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Metabolic syndrome

• A constellation of metabolic abnormalities associated with 
increased risk of 
– CV disease  RR = 2.35 (2.02-2.73)*

– DM2 RR = 3.97 (1.35-11.6)**

– CV-specific  mortality RR = 2.40 (1.87 - 3.08)*

– all-cause mortality RR: 1.58 (1.39 - 1.78)*

• Thought to result from dietary excess and sedentary lifestyle 
in a genetically susceptible individual

• Prevalence among adults is 34% in USA and 19% in Canada

• Controversies:
– Optimal definition / cut-offs?

– Prognostic implications?

– Therapeutic implications?

Reaven, Banting lecture 1988

Lakka et al. JAMA 2002

*Mottillo et al. JACC 2010

**Meigs et al.  J Clin Endo Metab 2006

Mozumdar et al. Diabetes care 2011

Riediger et al. CMAJ 2011



METABOLIC SYNDROME: WHY IS IT 
IMPORTANT?

• Increases risk of 
prostate cancer

• Increases aggressivity of 
PCA

• You induce it when you 
put a man on ADT

• Increases risk of death 
in your Pca patients

• May be a target for 
improving outcomes



Q#1: WHICH OF THE FOLLOWING 
IS NOT A COMPONENT OF THE 

CLASSIC METABOLIC SYNDROME 
?

A) Hypertension
B) Obesity
C) High LDL Cholesterol
D) High triglycerides
E) Insulin resistance



Criteria for Metabolic Syndrome
• Diagnosis of metabolic syndrome requires any three of the 

following:
– Obesity, defined as body mass index ≥ 30 kg/m2

– Elevated serum triglycerides, defined as ≥ 150 mg/dL (1.7 mmol/L) on fasting 
lipid profile, or treatment for this abnormality

– Reduced serum high-density lipoprotein-cholesterol, defined as < 40 mg/dL (1.03 
mmol/L) in men on fasting lipid profile, or treatment for this abnormality

– Elevated blood pressure, defined based on physician diagnosis of hypertension 
or use of antihypertensive medications

– Elevated fasting glucose, defined as ≥ 100 mg/dL (5.6 mmol/L), or use of 
medication for hyperglycaemia, or physician-diagnosed type 2 diabetes mellitus

(adapted from the American Heart Association/National Heart, Lung, and Blood Institute and 
International Diabetes Federation interim consensus statement)



Metabolic syndrome: various definitions

Clinical Measure WHO (1998) ATP III (2001) IDF (2005) AHA/NHLBI (2005)
IDF & AHA/NHLBI 
Joint Interim (2009)

Insulin resistance *Mandatory*
IGT, IFG, T2DM, or 

lowered insulin 
sensitivity* plus any 2 

of the following 

None, but any 3 of 
the following 5 

features

None None, but any 3 of 
the following 5 

features

Body weight Men: waist-to-hip 
ratio >0.90; women: 

waist-to-hip ratio 
>0.85 and/or BMI >30 

kg/m2

WC ≥102 cm in men 
or ≥88 cm in women†

*Mandatory*
Increased WC 

(population specific) 
plus any 2 of the 

following

WC ≥102 cm in men 
or ≥88 cm in women†

Ethnicity/pop- specific 
WC

Lipid

- High TG

- Low HDL

TG ≥150 mg/dL
and/or HDL-C <35 

mg/dL in men or <39 
mg/dL in women

TG ≥150 mg/dL
HDL-C <40 mg/dL in 
men or <50 mg/dL in 

women

TG ≥150 mg/dL or on 
TG Rx 

HDL-C <40 mg/dL in 
men or <50 mg/dL in 
women or on HDL-C 

Rx

TG ≥150 mg/dL
HDL-C <40 mg/dL in 
men or <50 mg/dL in 

women
Or use of specific drug 
for this (nicotinic acid 

or fibrate)

TG ≥150 mg/dL
HDL-C <40 mg/dL in 
men or <50 mg/dL in 

women
Or use of specific drug 
for this (nicotinic acid 

or fibrate)

Blood pressure ≥140/90 mm Hg ≥130/85 mm Hg ≥130 mm Hg systolic 
or ≥85 mm Hg 
diastolic or on 

hypertension Rx

≥130/85 mm Hg or
medical  tx for HTN

≥130/85 mm Hg or
medical  tx for HTN

Glucose *Mandatory*
IGT, IFG, or T2DM

>110 mg/dL (includes 
diabetes)‡

≥100 mg/dL (includes 
diabetes)

>100 mg/dL (includes 
diabetes)‡

≥100 mg/dL
(includes diabetes)

Other Microalbuminuria

Grundy et al. Circulation 2005



Metabolic syndrome pathogenesis

Batsis et al. Clin pharmacol ther 2007



Q#2:Which of the following Urology 
condition is not associated with MetS?

A) Urolithiasis

B) BPH/LUTS

C) Erectile Dysfunction

D) Overactive bladder

E) None of the above



UROLOGICAL CONSEQUENCES OF 
/METABOLIC SYNDROME

• Renal
– CRF
– Stones
– Pyelonephritis/Inflammation

• Bladder
– UTI
– OAB
– Cystopathy/Retention

• Prostate
– Calcification
– Prostatitis
– BPH/LUTS

• Infertility
• Andropause
• Erectile Dysfunction
• Cancer ?

– Literature inconsistent



Prostate cancer epidemiology

• The most common non-cutaneous malignancy 
• Accounts for largest number of new cancer diagnoses 

– 23,231 new cases, or 142.3 per 100,000 men in Canada (2007)

Canada US

Lifetime risk of PC 14.3% (1 in 7) 16.7% (1 in 6)

Lifetime risk of PC mortality 3.6% (1 in 28) 2.8% (1 in 36)

Risk of PC dx & die  of something else 10.7% 13.9%

Statistics Canada, 2011
Canadian Cancer Society, 2012 Estimates
American Cancer Society, 2012 Estimates



Obesity, metabolic syndrome, and cancer: overview of mechanisms. 

Hursting S D , Hursting M J Arterioscler Thromb Vasc Biol 
2012;32:1766-1770

Copyright © American Heart Association

- Many of the resulting metabolic derangements & cytokine abnormalities are 
also implicated in carcinogenesis



Evidence favours an association between MetS and PC:
• Elevated risk: n=6 (one incr. risk for high grade disease only)
• No increase in incidence, incr. in PC-related mortality: n=1
• No association: n=2
• Lower risk: n=1

Epidemiologic evidence between Met-S and PC

De Nunzio et al. Eur Urol 2012
Haggstrom et al. Cancer 2012



Metabolic Syndrome and Prostate Cancer



ACTIVE SURVEILLANCE POPULATION
Bhindi Eur Urol 2014

• 585 men on AS

• Risk of progression after confirmatory biopsy 
increased

• Each 5 units of BMI increased risk of 
progression by 50%



The effect of Type II DM on 
biochemical failure

Patel et al. Clinical outcomes after radical prostatectomy in diabetic 
patients treated with metformin. Urology 2011; 76(5): 1240–1244 



2007 Volume 99, Issue 23 Pp. 1793-1800 

Increased tumour volume and wet weight in 
animals on high-carbohydrate diet
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Metformin
(1,1-dimethylbiguanide hydrochloride)

►Biguanide oral hypoglycaemic agents 
►Primary Tx for type II diabetes
►Recent studies- prevents cancer



Metfromin: Mechanism of action in cancer

• Promote programmed cell death (apoptosis)-
Initiation of an LKB1-mediated AMPK 
dependent energy stress response 

• Reduce proliferation- Inhibition of 
phosphoinositide 3 kinase/Akt/mammalian 
target of rapamycin signaling

Zakikhani M et al. J Clin Invest 2001.
Goodwin PJ et al J Clin Oncol 2009.
Buzzai M. et al Cancer Res. 2007.
Ben Sahra I et al Cancer Res. 2010



• Decrease in the Ki67 index (p=0.015, 28.7% decrease) 
• Reduction in phosho-4EBP1 immunostaining (p<0.001) 
• Preliminary assessment revealed tissue metformin levels of ~80 ng/mg
• These results indicate that metformin may have anti-proliferative activity 

mediated at least in part by its action of the mTOR pathway

Metformin and Prostate Cancer



Prostate cancer specific
(number of events 291)

HR 95%CI

Overall mortality
(number of events 1343)

HR 95%CI

Unadjusted Adjusted Unadjusted Adjusted 

Cumulative metformin 0.64*

(0.54-0.76)
0.76*

( 0.64-0.89)
0.86*

(0.82-0.9)
0.92*

(0.88-0.97)
Cumulative sulfonylurea 1.01

(0.93-1.02)
1.01

(0.89-1.12)
0.96*

(0.92-0.99)
1.02

(0.98-1.06)
Cumulative TZD 0.69

(0.4-1.2)
0.98

(0.54-1.79)
0.80*

(0.63 -0.96)
0.89

(0.78-1.1)
Cumulative insulin 0.97

(0.68-1.01)
0.86

(0.69-1.5)
1.1

(0.98-1.23)
1.1

(1.01-1.2)

Metformin and Prostate Cancer



MAST STUDY :
TERTIARY PREVENTION

Metformin 850 mg bid

Placebo 

Sc
re

en
in

g 4
m

onth f/u

3 year biopsy

Multicenter, randomized, placebo-controlled trial

1.5 year biopsyRandomization



cytoplasm

Latent SREBP2

Active SREBP2

nucleus
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SREBP2 
cleavage

HMGCS1

SREBP2 target genes

Acetoacetyl-CoA

HMG-CoA

Mevalonate
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Mevalonate
endproducts

Acetyl-CoA

Statins

SRE
HMGCR

Mutant p53

myc

PTEN loss

LKB1 loss

Mutant p53

LKB1 loss

Control of Mevalonate Pathway by 
Oncogenes and Tumour suppressors



PSA ≥ 2.5Analysis HR 95% CI p-value

Crude 0.90 0.45-1.19 0.45

Multivariate 0.70 0.51-0.98 0.03

Dose HR 95% CI p-value

No statin 1.00 -- --

Dose Eq <1 1.08 0.66-1.73 0.78

Dose Eq =1 0.57 0.32-1.00 0.05

Dose Eq >1 0.50 0.27-0.93 0.03

Statins in Prostate Cancer
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2. Cell death in LNCaP cells
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1. Significantly reduced 

LNCaP viability compared 

to single agents alone

STATINS AND METFORMIN 

CO-OPERATE TO SIGNIFICANTLY INDUCE PCA CELL DEATH



FLUVASTATIN-METFORMIN COMBINATION 
SLOWS THE GROWTH OF LNCaP XENOGRAFTS



HR for interaction: 0.77, 
p=0.0001

Metformin and Prostate Cancer



Statin / Metformin Combination

• Combination of simvastatin and metformin 
synergistically inhibits mCRPC cell viability more 
effectively then docetaxel

• Minimal adverse viability effect on PrEC normal 
prostate epithelial cells

• Statin/metformin combination ameliorates 
metabolic abnormalities



LIPITOR AND BIGUANIDE TO 
ANDROGEN DELAY (LIGAND) TRIAL



LIGAND Trial
Aims:
A. Determine if combo biguanide/statin can delay PSA rise among 

men with biochemical failure and M0 disease
B. Determine predictors of response to therapy in this group
C. Secure biospecimens for other projects
• Aim: 40% (HR 0.6) improvement in time to PSA > 10 ng/mL or 

development of metastases
• N = 110 patients in a randomized phase 2 setting (80% power α 0.1)
• Stratified by 

– PSA doubling time
– Centre
– Past treatment





ADT vs Classic Metabolic syndrome







ADT + METFORMIN (Jarrad)2017

• VA database (n=87,344)

• DM pts on metformin

– HR 0. 77(0.74-0.81)

• DM not on Metformin

– HR 0.99

– OS prolongation 7.4->9.1 yrs



Hallmarks of Cancer: Evolving 
Perspective

2000

Douglas  Hanahan , Robert A.  Weinberg
Hallmarks of Cancer: The Next Generation
Cell, Volume 144, Issue 5, 2011, 646 - 674
http://dx.doi.org/10.1016/j.cell.2011.02.013

2011



Hallmarks of Cancer: Evolving 
Perspective

Douglas  Hanahan , Robert A.  Weinberg
Hallmarks of Cancer: The Next Generation
Cell, Volume 144, Issue 5, 2011, 646 - 674
http://dx.doi.org/10.1016/j.cell.2011.02.013



CONCLUSIONS

• Urologist’s need to recognize MetS
• ADT increases risk of MetS and may explain 

cardiovascular risk changes
• MetS components are viable targets not only 

for minimizing risk of ADT but potentially as 
anticancer therapies


