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Abstract

Background: Prostate cancer development is associated with numerous lifestyle factors (i.e.
physical activity, nutrition intake) and metabolic perturbations. These factors have been studied
independently; here, we used an integrative approach to characterize these lifestyle and
metabolic parameters in men undergoing diagnostic prostate biopsies.

Methods: We prospectively evaluated 51 consecutive men for body composition, metabolic
factors including glucose- and lipid-related measures, as well as lifestyle factors prior to prostate
biopsy. Evaluations were performed in a blinded manner and were subsequently related to biopsy
outcomes for: 1) presence or absence of cancer, and 2) where cancer was present, Gleason score.
Results: Serum C-peptide concentrations were significantly greater in participants with Gleason
scores >4+3 (2.8+1.1 ng/mL) compared to those with Gleason 3+3 (1.4+0.6 ng/mL) or Gleason
3+4 (1.3+0.8 ng/mL, p=0.002), suggesting greater insulin secretion despite lack of differences in
fasting glucose concentrations. Central adiposity, measured by waist circumference, was
significantly greater in participants with Gleason >4+3 (110.14+7.4 cm) compared to those with
Gleason 3+4 (102.0£9.5 cm, p=0.028). Men with Gleason >4+3 also had significantly greater
leptin concentrations than those with lower Gleason scores (Gleason >4+3: 15.6+£3.3 ng/mL vs.
Gleason 3+4: 8.1£8.1 ng/mL, p<0.05) and leptin:adiponectin ratio (Gleason >4+3: 9.7+6.1 AU,
Gleason 3+4: 2.9+£3.2, Gleason 3+3: 2.4+2.1 AU, p=0.013).

Conclusions: We profiled a cluster of obesity-related metabolic perturbations (C-peptide, central
adiposity, leptin and leptin:adiponectin ratios) which may associate with more aggressive
prostate cancer histology.
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Introduction

Lifestyle factors (obesity (1), physical inactivity (2), high-fat diets (3)) are associated
with prostate cancer (PC) as well as metabolic syndrome, an emerging risk factor for PC (4-7).
Metabolic syndrome, a cluster of interrelated risk factors for diabetes and cardiovascular disease
(8), 1s defined by the International Diabetes Federation (IDF) as central obesity (waist
circumference (WC) >94cm in males), with at least two other risk factors, including
hypertension (SBP >130mmHg, DBP >85mmHg), hyperglycemia (=5.6mM),
hypertriglyceridemia (TG, >150mg/dL), and/or reduced high-density lipoprotein cholesterol
(HDL, <40mg/dL) (8). Specifically, central obesity and impaired glucose metabolism have been
associated with PC development (4,5).

Metabolic abnormalities, such as obesity and insulin resistance may not affect PC in
isolation, but work together to create a metabolic environment favourable for tumour growth (5).
Physical inactivity and high-fat diets contribute to obesity (9), and may contribute to metabolic
perturbations associated with PC (5). A comprehensive metabolic phenotype of PC patients will
elucidate interactions between these features and identify potential predictors of PC development
and aggressiveness.

To our knowledge, the integrative examination of these metabolic and clinical
characteristics employed here is novel. The primary objective of this prospective observational
study was to characterize the proportion of participants with metabolic syndrome, and
concurrently evaluate other metabolic parameters that may explain the presence or absence of
criteria of the metabolic syndrome (WC, glucose, blood pressure, TG and HDL) including body
composition (hip-circumference (HC), fat mass (FM), fat free mass (FFM), % body fat), glucose-

related measures (insulin, C-peptide, insulin-like growth factor-1 (IGF-1), insulin-like growth



factor binding protein-3 (IGFBP-3), lactate), additional features of lipid metabolism (total
cholesterol, low-density lipoprotein (LDL) cholesterol), C-reactive protein (CRP), adiponectin,
and leptin. To interpret these metabolic findings, lifestyle factors (habitual physical activity,
functional capacity, nutritional intake) were also assessed. Our secondary objective was to
associate these metabolic features with the biopsy Gleason score as a surrogate measure of PC

aggressiveness.

Materials and Methods
Participants

We consecutively and prospectively screened 139 men, with 51 men completing the
study (Figure 1). Two groups of participants were included in this study: 1) men referred to a
single uro-oncologist (JHP) with a clinical suspicion of PC presenting with elevated prostate-
specific antigen (PSA) levels and/or abnormal digital rectal exam (n=36), and 2) low-risk PC
patients under active surveillance recruited prior to their surveillance biopsy (n=15). Exclusion
criteria included previous diagnosis of cancer (other than basal cell carcinoma) not in remission
for at least 3 years, current anti-neoplastic treatment, use of corticosteroids or chronic anti-pain
medication. Participants’ clinical characteristics are summarized in Tables 1 and 2. This protocol
was reviewed and received clearance from the University of Waterloo’s Office of Research
Ethics and Hamilton Health Sciences/Faculty of Health Sciences (McMaster) Research Ethics

Board.

General Study Design

Participants were recruited prior to their prostate biopsy; the biopsy ultimately confirmed
a positive or negative cancer diagnosis. To limit clinic visits and reduce participant burden, all

study procedures (described below) were conducted prior to the biopsy on a single day.
4



However, when this was not possible (n=2), assessments were scheduled within 2 weeks of the
biopsy date. Assessments were performed by a single investigator (KMDS), who was blinded to
the biopsy results until data collection was complete. Once data collection was completed,
biopsy pathology reports were used to stratify participants into 4 Gleason score categories: No

cancer, Gleason 3+3, Gleason 3+4, and Gleason >4+3.

Biopsy Protocol

A single uro-oncologist (JHP) performed all transrectal ultrasound-guided biopsies. A
minimum of 16 cores were obtained (n=15) including 3 cores from the base, 3 cores from the
mid, and 2 cores from both the right and left apex, including the far lateral aspects of these zones
(10). Twenty-one patients had 26 core saturation biopsies, including the same 16 core template

plus 2 cores from the transitional zone and 3 cores from both the left and right anterior (10).

Clinical Data

Medical history was assessed using chart review and participant self-report. Family
history of cancer (in general and PC), active surveillance prior to current biopsy, PSA levels,
treatment received following biopsy, and presence of bone metastases was collected via chart
review. Previous diagnosis of cancer, other medical conditions (i.e. hypertension,
hypercholesterolemia, diabetes), current medications, and smoking status were collected using a

screening questionnaire. Blood pressure was measured with a sphygmomanometer.

Blood Sampling and Analyses

Blood was withdrawn after an overnight fast (8-12 hours with no food or drink except for
water). Glycated hemoglobin (HbA1c) was analyzed with AICNow+ (Bayer, Sunnydale, CA,
USA) using fresh whole blood. The remaining sample was allowed to clot, spun and serum was

collected, aliquoted and stored until analysis for glucose, insulin, C-peptide, IGF-1, IGFBP-3,
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lactate, lipid profiles (TG, total cholesterol, LDL, HDL), CRP, adiponectin, and leptin. Glucose
and lactate were assessed using spectrophotometric methods (11). Insulin and C-peptide were
analyzed using radioimmunoassay kits (Siemens Healthcare Diagnostics; Deerfield, IL, USA).
Insulin resistance was based on the homeostatic model assessment for insulin resistance
(HOMA-IR) equation using fasting glucose and insulin values (12). Lipid profiles (TG, total
cholesterol, HDL, and LDL) were analyzed spectrofluorophotometrically (Pointe Scientific;
Canton, MI, USA). Leptin, adiponectin, IGF-1, IGFBP-3, and CRP were assessed using
sandwich ELISAs (R&D Systems Inc, Minneapolis, MN, USA). IFG-1:IGFBP-3 and
leptin:adiponectin molar ratio were calculated as using the following molecular masses: IGF-1:

7.5kDa (13); IGFBP-3: 30.5kDa (13), leptin: 16kDa (14), adiponectin: 30kDa (14).

Body Composition

BMI (kg/m?) was calculated using weight and height recorded from medical charts. WC
(in cm) was measured at the top of the iliac crests and hip circumference (HC, in cm) at the level
of greatest gluteal prominence (15). Waist-to-hip ratio was used as a surrogate measure of
visceral adiposity.

Single frequency-bioelectrical impedance analysis (BIA-101S, RJL Systems, Clinton
TWP, MI, USA) was used to calculate FFM, FM, % body fat, SMM and SMI. Participants lay
supine with electrodes on the metacarpal-phalangeal joints on the prone side of the right hand,
right wrist, metatarsal-phalangeal joints of the right foot, and right ankle. Reactance and
resistance values were generated and used to estimate FFM (16). FFM was used to estimate FM
and % body fat. SMM was calculated using the equation described by Janssen et al (17). SMM

was divided by height squared (m?) to determine SMI (kg/m?).



Functional Assessments and Questionnaires

Functional assessments included 6-minute walk test (6MWT), hand-grip strength test and
the Godin Leisure Time Activity Questionnaire. The Godin Leisure Time Activity Questionnaire
provided an evaluation of habitual activity (18). For the 6MWT, participants walked as quickly
as possible on a 50m course for 6 minutes and distance travelled was recorded. Hand-grip
strength was assessed using a Takei A5S001 analogue hand-grip dynamometer (Takei Scientific

Instruments Co, Niigata-City, Japan) as previously described (19).

Nutrition Intake

Participants completed a 3-day food diary over 2 weekdays and 1 weekend day during the
week of their assessments. Participants were instructed to record all food and beverages
consumed each day and the location the food was consumed. Participants were also asked to
record any supplements taken and whether the recorded eating pattern matched their usual eating
patterns. Caloric intake and macronutrient breakdown (% fat, % carbohydrate and % protein)
were determined from these records using ESHA Food Processor software and the Canadian
Nutrient Files where available. The USDA National Nutrient Database for Standard Reference

was used when Canadian information was not available.

Statistical Analysis

Values for all results are presented as mean+standard deviation. Statistical analyses were
performed on Sigma Plot® version 11.2 (Systat Software Inc.; San Jose, CA, USA). As the data
meet the assumptions of parametric statistics, a one-way Analysis of Variance (ANOVA) was
used for comparisons between the 4 groups (no cancer, Gleason 3+3, Gleason 3+4, Gleason
>4+3) using Tukey’s post-hoc analysis for pairwise comparisons. Linear regression was used to

model the relationship between Gleason score categories and metabolic, lifestyle and body
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composition measures using the best subset regression approach to select the model. To limit
repeated comparisons and parameters investigated, only measures that were statistically
significantly different or approaching significance (p<0.100) among the group comparisons were
considered for linear regression. When a regression variable included multiple components (i.e.
HOMA-IR is calculated from glucose and insulin), individual components or the multiple
component variable were considered in the regression analysis (i.e. glucose and insulin, or

HOMA-IR were considered). Statistical significance was identified at p<0.050.

Results

Overall, participants were 66+7years old (range: 53-82years old), with a BMI of
28.2+4.4kg/m? (Table 1). Of the 51 patients, 38 patients (75%) were diagnosed with PC, 17 with
Gleason 3+3, 14 with Gleason 3+4, 5 with Gleason 4+3 and 2 patients with a Gleason Score >7.
Here, we grouped patients with Gleason 4+3 and Gleason 8-10 together (Gleason >4+3).
Treatment distribution is outlined in Table 2. Patients without cancer were significantly younger
than patients with Gleason >4+3 (62+7 vs 72+2years, p=0.008; Table 2). As expected, PSA
levels were elevated (>4.0ng/mL) (20) across the entire cohort (6.2+2.9ng/mL, Table 2); patients
with Gleason >4+3 had significantly higher PSA levels compared to the no cancer group
(p=0.019, Table 2).

Metabolic syndrome was identified in 32 of 51 (63%) participants based on IDF criteria
(5), 21 (66%) of which were diagnosed with cancer (Table 3). All 51 patients had at least one
risk factor for metabolic syndrome (Table 3). The medical screening questionnaire revealed that
24 patients were being treated for hypertension, 24 for lipid abnormalities

(hypercholesterolemia), and 9 for diabetes or pre-diabetes (Table 3). Interestingly, a large



proportion of participants still had metabolic syndrome, despite receiving medical treatment to

manage elements of this syndrome.

Glucose and Insulin Metabolism

Fating glucose and insulin can be seen in Figure 2A and 2B, respectively. Fasting C-
peptide concentrations (indicative of insulin secretion) were significantly greater in Gleason
>4+3 patients versus Gleason 3+3 and Gleason 3+4 (Gleason >4+3: 2.8+1.1ng/mL; Gleason 3+3
1.4£0.6mg/mL; Gleason 3+4: 1.3+0.8ng/mL, p=0.002; Figure 2C), despite the lack of
differences in fasting glucose (p=0.101, Figure 2A), lactate (p=0.885, Table 4) and HbAlc
values (p=0.834, Table 4). Fasting insulin and HOMA-IR tended to be worse in Gleason >4+3
patients compared to the other groups (p=0.087, Figure 2B and p=0.070, Figure 2D,
respectively). Despite that IGF-1 shares a signalling cascade with insulin, no differences were
observed in IGF-1 (p=0.546), IGFBP-3 (p=0.432) or IGF-1:IGFBP-3 ratio between any of the
groups (p=0.123, Table 4). Collectively, these data suggest developing insulin resistance in

Gleason >4+3 patients compared with the other groups.

Body Composition

As obesity is associated with abnormal insulin signalling (21), we examined the
relationship between body composition, insulin secretion and aggressive cancer. Approximately
80% of participants were overweight (BMI 25.0-29.9kg/m?, n=21) or obese (BMI >30.0kg/m?,
n=20)) (Table 1). On average, WC was 102.8+11.7 cm, indicative of abdominal obesity (IDF
cut-point: >94cm; Table 5) (8). Patients with Gleason >4+3 had significantly larger WC when
compared to patients with Gleason 3+4 (112.4+6.7cm vs 97.5+13.7cm, p=0.028, respectively,
Figure 3A). Similarly, Gleason >4+3 patients had significantly greater HC than Gleason 3+4

patients (110.1£7.4cm vs 102.0£9.5cm, p=0.034, respectively, Figure 3B). There was a main
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effect for waist-to-hip ratio, though no interactions were identified (p=0.048, Figure 3C),
suggesting that abdominal obesity may be a key contributor to PC aggressiveness compared with
total adiposity measures (Table 5). There were no significant differences observed in any of the
body composition measures assessed by BIA (Table 5). However, patients with Gleason >4+3
group tended to have greater BMI (p=0.092), FM (p=0.090), FMI (p=0.087), and % body fat
(p=0.058) compared with patients with less aggressive cancer, while the No Cancer group tended

to have greater SMM (p=0.080) compared with the cancer patients.

Adipokines, C-reactive Protein, and Lipid Metabolism

Adipokines are signalling molecules linking obesity to insulin resistance (22). Gleason
>4+3 patients had higher leptin levels compared with Gleason 3+4, but not other groups
(p=0.013; Figure 4A). Adiponectin tended to be lower in Gleason >4+3 patients compared with
the other groups (p=0.069, Figure 4B). Importantly, leptin:adiponectin ratio was highest in
Gleason >4+3 patients p=0.013, Figure 4C). There were no significant differences observed in
CRP between any of the groups (p=0.265, Table 4).

There were no significant differences in the lipid profile (total cholesterol, HDL, LDL,
TG) between any of the groups (Table 4). However, only patients with Gleason >4+3 had HDL

levels (34.6£16.6mg/dL) below the IDF cut point (40 mg/dL) (8).

Functional Assessment, Habitual Physical Activity Levels, and Dietary Intake

Traditional moderators of glucose metabolism, such as functional capacity, habitual
physical activity, nutritional intake, and macronutrient distribution, were not significantly

different between any of the groups (Table 6).
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Regression Analysis

Multiple linear regression revealed age, PSA, leptin:adiponectin ratio, and HC were
significantly related to Gleason scores. Leptin:adiponectin ratio and HC were correlated; thus,
including both in the model was unnecessary. The following model was found to modestly but
significantly explain the variation in Gleason score:

Gleason Score

| o
= (0.0456 X Age (years) + (0.103 X PSA (—‘gL))
m

+ (0.000138 X Leptin: Adiponectin (AU)) —2.630

This model provides an r>=0.398. Age, PSA, and leptin:adiponectin ratio were statistically

significant in the model (p=0.013, p=0.021 and p=0.027, respectively).

Discussion

This is the first study, to our knowledge, to comprehensively integrate and evaluate the
metabolic characteristics of men, prospectively and consecutively recruited following a referral
to an uro-oncologist for prostate biopsy. After obtaining biopsy outcomes, these characteristics
were associated with corresponding Gleason scores.

C-peptide concentrations were highest in participants with Gleason >4+3 compared with
other Gleason scores, in line with tendencies exhibited in fasting insulin concentrations and
HOMA-IR. Central adiposity (20) (measured by WC) and adipokine perturbations (22,23) are
associated with insulin resistance. Gleason >4+3 patients had significantly greater WC, leptin
and leptin:adiponectin ratios compared with other groups. Collectively, these data suggest
adiposity-related metabolic sequelae, specifically abdominal adiposity, associate with aggressive

localized PC.
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Impaired Markers of Glucose Metabolism Were Associated with Higher Gleason Scores.

Despite similar fasting glucose concentrations across Gleason score categories, C-peptide
concentrations were greatest in men with Gleason >4+3 suggesting greater insulin secretion in
this group. Higher baseline C-peptide concentrations have been associated with PC
aggressiveness and increase the likelithood of PC-specific death (24).

Elevated fasting C-peptide concentrations may promote hyperinsulinemia, which aligns
with the tendencies for greater fasting insulin concentrations and HOMA-IR in participants with
Gleason >4+3 compared with the other groups. Hyperinsulinemia is hypothesized to link obesity
to PC development, whereby insulin creates a metabolic milieu favourable for cancer growth.
Insulin receptors are found on human prostate tumour cells (25), allowing activation of Akt and
MAPK pathways, resulting in proliferation and apoptosis inhibition (26). IGF-1 is also proposed
to stimulate PC cell growth through the same mechanisms (27). Increased IGFBP-3, the major
binding protein of IGF-1, prevents IGF-1 from binding to its receptor on the PC cell, ultimately
reducing proliferation (27). We found no differences across Gleason scores for IGF-1, IGFBP-3,
and IGF-1:IGFBP-3 ratio; larger sample sizes may be necessary to identify differences across

Gleason scores in these measures (28).

Visceral Adiposity, a Feature of Metabolic Syndrome, is Related to Insulin Resistance

The majority of the study participants (63%) had metabolic syndrome, by definition a
multifactorial diagnosis; however, central obesity measured by WC is a required criterion for all
patients diagnosed with this syndrome (9). Patients with Gleason >4+3 had larger WC and waist-
to-hip ratio than those with Gleason 3+4. WC is an indirect measure of visceral adiposity and a
value >94 cm may be an independent risk factor for PC (4) and a key contributor in numerous

disease states including diabetes and cardiovascular disease (22). Visceral adiposity is

12



associated with increased basal insulin and C-peptide levels (29), supporting the increased C-
peptide and insulin levels that we observed here. Visceral adiposity is associated with increased
leptin and decreased adiponectin levels (22), suggesting adipokine signalling may link visceral
adiposity to PC and secondary disease states.

Here, visceral adiposity was assessed using the indirect measures of waist and hip
circumferences, which cannot distinguish between visceral and subcutaneous adipose tissue (30,
31). Employing a more accurate measure of body composition analysis, such as DXA or MRI
would have been ideal but access to these modalities was limited in the current study. Despite its
indirect nature, waist circumference has been shown to be an important independent health risk
predictor for metabolic syndrome, diabetes, cardiovascular disease, and all-cause mortality (30,
31) as well as PC (4) and it has been shown to be as good and potentially better than BMI in

predicting morbidities such as diabetes (30, 31).

Adipokines are Associated with Visceral Adiposity and Hyperinsulinemia

Leptin and leptin:adiponectin ratios were significantly higher, while adiponectin
concentrations tended to be lower in patients with Gleason >4+3. Leptin can stimulate PC cell
growth and angiogenesis (25), while adiponectin may have anti-proliferative functions (26).
Leptin:adiponectin ratio is emerging as an important predictor of PC risk, with elevated leptin,
decreased adiponectin, and higher leptin:adiponectin ratios associated with aggressive PC (27).

Adiponectin and leptin are hypothesized to link adiposity to the development of insulin
resistance. Increased adiposity is associated with higher leptin and decreased adiponectin levels
and hyperinsulinemia may result from changes in circulating adipokines, potentially stimulating
PC proliferation beyond the independent effects of leptin and adiponectin (22). We observed

increased visceral adiposity, leptin, and C-peptide levels, in patients with Gleason >4+3
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compared with patients with lower Gleason scores. Collectively, these findings suggest a cluster
of metabolic disturbances that promote a metabolic environment conducive to aggressive PC

development; hence, examining these factors in an integrative nature is important in future work.

Age is an Important Risk Factor for Prostate Cancer

Age is the strongest known risk factor for PC (32) and is associated with more aggressive
cancer (32). Therefore, it is unsurprising that in the current study patients with the most
aggressive cancers are older than those without cancer and that age was associated with Gleason
score in regression analysis. However, age is also associated with insulin resistance (33) and
obesity (34). Consequently, some of the differences in C-peptide and central obesity may be

explained by the increased age of this group.

Study Considerations

The strengths of our study stem from its prospective design and the inclusion of the no
cancer group. Moreover, the absence of cancer was confirmed by a negative extended prostate
biopsy (=16 cores), however, this group may differ from men who have never had a prostate
biopsy. Our single-institution cohort study however, is relatively small, and consequently, a
limited number of variables were considered in the linear regression analysis. However, the
small sample size allowed for characterization of a comprehensive metabolic profile, resulting in
the novel integration of the metabolic and clinical characteristics of these men. These data will

serve as the foundation for future, larger-scale studies to further examine these interactions.

Conclusions

Overall we revealed a cluster of adiposity-related abnormalities in participants with high
Gleason scores, when compared to participants with lower Gleason scores including higher C-

peptide concentrations, increased visceral adiposity, lower than normal HDL, increased leptin,
14



and leptin:adiponectin ratio. These findings suggest that aggressive localized PC is associated
with a set of adiposity-driven metabolic perturbations. Further investigation into these metabolic
sequelae and their association with high-risk disease is warranted to elucidate the mechanisms

driving this development and to identify interventions to combat this profile.

Acknowledgements

The authors would like to thank the patients for their participation. Funding was
provided in part by the Motorcycle Ride for Dad Foundation (MM), Ministry of Ontario Early
Researchers Award (MM), and Prostate Cancer Canada Clinical Scientist Award (JHP). KMDS

was supported by a Prostate Cancer Canada Graduate Studentship.

15



References

1.

10.

11.

12.

13.

14.

Golabek T, Bukowczan J, Chlosta P, Poeroznik J, Dobrunch J, Borowka A. Obesity and
prostate cancer incidence and mortality: a systematic review of prospective cohort
studies. Urol Int. 2014; 92:7-14.

De Nunzio C, Presicce F, Lombardo R, Cancrini F, Petta S, Trucchi A, et al. Physical
activity as a risk factor for prostate cancer diagnosis: a prospective biopsy cohort
analysis. BJU Int. 2016;117: 29-35.

Schwab U, Lauritzen L, Tholstrup T, Haldorssoni T, Riserus U, Uusitupa M, et al.
Effects of the amount and type of dietary fat on cardiometabolic risk factors and risk of
developing type 2 diabetes, cardiovascular diseases, and cancer: a systematic review.
Food Nutr Res. 2014; 58:25145.

Esposito K, Chiodini P, Capuano A, Bellastella G, Maiorino MI, Parretta E, et al. Effect
of metabolic syndrome and its components on prostate cancer risk: meta-analysis. J
Endocrinol Invest. 2013; 36:132-139.

De Nunzio C, Aronson W, Freedland SJ, Giovannucci E, Parsons JK. The correlation
between metabolic syndrome and prostatic diseases. Eur Urol. 2012; 61: 560-570.

Ford ES, Khol WH III, Mokdad AH, Ajani UA. Sedentary behavior, physical activity,
and the metabolic syndrome among U.S. adults. Obesity Res. 2005; 12:608-614.
Riccardi G, Giacco R, Rivellese AA. Dietary fat, insulin sensitivity and the metabolic
syndrome. Clin Nutr. 2004; 23:447-456.

Alberti G, Zimmet P, Shaw J for the International Diabetes Federation. The IDF
consensus worldwide definition of the metabolic syndrome. IDF Communications. 2006.
Available from: http://www.idf.org/webdata/docs/IDF Meta def final.pdf, accessed 2
September 2015.

. Jebb SA, Moore MS. Contribution of a sedentary lifestyle and inactivity to the etiology of

overweight and obesity: current evidence and research issues. Med Sci Sport Exerc.
1999;31(11 Suppl):S534-S541.

Cole E, Margel D, Greenspan M, Shayegan B, Matsumoto E, Fischer MA, et al. Is there a
role for anterior zone sampling as part of saturation trans-rectal ultrasound guided
prostate biopsy?. BMC Urol. 2014; 14:34.

Lowery OH, Passonneau JV. The flexible system of enzymatic analysis. 1972. New Y ork:
Academic Press.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC..
Homesostasis model assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia. 1985; 28:412-419.
Granada ML, Murillo J, Lucas A, Salinas I, Llopis MA, Castells I, et al. Diagnostic
efficiency of serum IGF-I, IGF-binding protein-3 (IGFBP-3), IGF-I/IGFBP-3 molar ratio
and urinary GH measurements in the diagnosis of adult GH deficiency: importance of an
appropriate reference population. Eur J Endocrinol. 2000; 142:243-253.

Meier U, Gressner AM. Endocrine regulation of energy metabolism: review of
pathobiochemical and clinical chemical aspects of leptin, Ghrelin, adiponectin, and
resistin. Clin Chem. 2004; 50:1511-1525.

16



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of a
WHO Expert Consultation. WHO Press. 2011. Available from:
http://apps.who.int/iris/bitstream/10665/44583/1/9789241501491 eng.pdf?ua=1,

Kyle UG, Genton L, Slosman DO, Pichard C. Fat-free and fat mass percentiles in 5225
healthy subjects aged 15-98. Nutrition. 2001; 17:534-541.

Janssen I, Heymstfield SB, Baumgartner RN, Ross R. Estimation of skeletal muscle mass
by bioelectrical impedance analysis. J Appl Physiol (1985). 2000; 89:465-471.

Godin G, Shepard RJ. A simple method to assess exercise behavior in the community.
Can J Appl Sport Sci. 1985; 10:141-146.

Massy-Wastropp NM, Gill TK, Taylor AW, Bohannon RW, Hill CL. Hand grip strength:
age and gender stratified normative data in a population-based study. BMC Research
Notes. 2011; 4:127.

Thompson IM, Pauler DK, Goodman PJ, Tangen CM, Lucia MS, Parnes HL, et al.
Prevalence of prostate cancer among men with prostate-specific antigen levels < or =4.0
mg/mL. N Engl J Med. 2004; 350: 2239-2246.

Macor C, Ruggeri A, Mazzonetto P, Federspill G, Cobelli C, Vettor R. Visceral adipose
tissue impairs insulin secretion and insulin sensitivity but not energy expenditure in
obesity. Metabolism. 1997; 46:123-129.

Lopez-Jaramillo P, Gomez-Arbeldez D, Lopez- Lopez J, Lopez- Lopez C, Martinez-
Ortenga J, Gomez-Rodriguez A, et al. The role of leptin/adiponectin ratio in metabolic
syndrome and diabetes. Horm Mol Biol Clin Investig. 2014; 18:37-45.

Calabro P, Yeh ET. Intra-abdominal adiposity, inflammation, and cardiovascular risk:
new insight into global cardiometabolic risk. Curr Hypertens Rep. 2008; 10:32-38.

Ma J, Li H, Giovannucci E, Mucci L, Qui W, Nguyen PL, et al. Prediagnostic body mass
index, plasma c-peptide concentration, and prostate cancer-specific mortality in men with
prostate cancer: a long term survival analysis. Lancet Oncol. 2008; 9:1039-1047.

Cox ME, Gleave ME, Zakikhani M, Bell RH, Piura E, Vickers E, et al. Insulin receptor
expression by human prostate cancers. Prostate. 2009; 69:33-40.

Nandeesha H. Insulin: a novel agent in the pathogenesis of prostate cancer. Int Urol
Nephrol. 2009; 41:267-272.

Adhami VM, Afag F, Mukhtar H. Insulin-like growth factor-I axis and a pathway for
chemoprevention. Clin Cancer Res. 2006; 12:5611-5614.

Correa LL, Neto LV, Lima GA, Gabrich R, Miranda LC, Gadelha MR. Insulin-like
growth factor (IGF)-1, IGF binding protein-3, and prostate cancer: correlation Gleason
score. Int Braz J Urol. 2015; 41:110-115.

Harding JL, Shaw JE, Anstey KJ, Adams R, Balkau B, Brennan-Olsen SL, et al.
Comparison of anthropometric measures as predictors of cancer incidence: A pooled
collaborative analysis of 11 Australian cohorts. /nt J Cancer. 2015; 137:1699-1708.
Vazquez G, Duval S, Jacobs DR Jr, Silventoinen K. Comparison of body mass index,
waist circumference, and waist/hip ratio in predicting incident diabetes: A meta-analysis.
Epidemiol Rev. 2007; 29:115-128.

Ford ES, Mokdad AH, Giles WH. Trends in waist circumference among U.S. adults.
Obes Res. 2003; 11:1223-1231.

17



32. Alshaker H, Sacco K, Alfraidi A, Muhannad A, Winkler M, Pchejetski D. Leptin
signalling, obesity and prostate cancer: molecular and clinical perspective on the old
dilemma. Oncotarget2015; 6:35556-35563.

33. Gao Q, Zheng J. Adiponectin-induced antitumor activity on prostatic cancer through
inhibiting proliferation. Cell Biochem Biophys. 2014; 70:461-465.

34. Burton A, Martin RM, Holly J, Lane JA, Donovan JL, Hamdy FC, et al. Associations of
adiponectin and leptin with stage and grade of PSA-detected prostate cancer: The ProtecT
study. Cancer Causes Control. 2013; 24:323-334.

18



Figure Legends

Figure 1: Participant Recruitment Flow Diagram. This consort diagram describes the

recruitment, enrolment, follow-up and analysis for the current study.

Figure 2: Glucose and Related Hormone Assessments. All represents the average values of all
participants in this study. NC represents the patients with No Cancer; 3+3 represents patients in
the Gleason 3+3 group, 3+4 represents patients in the Gleason 3+4 group, and >4+3 represents
patients in the Gleason >4+3 group. Different letters indicate significant differences between

groups. The >4+3 group demonstrated a trend for significance for the insulin and HOMA-IR.

Figure 3: Circumference Assessments. All represents the average values of all participants in
this study. NC represents the patients with No Cancer; 3+3 represents patients in the Gleason
3+3 group, 3+4 represents patients in the Gleason 3+4 group, and >4+3 represents patients in the
Gleason >4+3 group. Different letters indicate significant differences between groups. Waist:hip

Ratio demonstrated a main effect.

Figure 4: Adipokine Assessments. All represents the average values of all participants in this
study. NC represents the patients with No Cancer; 3+3 represents patients in the Gleason 3+3
group, 3+4 represents patients in the Gleason 3+4 group, and >4+3 represents patients in the
Gleason >4+3 group. Different letters indicate significant differences between groups. The >4+3

group demonstrated a trend for significance for adiponectin.
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