
i 

 
 
 
 
 
 

THE ROLE OF MODIFIABLE RISK FACTORS IN 
THE PRESENCE AND DEVELOPMENT OF 

LOWER URINARY TRACT SYMPTOMS (LUTS) 
AND SEXUAL DYSFUNCTION IN AGEING MEN 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Thesis Submitted for Consideration for the Award of 
 

DOCTOR OF PHILOSOPHY 
 

By 
 

Sean Aaron Martin, B. Sc. (Hons 1) 
 

School of Medicine 
 

University of Adelaide 
 

 
 

July 2013 
 



ii 

 
 

Table of Contents 
 

 
 

 
TABLE OF CONTENTS...........................................................................................    ii  

ORIGINALITY CERTIFICATION...............................................................................  vii 

LIST OF TABLES.................................................................................................... viii  

LIST OF FIGURES..................................................................................................     x 

ABBREVIATIONS..................................................................................................    xi 

ACKNOWLEDGEMENTS......................................................................................... xiv 

 

SECTION I  LITERATURE REVIEW AND STUDY DESIGN.......................................  1 

Chapter 1  Australia’s Ageing Male Population................................................  2 

Australia’s ageing population..............................................................  2 

The male health disadvantage.............................................................  3 

Prospective cohort studies of ageing men..........................................  3 

Chapter 2 Lower urinary tract symptoms (LUTS) in men.................................  9 

Anatomy and function of the male lower urinary tract......................  9 

Urinary dysfunction in men................................................................ 11 

Definition............................................................................................ 12 

Measurement..................................................................................... 13 

LUTS Sub-types................................................................................... 14 

Prevalence.......................................................................................... 15 



iii 

Incidence............................................................................................  19 

Associations and risk factors..............................................................  28 

Chapter 3 Sexual health and function in ageing males.................................... 28 

Background......................................................................................... 28 

Other male sexual dysfunctions......................................................... 28 

Chapter 4 Erectile dysfunction (ED)................................................................ 30 

Mechanism of erection in men........................................................... 30 

Definition............................................................................................ 31 

Measurement..................................................................................... 31 

Prevalence.......................................................................................... 33 

Incidence............................................................................................ 36 

Associations and risk factors.............................................................. 37 

Chapter 5 Sexual desire in men...................................................................... 43 

Regulation of sexual desire................................................................. 43 

Definition............................................................................................ 45 

Measurement..................................................................................... 46 

Prevalence.......................................................................................... 47 

Incidence............................................................................................ 50 

Associations and risk factors.............................................................  50 

Chapter 6 The Florey Adelaide Male Ageing Study (FAMAS).......................... 57 

Study design and participant recruitment......................................... 57 

Sampling............................................................................................. 57 

Recruitment & CATI survey................................................................. 58 

Ethics approval...................................................................................  60 



iv 

Response rates................................................................................... 60 

Non-responders................................................................................. 61 

Representativeness............................................................................ 62 

Measures............................................................................................ 64 

 

SECTION II  PREVALENCE AND RISK FACTORS FOR LOWER URINARY TRACT 

SYMPTOMS & SEXUAL DYSFUNCTION IN MEN............................... 67 

Chapter 7 Prevalence and factors associated with uncomplicated Storage and 

Voiding Lower Urinary Tract Symptoms in community-dwelling 

Australian men.............................................................................. 68 

Abstract.............................................................................................. 71 

Introduction........................................................................................ 72 

Methods............................................................................................. 73 

Results................................................................................................ 75 

Comment............................................................................................ 80 

Author’s Comment.............................................................................. 85 

Chapter 8 Clinical and biopsychosocial determinants of sexual dysfunction in 

middle-aged and older Australian men.......................................... 88 

Abstract.............................................................................................. 91 

Introduction....................................................................................... 93 

Methods............................................................................................. 95 

Results................................................................................................ 99 

Discussion......................................................................................... 108 

Author’s Comment...........................................................................  116 



v 

 

SECTION III  PREDICTORS OF THE PROGRESSION AND IMPROVEMENT OF LOWER 

URINARY TRACT SYMPTOM & SEXUAL DYSFUNCTION IN 

MEN............................................................................................. 117 

Chapter 9 Role of modifiable risk Factors in the progression and remission of 

Lower Urinary Tract Symptoms (LUTS) in men.............................. 118 

Abstract............................................................................................ 121 

Introduction...................................................................................... 122 

Methods........................................................................................... 124 

Results.............................................................................................. 128 

Comment.......................................................................................... 138 

Chapter 10 Predictors of sexual dysfunction incidence and improvement in 

men............................................................................................. 143 

Abstract............................................................................................ 146 

Introduction...................................................................................... 148 

Methods........................................................................................... 150 

Results.............................................................................................. 154 

Discussion......................................................................................... 168 

 

SECTION IV  CONCLUSIONS AND GENERAL DISCUSSION.................................. 175 

Lower urinary tract symptoms (LUTS).............................................. 177 

Implications for translation.......................................................... 178 

Erectile dysfunction (ED) and low sexual desire............................... 179 

Implications for translation.......................................................... 180 



vi 

Future research................................................................................ 182 

  



vii 

Originality Certification 
 

 
 

 
I certify that this work contains no material which has been accepted for the award of 
any other degree or diploma in my name, in any university or other tertiary 
institution and, to the best of my knowledge and belief, contains no material 
previously published or written by another person, except where due reference has 
been made in the text. In addition, I certify that no part of this work will, in the 
future, be used in a submission in my name, for any other degree or diploma in any 
university or other tertiary institution without the prior approval of the University of 
Adelaide and where applicable, any partner institution responsible for the joint-
award of this degree. 
 
I give consent to this copy of my thesis when deposited in the University Library, 
being made available for loan and photocopying, subject to the provisions of the 
Copyright Act 1968. 
 
The Author acknowledges that copyright of published works contained within this 
thesis resides with the copyright holder(s) of those works. 
 
I also give permission for the digital version of my thesis to be made available on the 
web, via the University’s digital research repository, the Library Search and also 
through web search engines, unless permission has been granted by the University to 
restrict access for a period of time. 
 
 
 
 
 
Signed...........................................   Dated.......................................... 
  



viii 

 

List of tables 
 

 
 
Table 1-1 List of active male prospective cohort studies.................................  6 
 
Table 2-1 Major urinary conditions in men.................................................... 12 
 
Table 3-1 Major sexual dysfunctions in men.................................................. 29 
 
Table 7.1 Prevalence of total, storage and voiding LUTS in cohort of Australian 

men...............................................................................................  75 
 
Table 7.2 Linear regression model of storage and voiding IPSS scores adjusting 

for physical, urological, lifestyle and socio-demographic 
covariates.....................................................................................  77 

 
Table 8.1 Distribution of selected factors by dyadic sexual desire score (SDI-II) 

in a cohort of Australian men........................................................  99 
 
Table 8.2 Distribution of selected factors by solitary sexual desire score (SDI-II) 

in a cohort of Australian men.......................................................  101 
 
Table 8.3 Distribution of selected factors by combined erectile function (IIEF-

EF) score in a cohort of Australian men......................................... 103 
 
Table 8-4 Contribution of composite hypertensive factors to mild erectile 

function (IIEF-EF) score in a cohort of Australian men................... 113 
 
Table 9-1 Descriptive characteristics of analytic sample of a cohort of 

Australian men during baseline (2002-5) and follow-up clinic visits 
(2007-10)...................................................................................... 128 

 
Table 9-2 Prevalence of total, storage and voiding LUTS in cohort of Australian 

men during baseline (2002-5) and follow-up clinic visits (2007-
10)............................................................................................... 131 

 
Table 10-1 Improvement and progression of ED & low dyadic and solitary sexual 

desire symptoms from baseline to follow-up clinic visits.............. 154 
 
Table 10-2 Baseline characteristics of men who attended 5-year follow up visits 

by erectile dysfunction (IIEF-ED) status......................................... 155 
 



ix 

Table 10-3 Baseline characteristics of men who attended 5-year follow up visits 
by dyadic and solitary sexual desire (SDI-II) status........................ 158 

 
Table 10-4 Descriptive characteristics of men who attended 5-year follow up 

visits (2007-10) by low solitary sexual desire progression or 
improvement (SDI-II).................................................................... 161 

 
  



x 

 

List of figures 
 

 
 

 
Figure 1.1 Australian population growth 2007-2051. 70+ and 80+ age groups as 

a percentage of the total population..............................................  2 
 
Figure 2.1 The male lower urinary tract..........................................................  9 
 
Figure 5.1 Major brain centres controlling sexual arousal and drive............... 44 
 
Figure 7.1 Prevalence of individual lower urinary tract domains amongst 

Australian men aged 35–80........................................................... 76 
 
Figure 8.1 Multi-adjusted regression estimates for low dyadic (C) and solitary 

sexual desire (D).......................................................................... 106 
 
Figure 9.1 Prevalence of individual lower urinary tract domains amongst 

Australian men aged 35–80.......................................................... 133 
 
Figure 9.2 Final multi-adjusted models for progression or remission of storage 

LUTS incl. a range of social, lifestyle and biomedical variable....... 134 
 
Figure 9.3 Final multi-adjusted models for progression or remission of voiding 

LUTS incl. a range of social, lifestyle and biomedical variable....... 136 
 
Figure 10.1 Baseline predictors of progression and improvement of ED at follow-

up................................................................................................ 166 
 
Figure 10.2 Baseline predictors of progression and improvement of low dyadic & 

solitary sexual desire at follow up................................................ 167 
 
  



xi 

Abbreviations 
 

 
 

AUA-SI: American Urology Association – Symptom Index  

ALSH: Australian Longitudinal Study of Health and Relationships  

BLSA: Baltimore Longitudinal Study on Aging  

BDI: Beck Depression Inventory  

BPH: Benign prostatic hyperplasia  

BMI: Body mass index  

BACH: Boston Area Community Health survey 

BMSI: Brief Male Sexual Inventory  

CVD: Cardiovascular disease  

CNS: Central Nervous System  

CI: Confidence Interval 

CATI: Computer-Assisted Telephone Interviewing  

DSM-IV: Diagnostic and Statistical Manual of Mental Disorders IV  

DA: Dopamine  

DEXA: Dual energy x-ray absorptiometry  

EWP: Electronic White Pages  

ED: Erectile dysfunction  

EAU: European Association of Urology  

EMAS: European Male Ageing Study  

EPIC: European Prospective Investigation into Cancer and Nutrition  

FAMAS: Florey Adelaide Male Ageing Study  



xii 

FFQ: Food Frequency Questionnaire  

GVA: General Visceral Afferent  

GIR: Global Impotence Rating  

HbA1c: Haemoglobin A1c  

HPFU: Health Professionals Follow-up study 

HDL: High density lipoproteins  

HSDD: Hypoactive sexual desire disorder 

IGFBP-3: IGF-binding protein-3  

IGF: Insulin-like growth factor  

ICCSM: International Consultation Committee for Sexual Medicine  

ICPCPD: International Consultation on New Developments in Prostate Cancer and 

Prostate Diseases  

ICS: International Continence Society  

IPSS: International Prostate Symptoms Scale  

ISSM: International Society for Sexual Medicine  

LTPA: Leisure-time physical activity  

LC–MS/MS: Liquid chromatography–tandem mass spectrometry  

LDL: Low density lipoproteins  

LUTS: Lower urinary tract symptoms  

LMHS: Lyell McEwin Health Service  

MMAS: Massachusetts Male Aging Study  

MAO: Monoamino-oxidase  

MSAM-7: Multinational Survey of the Aging Male  

NHANES: National Health and Nutrition Examination Survey  



xiii 

NHSLS: National Health and Social Life Survey  

NHS: National Health Service  

NATSAL: National Survey of Sexual Attitudes and Lifestyles  

NO: Nitric oxide  

OSA: Obstructive sleep apnoea  

MrOS: Osteoporotic Fractures in Men Study 

OAB: Overactive bladder  

PCPT: Prostate Cancer Prevention Trial  

PSA: Prostate specific antigen  

SSRI: Selective serotonin reuptake inhibitor  

SDI-2: Sexual Desire Inventory 2  

SF-36: Short-form health survey 36  

TQEH: The Queen Elizabeth Hospital  

T3: Triiodothyronine  

T4: Thyroxine  

UI: Urinary incontinence  

WHO: World Health Organisation 

  



xiv 

Acknowledgements 
 

 
 

There’s an old Sumerian saying which loosely translates into: “Give me my own tools, 

and I will launch my (own) boat”. To that end, I owe a debt of gratitude to the 

experienced hands of my supervisory team: Dr. Evan Atlantis, Dr. Grant Buchannan, 

Dr. Peter O’Loughlin, Prof. Richard Ivell, and led by our long-term skipper – the 

inimitable Prof. Gary Wittert. I would also like to thanks the many other academics 

and staff of the Discipline of Medicine, both past and present, for their support 

during my candidature and time in the department.  

I owe an equal debt of gratitude to the Freemasons Foundation, particularly Mr. 

Robert Clyne (Yes, Rob, it’s finally finished), for their support of my candidature and 

their role in establishing our Freemason’s Foundation Centre for Men’s Health. 

Heartfelt thanks are also extended to Dr. Vanessa Glennon for her multiple avenues 

of assistance. 

Whatever value this work has it is, by definition, a product of the generous time given 

by the wonderful participants of the Florey Adelaide Male Ageing Study (FAMAS) and 

their families – I thank them for that, and for their patience with our never-ending 

enquiries. I particularly want to thank all of our FAMAS staff over the many years, 

especially my long-time confrère Ms. Leanne Owen and the other establishing 

member of the FAMAS fraternity, Dr. Matt Haren. From our study’s inception, we 

have received an enormous amount of support from the all the staff at the 

Population Research and Outcome Studies group (finally got the name right!) – my 



xv 

thanks you all, but particularly A/Prof Anne Taylor and Ms. Janet Grant for your 

constant generosity over the many years.  

I’ve been lucky in my life to count a veritable cavalcade of characters as family and 

friends. In your varying ways, you’ve all been an important crutch during this period 

of my life. Most are likely to never read a single word written herein, and I love you 

all the more for it. Finally, and most importantly, to my treasured travel mate in life, 

Lexi, who has had carried this with me more than most could or would – this one’s 

dedicated to you. 

 

Smooth waters. Strong winds. Full sails… Thanks to all! 

 

 

Sean Martin  

July 2013 
 


	TITLE: THE ROLE OF MODIFIABLE RISK FACTORS IN THE PRESENCE AND DEVELOPMENT OF LOWER URINARY TRACT SYMPTOMS (LUTS) AND SEXUAL DYSFUNCTION IN AGEING MEN
	Table of Contents
	Originality Certification
	List of tables
	List of figures
	Abbreviations
	Acknowledgements




