR and I 

WHO-MONICA and 
VIP, Sweden [50] Statin 2001 NCC 149 PCa: 298 HC RRQ2-3 vs Q1 = 2.4 (1.3-4.5) Adjusted for BMI and I 

WHO-MONICA and 
VIP, Sweden [50] Statin 2001 NCC 149 PCa: 298 HC RRQ4-5 vs Q1 = 1.5 (0.7-3.2) Adjusted for BMI and I. Risk 

attenuated at higher leptin levels 

Turkey [49] Saglam 2003 CC 21 PCa: 50 HC PCa Mean 27.33 ± SE 12.50, HC Mean 
17.55 ± 7.20 p<0.001 (ng/ml)  

Janus Project, 
Norway [52] Statin 2003 NCC 200 PCa:397 HC ORQ4 vs Q1 = 0.9 (0.6-1.6) Adjusted for T, E and SHBG 

SABOR, US [55] Baillargeon 2006 NCC 125 PCa: 125 HC ORT3 vs T1 = 0.77 (0.43-1.37) Adjusted for age 

SABOR, US [54] Parekh 2007 NCC 123 PCa: 127 HC OR 0.88 (p=0.16)  

VIP, Sweden [48] Stocks 2007 NCC 366 PCa:376 HC ORQ4 vs Q1 = 0.55 (0.36-0.84)  

PHS, US [51] Li  2010 NCC 635 PCa:635 HC RRQ5 vs Q1 = 1.05 (0.73-1.51) Adjusted for age and smoking 

* Unless otherwise stated. Abbreviations: CC, case control; NCC, nested case control; PCa, prostate cancer case;  HC, healthy control; OR, odds ratio; RR, relative risk; 
95% CI, 95% confidence interval; SE, standard error of the mean; Q, quantile (quartile or quintile); T, tertile; vs versus; BMI, body mass index; WHR, waist to hip ratio; I, 
serum insulin; T, serum testosterone; E, serum estrodiol; SHBG, serum sex hormone binding globulin; DHT, dihydrotestosterone; DHEAS, dihydroepiandrosterone 
sulphate; IGF-1, insulin-like growth factor 1. 

Table 1. Leptin and prostate cancer incidence observational studies 
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* Unless otherwise stated. Abbreviations: CC, case control; NCC, nested case control; PCa, prostate cancer case;  HC, healthy control; Adv, advanced; Loc, localised; HG, high grade; LG, low 
grade; Lethal, metastatic or fatal; HV, high volume; LV, low volume; Aggressive, high grade, advanced PSA>50ng/ml or fatal; OR, odds ratio; RR, relative risk; 95% CI, 95% confidence interval; 
SD, standard deviation; SE, standard error of the mean; Q, quantile (quartile or quintile); T, tertile; vs versus; BMI, body mass index; FHx, family history of prostate cancer 

 

 

High Gleason grade, advanced stage and/or fatal prostate cancer 

Study, 
Country Authors Year Design Outcome Size Results - RR/OR (95% CI)* Comments 

US [59] Chang 2001 CC Volume 160 HV PCa: 48 LV PCa OR>median vs <median = 2.06 (0.93-4.58) Adjusted for BMI 

Turkey [49] Saglam 2003 CC Stage 10 Adv: 11 Loc Adv Mean 36.47 ± SE 12.73, Loc Mean 
19.01 ± S.E. 2.72, p<0.001 (ng/ml)  

Turkey [49] Saglam 2003 CC Grade 7 HG PCa: 5 LG PCa HG PCa Mean 33.15 ± SE 6.36, LG PCa 
Mean 19.52 ± 2.02 p=0.003 (ng/ml)  

SABOR, US 
[55] Baillargeon 2007 NCC Grade 40 HG PCa: 85 LG PCa ORT3 vs T1 = 1.20 (0.48-3.01) Adjusted for age 

VIP, 
Sweden 
[48] 

Stocks 2007 NCC 
Non-
Aggressive 
PCa 

278 Non-Aggressive 
PCa: 376 HC ORT3 vs T1 = 0.51 (0.32-0.79)  

VIP, 
Sweden 
[48] 

Stocks 2007 NCC Aggressive 
PCa 

144 Aggressive PCa: 
376 HC ORT3 vs T1 = 1.15 (0.60-2.24)  

Turkey [57] Arisan 2009 CC Grade 8 HG: 32 MG: 10 LG: 50 
HC 

HG Mean 15.98 , MG Mean 14.67, LG Mean 
13.90, HC Mean 12.98 (ng/ml) Results unclear 

Turkey [57] Arisan 2009 CC Stage 18 Adv: 32 Loc: 50 HC Adv Mean 15.24, Loc Mean 14.78, HC Mean 
12.98 (ng/ml) Results unclear 

PHS, US 
[51] Li 2010 NCC Grade 124 HG:124 Controls RRQ5 vs Q1 = 1.74 (0.76-4.00) Adjusted for age and smoking 

PHS, US 
[51] Li 2010 NCC Lethal PCa 121 Lethal :121 

Controls RRQ5 vs Q1 = 1.69 (0.67-4.23) Adjusted for age and smoking 

PCPT, US 
[58] Neuhouser 2010 NCC High Grade  486 HG PCa: 1 778 HC ORQ4 vs Q1 = 1.18 (0.88-1.57) 

Adjusted for age, race, FHx, 
treatment arm, smoking, 
insulin use 

PCPT, US 
[58] Neuhouser 2010 NCC Low Grade  1224 LG PCa: 1 778 HC ORQ4 vs Q1 = 0.72 (0.58-0.90) 

Adjusted for age, race, FHx, 
treatment arm, smoking, 
insulin use 

Table 2. Leptin and prostate cancer progression observational studies 
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Study, Country Authors Year Design Size Results - RR/OR (95% CI)* Comments 

Turkey [61] Goktas 2005 CC 30 PCa: 3 HC HC Mean 16.2 SD ± 4.1 : PCa Mean 5.3 SD ± 
1.6 µg/ml  p <0.001  

Greece [62] Michalakis 2007 CC 75 cases: 150 
HCs ORQ4 vs Q1 = 0.29 (0.12-0.73)  

SABOR, US [54] Parekh 2007 NCC 124 PCa: 127 
HC OR 0.76 (P=0.12)  

SABOR, US [55] Baillargeon 2008 NCC 125 PCa: 125 
HC ORT3 vs T1 = 0.87 (CI 0.46-1.65) Adjusted for age 

Czech Republic 
[63] Housa 2008 CC 43 PCa: 25 BPH BPH Mean 20.47, SD ± 10.13: PCa Mean 

18.68, SD ± 7.75 p = 0.64 (ng/ml )  

PHS, US [51] Li 2010 NCC 599 PCa: 599 
HC RRQ5 vs Q1 = 0.69 (0.47-1.03) Adjusted for age and smoking 

*Unless otherwise stated. Abbreviations: CC, case control; NCC, nested case control; PCa, prostate cancer case; HC, healthy control; BPH, benign prostate 
hyperplasia; OR, odds ratio; RR, relative risk; 95% CI, 95% confidence interval; SD, standard deviation; Q, quantile (quartile or quintile); T, tertile; vs versus 

Table 3. Adiponectin and prostate cancer incidence observational studies 
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Study, Country Authors Year Design Outcome Size Results - RR/OR (95% CI)* Comments 

US [65] Freedland 2005 CC 
Grade (all 
men) 

65 HG PCa: 171 LG 
PCa ORQ4 vs Q1 = 0.67 (0.29-1.53) Adjusted for age and BMI 

US [65] Freedland 2005 CC Grade 
(BMI<25) unclear OR = 1.05 (0.94-1.18) Adjusted for age and BMI 

US [65] Freedland 2005 CC Grade 
(BMI>25) unclear OR = 0.94 (0.87-1.01) Adjusted for age and BMI 

US [65] Freedland 2005 CC 
Stage (all 
men) 

78 Adv PCa: 158 
Loc PCa ORQ4 vs Q1 = 1.01 (0.47-2.16) Adjusted for age and BMI 

US [65] Freedland 2005 CC 
Stage 
(BMI<25) 

21 Adv PCa : 52 Loc 
PCa OR = 1.14 (1.02-1.29) Adjusted for age and BMI 

US [65] Freedland 2005 CC 
Stage 
(BMI>25) 

57 Adv PCa: 106 
Loc PCa OR = 0.97 (0.91-1.04) Adjusted for age and BMI 

US [65] Freedland 2005 CC 

Grade and 
Stage (all 
men) 

39 HG and Adv ORQ4 vs Q1 = 0.94 (CI 0.33-2.70) Adjusted for age and BMI 

US [65] Freedland 2005 CC 

Grade and 
Stage 
(BMI<25) 

unclear OR = 1.14 (0.98-1.33) Adiponectin as continuous variable 
of the median of the quartiles 

US [65] Freedland 2005 CC 

Grade and 
Stage 
(BMI>25) 

unclear OR = 0.95 (0.87-1.04) Adiponectin as continuous variable 
of the median of the quartiles 

Turkey [61] Goktas 2005 CC Stage 
16 Adv PCa: 14 Loc 
PCa 

Loc PCa Mean 6.0 SD ± 1.7 : Adv PCa 
Mean 4.7 SD ± 1.2  p <0.012 ( µg/ml)  

Czech Republic 
[63] Housa 2008 CC Stage 26 Adv PCa: 17 Loc 

PCa 

Loc PCa Mean 14.51, SD ± 4.92: Adv 
PCa Mean 21.41, SD ± 8.12 p = 0.003 
(ng/ml) 

 

US [64] Sher 2008 CC Biopsy Grade 253 HG PCa: 286 
LG PCa OR = 0.98 (0.70-1.37) Adiponectin dichotomized at the 

median 

 

(Table 4 to be continued to next page) 

 

Table 4. Adiponectin and prostate cancer progression observational studies 
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(Table 4 continued from previous page) 

US [64] Sher 
2008 CC Pathological 

Grade 
101 HG PCa:  98 LG 
PCa OR = 2.04 (1.1-3.58) Adiponectin dichotomized at the 

median 

Turkey [57] Arisan 2009 CC Grade 
8 HG: 32 MG: 10 
LG: 50 HC 

HG Mean 4.1 , MG Mean 6.2, LG Mean 
9.2, HC Mean 18.4 (µg/ml) Results unclear 

Turkey [57] Arisan 2009 CC Stage 
18 Adv PCa: 32 Loc 
PCa: 50 HC 

Adv Mean 5.5, Loc Mean 8.5, HC Mean 
18.4 (µg/ml) Results unclear 

SABOR, US [55] Baillargeon 2009 NCC Grade 
40 HG PCa: 85 LG 
PCa ORT3 vs T1 = 1.93 (CI 0.74-5.10) Adjusted for age 

PHS, US [51] Li 2010 NCC Grade 
115 HG: 115 
Controls RRQ5 vs Q1 = 0.49 (0.20-1.22) Adjusted for age and smoking 

PHS, US [51] Li 2010 NCC Lethal PCa 117 Lethal: 117 
Controls RRQ5 vs Q1 = 0.25 (0.07-0.87) Adjusted for age and smoking 

*Unless otherwise stated. Abbreviations: CC, case control; NCC, nested case control;  BMI, body mass index; PCa, prostate cancer case; HC, healthy control; HG, high 
grade; MG, medium grade; LG, low grade; Adv, advanced; Loc, localised;  Lethal, metastatic or fatal;  OR, odds ratio; RR, relative risk; 95% CI, 95% confidence interval; SD, 
standard deviation; Q, quantile (quartile or quintile); T, tertile; vs versus 
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of prostate cancer stage [57,49] and one larger 
study of prostate cancer volume [59] found 
positive associations with leptin levels, and two 
studies of lethal [51] or aggressive [48] disease 
indicated a possible weak positive relationship. 
However, several leptin polymorphisms have 
been associated with prostate cancer risk [60]. 
 
Six studies of prostate cancer incidence and 
adiponectin levels were found; two reported 
inverse relationships [61,62], three others were 
indicative of an inverse relationship but confi-
dence intervals were wide and included the pos-
sibility of no association [51,55,54], and one 
study found no evidence of an association [63]. 
Studies of Gleason grade and adiponectin levels 
have been mixed. Biopsy Gleason grade was not 
associated with adiponectin levels in one study 
[64], but within the same patients levels were 
found to positively predict pathological Gleason 
grade upgrading following radical prostatec-
tomy. Another study reported no association 
with grade in all men and normal weight men 
when stratified by BMI, but a possible inverse 
association in overweight men [65]. No clear 
associations were found in two other studies 
[55,51], but risk estimates were indicative of 
both positive [55] and inverse [51] relationships 
and a further, small, study reported an inverse 
relationship [57]. Stage has been found to be 
positively [63], inversely [57,61]  and not [65] 
related to adiponectin levels, although a posi-
tive association was found in the later study for 
normal weight men only. Li et al. [51] reported 
an inverse relationship with lethal (metastatic or 
fatal) prostate cancer.  
 
It has also been suggested that the 
leptin:adiponectin relationship may be worthy of 
investigation as the co-administration of adi-
ponectin reduced the ability of leptin to induce 
PC3 prostate cancer cell proliferation in vitro 
[9]. Only one small observational study was 
found that assessed this ratio in relation to 
prostate cancer [57] and the findings were not 
reported in full. However, there appeared to be 
a positive association with both grade and stage 
of disease (leptin:adiponectin ratios 0.71, 1.79, 
2.77, 1.51, 2.37, 3.90 in controls, localised, 
advanced, low grade, medium grade and high 
grade cases respectively).  
 
Findings have clearly been mixed and larger 
studies and meta-analyses are needed help to 
establish the true relationships amongst these 

varied findings as summarized in Box 2.  
 
Inflammatory cytokines 
 
Adipose tissue also contains connective tissue, 
vascular cells and nerve cells and is infiltrated 
by immune cells which secrete additional adi-
pokines, including TNF-α and VEGF [9].  In addi-
tion, adipocytes have been shown to affect the 
growth patterns and cytokine expression of 
prostate cancer cells; PC3 cells cultured with 
adipocytes formed larger clusters, showed pleo-
morphism and 20-fold VEGF and platelet-
derived growth factor expression [66]. A chronic, 
low grade inflammatory state reflected by in-
creased expression, production and release of 
pro-inflammatory cytokines such as interleukins 
and TNF-α is associated with obesity, insulin 
resistance and diabetes [8,67,68,69,70]. These 
peptides may also contribute to a hormonal 
milieu that favours the proliferation and survival 
of prostate cancer cells through growth signal-
ling and protection from cell death 
[32,71,72,39,73,74,75]. Many of these mark-
ers have demonstrated roles in tumorigenesis 
and progression in vitro [73]. Epidemiological 
studies have found associations of circulating 
levels of IL-6, TNF-α and VEGF with prostate 
cancer incidence [76,77]  and makers of pro-
gression such as grade [78], volume [79] and 
presence of metastases [76,78,77]. IL-6 and 
VEGF have also been found to predict biochemi-
cal progression in localised disease [78,76,80]. 
In addition, TNF-α gene polymorphisms have 
been associated with prostate cancer [81,82], 
and other inflammatory gene polymorphisms 

Box 2. Summary 
 
Leptin displays a range of pro-cancer properties 

in cell culture studies, but observational studies 
have found mixed results.  

Adiponectin possesses many anti-cancer prop-
erties and interacts with several other pathways 
implicated in prostate cancer, but, again, evi-
dence from epidemiological studies has been 
mixed.  

Many of the studies have been small and under-
powered to detect differences; larger studies 
and meta-analyses stratified by stage, grade or 
mortality are needed to clarify the nature of any 
relationships.  

Leptin to adiponectin ratio may provide a more 
sensitive marker of risk and should be investi-
gated in future studies of adipokines and pros-
tate cancer. 
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may also affect risk [83,84]. See Box 3 for sum-
mary. 
 
Sex steroids 
 
Adipose tissue produces the enzyme aroma-
tase, which catalyses the conversion of andro-
gens to oestrogens. As a consequence, obesity 
is associated with lower total testosterone and 
higher oestrogen levels [8,9,10], which is a 
challenging concept in the association of pros-
tate cancer and obesity. 
 
Androgens are essential in the normal develop-
ment, differentiation and proliferation of 
prostatic tissue [85]. Multiple studies also 
found them to be important in prostate cancer 
development [86] and androgen blockade is a 
common and successful treatment in advanced 
and metastatic prostate cancer [85]. However, 
a pooled analysis of 18 prospective observa-
tional studies has not shown circulating andro-
gen levels to be associated with risk of prostate 
cancer [87]. Lowering of androgen levels 
through inhibition of 5-α-reductase was found to 
protect against development of prostate cancer 
in two trials [88,86] but also to increase the risk 
of higher grade disease in one trial [86]. How-
ever, interpretation of these findings has been 
controversial and further studies have found 
lower testosterone levels to be associated with 
higher grade disease [10].  It has been hypothe-
sised that lower androgen concentrations may 
provide a microenvironment which favours and 
selects for more aggressive and/or androgen-
independent  tumour cells – indicating one 
route via which obesity may influence disease 
progression [86,8,9]. Alternatively, lower serum 
testosterone levels may be a bystander effect of 
the metabolic imbalance which is on the true 
causal pathway to prostate carcinogenesis [8] 
or associations may be being masked by com-
plex and inverse relationships with metabolic 
hormones such as leptin, insulin and IGF-I [89]. 
However, intraprostatic conversion of testoster-

one to 5α-dihydrotestosterone, which is not 
strongly related to circulating androgen levels, 
may be more influential in prostate cancer de-

velopment than androgens in the circulation 
[90]. See Box 4 for summary. 
 
Insulin-IGF system  
 
Abnormalities in carbohydrate metabolism such 
as insulin resistance and type II diabetes melli-
tus (T2DM) are commonly associated with the 
western lifestyle and obesity and may also be 
linked to prostate cancer. In insulin resistance 
and the early stages of T2DM circulating levels 
of insulin and IGF-I are high [91,92,27]. Insulin 
may promote prostate cancer growth and pro-
gression both directly, through its action as a 
growth factor for prostate cancer [93], and indi-
rectly, through its effect on the expression of 
other growth factors and their regulators 
[94,93] or through drug-interactions. 
 
Serum insulin has been associated with more 
aggressive or more advanced disease [95] and 
plasma c-peptide, a surrogate marker of insulin 
secretion, has been positively associated with 
high grade prostate cancer [58] and prostate 
cancer mortality [96]. A meta-analysis of 19 
studies of diabetes and risk of prostate cancer 
revealed a reduced risk among established dia-
betics [93] and 3 large studies published since 
this review have also found a history of diabetes 
to be inversely related to prostate cancer risk 
[27,91,97]. Although initially hyperinsulinaemic, 
patients with long-term T2DM progress to hy-
poinsulinaemia, which may be protective 
against prostate cancer development 
[27,91,93]. Indeed, time since diagnosis of dia-
betes has been repeatedly associated with de-
creasing risk of prostate cancer [93,98]. Stud-
ies of T2DM susceptibility genes and prostate 
cancer risk have had mixed results, which may 
reflect the complex aetiology and diagnostic 

Box 3. Summary 
 Obesity, and insulin resistance are 

associated with a chronic, low grade 
inflammatory state. 

 Inflammatory cytokines, together with 
adipokines, may produce a hormonal 
milieu that supports and encourages 
prostate cancer growth, survival and 
progression. 

Box 4. Summary 
 Androgens are important in normal prostatic 

development, function and carcinogenesis. 
 Pooled epidemiological data did not provide 

evidence of an association between prostate 
cancer risk and circulating androgen levels, but 
levels within the prostate may be more relevant 
to risk or interactions with other pathways may 
be complicating the relationship. 

 Further work is needed to unravel and explore 
this relationship. 
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criteria of diabetes [99]. For example, the glu-
cokinase single nucleotide polymorphism (SNP) 
rs1799884 is positively associated with both 
T2DM and prostate cancer [99]. Although this 
may seem to be contradictory to the majority of 
evidence, this SNP is not associated with insulin 
secretion but with high fasting plasma glucose, 
a central diagnostic criterion in diabetes. In a 
further example, a SNP within the TCF2 gene 
that is known to protect against T2DM, 
rs7501939, was found to increase risk of pros-
tate cancer [100]. 
 
In cell culture, insulin was been found to be mi-
togenic for both normal rat prostate epithelial 

cells [101] and rat prostate adenocarcinoma 
cells [102] as well as primary cultures of human 
prostate epithelial cells [103]. Furthermore, the 
insulin receptor is highly homologous to the IGF-
I receptor and stimulates similar intracellular 
signalling pathways, as described below (also 
see Figure 2).  
 
Insulin suppresses production of some of the 
IGF binding proteins (IGFBPs) and stimulates 
hepatic production of IGF-I [94] therefore in-
creasing bioavailable IGF-I. Advanced T2DM and 
its accompanying hypoinsulinaemia are associ-
ated with low levels of IGF-I and high levels of 
IGFBP-3 [91]. IGF-I is a potent prostate cancer 

Figure 2. Overview of insulin/IGF signalling in prostate carcinogenesis. Abbreviations: IGF insulin-like growth factor, 
IGFBP IGF binding protein, IR insulin receptor, IGFR IGF receptor,  IRS insulin receptor substrate , PI3K phosphatidy-
linositol 3’kinase , PIP2 phosphatidylinositol 4,5-diphosphate, PIP3 phosphatidylinositol 3,4,5-triphosphate, PTEN 
phosphatase and tensin homolog,  Akt protein kinase B, NF-κB nuclear factor-κB,  mTOR mammalian target of rapa-
mycin, AMPK 5’-AMP-activated protein kinase, Grb2 growth factor receptor-bound protein 2, SOS son of sevenless, 
MAPK mitogen-activated protein kinase, MEK MAPK kinase. 



Metabolic imbalance and prostate cancer progression  

 
 
260                                                                                            Int J Mol Epidemiol Genet 2010: 1(4):248-272 

mitogen [104]. The insulin and IGF-I receptors 
are widely expressed in both normal tissue 
[105] and neoplastic prostatic tissue [106,107], 
and cancer cell lines have been shown to be 
mitogenically responsive to physiological doses 
of insulin and IGF-I [105]. Both a recent meta-
analysis of observational studies [108] and a 
pooled analysis of prospective studies [109] 
found IGF-I to be positively associated with pros-
tate cancer risk. However, the meta-analysis 
found stronger associations between IGF-I and 
advanced disease than localised and IGFBP-3 to 
be inversely related over-all risk. The pooled 
analysis reported stronger associations be-
tween IGF-I and localised disease, and a posi-
tive association between IGFBP-3 and over-all 
risk which was attenuated after controlling for 
IGF-I level.  Positive associations are also seen 
for height and prostate cancer [110], which are 
believed to be mediated by increased circulat-
ing IGF-I. IGF-I is nutritionally modifiable; high 
milk and calcium diets are associated with both 
increased IGF-I levels and prostate cancer, es-
pecially advanced or aggressive disease 
[111,12].  
 
Binding of IGF-I or -II or insulin to the insulin/IGF 
family of receptors induces activation of an in-
trinsic tyrosine kinase [112] (Figure 2). The 
kinase phosphorylates the receptor and its sub-
strates – insulin receptor substrate (IRS) and 
Shc. Phosphorylated Shc activates the Ras/Raf/
Mitogen-activated protein kinase (MAPK) path-
way which stimulates cell growth and prolifera-
tion [112,113]. Phosphorylated IRS activates 
the phosphatidylinositol 3’kinase (PI3K)/Akt 
pathway, leading to inhibition of apoptosis and 
stimulation of cell proliferation through down-
stream mediators including nuclear factor-κB 
(NF-κB) and mTOR [105,112,113]. PI3K is in-
hibited by the tumour suppressor gene phos-
phatase and tensin homolog (PTEN), which is 
often lost in advanced prostate cancer 
[114,115] and predicts progression [116]. Al-
though IGFBP-2 is inversely associated with 
obesity and insulin resistance [117], it may play 
a role in prostate cancer progression [118] be-
cause IGFBP-2 free from IGF-II has been found 
to suppress PTEN in breast cancer cells [119]. 
Substantially increased IGFBP-2 levels occur in 
men with prostate cancer [120,121,122,123], 
particularly advanced [121] compared with 
early disease [124,125].  In a small study, serial 
IGFBP-2 rose in parallel with rises in PSA in ad-
vanced prostate cancer [121], and fell after 

radical prostatectomy [122], indicating a poten-
tial for IGFBP-2 in monitoring tumour load.  In 
another, IGFBP-2 predicted biochemical recur-
rence after radical prostatectomy independent 
of stage, Gleason score or PSA and predicted 
survival in an androgen-dependent manner 
[126].  IGFBP-2 may stimulate prostate cancer 
cell growth [127] and its production is reported 
to be regulated by PTEN [128].  Serum IGFBP-2 
measures may therefore provide an accessible 
marker of PTEN status and disease progression 
and indeed in a screen for markers of PTEN 
status in prostate cancer IGFBP-2 was identified 
as the strongest candidate [129]. 
 
 AMPK inhibits mTOR signalling, a pathway 
which may be particularly important in prostate 
cancer [114,45]. As mentioned above, adi-
ponectin, the putative ‘anti-cancer’ adipokine, 
stimulates AMPK signalling. Metformin, the glu-
cose and insulin lowering diabetes drug, also 
activates AMPK [105] and its use has been 
found to be associated with reduced risk of 
prostate cancer in Caucasian men with diabetes 
[130].  
 
Hypoinsulinaemia is associated with decreased 
leptin levels [131] and T2DM is also associated 
with reduced bioavailable testosterone, both of 
which may affect prostate cancer risk [91].  
There is further evidence to suggest that IGF-I 
has synergistic effects on leptin stimulation of 
androgen independent cell lines [32]. See sum‐
mary in Box 5. 

 
Lipid metabolism 
 
Lipid metabolism may be involved in prostate 
cancer aetiology or progression through several 
mechanisms. 

Box 5. Summary:  
 Hyperinsulinaemia associated with obesity and 

insulin resistance may increase prostate cancer 
risk directly, and through effects on other 
growth factors – especially IGF-I. 

 IGF-I is a potent mitogen and has been associ-
ated with prostate cancer progression. 

 The Insulin-IGF system can potentially be tar-
geted through dietary and lifestyle interven-
tions.  

 Drugs that inhibit IGF signalling may be useful 
in the prevention or treatment of prostate can-
cer – several trials are ongoing and are high-
lighted in Pollak [105]. 
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The fatty acid composition of the western diet 
has been implicated in prostate carcinogenesis 
[132,9]. ω-6 polyunsaturated fatty acids 
(PUFAs) such as arachidonic acid and linoleic 
acid are the primary PUFAs of the western diet. 
In a reaction partially catalysed by cyclooxy-
genase (COX) they are converted to proinflam-
matory eicosanoids, some of which have been 
associated with prostate cancer [132]. ω-3 PU-
FAs can also be converted via these pathways 
to eicosinoids, but the end products are be-
lieved to be less potent [133], therefore ω-3 
PUFAs provide competitive inhibition to the pro-
duction of potent proinflammatory molecules 
[132]. Increasing the ω -3 to ω-6 PUFA ratio of 
the diet was found to decrease production of ω-
6 PUFA derived eicosinoids [133].  Therefore ω-
3 PUFAs are potential anti-inflammatory and 
anti-prostate cancer agents.   
 
Fatty acid synthesis often occurs at high rates in 
tumour cells, and over-expression of FASN is a 
sign of poor prognosis in many cancers [134].  
In vitro, over-expression of FASN in combination 
with androgen receptor (AR) expression in pros-
tate cancer cells has been reported to increase 
proliferation and inhibit apoptosis [134]. De 
novo androgen synthesis by tumours allows AR 
activation following androgen ablation therapy 
and both cholesterol and fatty acid regulatory 
genes (including HMG-CoA reductase  and 
FASN) appear to be involved in this process 
[135]. FASN has been suggested as a target for 
anti-cancer therapies, but initial studies in ani-
mal models have found FASN inhibition to 
cause hypophagia and weight loss [136]. HMG 
CoA reductase inhibitors, statins, have been 
investigated as potential anti-prostate cancer 
agents but meta-analyses failed to find evi-
dence of any associations between risk of pros-
tate cancer and statin use, particularly in ran-
domised controlled trials [137,138]. There may 
be a differential effect on advanced prostate 
cancer compared to total prostate cancer, espe-
cially metastatic or fatal disease, such as that 
reported by in the Health Professionals Follow-
up Study [139]. Meta-analyses stratified by 
stage, grade or mortality may clarify this rela-
tionship. See Box 6 for summary. 
 
Amino Acid Metabolism 
 
Recent evidence has suggested that amino acid 
metabolism may be another metabolic pathway 
involved in prostate cancer progression. Sreeku-

mar [140] compared the metabolomes of tis-
sues from benign prostate, prostate cancer and 
metastatic prostate cancer and found substan-
tial differences in the metabolomic profiles of 
the tissues.  When these were mapped to their 
respective biochemical pathways, amino acid 
and nitrogen breakdown pathways were seen to 
be increased in metastatic prostate cancer sam-
ples. One particular metabolite highlighted by 
this study, sarcosine, was elevated in 42% of 
prostate cancer samples and 79% of metastatic 
samples, indicating a possible role in prostate 
cancer progression. They also measured sarco-
sine in benign prostate and prostate cancer cell 
lines and found levels were increased in pros-
tate cancer cells and correlated with cell inva-
siveness. Addition of sarcosine to benign pros-
tate epithelial cells induced invasive character-
istics in these cells and GNMT-knockdown sub-
stantially reduced both intracellular sarcosine 
levels and cell invasion. Sarcosine is produced 
from glycine through transfer of a methyl group 
from S-adenosylmethionone by the enzyme gly-
cine-N-methyltransferase (GNMT). Genetic vari-
ants in the GNMT gene had previously been 
reported to be associated with prostate cancer 
[141]. GNMT regulates the cellular levels of S-
adenosylmethionone, which is a methyl donor 
for several key cell regulatory reactions, in par-
ticular those involved in epigenetic regulation of 
gene expression [142]. Transcriptional regula-
tors central to prostate cancer progression 
(androgen receptor and Ets gene fusions) ap-
peared to directly control transcription of sarco-
sine regulatory enzymes and therefore intracel-
lular sarcosine levels. However, much more re-
search in clinical and epidemiological studies 
will be required to verify the role of sarcosine in 
prostate cancer progression, particularly be-
cause of its potential clinical role in prognostica-
tion. See Box 7 for summary. 

Box 6. Summary 
 High ω-6 to ω-3 fatty acids in the western diet 

may increase proinflammatory eicosanoid pro-
duction and consequently prostate cancer risk. 

 Modification of fatty acid intake, or disruption 
of eicosanoid production through inhibition of 
COX may provide some protection against pros-
tate cancer development. 

 Fatty acid synthesis has also been implicated in 
prostate cancer progression but early studies 
have found FASN inhibition to produce adverse 
side effects. 
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Metabolism versus immune system 
 
Evidence is emerging directly linking chronic 
inflammation and prostate carcinogenesis. 
Prostatitis and history of sexually transmitted 
infections, regardless of the aetiological organ-
ism, have been positively associated with risk of 
prostate cancer [149,150]. This indicates that 
inflammation, rather than a specific infectious 
agent, is likely to be driving tumorigenesis 
[151]. Inflammation is characterised by local 
infiltration of white blood cells (WBCs) and pro-
duction of signalling molecules including cyto-
kines and chemokines. Through activation of 
downstream effectors, such as NF-κB and in-
ducible nitric oxide synthase (iNOS), cytokines 

can influence tumour initiation and progression 
[74,152,153]. Furthermore, in response to cyto-
kine signalling, activated WBCs generate reac-
tive oxygen and nitrogen species that can in-
duce mutations in cellular DNA, from which the 
cell may gain survival advantages.  
 
Infection and chemically-induced prostatic injury 
can lead to lesions of proliferative inflammatory 
atrophy (PIA), in which focal atrophy is accompa-
nied by epithelial proliferation and inflammatory 
infiltration [154] (See Figure 3). Transitions be-
tween PIA, high-grade prostatic intraepithial 
neoplasia (PIN) and adenocarcinoma have been 
observed [154]. Cells within PIA lesions are sub-
jected to substantial oxidative stress, in re-
sponse to which the detoxifying enzyme π-class 
glutathione-S-transferase (GSTP) is upregulated 
[151]. Expression of GSTP1 is frequently lost in 
PIN and prostate cancer following CpG island 
hypermethylation of the GSTP1 gene, leaving 
the cellular DNA vulnerable to oxidant attack 
and consequently somatic mutations can accu-
mulate [155]. Chronic exposure to oxidants and 
other genotoxins such as metabolites of hetero-

Box 7. Summary 
 Increased amino acid and nitrogen breakdown 

is a feature of prostate cancer. 
 Sarcosine has recently been identified as a 

potential prostate cancer marker, but further 
research is needed to identify its role and verify 
its use as a prognostic tool. 

Figure 3. Inflammation in prostate carcinogenesis. Arrows: stimulates. Dashed lines: inhibits. Abbreviations: COX-2 
cyclooxygenase-2, GSTP glutathione-S-transferase, NF-κB nuclear factor-κB, iNOS inducible nitric oxide synthase. 

 



Metabolic imbalance and prostate cancer progression  

 
 
263                                                                                            Int J Mol Epidemiol Genet 2010: 1(4):248-272 

cyclic amines (produced from charred meat) 
can therefore both initiate and perpetuate pros-
tate cancer development [156,157,158]. 
Hence, the considerable influence of dietary 
and lifestyle factors on prostate carcinogenesis 
may be a consequence of initial GSTP1 loss 
[143]. 
 
Germline genetic mutations in genes involved in 
viral and bacterial recognition and defence may 
leave some individuals more susceptible to in-
fection, prostatic inflammation, PIA and even-
tual prostate cancer. Indeed, mutations in 
RNASEL, which encodes an endonuclease capa-
ble of degrading viral DNA, and MSR1, which 
encodes the macrophage scavenger receptor 1 
that recognises bacterial antigens, have been 
indentified in linkage studies of hereditary pros-
tate cancers [151,159]. Candidate gene analy-
sis of Toll-like Receptor (TLR) genes have identi-
fied several SNPs in these regions associated 
with prostate cancer [160]. As TLRs are impor-
tant mediators of innate immunity this provides 
further evidence, through increased susceptibil-
ity to infection, that inflammation is linked to 
prostate cancer. 
 
The protective effect of antioxidant intake (in 
the form of lycopene and selenium) on prostate 
cancer risk provides indirect evidence of the 
role of oxidative stress in prostate carcinogene-
sis [12]. There is some observational evidence 
that non-steroidal anti-inflammatory drugs 
(NSAIDS) such as aspirin reduce risk of prostate 
cancer [161]. Inhibition of the growth factor and 
cytokine inducible enzyme COX-2 (and therefore 
suppression of eicosinoid production) has been 
proposed as the biological mechanism behind 
these observations and there is in vitro evi-
dence to support this theory [162]. Further-
more, COX-2 has been implicated in prostate 
cancer progression to androgen independence 
during androgen deprivation therapy [163].  
However, a large cross-sectional case-control 
analysis, based on the Prostate testing for can-
cer and Treatment (ProtecT) study, found no 
evidence that NSAIDs reduce the risk of PSA-
detected prostate cancer [164].  See Box 8 for 
summary. 
 
Future prospects for interventions 
 
Lifestyle changes 
 
Much of this evidence indicates that weight loss 

and dietary interventions aimed at restoring 
metabolic and hormonal balance and reducing 
inflammation may be important tools in prostate 
cancer prevention and control of localised dis-
ease, and potential targets for population level 
interventions. Gastric bypass surgery, which 
results in substantial and sustained weight loss, 
has been associated with reduced cancer inci-
dence and mortality [165], indicating weight 
loss can be an affective protective tool.  
 
High levels of physical activity have been associ-
ated with reduced risk of advanced or aggres-
sive disease [12]. Low fat diets and exercise 
can reduce serum insulin, IGF-I and leptin levels 
and increase adiponectin levels [94,45,166].  
As there is evidence that the IGF system can be 
manipulated from very early in life, there is po-
tential for population-based interventions start-
ing from childhood to prevent cancer [111,167].  
Indeed, high dietary milk and calcium intake 
(including in childhood) are associated with 
both high IGF levels and prostate cancer 
[111,12]. However, the manipulation of nutri-
tionally dependent pathways, particularly in 
early life, may have adverse perturbations. For 
example, childhood IGF-I levels have been found 
to be positively associated with Intelligence 
Quotient (IQ) [168], therefore dietary interven-
tion aimed at reducing levels may have detri-
mental effects on cognitive function.  
 
Calorie restriction and increased consumption 
of long chain ω-3 polyunsaturated fatty acids 
can reduce circulating levels of inflammatory 
markers [169]. LNCaP cell cultured in serum 
from subjects on a low-fat starch diet and taking 
daily exercise showed increased apoptosis and 
decreased proliferation [94]. A further study by 
this group found a low fat, high fibre and soy 
protein supplemented diet versus a western 
diet decreased serum ω-6 and increased serum 
ω-3 fatty acids [170]. When LNCaP cells were 
incubated in the subjects’ serum these fatty 

Box 8. Summary 
 Chronic inflammation may initiate prostate cell 

transformation. 
 Loss of detoxifying enzyme GSPT1 may make 

cells particularly vulnerable to endogenous and 
dietary oxidant attack. 

 Increased anti-oxidant intake and anti-
inflammatory drug use may be protective, but 
more evidence is needed.  
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acid changes correlated with decreased growth 
of the cells. Further to this, there is some obser-
vational evidence to suggest that consumption 
of pulses, including soya products, may protect 
against prostate cancer – possibly through their 
effect on sex hormones [12]. There is a growing 
body of evidence that heterocyclic amines from 
charred meat are prostate carcinogens [156]. 
Dietary antioxidants, lycopene and selenium, 
may protect against prostate cancer [12] but a 
large randomised controlled trial which included 
selenium supplementation for primary prostate 
cancer prevention found no association [171]. 
See Box 9 for summary. 

 
Chemoprevention and therapy 
 
Given its anti-cancer effects in vitro, adiponectin 
may have potential as an adjuvant prostate can-
cer therapy [42,43] although Metformin, which 
also acts via activation of AMPK, is already 
widely used for the treatment of diabetes, has 
an established excellent safety record and there 
is evidence that its use in men with diabetes 
reduces their risk of prostate cancer (128). 
Weight loss may be preferable to chemotherapy 
as it is also associated with reversal of other 
adverse adipokine concentrations [9]. Use of 
NSAIDS and selective COX-2 inhibitors in pros-
tate cancer treatment is at present limited by 
adverse gastrointestinal or cardiovascular ef-
fects, but trials are ongoing [162]. Targeting of 
IGF signalling in cancer prevention or treatment 
is currently being investigated in a number of 
studies and trials [136,105,113]. Interventions 
under study include reducing ligand availability 
or activity, inhibition of receptor stimulation and 
activators of AMPK, including metformin (which 
reduces circulating insulin and suppresses insu-
lin- and IGF-stimulated proliferation) [136]. 
mTOR inhibitors Temsirolimus and Everolimus 

have already been licensed for the treatment of 
renal cell carcinoma, and various other PI3k/
Akt/mTOR inhibitory compounds are undergoing 
Phase I and II trials [136]. 
 
Future research directions 
 
The main conclusion that can be drawn from 
this review is that further studies are needed to 
identify the specific dietary and lifestyle factors 
that are influencing the high levels of clinical 
prostate cancer in developed countries. 
 
Further observational studies of adipokine lev-
els, which are large, prospective, include re-
peated exposure measures and focus on factors 
influencing progression would help elucidate 
associations. Attention should focus on bio-
marker collections, including blood, urine and 
tissue. Randomised trials would assess the po-
tential benefits of interventions such as long-
term anti-inflammatory drug use and dietary 
modifications, including increased omega 3 
fatty acid intake, on prostate cancer risk and 
prognosis. However, before large-scale trials are 
conducted, proper assessment of the feasibility 
of such trials would be a logical next step. We 
are currently conducting a feasibility study of a 
trial of dietary modification (PRODiet – ISRCTN 
95931417). Pooling of the available data in 
meta-analyses may also be valuable.  
 
An alternative, or complement, to these types of 
epidemiological studies is Mendelian Randomi-
zation [172,173,174]. Confounding due to 
measurement error, lifestyle factors (such as 
smoking, socioeconomic status, diet) and re-
verse causation are concerns when conducting 
any observational epidemiological study involv-
ing biological measurements. As alleles are allo-
cated at random during meiosis, the use of ge-
netic variants that are associated with pheno-
typic changes has been identified as a useful 
tool by which the impact of confounding and 
reverse causality can be minimised. The identifi-
cation and analysis of genetic variants as 
‘instrumental variables’ can allow more robust 
causal inferences to be made – a concept 
known as Mendalian Randomization. For exam-
ple, a SNP in the Leptin gene (LEP), is associ-
ated with both hyperleptinaemia [175] and 
prostate cancer incidence and advanced dis-
ease [176] providing unconfounded evidence 
for a role for leptin in aetiology and progression 
of PCa. Genetic variants may also encode prod-

Box 9. Summary of WCRF Judgements on dietary 
factors that modify the risk of prostate cancer 
 Increase risk:  

 Probable: Diets high in calcium. 
 Limited evidence: Milk, dairy products and 

processed meat. 
 Decrease risk 

 Probable: Food containing lycopene and 
selenium and selenium supplements 

 Limited evidence: Pulses, foods containing 
vitamin E and alpha-tocopherol supple-
ments. 
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ucts with altered functional characteristics; 
functional polymorphisms in genes encoding 
enzymes, binding proteins, receptors and tran-
scriptional activators can affect bioavailability, 
cellular uptake and cellular response to pep-
tides and hormones, providing insight into im-
portant biological pathways. Further genetic 
studies may help clarify associations and iden-
tify key components of these pathways in pros-
tate cancer progression. 
 
Experimental, epidemiological and clinical evi-
dence all suggest that environmental factors 
play a key role in prostate cancer progression. 
The evidence presented indicates that meta-
bolic and hormonal imbalances are plausible 
mechanisms, but whether there are one or two 
specific elements or a cumulative effect of mul-
tiple aspects of these pathways remains to be 
investigated. 
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