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Synopsis  
 

This synopsis is to provide an overview of the Author‟s thesis, 

commencing with his warranty of the originality of the thesis and a 

declaration of his belief that it represents a contribution to 

scholarship through the discovery of knowledge. It also includes a 

Statement of Contributions acknowledging the contributions of his 

co-investigators and co-authors to the research project and to the 

authorship of the published articles. Written consent has been 

obtained from all the co-authors for the inclusion of these published 

articles in the thesis.  

 

The thesis is organised, in accordance with the guidelines of the 

Graduate Research School of the University of Western Australia, 

as a series of articles published or accepted for publication in 

reputable international peer-reviewed medical journals and is 

presented in 12 link chapters based on these publications. Each 

link chapter either confirms its coherence as an integral part of the 

thesis or addresses a particular aspect of the Author‟s research 

project.  

 

The link chapters  

Chapter 1 

Chapter 1 contains an introduction to the Author‟s research project 

and a list of publications related to the thesis. Details of the 

research project and the resources used are described in this 

chapter as well as the references cited. 

 

Listed in Chapter 1 are the four articles which have been published 

in recent issues of the Journal of Sexual Medicine and one article 

which has been accepted for publication in the same journal. The 
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sixth article has just been published in The Aging Male. These 

publications, of which the Author of this thesis is the lead 

contributor, represent the respective link chapters in the thesis. 

 

The research project is described in Chapter 1. It has as its main 

focus the epidemiology of male erectile dysfunction (ED) in 

Western Australia (WA) and its association with sociodemographic 

and lifestyle factors and with cardiovascular (CV) disease. It also 

includes the investigation of ED as a predictor of subsequent 

atherosclerotic CV events in a linked-data study.    

 

Chapter 2 

Chapter 2 describes the epidemiology of ED in WA. It contains the 

details of a previous study on ED among attendees at randomly 

selected general medical practices and a comprehensive 

description of a population-based cross-sectional study, the 

Western Australia Men‟s Health Study (WAMHS). The Author was 

the principal investigator of both of these epidemiological studies on 

ED in WA.    

 

The findings from the WAMHS show that ED is a prevalent, age-

related and under-treated condition in WA and confirms an intimate 

nexus between ED and CV disease. The study also provides 

evidence that cigarette smoking is an independent risk factor for 

ED. In contrast, alcohol consumption, another common lifestyle 

factor, appears to be associated with lower odds of ED if the drinker 

observes the current Australian National Health and Medical 

Research Council guidelines for low-risk drinking. 

 

Chapter 3  

This chapter, representing the published article entitled “Male  
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erectile dysfunction: Its prevalence in Western Australia and  

associated sociodemographic factors”, summarises the  

epidemiological information on the prevalence of ED in the male  

population in WA. This covers the entire age spectrum of the adult  

male population.   

   

Adjusted to the age distribution of the male population in WA, the  

prevalences of ED and severe ED in WA were estimated to be  

25.1% and 8.5%, respectively.   

 

Chapters 4-7 

The associations of ED with sociodemographic factors, cigarette  

smoking, alcohol consumption and CV disease were discussed in  

these Chapters representing the four published articles related to  

these topics. 

 

The significant increase of prevalence and severity of ED with age  

was confirmed, as in other similar studies. In spite of the prevalence,  

however, only a small proportion of men with ED ever sought or  

received treatment for ED, although most of these men had had ED  

for at least two years. 

 

ED was more prevalent among the current smokers in the WAMHS 

and among the participants with a history of cigarette smoking. The 

age-adjusted odds ratio of any ED was 1.66 (95% CI 1.11, 2.50) 

among current smokers of all ages and 1.41 (95% CI 1.05, 1.88) 

among ever smokers. When also adjusted for CV disease, the odds 

were 1.57 (95% CI 1.02, 2.42) and 1.40 (95% CI 1.02, 1.92), 

respectively, suggesting that cigarette smoking is a risk factor 

independent of CV disease. The adverse effects of smoking on 
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erectile function appears to be persistent or even permanent unless 

a smoker gives up smoking early in adult life.   

 

On the other hand, consumption of alcohol within the recommended  

guidelines for low-risk drinking appears to be associated with  

decreased odds of ED. The likely beneficiary of the decreased odds  

of ED is a low-risk drinker who is a non-smoker without CV disease. 

 

CV risk factors and disease were more prevalent in men with ED in  

the WAMHS and men with CV morbidities incurred higher risk of  

ED. Atherosclerosis from endothelial dysfunction is probably the  

common denominator in ED and CV disease, and both conditions  

are possibly manifestations of generalized vascular endothelial  

disease in different vascular beds. 

 

Chapter 8 

 Chapter 8 represents the article entitled “Sex life after 65: How does  

erectile dysfunction affect elderly men?”, which reports on the  

erectile function and sexual behaviour of ageing (≥ 65 years) and  

elderly (≥ 80 years) men in the WAMHS. The findings were compared  

with those for men in the study aged younger than 65 years. 

 

ED is prevalent in the ageing and elderly population. Most of the  

ageing and elderly men were married or having partners, and the  

majority were retirees or no longer in gainful employment. A  

sizeable proportion of these men continue to be sexually active. 

 

Chapter 9 

 This chapter relates to the article on ED as a predictor of   

subsequent atherosclerotic CV events. It includes the details of  

data linkage involving the Keogh Institute for Medical Research  



 14 

ED Dataset, the WA Hospital Morbidity Data and the WA Death  

Data. The resultant linked dataset provided the opportunity for the  

investigation of the predictive value of ED for first-ever  

atheroscleroitic CV events in men with ED.  

 

Compared to a population-based reference sample of men, the  

incidence rate ratios of hospital admissions for CV disease and  

deaths from CV causes in men with ED were significantly higher.  

Findings from the linked-data study show that 76.0% of  

subsequent atherosclerotic CV events had occurred within fifteen  

years of the manifestation of ED, and 4.2% had occurred within  

2 years. The median time interval was 11.9 years (mean 11.2  

years, standard deviation 6.9 years). The risk of atherosclerotic CV  

events is high in younger men with ED, but the predictive value of  

ED for such events decreases in the older men. 

 

Chapter 10  

The overall discussion for the thesis is presented in Chapter 10.  

 

The salient findings from the research project are summarised and 

their significance or implications discussed. The limitations of the 

studies are also deliberated and suggestions for future research are 

included. 

 

Findings from the WAMHS show that ED is prevalent in WA and 

affects adult men over the entire age range of 20-99 years. The 

estimated overall prevalences of any ED and of severe ED were 

respectively 25.1% and 8.5%. ED was also more severe with a 

longer duration of ED. However, only few men with ED sought or 

received treatment. 
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The WAMHS also confirms that age is the predominant risk factor 

for ED and that both the prevalence and the severity of ED increase 

with age. These findings are especially relevant in the context of 

rapid population ageing in Australia.  

 
Cigarette smoking was shown to be a significant risk factor for ED 

independent of CV disease and that about 20% of ED was 

attributable to cigarette smoking, if smoking causes ED. The 

adverse effects of smoking on erectile function may be persistent or 

permanent unless cessation of smoking occurs in early adult life.    

 

In contrast, alcohol consumption within the guidelines for low-risk 

drinking is associated with lower odds of ED. 

  

These findings would provide the rationale for counselling and 

therapeutic decisions in clinical practice and for educational 

programmes and promotional strategies in public health. 

 
Almost all the CV morbidities in the spectrum of CV disease were 

found to be prevalent in men with ED in the WAMHS, and higher 

proportions of men with ED, particularly severe ED, had CV risk 

factors and disease. The epidemiological data from WAMHS further 

attest to the intimate nexus between ED and CV risk factors and 

disease. 

 
Findings from the linked-data study show that ED is significantly 

associated with subsequent atherosclerotic CV events, based on 

hospital admissions and death registrations. The incidence of 

atherosclerotic CV events subsequent to the initial manifestation of 

ED is twice that in the reference population representative of the 

general male population in WA (SIRR 2.2; 95% CI 1.9, 2.4).  
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These findings add support to the concept that ED and 

atherosclerotic CV disease are manifestations of generalised 

vascular endothelial disease in different vascular beds. The raison 

d’être is therefore compelling for a paradigm shift in the perception 

and management of ED. The clinician should focus on CV risk 

prevention and minimisation when CV disease is still silent or 

asymptomatic, and men presenting with ED should undergo a 

thorough assessment of their CV risk with view to appropriate 

management of modifiable factors contributing to that risk. 

 

In addition, these findings suggest that ED is associated in younger 

men with greater relative risk of subsequent atherosclerotic CV 

events but has decreased predictive value in the older men.  

First-ever atherosclerotic CV events subsequent to ED generally 

were shown to occur after several years (12.3% within 5 years) but 

may come without warning from existing undiagnosed 

atherosclerotic CV disease. A beneficial outcome is thus achievable 

if CV risk prevention or minimisation programmes are initiated 

early. 

 

Chapter 11  

Chapter 11 is the concluding chapter of the thesis with the reporting 

of the successful completion of the research project and the 

publication of findings from the studies.  

 

The acquisition of population-based epidemiological data on ED in 

WA has been accomplished. The investigation of the role of ED in 

CV disease has led to the confirmation of not only an intimate 

nexus between the two conditions but also the value of ED as a 

predictor of subsequent atherosclerotic events.  
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Appendix 1 and 2 

The author‟s publications and presentations related to the thesis 

and those related to ED in general are listed in Appendix 1. The 

abstracts of presentations and full texts of published articles related 

to the thesis are included in Appendix 2. 

 

 Appendix 3 

The consent of co-investigators and co-authors for the inclusion of 

the various publications is included. 

 

 

The thesis is completed with the Author‟s ackowledgement of a list 

of persons to whom he is gratefully indebted for relentless support 
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Chapter 1 
 

The thesis                         

1.1 Introduction   

Male erectile dysfunction (ED), the mantra of the Author‟s 

professional interests and research project, is the consistent or 

recurrent inability to achieve and/or maintain an erection sufficient 

for satisfactory sexual performance. 1, 2  

 

Professional and public interest in ED have increased considerably 

since phosphodiesterase-5 inhibitors became commercially 

available in Australia in 1998 as orally effective agents in its 

treatment. The serendipitous discovery that phosphodiesterase-5 

inhibition in the penile vasculature led to amelioration of ED has 

intensified research on the pathophysiology of ED and its 

implications in cardiovascular (CV) disease.  

 

Formerly referred to as impotence and dismissed as a psychogenic 

lifestyle hindrance, there is now mounting evidence that ED, mostly 

vasulogenic, may well be a powerful risk-marker of CV disease, 3, 4 

both conditions being related to and arising from atherogenic 

endothelial dysfunction. Indeed, an intimate inter-relationship 

between ED, endothelial dysfunction and CV disease has been 

highlighted in a comprehensive review collaborated by the Author 

on the ED/endothelial dysfunction nexus. 5  

 

The doctoral research presented in the Author‟s thesis consists of 

the epidemiology of ED and the investigation of the role of ED as a 

predictor of subsequent atherosclerotic CV events. In this thesis, 

the findings of the research project and their implications are 
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presented along with detailed descriptions of the resources 

enlisted, the methods used and the limitations encountered. 

 

The thesis is supported by six articles of which the Author is the 

leading contributor. These articles, based on findings from the 

research project, have been published or accepted for publication 

in reputable international medical journals and have endured 

comprehensive peer-review through the journals prior to their 

acceptance for publication. Written consent has been obtained from 

the co-authors for the inclusion of these articles in the thesis. 

 

 

1.2 Publications arising from this thesis                                              

Arising from this thesis, four articles have been published and one 

article accepted for publication in the Journal of Sexual Medicine, 

an international medical journal with an impact factor of 6.199 and a 

journal ranking of 2 in the Urology and Nephrology category of 55 

international publications. 6 The sixth article has been published in 

The Aging Male, another international medical journal of 

comparable repute. 7 

 

The publications, each representing the respective chapter in the 

thesis indicated in blue fonts, are as follows: 

 

1. Chew KK, Stuckey BGA, Bremner A, Earle C, Jamrozik K. Male 

erectile dysfunction: Its prevalence in Western Australia and 

associated sociodemographic factors. J Sex Med 2008; 5:60-9. 

(Chapters 3 and 4) 

2. Chew KK, Bremner A, Stuckey BGA, Earle C, Jamrozik K. Is 

the relationship between cigarette smoking and male erectile 

dysfunction independent of cardiovascular disease? - Findings 
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from a population-based cross-sectional study. J Sex Med 2009; 

6:222-31. (Chapter 5) 

3. Chew KK, Bremner A, Stuckey BGA, Earle C, Jamrozik K. 

Alcohol consumption and male erectile dysfunction: An 

unfounded reputation for risk? J Sex Med 2009; 6:1386-94. 

(Chapter 6) 

4. Chew KK, Bremner A, Earle C, Jamrozik K, Stuckey BGA. Male 

erectile dysfunction and cardiovascular disease: Is there an 

intimate nexus? J Sex Med 2008; 5:928-34. (Chapter 7) 

5. Chew KK, Bremner A, Stuckey BGA, Earle C, Jamrozik K.Sex 

life after 65: How does erectile dysfunction affect elderly men? 

The Aging Male 2009; 12:41-6. (Chapter 8) 

6. Chew KK, Finn J, Stuckey BGA, Gibson N, Sanfilippo F, 

Bremner A, Thompson PL, Hobbs M, Jamrozik K. Male erectile 

dysfunction as a predictor of subsequent atherosclerotic 

cardiovascular events: Findings from a linked data study. J Sex 

Med 2010; 7:192-202. (Chapter 9) 

 

 

1.3 The research project  

There are two components of the doctoral research presented in 

the thesis, namely, the epidemiology of ED and the investigation of 

the role of ED as a predictor of subsequent atherosclerotic CV 

events. An outline of these two aspects is presented in sections 

1.3.1 and 1.3.2 along with the reasons for undertaking the 

respective parts of the research project.   

 

1.3.1 The epidemiology of male erectile dysfunction (ED)  

ED has been consistently shown to be age-related. 8, 9 With the 

elderly population increasing rapidly globally and in Australia, 10 the 

clinical and socioeconomic implications will be immense. It is 
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therefore of paramount importance that relevant local 

epidemiological data, which take into account of geographical, 

cultural, sociodemographic and other pertinent factors, are 

available to provide a rational basis for the planning and delivery of 

effective holistic care for men with ED.  

 

Acquiring population-based epidemiological data on ED for 

Western Australia (WA), with the potential of applicability to 

nationwide Australia, therefore forms the focus of the research 

project. The population-based cross-sectional Western Australia 

Men‟s Health Study (WAMHS) 8 was conducted with this objective 

in view. The study was also designed to provide the opportunity to 

investigate the associations of ED with various possible 

contributory and confounding factors.  

 

The following epidemiological data were the main objectives of the 

study and the reasons for targeting them:  

(a) The prevalence of ED in Western Australia       

(b) The association of ED with:  

(1) sociodemographic factors     

(2) cigarette smoking      

(3) alcohol consumption      

(4) cardiovascular disease 

 

1.3.1 (a)    The prevalence of ED in Western Australia (WA) 

In the United States of America, findings from the Massachusetts 

Male Aging Study conducted in 1987-89 suggest that 52% of men 

have ED and 9.6% severe or complete ED. 9 Many epidemiological 

studies have since confirmed that ED is a common condition in 

men.  
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In Perth, WA, a study involving adult male attendees at randomly 

selected general medical practices showed that 39.4% of men 

reported ED, with almost half reporting severe ED or “a problem 

with obtaining or maintaining an erection „all the time‟”. 11 Although 

the study provided useful Australian data on the prevalence of ED, 

it had been conducted in the setting of general medical practice and 

might not exactly reflect the problem in the general population.  

 

Using an internationally validated investigative instrument, the 

WAMHS was designed to provide population data and to empower 

an evidence-based insight into ED as a problem in the general 

Western Australian male community.   

 

1.3.1 (b)     The association of ED with   

(1) sociodemographic factors  

Our study on ED in general medical practice confirmed the finding 

reported from other similar studies that age is the most significant 

risk factor for ED. 8, 9 Certain sociodemographic factors were also 

identified which may aggravate the adverse effects of ageing on 

erectile function and increase the risk of ED. 8 

 

The findings from the WAMHS implicating similar 

sociodemographic factors in a population-based study enabled an 

update and review of current data and would facilitate the planning 

and allocation of resources in the delivery of relevant healthcare 

services. 

  

(2) cigarette smoking 

Just as cigarette smoking is prevalent in men with CV disease, ED 

is common among cigarette smokers. 12-17 Studies have also shown 

that CV disease is prevalent among men with ED and is associated 



 27 

with higher risk of ED. 4, 9, 18 There is, however, a lack of consensus 

on whether cigarette smoking is an independent risk factor and 

whether cessation of smoking can reduce the risk of ED. 19  

 

Questions on cigarette smoking were included in the questionnaire 

for our population-based study. This provided the opportunity to 

examine the association between ED and smoking behaviour of 

current smokers as well as the effect of cessation of smoking on 

ED.  

 

(3) alcohol consumption 

Alcohol is the most commonly used recreational drug in Australia 

and worldwide. Surveys have consistently shown that about 80% of 

Australians aged 14 years and older consume alcohol and that 

almost 50% drink alcohol at least once a week. 20  

 

ED is mostly vasculogenic and intimately linked to CV disease, 5, 18 

and cardio-protective benefits have been reported with daily light to 

moderate alcohol consumption. 21, 22 Responses to questions on 

alcohol drinking in the study questionnaire provided the opportunity 

for the association between alcohol and ED to be examined.   

 

(4) cardiovascular (CV) disease  

Metabolic Syndrome 23, 24 is common in Australia. The prevalence 

of overweight and obesity has dramatically increased over the last 

three decades, and diabetes mellitus too is increasing in „epidemic‟ 

proportions. 25 It has been estimated that, at the current incidence 

rate of diabetes, more than a third of Australians will develop the 

disease within their lifetime. 26 These will lead to an increased risk 

of CV disease, which is already a leading cause of death in 

Australia. 25  
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ED and CV disease have many risk factors in common. 27, 28 There  

is evidence of a common determinant in the pathophysiology of 

both CV disease and ED. 4, 5, 28  The WAMHS provided the 

opportunity for this relationship to be further explored and updated. 

 

 

1.3.2 ED as a predictor of subsequent atherosclerotic CV events   

As age advances, ED is more prevalent and erectile function is 

further adversely affected by various age-related co-morbidities, 

particularly CV risk factors and disease, either independently or as 

clusters of inter-related conditions.      

 

CV risk factors and disease are significantly more prevalent in men 

with ED, especially those with severe ED. 4, 29 Men with CV risk 

factors, such as central obesity, diabetes mellitus, hypertension and 

hyper- or dys-lipidaemia, clinical components of the metabolic 

syndrome, have a significantly higher risk of ED. 8, 9, 11-19, 30 Indeed, 

the greater the number of these CV risk factors the higher the risk. 

12 Such findings suggest that ED could be a manifestation of 

generalised atherosclerotic disease. 5, 20-22  

 

National mortality data show that coronary artery disease is the 

leading underlying cause of death in Australia in both men and 

women. It accounted for 18.5% of all male deaths in 2005, and 

cerebrovascular disease accounted for an additional 6.9% as the 

third most common cause. 25 With coronary artery disease as the 

leading specific cause, CV disease contributed to 18.0% of the 

overall burden of disease in Australia in 2003 and was the most 

expensive disease group in terms of direct healthcare expenditure 

in 2004-05. 25  
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Confirmation of ED as a predictor of atherosclerotic CV events has  

therefore important wide-ranging implications in all aspects of 

healthcare. In providing the rationale for initiating and intensifying 

CV risk minimisation strategies for patients at risk, it was more than 

a pursuit of academic interest for the predictive value of ED to be 

investigated.   

 

        

1.4  Resources           

 Four resources were available for the research project: 

 1.4.1 The Western Australia Men‟s Health Study (WAMHS)  

 1.4.2 The Keogh Institute for Medical Research Erectile  

  Dysfunction Dataset (KIMREDD)  

 1.4.3  The Western Australia Hospital Morbidity Data (WAHMD) 

 1.4.4 The Western Australian Death Data (WADD)  

 

1.4.1 The Western Australia Men’s Health Study (WAMHS) 

The Western Australia Men‟s Health Study (WAMHS) is a cross-

sectional observational study conducted by postal questionnaire in 

WA through the Keogh Institute for Medical Research (KIMR). It 

involved age-specific male population samples obtained from the 

June 2001 Electoral Roll for WA.  

 

The responses of 1,580 participants to questions relating to 

sociodemographic data, clinical information, cigarette smoking, 

alcohol consumption and erectile function provided an insight into 

the sociodemographic characteristics, patterns of morbidities, 

smoking and drinking behaviour and erectile function status of adult 

males in WA across the entire spectrum of age. 
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A detailed description of the WAMHS is presented in section 2.2 of 

Chapter 2. 

 

1.4.2 The Keogh Institute for Medical Research Erectile Dysfunction 

Dataset (KIMREDD)  

First founded in 1983 as the Reproductive Medicine Research 

Institute, the Keogh Institute for Medical Research (KIMR) has been 

the referral centre for male sexual dysfunction in WA. Male patients 

with sexual dysfunction, particularly ED, continue to be referred to 

the KIMR by their general practitioners and by specialists in various 

clinical disciplines, either directly or through the public hospital 

system at the Sir Charles Gairdner Hospital, a teaching hospital of 

the University of Western Australia.  

 

The computerised KIMR database for ED contains the 

sociodemographic and clinical details of the attendees. These 

include each man‟s surname, given name, date of birth, residential 

address, postcode, Medical Record Number (a personal 

identification number allotted to a Western Australian resident 

attending a public hospital in WA) if available, details of erectile and 

other sexual dysfunction, medical history and treatment, and results 

of laboratory and other investigations. The KIMREDD is a dataset 

of men from the KIMR database comprising men who attended the 

KIMR for ED over a 10-year period from 1 January 1995 to 31 

December 2004.  

 

1.4.3 The Western Australia Hospital Morbidity Data (WAHMD) 

The Western Australian Hospital Morbidity Data (WAHMD), a core 

element in the Western Australian Data Linkage System (WADLS), 

31, 32 is a population-based administrative dataset containing data 
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related to all public and private hospital admissions in WA since 

1980.  

 

Demographic information of patients and their clinical details coded  

according to the International Classification of Diseases (ICD-9-CM  

or ICD-10), 33 as well as details of each admission to hospital, such 

as length of stay in hospital and hospital discharge status, and of 

up to 21 diagnostic codes and 11 procedural codes, are also 

included in the WAHMD. 

 

1.4.4 The Western Australian Death Data (WADD) 

The Western Australian Death Data (WADD), another population-

based administrative dataset and core element in the WADLS, 

contains demographic information as well as the date, cause and 

place of all deaths registered in WA. 
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Chapter 2  

 

Epidemiology of ED in WA 

(Related publication: Chew KK, Stuckey BGA, Bremner A, Earle C, Jamrozik K.  
Male erectile dysfunction: Its prevalence in Western Australia and associated  
sociodemographic factors. J Sex Med 2008; 5:60-9.) 

 

The Author was the principal investigator of two epidemiological 

studies on ED in WA. The first study was a study of ED in general 

medical practice and the WAMHS was the second study. The 

population-based WAMHS forms a major part of the Author‟s 

doctoral research for his postgraduate candidature.  

  

2.1 ED in general medical practice in WA   

ED in general medical practice in WA, conducted in 1996-97, was 

the first-ever epidemiological study on ED in WA. The findings from 

this study were published in the International Journal of Impotence 

Research (Chew KK, Earle CM, Stuckey BGA, Jamrozik K, Keogh 

EJ. Erectile dysfunction in general medical practice: prevalence and 

clinical correlates. Int J Imp Res 2000: 12:41-45).  

 

The epidemiological information from the study has been cited in 

many publications, educational programmes and websites (such as 

www.impotenceaustralia.com.au, the website of the multi-

disciplinary non-profit-making support organisation „Impotence 

Australia‟), as the reference data for ED in Australia. 

 

 

2.1.1 The study  

The study was conducted in Perth, WA, involving a cohort of 1,240 

consecutive adult male attendees at 62 randomly selected general 

medical practices. The postal questionnaire included questions on 

http://www.impotenceaustralia.com.au/
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sociodemographic details, medical history and treatment, and the 

level of sexual activity and erectile function.  

 

Erectile function was assessed using a single global question: “Are 

you having a problem with obtaining or maintaining your erection?” 

ED, if present, was rated as occurring occasionally, often or all the 

time. Where applicable, information was sought regarding the 

duration of ED and treatment ever received. 

 

Patterns of ED were examined using frequency distributions and 

contingency tables generated with Microsoft Graph software. 

Statistical associations were assessed using the chi-squared (2) 

test. The relationships between the various levels of severity of ED 

and self-reported co-morbidities were examined using logistic 

regression and EGRET software, with the final multivadiate model 

being derived using backwards stepwise elimination. 

 

2.1.2 The findings  
 

Response and participation 

Of the 1,697 study questionnaires distributed by 38 participating 

general medical practices, 1,100 were returned, yielding a response 

rate of 64.8%. Another 309 study questionnaires were returned by 

24 participating general medical practices which did not record the 

number of questionnaires distributed. The prevalence data on ED 

from the two groups of participating general medical practices were 

not significantly different.  

 

Of the 1,409 men who returned their study questionnaires, 169 

opted not to participate in the study. The overall level of 

participation was therefore 88.0% (1240/1409). 
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Study population 

The 1,240 participants were aged 18-91 years (mean 56.4 years). 

The age distribution of the cohort is shown in Figure 2.1.1. 

  

Figure 2.1.1  Age distribution of study cohort
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Of the participants younger than 60 years, 90.3% were sexually 

active, compared to 52.4% of those aged 60 years and older. 

 

 

Prevalence of ED 

Of the 1,240 participants, 39.4% reported ED: 9.6% occasionally, 

8.9% often and 18.6% all the time. Age was the most significant 

risk factor for ED, and both the prevalence and severity of ED 

increased with age, with dramatic increases after the age of 50 

years and even more strikingly after the age of 60 years. In spite of 

ED being a prevalent condition, only 11.6% of the men with ED had 

sought or received treatment for the affliction. 

 

These findings are summarised in Table 2.1.1.  
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Table 2.1.1. Prevalence (%) of erectile dysdunction (ED) in various 

age groups 

 

Age group 

(years) 

ED 

occasionally 

ED                   

often 

ED                           

all the time 

Any                   

ED 
†
 

< 20 0 0 0 0 

20 – 29 4.6 2.3 2.3 9.2 

30 – 39 5.9 1.7 0.8 8.4 

40 – 49 6.5 4.5 2.0 13.1 

50 – 59 13.5 11.2 8.4 33.5 

60 – 69 14.0 13.7 21.2 51.5 

70 – 79 8.0 12.6 44.9 69.2 

80+ 8.3 6.0 52.4 76.2 

All ages 9.6 8.9 18.6 39.4 

 

† Includes men who reported ED but did not indicate level of severity 

 

 

Risk factors and ED 

The associations of ED with various risk factors were examined. As 

shown in Table 2.1.2, in addition to age, men with ischaemic heart 

disease, peripheral vascular disease or diabetes mellitus incurred 

significant higher odds of ED. 

 

The prevalences of complete ED among patients with these risk 

factors are shown in Table 2.1.3. Although 26.0% of the 

participants with hypertension reported complete ED, the odds ratio 

was not statistically significant. 
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Table 2.1.2. Risk factors and erectile dysfunction (ED): Prevalence of  

   complete ED and odds ratio 

  

 

 

 

 

 

 

 

 

 

 

†
 Reference category: <50 years  

 

 

Table 2.1.3. Prevalence of complete erectile dysfunction (ED) in  

  various age groups with risk factors 

 

Age group 

(years) 

Hypertension Ischaemic 

heart disease 

Peripheral vascular 

disease 

Diabetes 

mellitus 

< 20 0 0 0 0 

20 – 29 0 0 0 0 

30 – 39 0 0 0 0 

40 – 49 3.8 0 0 10 

50 – 59 6.8 11.1 25.0 28.6 

60 – 69 24.4 29.2 64.3 36.6 

70 – 79 46.2 55.2 53.8 41.2 

80+ 45.7 58.6 70.0 50.0 

All ages 26.0 38.1 56.8 34.4 

 

There is clear evidence, therefore, that ED is an age-related, under-

diagnosed and under-treated condition which is strongly associated 

Risk                                     

factor 

Prevalence 

(%) 

Odds                         

ratio 

95% confidence 

intervals 

Hypertension 

 

26.0 Not significant - 

Ischaemic heart 

disease 

38.1 1.87 1.20 – 2.91 

Peripheral vascular 

disease 

56.8 5.13 2.12 – 12.42 

Diabetes mellitus 

 

34.4 2.53 1.52 – 4.38 

Age (years) 

     50-69 

     70+ 

 

15.7 

47.0 

 

11.40 

63.88 

 

5.13 – 25.34 

26.59 – 143.0 
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with ischaemic heart disease, peripheral vascular disease and 

diabetes mellitus.  

 

 

2.2 The Western Australia Men’s Health Study (WAMHS)  

2.2.1 Background  

Prior to the National Institute of Health consensus on the definition 

of erectile dysfunction (ED) 1, 2 or impotence, there were wide 

variations and inconsistencies in the criteria for the condition in the 

selection of men for epidemiological and other studies. Even with 

ED appropriately defined, there are wide variations in the 

sociodemographic and clinical profiles of the study populations of 

many recent population-based epidemiological studies on ED and 

the findings from these studies vary considerably because of major 

methodological differences and deficiencies in study design. 3 On 

account of these, most results could neither be used for general 

application nor for comparison between studies. 3 Local 

epidemiological data were, therefore, a research priority. 

 

Our previous study in general medical practice had provided 

epidemiological data on ED in a specific clinical setting. 4 In 

contrast, the Western Australia Men‟s Health Study (WAMHS) was 

a cross-sectional observational study involving randomly selected 

Western Australian male population samples.  

 

2.2.2 Aims of study 

The aims of the WAMHS were: 

(a) To assess the overall prevalence of ED and the prevalence 

of ED in various age groups in the adult male population in 

WA 

(b) To examine the association between ED and various  
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sociodemographic characteristics, such as age, marital 

status, employment status, occupation and socioeconomic 

status    

(c) To examine the relationship between ED and cigarette 

smoking and between ED and alcohol consumption   

(d) To examine the pattern of cardiovascular morbidities in the 

WAMHS and their relationship with ED 

 

2.2.3 Study design   

Study population 

The study on ED and its correlates, the WAMHS, was conducted 

between October 2001 and December 2002 by postal 

questionnaire sent to representative samples of men in WA. The 

WA Electoral Roll for June 2001, which contains the demographic 

details of all adult Australian Citizens residing in WA (their 

enrolment to vote being compulsory by law), provided the source 

for the representative samples.  

 

With the assistance of the WA Department of Health, seven sets of 

randomly selected male population samples, each of 604 men, 

were obtained in strata defined by residence in and outside 

metropolitan Perth according to postcode and age in decade from 

20-29 to 80+ years. As most Western Australians reside in 

metropolitan Perth, over-sampling of the areas outside metropolitan 

Perth was undertaken to ensure their proportionate representation. 

 

The sample size was designed to give the study a power of 80% for 

detecting at 5% statistical significance the difference in prevalence 

of ED between the WAMHS and our previous study in general 

medical practice, 4 allowing for a non-response fraction of 30%.  
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Study questionnaire & investigative instruments  

A total of 4,228 reply-paid study questionnaires were posted. The 

study questionnaire contained 28 items, most of which requiring 

only an answer from a selection of several listed options. There 

were five questions on sociodemographic characteristics (date of 

birth, marital status, postcode of residence, occupation and 

employment status), five questions on medical history and treatment 

(medical conditions, current medications and surgical operations), 

10 questions on sexual function (coital frequency, erectile difficulty 

and treatment), five questions on cigarette smoking, and three 

questions on alcohol consumption. Specific inquiry was included 

concerning the history of and treatment for diabetes mellitus, high 

blood pressure, raised blood cholesterol levels, heart attack, angina, 

blocked lower limb arteries, and stroke.  

 

The participants‟ main occupations in life were categorised 

according to the Australian Standard Classification of Occupations 

(ASCO). 5 To reduce complexity, the number of occupational groups 

in the ASCO was reduced from nine to six by merging those with 

similar job descriptions, regardless of the level of skill or 

specialisation. According to the type of work involved in their 

occupations, the participants were also categorised as „white collar‟ 

or „blue collar‟ workers. 

 

The Socioeconomic Index for Area (SEIFA), a measure of the 

socioeconomic conditions of each participant‟s residential postcode, 

has been derived by the Australian Bureau of Statistics (ABS) from 

population census data to provide an overview of a number of 

related variables associated with socioeconomic disadvantage. 6 

We used four categories (quartiles) of SEIFA (SEIFA 1 to SEIFA 4) 
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in the WAMHS, with the lowest category SEIFA 1 indicating the 

greatest socioeconomic disadvantage.  

 

We collected data on ED using the internationally validated 5-item 

International Index for Erectile Function (IIEF-5), 7 otherwise known 

as the Sexual Health Inventory for Man or SHIM. IIEF-5 scores of 

22-25, out of a maximum of 25, suggest normal or adequate erectile 

function, and scores < 22 indicate ED. ED is then stratified into four 

levels of severity: 17-21 denoting mild ED, 12-16 mild to moderate 

ED, 8-11 moderate ED and < 8 severe ED. 

 

2.2.4 Main outcome measures  

As indicated in section 2.2.3, in addition to the questions on 

sociodemographic details, clinical information, smoking and 

drinking habits, the Australian Standard Classification of 

Occupations (ASCO) 5 and the Socioeconomic Index for Area 

(SEIFA) 6 were used to categorise occupations and rate the level of 

socioeconomic disadvantage. The 5-item International Index of 

Erectile Function (IIEF-5), also known as the Sexual Health 

Inventory for Men (SHIM), was included to assess erectile function. 

7 

 

2.2.5 Statistical analyses 

The associations between ED and various factors of interest were 

examined using Pearson‟s Chi square tests. ANOVA tests and t-

tests were used to compare mean ages. Using logistic regression 

models, odds ratios (ORs) of ED associated with various categories 

of risk factors and the corresponding 95% confidence intervals 

(CIs) were calculated. These were adjusted for age (as a 

continuous variable) the square of age and other covariates such 

as CV risk factors or disease where appropriate.  
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Analyses were performed with the Statistical Package for the Social 

Sciences (SPSS, SPSS Inc, Chicago, IL, USA) 14.0 for Windows.  

2.2.6 Ethics approval and funding  

The Human Research Ethics Committee of Sir Charles Gairdner 

Hospital, Nedlands, WA, approved the protocol for the study. The 

WAMHS was conducted with the part assistance of a research 

grant from Pfizer Australia. The grant was awarded to the Author 

with no conditions or restrictions attached in terms of study design, 

data acquisition, data analyses and reporting of study findings. 

 

2.2.7 Findings 

General findings regarding the study population, the response 

fractions, and the response and participation rates are reported in 

this section. Specific findings from the WAMHS with respect to the 

prevalence of ED and its association with cigarette smoking, 

alcohol consumption and CV disease are presented in details in 

Chapters 3 to 7. 

 

 Response & participation  

Of the 4,228 study questionnaires posted, 1,770 (41.9%) were 

returned, of which 1,580 (89.3%) were fully answered and 190 were 

not completed. Only the ages were known in 186 of the 190 men, 

and 75.3% were aged 60 years and older (mean 70.8 years).  

 

The response fractions of the participants in different age groups 

were as shown in Table 2.2.1. These were lowest in age groups 

younger than 40 years and tended to be higher in age groups 40-79 

years compared to the response fraction of the whole study.  

 

The response of 41.9% (1,770/4,228) is comparable to the 44.7%  
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and 47.6% achieved for studies in rural New York State in the USA 

(n=5,198) 8 and in Brazil (n=718) 9 respectively, although higher 

responses of 56.1 to 69.9% have been reported for studies in 

Germany (n=8000), 10 the Netherlands (n=1,771) 11 and Finland 

(n=2,198). 12 

 

The participation rate was 37.4% (1,580/4,228). However, the 

participation by 89.3% of responders (1,580/1,770) compares well 

with the range of 65.6% to 96.2% reported in other community-

based studies. 8, 13-16  

 

Age of participants 

The 1,580 participants were aged from 20.1 to 99.6 years (mean 

57.9, median 59.1, SD 18.5).   

 

The age distributions of the 1,580 participants, the male 

populations of WA and national Australia, and the World Health 

Organisation (WHO) World Standard Population based on average 

world population between 2000 and 2025 17 are shown in Table 

2.2.1.  
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Table 2.2.1. (a) Response fractions of participants in WAMHS  

(b) Age distributions of (i) WAMHS participants (ii) males  

in WA (iii) males in Australia and (iv) WHO World  

Standard Population 2000-2005  

 

 
 

Age  
(years) 

(a) WAMHS (b) Age distribution (%)                                                                     

Count %  

Response 
fraction 

(i) Males 
in WA 

(ii) Males in  
Australia 

(iii) WHO 
World 

Standard 
Population 

 

20-29 
127 8.0 21.0 14.3 15.1 16.1 

30-39 
184 11.6 30.5 15.5 15.3 14.5 

40-49  
225 14.2 37.3 15.0 14.6 12.1 

50-59 
244 15.4 40.1 12.1 11.7 9.4 

60-69 
252 15.9 41.7 7.3 7.6 6.3 

70-79 
265 16.8 43.9 4.8 5.4 3.3 

80+  
217 13.7 35.9 1.8 2.0 1.1 

Others 
66 4.4 - 29.2 28.3 37.2 

Total 
1580 100.0 37.4 100.0 100.0 100.0 

 

 

Unlike most published studies on ED conducted on men aged 

between 40 and 70 years, participants in the WAMHS were aged 

from 20.1 to 99.6 years. The findings from the WAMHS are thus 

pertinent to the entire age spectrum of the adult male population in 

WA.  

 

Given the similarity of the age distributions between the adult male 

community of WA and of national Australia (Table 2.2.1), 18, 19 it is 

likely that these findings are applicable nation-wide. 
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Chapter 3 
 

Prevalence of ED in WA  

(Related publication: Chew KK, Stuckey BGA, Bremner A, Earle C, Jamrozik K.  
Male erectile dysfunction: Its prevalence in Western Australia and associated  
sociodemographic factors. J Sex Med 2008; 5:60-9.) 

 

Our previous study in general medical practice in Perth, WA, 

showed that 39.4% of the 1,240 participants aged 18-91 years 

(mean 56.4 years) reported ED. 1 In that study, erectile function 

was assessed using a single global question: “Are you having a 

problem with obtaining or maintaining your erection?” and the 

severity of ED was rated according to whether ED occurred 

occasionally, often or all the time. The responses of the participants 

indicated that the prevalence of ED occurring occasionally, often 

and all the time were 9.6%, 8.9% and 18.6%, respectively. 

 

As described in section 2.2.3, data on ED were collected among 

the 1,580 participants of the WAMHS using the internationally 

validated 5-item International Index for Erectile Function (IIEF-5), 2 

and the erectile function of the participants was stratified according 

to their IIEF-5 scores. There were 154 (9.7%) participants whose 

IIEF-5 scores were not available. Of the154 participants whose 

ages were known, 141 (84.4%) were aged 60 years and older 

(mean 73.3, median 77.7). 

 

The overall prevalences of ED and of the four levels of severity of 

ED were assessed. These were adjusted for age distribution of the 

male population in WA 3 and standardised to World Health 

Organisation (WHO) World Standard Population based on average 

world population between 2000 and 2025. 4 The prevalences of ED 

among the participants in the WAMHS in each age group are 

shown in Table 3.1 and Figure 3.1. 
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Table 3.1. Prevalence of erectile dysfunction (ED) in various age 

groups  

 

 

Age Group 

(Years) 

Prevalence (%) of Erectile Dysfunction (IIEF-5 Scores)  

No ED 

22-25 

ED 

< 22 

Mild to severe ED Not 

known 17-21 12-16 8-11 <8 

20 – 29         (n = 127) 81.9 15.7 10.2 0.8 1.6 3.1 2.4 

30 – 39         (n = 184) 88.6 8.7 7.1 1.6 0 0 2.7 

40 - 49          (n = 225) 84.9 12.9 7.6 3.1 1.3 0.9 2.2 

50 – 59         (n = 244) 64.8 31.6 15.6 4.9 4.5 6.6 3.7 

60 - 69          (n = 252) 39.3 52.4 22.2 9.9 2.8 17.5 8.3 

70 – 79         (n = 265) 17.4 69.4 10.6 6.4 4.2 48.3 13.2 

≥ 80              (n = 217) 2.3 68.2 3.7 5.1 2.8 56.7 29.0 

WAMHS       (n = 1580) 49.9 40.3 11.3 5.3 2.6 21.2 9.7 

WA Males    (n = 675000) - 25.1* 11.0* 3.6* 2.0* 8.5* - 

WHO Standard World 
Population   
 

- 23.4
†
 11.0

†
 3.3

†
 1.8

†
 7.4

†
 - 

 

* Adjusted for age distribution of WA male population 

† Standardised to WHO World Standard Population   
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Figure 3.1.      Age and prevalence of erectile

                             dysfunction                                 
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Based on their IIEF-5 scores, the prevalence of ED among the 

1,580 participants in the WAMHS was 40.3%, and 21.2% reported 

severe ED. Adjusted for age distribution of the male population in 

WA, the estimated prevalences of any ED and of severe ED in 

adult Western Australian men were respectively 25.1% and 8.5%.  

 

As the prevalences of ED in different age groups suggest that ED is 

age-related (Table 3.1) and more than 75% of the men who did not 

participate in the study or whose IIEF-5 scores were unavailable 

were aged 60 years and older, it is possible that the true 

prevalences might be somewhat higher than these estimated 

figures. As described in 2.2.7, the age distributions of the adult 

male populations of WA and national Australia are strikingly similar 

(Table 2.1.1). 3, 5 It is therefore likely that these prevalences are 

applicable to Australia nation-wide. 

  

We standardised the overall prevalences to WHO World Standard 

Population. 4 The standardized prevalences of any ED and severe 

ED were 23.4% and 7.4%, respectively. The reporting of crude 

Severe ED                             
Moderate ED                          
Mild to moderate ED                    
Mild ED 
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prevalences of ED for population samples with different age 

distributions has almost certainly resulted in the apparent significant 

differences in the prevalences of ED reported for different 

communities or countries. To avoid such artifacts, we recommend 

routine application of this approach in order that the prevalences 

from this and other future studies of similar design may be 

meaningfully compared.  

 

Most published studies on ED were conducted on men aged 

between 40 and 70 years. For the purpose of comparison, we 

calculated the preferences for the corresponding age groups.  

Among the participants in the WAMHS aged 40-69 years, the 

prevalences of ED and of severe ED were 33.0% and 8.6%, 

respectively, compared to the prevalences of 52.0% and 9.6% 

reported from the Massachusetts Male Ageing Study (MMAS), 6 

which used a different investigative instrument and design.  

 

In the population-based MARSH study using the single question on 

„the ability to get and keep an erection‟ as the investigative 

instrument, the prevalence of moderate or severe ED in men aged 

40 years and older was estimated as 22.0%. 7 Based on IIEF-5 

scores, 32.1% of the 1203 participants aged 40 years and older in 

our study had severe and moderate ED. The apparent difference 

between the MARSH study and the WAMHS is likely to be related 

to the fact that, compared to 13.3% in the MARSH study, 40.1% of 

these 1203 participants in the WAMHS were aged 70 years and 

older. 

 

As in our previous study on ED in general medical practice in Perth, 

WA, 1 the 20-29 years age group was found to have a higher 

prevalence of ED than the 30-39 years age group. Stresses related 
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to early adulthood, budding relationships and new responsibilities 

associated with entering the work-force and commencing 

independent living are possible contributory factors, although in a 

case report on „honeymoon impotence‟ among men aged 20-28 

years, 26% were found to have vasculogenic ED. 8  

 

It is difficult to exclude the possibility of bias in the data for the 20-

29 years age group, as a combination of differential participation in 

the survey by affected individuals and the low response fraction 

among younger men may have inflated the apparent prevalence of 

ED among men aged 20-29 years. Few population-based studies 

had included men younger than 25 years of age. 9 It is of interest 

that in a study involving servicemen aged 25-55 years, the 

prevalence of ED, based on IIEF-5 scores, was also shown to be 

higher at 25% among younger men aged 25-28 years compared to 

19% and 22% among men aged 29-34 years and 35-40 years 

respectively. 10  
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Chapter 4 
 

Association of ED with sociodemographic factors 
 

(Related publication: Chew KK, Stuckey BGA, Bremner A, Earle C, Jamrozik K. 
Male erectile dysfunction: Its prevalence in Western Australia and associated  
sociodemographic factors. J Sex Med 2008; 5:60-9.) 

 

The association of ED with sociodemographic factors was 

examined and the findings are presented in this chapter. The 

sociodemographic characteristics of the participants in the WAMHS 

are shown in Table 4.1 and are summarised as follows: 

 

Sociodemographic characteristics of study participants 

● Age  

The 1,580 participants were aged from 20.1 to 99.6 years (mean 

57.9, median 59.1, SD 18.5). Their age distribution is described in 

Chapter 2. 

 

● Marital status  

Of the participants, 74.7% were married or had partners, and 

23.4% were widowers, had never been married or were separated 

or divorced. About 10% of the participants aged 70-79 years and 

about 30% of those aged 80 years and older were widowers. 

 

● Employment status 

Of the participants, 52.1% were in full- or part-time employment. 

One-third (32.9%) of the participants aged 60-69 years were still 

gainfully employed, as were 6.6% of those aged 70 years and 

older.  

 

Of the participants, 36.8% were age retirees (mean age 75.9, 

median 75.6 years) and 6.8% had retired for health reasons (mean 

age 64.3, median 63.5 years). 
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● Occupation and type of work 

Overall, 41.8% of the participants had „white collar‟ jobs (managers, 

administrators, professionals and associate professionals), and 

53.5% were „blue collar‟ workers (tradespersons, clerical, sales and 

service workers, production and transport workers and labourers).  

 

 ● SEIFA 

Over half (54.7%) of participants were residents of areas of 

socioeconomic disadvantage (SEIFA 1 and 2 1).  

 

 ● Sexual activity 

Few epidemiological studies have reported on the sexual activity 

among their participants, particularly the elderly. 2 In the WAMHS, 

only 72.9% of those who were married or had partners were 

sexually active. Of those who reported being sexually active, 60.9% 

reported having sexual intercourse regularly. On the other hand, of 

the participants who were widowers, had never been married, or 

were separated or divorced, 53.9% were sexually active and 39.2% 

of these sexually active men reported having sexual intercourse 

regularly.  

 
There was a decline in reported sexual activity in participants aged 

60 years and older and a much sharper decline in those aged 70 

years and older. However, a significant proportion of the elderly 

participants (42.6% of those aged ≥ 60 years and 25.7% of those 

aged ≥ 70 years) continued to be sexually active. In the Global 

Study of Sexual Attitudes and Behaviors involving 13,618 male 

participants from 30 countries, 84% of men aged 40-80 years 

reported having had sexual intercourse within the 12 months 

preceding the study, and 45% of those who were sexually active 

had sexual intercourse regularly. 3  
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The prevalences of ED associated with the various 

sociodemographic factors and their age-adjusted odds ratios for ED 

are shown in Table 4.2. 
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Table 4.1. Sociodemographic characteristics of participants * 
 

 
Sociodemographic                    

factors 

Age (years) 
 

≥ 20 
n=1580 

 

20-29 
n=127 

30-39 
n=184 

40-49 
n=225 

50-59 
n=244 

60-69 
n=252 

70-79 
n=265 

≥ 80 
n=217 

Marital status  

 Married or with partner 
 Never been married 
Separated or divorced 
 Widowers 
   

 
74.7 
8.4 
8.4 
6.5 

 
38.6 
58.3 
2.4 
0 

 
83.2 
13.0 
2.7 
0.5 

 
82.7 
3.1 

12.0 
0 

 
82.8 
2.9 

11.1 
0.4 

 
81.3 
3.6 

12.3 
1.2 

 
77.0 
2.6 
8.7 

10.6 

 
62.2 
0.9 
5.1 

29.5 

Employment status 

 F/p-time employed 
 Unemployed  
 Retired (Age) 
 Retired (Health) 

 
52.1 
2.5 

36.8 
6.8 

 
88.2 
3.9 
0 
0 

 
94.0 
1.6 
0 

2.2 

 
91.1 
3.6 
0.4 
3.1 

 
80.7 
6.1 
2.0 
9.4 

 
32.9 
2.8 

48.4 
15.5 

 

 
6.8 
0 

84.2 
7.9 

 
6.5 
0 

88.0 
6.1 

Occupation   
(ASCO adaptations) 

 Managers &  
    administrators 
Professionals &  
    assoc professionals 
 Tradespersons &  
    related workers 
 Clerical sales &  
    service workers 
 Intermed prod/transp  
    workers & labourers 
 

 
 

 
17.8 

 
25.1 

 
25.9 

 
9.6 

 
16.1 

 
 

 
7.1 

 
25.2 

 
31.5 

 
7.9 

 
18.1 

 
 

 
12.5 

 
27.7 

 
7.5 

 
6.0 

 
14.7 

 
 

 
14.7 

 
25.3 

 
28.4 

 
7.6 

 
21.3 

 
 

 
18.4 

 
33.2 

 
19.7 

 
8.6 

 
14.8 

 
 

 
17.9 

 
23.4 

 
25.0 

 
13.5 

 
15.5 

 
 

 
21.1 

 
21.5 

 
26.4 

 
10.2 

 
15.1 

 
 

 
28.1 

 
23.5 

1 
8.0 

 
10.1 

 
12.0 

Type of work 

 „White collar‟ work 
 „Blue collar‟ work 
 

 
41.8 
53.5 

 
8.5 
8.0 

 
10.9 
13.1 

 
13.6 
15.3 

 
18.6 
12.8 

 
17.3 
14.8 

 
15.2 
17.6 

 
13.2 
13.4 

SEIFA 

 SEIFA 1 
 SEIFA 2 
 SEIFA 3 
 SEIFA 4 
 

 
27.9 
26.8 
15.8 
21.3 

 
23.6 
21.3 
22.0 
24.4 

 
20.1 
27.2 
22.3 
23.4 

 
29.3 
27.6 
16.9 
19.6 

 
25.4 
28.3 
14.3 
23.8 

 
30.2 
23.0 
14.3 
19.8 

 
34.3 
27.5 
10.9 
20.8 

 
27.2 
30.4 
14.7 
20.3 

Sexual activity 

 Sexually active 
 Never sexually active 
 No longer s/active 
 

 
68.1 
1.3 

27.5 

 
93.7 
4.7 
1.6 

 
97.3 
1.1 
0.5 

 
97.3 

0 
1.8 

 
87.7 
2.0 
9.0 

 
75.0 
1.2 

20.2 

 
37.0 
1.1 

58.5 

 
12.0 

0 
79.7 

Sexual intercourse 
frequency 

Regularly 
Sometimes 
 Occasionally 
 Never had sexual  
    intercourse  
 No longer having  
    sexual intercourse  
 

 
 

38.7 
14.7 
14.7 

 
1.3 

 
27.5 

 
 
57.5 
22.0 
14.2 

 
4.7 

 
1.6 

 
 
66.3 
16.8 
14.1 

 
1.1 

 
0.5 

 
 
68.9 
17.8 
10.7 

 
0 
 

1.8 

 
 
53.7 
18.0 
16.0 

 
2.0 

 
9.0 

 
 
32.5 
14.7 
27.8 

 
1.2 

 
20.2 

 
 
11.3 
12.8 

12.81. 
 

1.1 
 

58.5 

 
 

2.8 
2.8 
6.5 

 
0 
 

79.7 

 

* Expressed as % of study sample 
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Table 4.2. Erectile dysfunction (ED) and sociodemographic factors 

  
Sociodemographic 

factors 

Prevalence (%) 

of ED * 

Age-adjusted 

odds ratio  

95% CI 

●  Age 

< 50 years 12.1 1.0  

≥ 50 years 55.3 12.4 9.2 – 16.6 

≥ 70 years 68.9 45.9 31.0 – 67.9 

●  Marital Status 

Married / Had Partner 38.0 1.0  

Never been married     27.8 6.5 3.4 – 12.7 

Separated / Divorced  53.4 2.6 1.6 – 4.1 

Widower            69.9 2.5 0.8 – 8.0 

●  Employment Status 

Full/part-time employed         20.4 1.0  

Unemployed     32.5 2.0 0.9 - 4.2 

Retired (Age)             66.6 1.5 0.9 – 2.4 

Retired (Health)            57.0 3.4 2.0 – 5.9 

●  Occupations 

Managers & administrators 41.8 1.0  

Professional & assoc professionals 37.0 1.1 0.7 – 1.7 

Tradespersons & related workers 38.0 1.5 0.9 – 2.3 

Clerical, sales & service workers 47.0 1.4 0.8 – 2.5 

Intermediate production/transport 

     workers & labourers 

 

39.8 

 

1.7 

 

1.0 – 2.8 

●  Type of work 

‘White collar’ work 39.4 1.0  

‘Blue collar’ work 39.9 1.2 0.9 – 1.6 

●  SEIFA 

SEIFA 1 (greatest socioeconomic  

      disadvantage) 

 

44.7 

 

1.1 

 

0.7 – 1.6 

SEIFA 2 38.1 1.1 0.7 – 1.6 

SEIFA 3 39.0 1.4 0.9 – 2.2 

SEIFA 4 (lowest socioeconomic  

      disadvantage) 

 

39.5 

 

1.0 

 

  

* ED = IIEF-5 scores < 22 
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ED and sociodemographic factors 

 Age 

Age is the predominant factor in ED over and above all other  

sociodemographic factors. Both prevalence and severity of ED 

increased significantly with age, especially after the age of 50 

years. Albeit mostly mild, ED was more prevalent (15.7%) among 

participants in the 20-29 years age group than in the 30-39 (8.7%) 

and 40-49 years (12.9%) age groups. 

 

 Marital status 

The age-adjusted odds ratio for ED among participants who had 

never been married relative to those who were married or had 

partners was significant at 6.5 (95% CI 3.4 – 12.7). This finding is 

consistent with the published observations that having never been 

married is significantly associated with an increased prevalence of 

ED  4 and that fewer married men have ED than non-married men. 5  

 

The age-adjusted odds ratio for men who had been separated or 

divorced was 2.6 (95% CI 1.6-4.1), suggesting that being separated 

or divorced may be a contributory factor to ED, although it is just as 

possible that ED had contributed to separation and divorce in these 

men. Of note, it has been reported that men with severe ED are 

significantly more likely to be without regular sexual partners. 6 

 

 Employment status 

In the WAMHS, ED was present in a smaller proportion of 

participants in full- or part-time employment than those who were 

unemployed, with the odds ratio for ED in the latter group attaining 

only borderline statistical significance. 
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 Occupation and type of work  

Historically, classifying occupations has been a difficult process 

with problems of reliability and validity in cross-national 

comparisons. The Australian Standard Classification of 

Occupations (ASCO) is a skill-based classification with similar 

conceptual framework as the International Standard Classification 

of Occupations developed by the International Labour Office. 7 

Using the ASCO with minor practical adaptations, meaningful 

international comparability with other similarly designed studies 

becomes possible. 

 

Although, as an occupational group, clerical, sales and service 

workers had the highest crude prevalence of ED, there were no 

significant differences between the age-adjusted odds ratios for ED 

among the various occupational groups or between the „white 

collar‟ and „blue collar‟ workers. This contrasts with previous reports 

that a greater number of those employed in „blue collar‟ 

occupations have ED and more severe ED than those in „white 

collar‟ occupations. 8, 9  

 

 SEIFA 

SEIFA, the Socioeconomic Index for Area, helps identify areas of 

socioeconomic disadvantage, but does not necessarily reflect the 

socioeconomic status of the individuals. It has therefore greater 

practical implications in the planning and delivery of healthcare 

services and potentially in the commercial marketing of products 

related to ED.  

 
 

Treatment seeking behaviour of men with ED   

As shown in Table 4.3, of the 468 participants with ED in the 

WAMHS who reported the duration of their erectile difficulty, most 
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(89.1%) had experienced ED for more than one year, 74.8% for 

more than two years, and 12.2% for more than 10 years. ED was 

also more severe in participants with a longer duration of ED.  

 

However, of 90 (15.1%) of the 597 participants with ED indicated 

that they had ever sought and received treatment for ED, although 

75% of the 468 men who reported duration of ED had had ED for at 

least two years.  

 

 

Table 4.3. Duration & severity of erectile dysfunction (ED)  

 

 

Duration of ED 

(years) 

 

Participants with ED  

IIEF-5 < 8 

% 

 

%                        

Treated n % Cumulative % 

         ≤ 1 51 10.9 10.9 21.6 13.7 

> 1 - 2  67 14.3 25.2 41.8 13.4 

> 2 - 5 157 33.5 58.8 44.6 19.7 

 > 5 - 10  136 29.1 87.8 65.4 21.3 

        > 10  57 12.2 100.0 77.2 17.5 

 

NB: No. of participants with ED (IIEF-5 scores <22) = 637 

No. of participants with ED who reported having or not having  

 Received treatment for ED = 597 

 No. of participants with ED who reported duration of ED = 468 
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Chapter 5 

 

Association of ED with cigarette smoking 
 

(Related publication: Chew KK, Bremner A, Stuckey BGA, Earle C, Jamrozik K. Is  
the relationship between cigarette smoking and male erectile dysfunction  
independent of cardiovascular disease? - Findings from a population-based cross- 
sectional study. J Sex Med 2009; 6:222-31.) 
 

Various studies suggest that cigarette smoking increases the risk of 

CV disease 1-5 and that CV disease is significantly associated with 

ED. 6-8 Compared with non-smokers, ED is more common among 

cigarette smokers 9 and the probability of moderate or severe ED is 

greater. 10 However, there is a lack of consensus on whether 

cigarette smoking constitutes a risk factor for ED independent of 

CV disease. 11 It is also uncertain whether cessation of smoking 

can reverse the risk of ED. 11 

 

Questions concerning cigarette smoking were included in the 

WAMHS and 96% of the participants provided responses to these 

questions. Each participant was asked if he had ever smoked, 

whether he was still smoking, and, where applicable, how many 

cigarettes he smoked each day or when he ceased smoking. Based 

on their smoking status, participants were categorised as never 

smokers, former smokers or current smokers. Former smokers and 

current smokers were considered together as ever smokers. 

 

Using these data, we were able to examine the inter-relationships 

between cigarette smoking, ED and CV disease. We also assessed 

the role of cigarette smoking as a risk factor for ED as well as 

whether any relationship between cigarette smoking and ED is 

independent or otherwise of CV disease.  

 

We assessed the prevalence of ED among the participants  
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according to their smoking status, and whether they had risk factors 

for or symptomatic CV disease.  

We were particularly interested in whether the presence of CV 

disease appeared to modify the relationship between ED and 

smoking status. Thus, using never smokers without CV disease as 

reference category, we examined the odds of ED associated with 

previous or current smoking separately among men with and 

without CV disease.  

 

Analyses were performed with the Statistical Package for the Social 

Sciences (SPSS, SPSS Inc, Chicago, IL, USA) for Windows 14.0. 

In the principal comparisons, we used logistic regression to 

calculate odds ratios (ORs) and 95% confidence intervals (CIs) 

adjusted for age and the square of age, and for age, square of age 

and CV disease.   

 

Smoking status 

Table 5.1 shows the age-specific prevalences of never, ever, 

former and current smokers for the 1,513 men with known smoking 

status. Overall, 36.1% of participants had never smoked, 43.5% 

had ceased smoking and 16.1% were current smokers.   

 

As may be seen from Figure 5.1, the prevalence of never smokers 

varied only moderately with age, but was highest in the youngest 

age group and lowest in the most elderly age group. However, the 

prevalence of former smokers more than tripled from the youngest 

to the most elderly age group, and that of current smokers showed 

the opposite trend.   
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The quit fraction (the proportion of ever smokers who had given up 

smoking) increased with age, from 0.28 in the youngest age group 

to 0.92 in the most elderly age group. Of the participants who had 

ever smoked, 73% reported that they had given up the habit. 

 

 

Table 5.1. Patterns of cigarette smoking in different age groups 

 

Age  
(years) 

 

No. of 
participants 

Prevalence (%)                                                                                   
of smoking status 

Never 
smokers  

Ever 
smokers  

Former 
smokers  

Current 
smokers  

Quit 
fraction 

†
 

20 – 29 127 52.0 47.2 13.4 33.9 0.28 

30 – 39 184 40.2 59.2 29.3 29.9 0.49 

40 – 49 225 36.9 61.8 42.2 19.6 0.68 

50 – 59 244 38.5 60.7 42.6 18.0 0.70 

60 – 69 252 38.9 58.7 48.0 10.7 0.82 

70 – 79 265 26.8 66.8 58.1 8.7 0.87 

80+ 217 29.5 57.1 52.5 4.6 0.92 

20 – 80+ 1580 
¶
 36.1 59.6 43.5 16.1 0.73  

 
† Quit fraction = Fraction of ever smokers who had ceased smoking 

¶ 66 participants did not include their ages; 67 participants did not include 

information on smoking status  
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Figure 5.1.   Age-specific patterns of  smoking status
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Smoking status and ED 

 Participants of all ages 

Part (a) of Table 5.2 shows the prevalences of ED among the 1,513 

participants with known smoking status and their odds of ED, 

adjusted first for age and square of age, and then for CV disease 

as well, using never smokers as the reference category.   

 

The age-adjusted odds ratio of any ED was 1.66 (95% CI 1.11, 

2.50) among current smokers of all ages and 1.41 (95% CI 1.05, 

1.88) among ever smokers. When also adjusted for CV disease, 

the odds were 1.57 (95% CI 1.02, 2.42) and 1.40 (95% CI 1.02, 

1.92), respectively.  

 

In the case of former smokers, similarly adjusted odds of any ED 

(OR 1.31; 95% CI 0.96, 1.80 and OR 1.33; 95% CI 0.95, 1.87, 

respectively) were not different from those of never smokers. 

However, odds of severe ED, adjusted for age (OR 1.78; 95% CI 

1.19, 2.66) and further adjusted for CV disease (OR 1.70; 95% CI 

1.09, 2.65), were significantly higher compared with never smokers.  
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 Participants aged < 50 and ≥ 50 years 

Of the 1,580 participants in the WAMHS, 1,455 reported their date 

of birth as well as their smoking status. Parts (b) and (c) of Table 

5.2 show the odds of ED, adjusted for age and square of age and 

also for CV disease, with these 1,455 participants stratified into 

men younger than 50 years (< 50 years) or 50 years and older (≥ 

50 years), using never smokers in the respective age groups as the 

reference category. As evident in Table 7.1, the prevalence of CV 

risk factors and disease increases dramatically after the age of 50 

years. The stratification was designed, therefore, to explore the 

possibility of effect modification by age in the relationship between 

smoking and ED by comparing the odds in the two strata of 

participants. 

 

While the odds of ED, adjusted for age, were not significantly 

different between current or former smokers and never smokers 

aged < 50 years, they were significantly higher among current and 

ever smokers aged ≥ 50 years, compared with never smokers in 

the same age group. Further adjustment for CV disease, however, 

did not meaningfully alter the odds ratios, particularly in the younger 

age group.  

 

Population attributable fractions 

We calculated population attributable fractions using the formula:  

PAF = 100 x p (OR-1) 

1 + p (OR-1) 

where p is the prevalence of a certain category of smoking status, 

OR is the odds ratio for ED associated with membership of that 

category, and PAF is the percentage of cases of ED in the 

community that would be avoided if that category of smoking status 

was eliminated and smoking was causally related to ED. 
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The population attributable fractions associated with ever smoking, 

former smoking and current smoking were 19%, 13% and 8%, 

respectively. These represent the percentages of all ED cases in 

the population that are attributable to the corresponding categories 

of cigarette smoking, assuming smoking causes ED. 

 

 

Number of cigarettes smoked and ED  

Of the 255 current smokers, 148 (58.0%) reported the number of 

cigarettes they smoked and 143 (56.1%) reported having ED. Sixty-

nine current smokers smoked an average of 10 or fewer cigarettes, 

38 smoked 11-20 cigarettes and 41 smoked > 20 cigarettes per 

day. There were no systematic differences in characteristics such 

as age (p = 0.19), area of residence (p = 0.87), and presence of CV 

disease (p = 0.46) and ED (p = 0.52) between the current smokers 

who reported the number of cigarettes they smoked and those who 

did not. 

 

Table 5.3 suggests increased age-adjusted odds of ED with greater 

number of cigarettes smoked daily. However, the dose-response 

relationship was not statistically significant (p = 0.643).  
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Table 5.2. Prevalence and odds of erectile dysfunction (ED):  

age and smoking status   

 

 

Smoking 

status 

Crude prevalence (%)  

IIEF-5 scores 

 Odds ratio -                                                     
Any ED (IIEF-5 scores < 22) 

17-21 12-16 8-11 < 8 < 22  OR * 95% CI OR 
†
 95% CI 

(a) All ages           

Never 
smokers 
     N = 571 

10.7 6.1 1.8 14.7 33.3  1.00 - 1.00 - 

Ever 
smokers  
     N = 942 

11.6 4.4 3.0 24.1 43.0  1.41 1.05–1.88 1.40 1.02–1.92 

Former 
smokers 
     N = 687 

11.4 4.1 3.1 28.8 47.3  1.31 0.96–1.80 1.33 0.95–1.87 

Current 
smokers  
     N = 255 

12.2 5.1 2.7 11.4 31.4  1.66 1.11–2.50 1.57 1.02–2.42 

(b) < 50 yrs           

Never 
smokers    
     N = 223 

7.6 1.8 0.4 1.8 11.7  1.00 - 1.00 - 

Ever 
smokers     
     N = 308 

7.5 2.3 1.3 0.6 11.7  0.97 0.57–1.66 1.00 0.56–1.77 

Former 
smokers  
     N = 166 

8.4 1.8 1.2 0.6 12.0  1.00 0.54–1.87 1.18 0.61–2.31 

Current 
smokers   
     N = 142 

6.3 2.8 1.4 0.7 11.3  0.93 0.48–1.80 0.82 0.40–1.69 

(c) ≥ 50 yrs           

Never 
smokers    
     N = 223 

11.9 8.6 2.8 23.5 46.8  1.00 - 1.00 - 

Ever 
smokers    
     N = 308 

14.4 5.4 3.9 35.8 59.5  1.68 1.25–2.26 1.65 1.14–2.40 

Former 
smokers   
     N = 166 

13.0 4.9 3.7 37.9 59.4  1.57 0.97–2.55 2.56 1.42–4.58 

Current 
smokers   
     N = 142 

21.2 7.7 4.8 26.0 59.6  1.70 1.25–2.32 1.47 0.99–2.18 
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Reference category: Never smokers in respective age groups 
 

IIEF-5 scores: < 22 = any ED; 17 to 21 = mild ED; 12 to 16 = mild to  

 Moderate ED; 8 to 11 = moderate ED; < 8 = severe ED.  

* Odds ratio adjusted for age and square of age 

† Odds ratio adjusted for age, square of age and CV disease  

 

 

Table 5.3. Current smokers: Number of cigarettes smoked daily 

and erectile dysfunction (ED) 

 

 

No. of 
cigarettes 
smoked 

daily 

Crude prevalence                                                             
(%)  

 Odds ratio                           
- Any ED 

 

Mild 
ED 

Mild to 
moderate 

ED 

Moderate 
ED 

Severe 
ED  

Any 
ED 

 OR * 95% CI 

1 - 10         

     N = 69 
10.1 2.9 2.9 7.2 23.2  1.30 0.69 – 2.44 

11 - 20   

     N = 38 
10.5 7.9 5.3 15.8 39.5  1.69 0.79 – 3.64 

> 20   

     N = 41 
9.8 12.2 0 7.3 29.3  1.57 0.74 – 3.34 

 

Reference category: never smokers  

IIEF-5 scores: < 22 = any ED; 17 to 21 = mild ED; 12 to 16 = mild to  

 moderate ED; 8 to 11 = moderate ED; < 8 = severe ED. 

* Odds ratio adjusted for age and square of age 

 
 

Smoking cessation and ED  

Of the 687 former smokers, 570 (83.0%) reported when they 

ceased smoking, and 523 of these reported whether or not they 

had ED. Table 5.4 shows that, whereas the age-adjusted odds of 

ED among former smokers who had ceased smoking for ≤ 5 years 

or for > 10 years were not significantly different from those among 
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never smokers, the odds were significantly higher when the 

duration of smoking cessation was 6-10 years. 

 

Table 5.4. Former smokers: Duration of smoking cessation and 

erectile dysfunction (ED) 

 

Duration of 
smoking 
cessation 

(years) 

Crude prevalence                                                             
(%)  

 

 Odds ratio                        
- Any ED 

Mild 
ED 

Mild to 
moderate 

ED 

Moderate 
ED 

Severe 
ED  

Any 
ED 

 OR * 95% CI 

≤ 5              

     N = 86 
10.5 3.5 1.2 17.4 32.6  1.22 0.67- 2.22 

6 - 10         

     N = 53 
15.1 5.7 3.8 20.8 45.3  2.26 1.09 -4.70 

> 10           

     N = 431 
11.1 4.6 3.5 36.4 55.7  1.32 0.92 -1.89 

 
 

Reference category: never smokers 

IIEF-5 scores: < 22 = any ED; 17 to 21 = mild ED; 12 to 16 = mild to  

 moderate ED; 8 to 11 = moderate ED; < 8 = severe ED. 

* Odds ratio adjusted for age and square of age 

 

Smoking status, ED and CVD 

We examined the association of ED with smoking status in 

participants with and without CV disease, separately. As shown in 

Table 5.5, compared with never smokers without CV disease, the 

age-adjusted odds of ED were significantly higher among ever 

smokers and former smokers without CV disease. These odds 

were further and significantly increased among participants with CV 

disease, regardless of smoking status, and were highest among 

current smokers with CV disease (OR = 3.92; 95% CI 1.87, 8.23).  

 

The odds of ED in all categories of smoker relative to never 

smokers did not vary meaningfully with whether or not the smoker 
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had hypertension. Nevertheless, compared with never smokers 

who did not have either hypertension or diabetes mellitus, never 

smokers with diabetes and hypertension were more likely to report 

ED. Among men with diabetes and hypertension, the highest odds 

of ED (OR 5.20; 95% CI 1.61, 16.8) were seen in former smokers. 

As the WAMHS was a cross-sectional study based on self-reports, 

stratification according to severity of CV disease and calculation of 

corresponding odds of ED were not possible.  

 

              Table 5.5.        Smoking status and erectile dysfunction (ED) in  

                                       participants with cardiovascular (CV) disease  

 

Smoking                                    
status 

Crude prevalence (%)   Odds ratio                   
- Any ED 

Mild 
ED 

Mild to 
moderate 

ED 

Moderate 
ED 

Severe 
ED  

Any 
ED 

 OR * 95% CI 

Never 
smokers 
without CVD 
     N = 357 

 
8.7 

 
3.1 

 
1.1 

 
8.1 

 
21.0 

  
1.00 

 

Smokers 
without CVD 

        

Ever smokers 

     N = 500 
11.0 5.0 1.8 12.4 30.2  1.57 1.06-2.32 

Former 
smokers 

     N = 323 

12.4 4.6 1.9 16.1 35.0  1.60 1.04-2.46 

Current 
smokers 

     N = 177 

8.5 5.6 1.7 5.6 21.5  1.51 0.90-2.55 

Participants 
with CVD 

        

Never 
smokers 

     N = 165 

13.3 10.9 3.6 27.3 55.2  2.17 1.25-3.78 

Ever smokers 

     N = 347 
11.8 4.0 4.0 40.3 60.2  2.47 1.58-3.88 

Former 
smokers 

     N = 287 

10.5 3.8 4.2 42.5 61.0  2.18 1.35-3.52 

Current 
smokers 

     N = 60 

18.3 5.0 3.3 30.0 56.7  3.92 1.87-8.23 
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IIEF-5 scores: < 22 = any ED; 17 to 21 = mild ED; 12 to 16 = mild to  

 moderate ED; 8 to 11 = moderate ED; < 8 = severe ED. 

* Odds ratio adjusted for age and square of age 

 

 

The role of cigarette smoking in ED  

The findings show statistically significant increases in the odds of 

ED among current smokers compared with never smokers even 

after adjustment for age and CV disease. Hence, the relationship 

between ED and cigarette smoking is not confounded by CV 

disease. Although not statistically significant, the corresponding 

odds among ever and former smokers were also increased, 

implying a possible adverse effect of previous smoking on erectile 

function.  

 

Cigarette smoking appears to increase the risk of ED, even in the 

absence of CV disease. However, to continue smoking in the 

presence of symptomatic CV disease is to increase these odds still 

further.  

 

These results confirm the role of cigarette smoking as an 

independent risk factor for ED. 

 

Evidence of effect modification by age in the relationship between 

smoking and ED is present in that the increased risk of ED was 

only apparent in smokers aged more than 50 years. This also 

suggests that cessation of smoking before middle age may avoid a 

significant increase in the risk of ED. In this regard, our data are 

broadly consistent with observations in the study of British doctors 
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on the risks of disease and premature mortality following early 

cessation of smoking. 2   

With the relatively small numbers of current smokers in our study 

and some men not reporting their level of smoking, the trend we 

observed for the risk of ED to increase with numbers of cigarettes 

smoked each day did not reach statistical significance. Other 

investigators have demonstrated increased odds of ED in men who 

smoke > 20 cigarettes daily. 12, 13 A dose-response relationship 

between the number of cigarettes smoked and ED has been 

reported in the Boston Area Community Health Survey 14 and 

among 4,081 attendees with ED at 234 medical centres, with the 

multivariate adjusted odds of ED for those who smoked > 10 

cigarettes daily estimated at 1.4. 15   

Overall, there is a strong case that smoking is causally related to 

ED. That being so, about 20% of ED in the WAMHS were 

attributable to cigarette smoking, compared with 22.7% estimated 

for a recent study of the association between cigarette smoking and 

ED in 7,684 men. 13  

Our data on ED in former smokers suggest that the odds of ED are 

significantly increased among those who had ceased smoking for 

6-10 years and not among more recent quitters might reflect an 

ongoing effect of smoking on erectile function. These observations 

are consistent with the threshold of significant dysfunction being 

moved forward in time and reached half to one decade earlier than 

might have otherwise been the case had the individual never 

smoked or stopped smoking in early adulthood.  

The statistically non-significant age-adjusted odds of ED > 10 years 

after quitting smoking may indicate amelioration with time and 

further support the strategy of early quitting. The evidence suggests 
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that adverse effects of smoking on erectile function may be 

persistent or even permanent unless a man who smokes gives up 

early in adult life, certainly before middle age.  
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Chapter 6 
 

Association of ED with alcohol consumption  
 

(Related publication: Chew KK, Bremner A, Stuckey BGA, Earle C, Jamrozik K.  
Alcohol consumption and male erectile dysfunction: An unfounded reputation for  
risk? J Sex Med 2009; 6:1386-94.) 

Consumption of alcohol has been associated with felicitous and 

celebratory occasions in many cultures since time immemorial. 

Alcohol is the most commonly used recreational drug worldwide.  

While excessive chronic intake of alcohol and binge drinking may 

result in serious adverse effects on health, there are cardio-

protective benefits associated with daily light to moderate alcohol 

consumption. 1, 2 As erectile dysfunction (ED) is mostly 

vasculogenic and intimately linked to CV disease, 3, 4 it is possible 

that a beneficial association also exists between alcohol and ED.  

Questions were included in the WAMHS regarding alcohol 

consumption and the responses of the participants in the study 

provided us the opportunity to examine the relationship between 

alcohol consumption and ED among the participants in the 

WAMHS.  

Each participant was asked whether he ever consumed alcohol, 

whether he had consumed alcohol in the preceding year, and, 

where applicable, how much alcohol he usually consumed currently 

and on which days of the week. Questions were also asked about 

the man‟s smoking habits, as described in Chapter 5. 

Based on their responses, participants were categorised as never 

drinkers, current drinkers or ex-drinkers. Ex-drinkers were drinkers 

who had not consumed alcohol in the preceding one year. Those 

who currently drank alcohol only on Fridays, Saturdays and/or 
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Sundays were categorised as weekend drinkers.  Ever drinkers 

included current and ex- drinkers. 

The National Health and Medical Research Council (NHMRC) in 

Australia has recommended that, to be at low risk from use of 

alcohol, men should consume a maximum of four standard drinks a 

day on up to five days a week, with each standard drink containing 

10 grams of alcohol. 5 In practice, one standard drink is represented 

by a 375-mL can of 3-4% beer, a 100-mL glass of 10-14% wine or 

a 30-mL nip of 37-43% spirits. Accordingly, we divided current 

drinkers into those consuming less than one (< 1), one to 20 (1-20) 

or more than 20 (> 20) standard drinks a week.  

Current drinkers were also categorised into those drinking on less 

than one (< 1), one to five (1-5) or more than five (> 5) days each 

week. Binge drinkers referred to those who drank five or more (≥ 5) 

standard drinks on one or more days each week. High-risk drinkers 

were current drinkers who consumed > 20 standard drinks a week 

or > 4 standard drinks a day on ≥ 1 day a week, and included 

weekend drinkers who consumed > 12 standard drinks over a 

weekend.   

We estimated the prevalence and the odds of ED among the 

participants according to their alcohol drinking status, drinking 

frequency and level of weekly alcohol consumption. We also 

examined the roles of CV disease and cigarette smoking as 

possible confounders of any relationship between alcohol 

consumption and ED.   

Analyses were performed with the Statistical Package for the Social 

Sciences (SPSS, SPSS Inc, Chicago, IL, USA) for Windows 14.0. 

After preliminary assessment of contingency tables with Pearson‟s 

chi-square tests, we used logistic regression to calculate odds 
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ratios (ORs) of ED and corresponding 95% confidence intervals 

(CIs) associated with various categories of drinking, adjusted for 

age (as a continuous variable) and the square of age, and for age, 

square of age, cigarette smoking and CV disease (any of 

hypertension, ischaemic heart disease, stroke or peripheral arterial 

disease).  

Pattern of alcohol consumption  

Of the 1,770 (41.9%) questionnaires returned from the original 

sample of 4,228 men, 1,580 (89.3%) were adequately answered. 

The response fractions were highest in the 50-79 age groups. The 

man‟s date of birth was not stated in 66 (4.2%) of the returned 

questionnaires and 36 (2.3%) men did not answer questions on 

alcohol drinking. Apart from their ages, the profile of non- 

responders was not known.  

Table 6.1 shows the age-specific prevalences of never drinkers, 

current drinkers and ex-drinkers. As evident from Figure 6.1, there 

appeared to be a gradual decrease in alcohol consumption or 

drinking as age advanced, with relatively fewer current drinkers 

aged 60 years and older. Overall, 4.5% of the 1,544 participants 

who answered questions on alcohol drinking had never consumed 

alcohol. Most (87.0%) participants were current drinkers, and 6.3% 

were ex-drinkers. 

Never drinkers tended to be older than current drinkers (mean 65.4 

years, median 66.3 years, standard deviation [SD] 17.5 versus 

mean 56.3 years, median 56.4 years, SD 18.3) and ex-drinkers 

were still older (mean 69.3, median 72.1, SD 13.6).  Weekend 

drinkers, binge drinkers and high-risk drinkers were much younger 

(mean 48.9 years, median 46.2 years, SD 17.8; mean 46.8 years, 
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median 44.8 years, SD 16.3; and mean 50.7 years, median 49.7 

years, SD 17.3, respectively). 
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Table 6.1. Pattern of alcohol consumption in various age groups  

 

 

Age  
(years) 

 

Number of 
participants 

 Alcohol drinking status (%) 

Never 
drinkers     

 

Current 
drinkers                    

Ex-                  
drinkers                  

20 – 29 127 1.6 96.9 0.8 

30 – 39 184 2.2 95.7 2.2 

40 – 49 225 3.6 93.3 2.2 

50 – 59 244 4.5 91.8 3.3 

60 – 69 252 5.6 85.7 7.9 

70 – 79 265 5.3 80.8 11.7 

80+ 217 7.8 73.7 9.2 

20 – 80+ 1580 
†
 4.5 87.0 6.3 

 
 

† 66 participants did not reveal their ages 

36 (2.3%) participants did not provide information on their drinking habits 

 

Figure 6.1. Age-specific patterns of  drinking status

0

20

40

60

80

100

20-29 30-39 40-49 50-59 60-69 70-79 80+ 20-80+

Age group (years)

%
 o

f 
s
tu

d
y

 p
o

p
u

la
ti

o
n

Never drinkers Current drinkers Ex-drinkers



 89 

 

Frequency and level of alcohol consumption 

Table 6.2 shows the frequency and level of alcohol consumption 

among participants in the WAMHS. Of the 1,357 drinkers who 

indicated their drinking frequency, 42.2% drank alcohol on more 

than five days a week and half of the 33.5% who drank alcohol on 

one to five days a week were weekend drinkers.  

Based on the information on quantity of alcohol consumed, 19.0% 

drank > 20 standard drinks per week, and 9.5% of weekend 

drinkers averaged > 12 standard drinks over a weekend. Of current 

drinkers, 19.9% met our criteria for binge drinking, with 65.3% of 

binge drinkers consuming five to nine standard drinks and the 

remainder more than nine standard drinks on one or more than one 

day a week. Of the drinkers, 26.6% indulged in high-risk drinking. 

 

Alcohol drinking and cigarette smoking  

Table 6.3 summarises data on cigarette smoking among 

participants classified by their alcohol drinking status, and vice 

versa. 

Table 6.3A shows that most (71.8%) never drinkers had never 

smoked and another 15% were ex-smokers. About 17% of all 

current alcohol drinkers were current smokers, as were 27% of 

current drinkers who reported high-risk drinking.  

Table 6.3B shows that former smokers had a relatively low 

prevalence of high-risk drinking (25.5%). High-risk drinking was 

least common among never smokers (21.5%) and significantly 
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more common among current smokers (44.7%; 2 = 33.1, 1 df, p < 

0.001).   
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Table 6.2. Frequency and level of alcohol consumption 

                                         % of drinkers                                                        
in each category                        

 

Frequency of alcohol consumption 
 

 

        Weekends only 
† 
 

 
16.9 

        < 1 day a week 10.3 
 

        1 - 5 days a week 
§
 33.5 

 
        > 5 days a week 

§
 42.2 

 
        Binge drinking 

‡
 

 
19.9 

Level of alcohol consumption  
 

 

All drinkers * 
 

 

       < 1 standard drink a week 
 

10.3 

       1 - 20 standard drinks a week 
 

56.6 
 

       21 - 30 standard drinks a week 
 

10.6 
 

       > 30 standard drinks a week 
 

8.4 

Weekend drinkers 
†
  

 
 

       1 - 12 standard drinks in a weekend  
 

90.5 
 

       > 12 standard drinks in a weekend 9.5 
 

Binge drinkers 
‡
 

 
 

       5 - 9 standard drinks on ≥ 1 days a week 
 

65.3 

       > 9 standard drinks on ≥ 1 days a week 
 

34.7 

High-risk drinkers 
¥
 

 
26.6 

  

  
* 1357 drinkers reported frequency and level of alcohol consumption 

† Participants who consumed alcohol only on Friday, Saturday and/or  

 Sunday 

§ Includes weekend drinkers 

‡ Participants who consumed ≥ 5 standard drinks on ≥ 1 day a week 

¥ Alcohol drinkers who consumed > 20 standard drinks a week or > 4  

standard drinks a day on ≥ 1 day a week, and weekend drinkers 

who consumed > 12 standard drinks over a weekend    
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Table 6.3. Cigarette smoking and alcohol consumption 

(A)  Smoking habits classified by drinking status 

 

 
 

Alcohol drinking 
status 

Cigarette smoking status (%) 
 

Never 
smokers                 

 

Ever 
smokers           

Current 
smokers            

 

Former 
smokers              

Not 
known 

Never drinkers 

      N = 71 
 

 
71.8 

 
19.7 

 
4.2 

 
15.5 

 
8.5 

Ever drinkers 

      N = 1473 
 

 
35.1 

 
62.7 

 
16.9 

 
45.8 

 
2.2 

Current drinkers  

      N = 1374 
 

 
35.7 

 
62.2 

 
17.0 

 
45.3 

 
2.1 

Ex-drinkers 

      N = 99 
 

 
27.3 

 
68.7 

 
16.2 

 
52.5 

 
4.0 

High-risk drinkers   

      N = 421 
 

 
29.2 

 
68.6 

 
27.1 

 
41.6 

 
2.1 

  

 

(B)  Drinking habits classified by smoking status 

 
 
 

Cigarette smoking 
status 

Alcohol drinkers (%) 
 

Never 
drinkers                 

 

Ever 
drinkers           

Current 
drinkers            

 

Ex-             
drinkers              

High-risk 
drinkers  

 

Drinking 
habit not 
known 

Never smokers 

      N = 571 
 

 
8.9 

                             
90.5 

 

 
85.8 

 
4.7 

 
21.5 

 
0.5 

Ever smokers 

      N = 942 
 

 
1.5 

 
98.0 

 
90.8 

 
7.2 

 
30.6 

 
0.5 

Current smokers  

      N = 255 
 

 
1.2 

 
97.6 

 
91.4 

 
6.3 

 
44.7 

 
1.2 

Former smokers 

      N = 687 
 

 
1.6 

 
98.1 

 
90.5 

 
7.6 

 
25.5 

 
0.3 

  

 

 

Alcohol drinking, ED and CV disease  

Table 6.4 shows the crude prevalences of ED among never 

drinkers, current drinkers, ex-drinkers, weekend drinkers and binge 

drinkers. Shown in Table 6.5 are the respective odds ratios for ED, 

adjusted for (a) age and square of age, (b) age, square of age and 
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CV disease, (c) age, square of age and cigarette smoking and (d) 

age, square of age, CVD and cigarette smoking.  

 

The crude prevalence of ED among current drinkers was similar to 

that among never drinkers. It was lower among weekend drinkers, 

binge drinkers and high-risk drinkers, but was higher among ex-

drinkers, with age-adjusted odds of ED more than double those of 

never drinkers.  However, none of the above-mentioned 

relationships between ED and aspects of drinking habits was 

statistically significant. 

 

When further adjusted for CV disease or for cigarette smoking, the 

age-adjusted odds of ED among all categories of alcohol drinkers 

were reduced by 25-30% in relative terms. Among current drinkers 

who drank only on one to five days a week or whose weekly 

consumption was one to 20 standard drinks, the odds of ED, having 

been adjusted for age, square of age and CV disease, fell by 

another 15% in relative terms when they were also adjusted for 

cigarette smoking.  
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Table 6.4.   Alcohol consumption and prevalence of erectile  

dysfunction 

 
 
 

Alcohol drinking status                        
and                                                           

level of consumption 

(N = 1290 *) 

Crude prevalence (%) of erectile dysfunction (ED) 

 

 

Any 
ED 

ED of various severity 

Mild Mild to 
moderate 

 

Moderate Severe 

Never drinkers                 N = 71 

 
36.6 11.3 4.2 2.8 18.3 

Current drinkers *            N = 1374 
 

38.4 11.6 5.2 2.5 19.1 

< 1 day a week                  N = 97  
 

45.4 9.3 3.1 1.0 32.0 

1 - 5 days a week              N = 527  
 

31.1 10.1 4.4 2.8 13.9 

> 5 days a week                N = 666  
 

43.5 13.2 6.2 2.6 21.6 

      
< 1 standard drink a week 
                                          N = 97  
 

45.4 9.3 3.1 1.0 32.0 

1 - 20 standard drinks a week   
                                          N = 892  
 

38.6 10.4 5.0 2.8 20.3 

21 - 30 standard drinks a week    
                                          N = 168  
 

41.1 17.9 7.7 1.8 13.7 

> 30 standard drinks a week   
                                          N = 133  
 

30.8 13.5 4.5 3.0 9.8 

Ex-drinkers                      N = 99 
 

62.6 7.1 7.1 3.0 45.5 

Weekend drinkers           N = 267 
 

28.1 8.6 4.5 3.0 12.0 

Binge drinkers                 N = 314 

 25.5 10.8 4.5 2.5 7.6 

5 – 9 standard drinks                                       
on ≥ 1 days a week           N = 205 
 

26.3 7.8 5.4 3.4 9.8 

> 9 standard drinks                                         
on ≥ 1 days a week           N = 109 
 

23.9 16.5 2.8 0.9 3.7 

High-risk drinkers           N = 421 

 32.1 13.5 5.5 2.1 10.9 

 
 

* 1290 current drinkers reported frequency and level of alcohol  

 consumption 

IIEF-5 scores: < 22 = any ED; 17 to 21 = mild ED; 12 to 16 = mild to  

 moderate ED; 8 to 11 = moderate ED; < 8 = severe ED. 



 95 

 
Table 6.5.   Alcohol consumption and odds of erectile dysfunction 

(ED) 

Alcohol 
drinking 

status and 
level  of                                               

consumption 
(N = 1290) 

Crude 
prev. 
(%) of                   
any  
ED 

Odds of any ED (IIEF-5 scores < 22)  

OR 
†
 95%                 

CI 
OR 

§
  95%                   

CI 
OR 

‡
  95%                      

CI 
OR 

¶
  95%                      

CI 

Never 
drinkers   
        N = 71 

36.6 1.00  1.00  1.00  1.00  

Current 
drinkers *   
        N = 1374 

38.4 0.95 0.46-1.95 0.68 0.31-1.48 0.71 0.34-1.52 0.57 0.25-1.29 

< 1 day a 
week   
        N = 97  

45.4 1.24 0.53-2.89 0.94 0.38-2.33 0.92 0.38-2.23 0.78 0.31-1.99 

1-5 days a 
week  
        N = 527  

31.1 0.93 0.44-1.98 0.63 0.28-1.42 0.70 0.32-1.54 0.53 0.23-1.23 

> 5 days a 
week  
        N = 666  

43.5 0.97 0.46-2.03 0.69 0.31-1.53 0.71 0.33-1.56 0.56 0.24-1.30 

< 1 standard 
drink a week 
        N = 97  

45.4 1.24 0.53-2.90 0.94 0.38-2.33 0.93 0.38-2.24 0.78 0.31-2.00 

1-20 standard 
drinks a week 
        N = 892  

38.6 0.90 0.43-1.89 0.64 0.29-1.43 0.69 0.32-1.49 0.54 0.24-1.24 

21-30 
standard 
drinks a week 
        N = 168  

41.1 1.14 0.50-2.58 0.71 0.29-1.73 0.80 0.34-1.90 0.56 0.22-1.42 

> 30 standard 
drinks a week 
        N = 133  

30.8 1.08 0.46-2.54 0.74 0.30-1.85 0.77 0.31-1.88 0.59 0.23-1.53 

Ex-drinkers   
        N = 99 

62.6 2.04 0.79-5.39 1.54 0.54-4.37 1.47 0.54-3.97 1.22 0.41-3.59 

Weekend 
drinkers  
        N = 267 

28.1 
0.85 0.38-1.89 0.63 0.27-1.48 0.63 0.27-1.46 0.53 0.22-1.28 

Binge 
drinkers   
        N = 314 

25.5 0.92 0.43-1.98 0.70 0.30-1.64 0.66 0.27-1.59 0.54 0.21-1.41 

5 – 9 standard 
drinks on ≥ 1 
days a week  
       N = 205 

26.3 0.77 0.35-1.71 0.65 0.27-1.56 0.57 0.23-1.41 0.51 0.19-1.35 

> 9 standard 
drinks on ≥ 1 
days a week  
       N = 109 

23.9 1.52 0.60-3.82 0.89 0.32-2.49 1.04 0.37-2.91 0.66 0.22-2.04 

High-risk 
drinkers  
       N = 421 

32.1 0.99 0.47-2.11 0.66 0.29-1.50 0.70 0.32-1.56 0.54 0.23-1.27 

 
† Odds ratio adjusted for age and square of age  

§ Odds ratio adjusted for age, square of age and CVD  

‡
 Odds ratio adjusted for age, square of age and cigarette smoking 

¶ Odds ratio adjusted for age, square of age, CVD and cigarette smoking  
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Table 6.6 shows the crude prevalences of ED among participants 

according to their drinking status and history of hypertension or 

clinically evident CV disease, as well as the corresponding odds of 

ED, adjusted for age and square of age, using never drinkers as 

the reference category in each model.  ED was prevalent among 

participants with CV disease, whether or not they were alcohol 

drinkers. Although not statistically significant, the age-adjusted 

odds of ED were lower among current drinkers and 1.5 to 2.5 times 

higher among ex-drinkers than among never drinkers. 

 

Table 6.6. Erectile dysfunction (ED), alcohol consumption and  

   cardiovascular (CV) disease 

 

 
 
 

CV 
disease 

 

Crude prevalence (%) and odds of any ED  

Never drinkers                                 

N = 71 

 Current drinkers                                   

N = 1374 

 Ex-drinkers                              

N = 99 

%  OR   %  OR * 95% CI 
 

%  OR * 95% CI 
 

HT 55.0  1.00 55.0  0.73 0.33-1.62 62.1  1.85 0.64-5.37 

IHD 50.0 1.00 68.5 0.80 0.35-1.85 61.8 2.01 0.66-6.14 

PAD 
†
 1.00 66.0 0.88 0.37-2.07 77.8 2.53 0.81-7.93 

ST 50.0 1.00 73.8 0.96 0.40-2.28 50.0 2.55 0.82-7.91 

Any CVD  50.0 1.00 59.0 0.68 0.31-1.48 64.8 1.54 0.54-4.37 

 

HT = Hypertension; IHD = Ischaemic heart disease; PAD = Peripheral  

Arterial disease; ST = Stroke; CVD = Cardiovascular disease (any 

of HT, IHD, PAD or ST). 

ED = IIEF-5 scores < 22 

* Adjusted for age, square of age (p < 0.001 for both in logistic regression  

models)  

† Not known 
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The role of alcohol consumption in ED 

Our study shows that the crude prevalences of ED among current 

drinkers and never drinkers were similar. Albeit not statistically 

significant at the 5% level, our finding of lower age-adjusted odds of 

ED among current drinkers is consistent with the report that not 

drinking alcohol was significantly associated with ED (p=0.001) in 

men with type 2 diabetes mellitus. 6 Indeed, in our study, the age-

adjusted odds of ED among current drinkers who drank alcohol on 

1-5 days per week (OR 0.93; 95% CI 0.44, 1.98) and those who 

imbibed 1-20 standard drinks per week (OR 0.90; 95% CI 0.43, 

1.89) were lower than the corresponding odds among men who 

reported drinking less frequently or were heavier drinkers 

On adjustment for CV disease and cigarette smoking, the age-

adjusted odds of ED remained the lowest among current drinkers 

whose drinking frequency or level fell within the NHMRC guidelines. 

These findings suggest a favourable association between low-risk 

alcohol drinking and erectile function. Furthermore, the reduction in 

age-adjusted odds of ED among alcohol drinkers was appreciable 

when further adjusted for CV disease or for cigarette smoking, 

implying the confounding of the association between alcohol 

consumption and ED by CVD and cigarette smoking. The likely 

beneficiary of lower odds of ED with alcohol drinking will therefore 

be a non-smoker without CVD whose consumption is within the 

guidelines for low-risk drinking.  

The guidelines recommended by the Australian NHMRC are in fact 

strikingly similar to those adopted by such organisations as the 

Institute of Alcohol Studies in Great Britain 7 and the National 

Institute on Alcohol Abuse and Alcoholism in the United States, 8 it 

is therefore reasonable to expect that our findings would also be 
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generally applicable to these and other countries with similar 

cultural and sociodemographic characteristics. 

In the WAMHS, we defined ex-drinkers as alcohol drinkers who 

reported that they had not consumed alcohol for at least one year. 

While it is possible that their much higher crude prevalence of ED 

compared with never drinkers was at least partly age-related, their 

age-adjusted odds of ED were double those of never drinkers or 

current drinkers. Similarly, although CV disease was more 

prevalent among ex-drinkers than among never drinkers or current 

drinkers, the age-adjusted odds of ED among ex-drinkers, when 

further adjusted for CV disease, were still more than one and a half 

times those among never drinkers or current drinkers. As the 

WAMHS was a cross-sectional study, with data collected by postal 

questionnaire, we do not have reliable information on the temporal 

relationship between ED and cessation of alcohol drinking. In 

addition, we did not seek reasons for cessation of alcohol use.   

The findings are based on information provided by 97.7% of a 

cohort of 1,580 participants whose drinking patterns were 

concordant with Australia-wide data.9 Under-reporting of alcohol 

use in the WAMHS is thus unlikely, as to suggest this would infer 

equivalent under-reporting via two different channels. In addition, 

the lay notion of „brewer‟s droop‟ suggests that men with ED should 

exhibit recall bias and be less likely to under-report their alcohol 

consumption than unaffected men. In spite of this, we were unable 

to demonstrate any statistically significant relationships between 

ED and drinking habits.  
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Nota bene: 

Our earlier analyses were performed when the NHMRC guidelines at that time 

recommended up to four standard drinks a day up to five days a week. In our article 

published in the Journal of Sexual Medicine, current drinkers had therefore been 

categorised into those who consumed less than one (< 1), one to 20 (1-20) or more than 

20 (> 20) standard drinks a week. They had also been categorised into those who drank 

on less than one (< 1), one to five (1-5), or more than five (> 5) days each week. The 

disparity had been explained in the following „Letter to the Editor‟ published in the Journal 

of Sexual Medicine. 

 

 

Letter to the Editor of the Journal of Sexual Medicine 

 

The Editor-in-Chief 

The Journal of Sexual Medicine  

 

Dear Sir, 

Alcohol Consumption and Male Erectile Dysfunction: An Unfounded 

Reputation for Risk? 

DOI: 10.1111/j.1743-6109.2008.01115.x 

 

Our article was published online in JSM on 8 January 2009.  

 

Since then, the Australian National Health and Medical Research Council 

(NHMRC) has announced revised guidelines for low-risk alcohol drinking, 

recommending that men should consume not more than two standard 

drinks a day even if they drink daily 

(http://www.nhmrc.gov.au/publications/synopses/ds10syn.htm.). 

 

As this is lower than the previous recommendation in the 2001 NHMRC 

Guidelines of not more than four standard drinks a day with one or two 

alcohol-free days a week, which we used in the data analyses for our 

article, my co-authors and I consider it important to update our results to 
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reflect the new recommendation and thus sustain the relevance of our 

findings.  

 

As summarised in the accompanying table *, results of the re-analyses 

show that, compared with never drinkers, current drinkers who consumed 

between one and 14 standard drinks a week had lower age-adjusted odds 

of ED, although these were not statistically significant at the 5% level.  

 

The comments in our article due for publication in print, suggesting a 

negative association between alcohol consumption and ED in men whose  

alcohol consumption is within the NHMRC guidelines for low-risk drinking, 

thus remain consistent despite the revision of NHMRC guidelines. 

 

Yours sincerely, 

Kew-Kim Chew 

Keogh Institute for Medical Research 

Nedlands, Western Australia, Australia. 

 

* Table on next page 
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Table 6A. Alcohol consumption ED -  

Table accompanying Letter to the Editor  

 

(A) Crude prevalence (%) of ED 

      (IIEF-5 scores: Any ED < 22’ Mild ED 17-21, Mild to moderate ED 12-16, Moderate ED 8-11, Severe ED < 8) 

 

Alcohol drinking status and level                       
of consumption  (N = 1240)                                

Any ED ED of various severity 

  Mild Mild to 
moderate 

Moderate Severe 

Never drinkers                 N = 71 
 

36.6 11.3 4.2 2.8 18.3 

      

Current drinkers *            N = 1374 
 

38.4 11.6 5.2 2.5 19.1 

< 1 standard drink a week 
                                          N = 97  

45.4 9.3 3.1 1.0 32.0 

1 - 14 standard drinks a week   
                                          N = 788  

40.4 10.8 5.3 3.0 21.2 

> 14 standard drinks a week   
                                          N = 405 

33.6 13.8 5.4 2.0 12.3 

      

Ex-drinkers                      N = 99 
 

62.6 7.1 7.1 3.0 45.5 

 
 

(B)   Odds of any ED  (IIEF-5 scores < 22) 

Alcohol 
drinking status 

and level                                                
of consumption 

Crude 
prev  

(%)  

 

OR 
†
 95%                 

CI 
OR 

§
 95%                   

CI 
OR 

‡
 95%                      

CI 
OR 

¶
 95%                      

CI 

Never drinkers   
            N = 71 

36.6 1.00  1.00  1.00  1.00  

          

Current 
drinkers *   
            N = 1374 

38.4 0.95 0.46-1.95 0.68 0.31-1.48 0.71 0.34-1.52 0.57 0.25-1.29 

< 1 standard 
drink a week    
            N = 97  

45.4 1.24 0.53-2.90 0.94 0.38-2.33 0.93 0.38-2.24 0.78 0.31-2.00 

1-14 standard 
drinks a week      
            N =  788 

40.4 0.92 0.44-1.94 0.66 0.30-1.46 0.70 0.32-1.52 0.55 0.24-1.26 

> 14 standard 
drinks a week      
            N =  405 

33.6 0.99 0.46-2.13 0.66 0.29-1.49 0.71 0.32-1.60 0.52 0.22-1.24 

          

Ex-drinkers   
            N = 99 
 

62.6 2.04 0.79-5.39 1.54 0.54-4.37 1.47 0.54-3.97 1.22 0.41-3.59 

 
† Odds ratio adjusted for age and square of age  

§ Odds ratio adjusted for age, square of age and CVD  
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‡
 Odds ratio adjusted for age, square of age and cigarette smoking 

¶ Odds ratio adjusted for age, square of age, CVD and cigarette smoking
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Chapter 7 
 

Association of ED with CV disease  
 

(Related publication: Chew KK, Bremner A, Earle C, Jamrozik K, Stuckey BGA.  
Male erectile dysfunction and cardiovascular disease: Is there an intimate nexus?  
J Sex Med 2008; 5:928-34.) 

 

Erectile dysfunction (ED) 1, 2, in men is mostly vasculogenic. 3, 4 

Various studies suggest that men with cardiovascular (CV) risk 

factors such as obesity, diabetes mellitus, hypertension and hyper- 

or dys-lipidaemia are at significantly higher risk for ED. 4-14 The risk 

of ED has been reported to increase with the number of these CV 

risk factors, 7 which often cluster as components of the metabolic 

syndrome. 15, 16 

 

Atherogenesis, with endothelial dysfunction as its hallmark, has 

been linked to the metabolic syndrome and is the 

pathophysiological basis of CV disease. 16 Characterised by 

deficient synthesis, release and activity of principally nitric oxide 

from the vascular endothelium, 17 endothelial dysfunction also 

results in impaired ability to maintain penile erection, culminating in 

ED. 18, 19 A recent comprehensive review on ED and endothelial 

dysfunction suggests an intimate relationship between the two and 

a close link of both with CV disease. 20 

 

Using the data of the WAMHS, we examined the associations of 

ED with various CV risk factors and disease to assess if the 

findings of the WAMHS confirm an intimate nexus between ED and 

CV risk factors and disease. We also assessed the prevalence of 

ED among the participants in the WAMHS who reported a history of 

and treatment for diabetes mellitus, hypertension, ischaemic heart 

disease, peripheral arterial disease and hyperlipidaemia, and 
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examined the associations between ED and these CV risk factors 

and disease. 

 

The prevalence of CV risk factors and disease 

The prevalences of CV risk factors and disease in the various age 

groups are shown in Table 7.1, while Table 7.2 shows the 

prevalences of these conditions among participants without ED, 

with ED and with severe ED. Table 7.2 also shows  the age-

adjusted odds of having CV disease or each of the CV risk factors 

among participants with ED.  

 

 

Table 7.1. Prevalence of cardiovascular (CV) risk factors or 

disease in various age groups  

 

Age                                   

group 

(Years) 

 
 

n 

Prevalence (%) of CV risk factors or disease 

HT 
 

IHD 
 

PAD 
 

ST 
 

CVD 
 

HL 
 

DM 

20 - 29          127 5.5 0 0 0 5.5 0.8 0.8 

30 - 39          184 7.1 1.1 0 0 7.6 6.0 1.1 

40 - 49           225 15.1 2.2 0.4 0.4 16.4 16.9 2.7 

50 - 59          244 23.8 5.3 0.8 2.9 27.9 23.0 3.3 

60 - 69           252 30.6 17.1 5.2 3.2 42.1 30.6 12.7 

70 - 79 265 38.9 25.7 7.5 7.2 57.4 28.3 13.2 

≥ 80               217 41.0 33.6 12.0 9.7 63.1 17.5 11.1 

Unknown 66 28.8 27.3 9.1 3.0 45.5 15.2 12.1 

All ages 1580 25.3 14.1 4.3 3.7 34.9 19.4 7.3 

 

HT = Hypertension; IHD = Ischaemic heart disease; PAD = Peripheral  

arterial disease; ST = Stroke; CVD = Cardiovascular disease 

(HT+IHD+PAD+ST); HL = Hyperlipidaemia; DM = Diabetes mellitus 
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Table 7.2. Prevalence of cardiovascular (CV) risk factors or  

disease among participants with erectile dysfunction 

(ED) 

 

 

Status of 

erectile 

function 

Prevalence (%) of CV risk factor or disease                                                                         

Odds ratio (OR)* and 95% CI 

HT IHD PAD Stroke CVD HL DM 

No ED 
†
                              

n=788 

16.1 4.7 0.9 0.8 16.4 16.0 2.7 

Any ED                                  

n=637   

             OR 

      95% CI 

                p 

35.3 
 
 

1.48 
 

1.06-2.07 
 

0.021 

23.2 
 
 

1.87 
 

1.16-3.02 
 

0.010 

6.6 
 
 

2.37 
 

0.89-6.30 
 

0.084 

6.0 
 
 

3.03 
 

1.14-8.08 
 

0.027 

51.3 
 
 

1.89 
 

1.37-2.61 
 

< 0.001 

24.0 

 

1.14 
 

0.81-1.61 
 

0.460 

13.0 

 

2.87 
 

1.59-5.19 
 

< 0.001 

Severe ED                     

n=335 

41.2 32.8 10.1 7.8 61.2 24.2 17.6 

 

HT = Hypertension; IHD = Ischaemic heart disease; PAD = Peripheral  

Arterial disease; ST = Stroke; CVD = Cardiovascular disease 

(HT+IHD+PAD+ST); HL = Hyperlipidaemia; DM = Diabetes mellitus 

† Based on IIEF-5 scores: No ED = ≥ 22; ED = < 22; Severe ED = < 8 

* Adjusted for age and square of age (p < 0.001 for both in logistic  

 regression models)  

 

 

The prevalences of hypertension, ischaemic heart disease, stroke, 

diabetes mellitus and CV disease were all significantly higher 

among participants with ED, with corresponding statistically 

significant ORs. 
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ED and CV risk factor or disease 

Table 7.3 shows the prevalence of ED among men with each 

specific CV risk factor or disease. Between half and two-thirds of 

the participants with CV risk factors or disease had IIEF-5 scores 

indicative of ED, and the ED was mostly severe. The prevalences 

of ED and severe ED among participants with diabetes mellitus 

were 71.6% and 50.9%, respectively, with significant age-adjusted 

odds of ED of 2.87 (95% CI 1.59, 5.19). The odds ratio for ED 

among participants with hyperlipidaemia was not significantly 

higher (OR 1.16; 95% CI 0.81, 1.64). 

 

Table 7.4 shows the effect of having one or more of the three 

common CV risk factors: diabetes mellitus, hypertension and 

hyperlipidaemia. As the number of these risk factors increased, the 

age-adjusted odds of having ED also tended to increase. When 

diabetes mellitus, hypertension and hyperlipidaemia were 

concomitantly present, the odds of ED were 3.21 (95% CI 1.03, 

10.05).  The results in Table 7.4 were based on a smaller data set 

of 1114 participants whose age and erectile function as well as their 

status regarding diabetes mellitus, hypertension and 

hyperlipidaemia were all known, and subgroups with single risk 

factors were considered in turn.  The point estimates for single risk 

factors therefore differ from those in Table 7.3. 
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Table 7.3. Prevalence of erectile dysfunction (ED) among 

participants with cardiovascular (CV) risk factors or 

disease 

  

CV 

risk 

factor  or 

disease 

 
 
 

n 

Prevalence (%) of ED (IIEF-5 Scores) 

Any ED ( < 22) Mild to severe ED 

% OR * 95% CI 
 

P                                    17-21 12-16 8-11 < 8 

HT 400 56.3 1.47 1.05 - 2.07 0.026 13.0 5.8 3.0 34.5 

IHD 222 66.7 1.80 1.10 - 2.94 0.019 6.8 6.3 4.1 49.5 

PAD 68 61.8 2.31 0.86 - 6.25 0.098 4.4 5.9 1.5 50.0 

Stroke 58 65.5 3.30 1.22 - 8.88 0.018 6.9 5.2 8.6 44.8 

CVD 551 59.3 1.85 1.34 - 2.56 < 0.001 11.8 6.5 3.8 37.2 

HL 306 50.0 1.16 0.81 - 1.64 0.421 11.1 8.2 4.2 26.5 

DM 116 71.6 2.76 1.52 - 5.00 0.001 7.8 8.6 4.3 50.9 

 

HT = Hypertension; IHD = Ischaemic heart disease; PAD = Peripheral  

Arterial disease; ST = Stroke; CVD = Cardiovascular disease 

(HT+IHD+PAD+ST); HL = Hyperlipidaemia; DM = Diabetes mellitus 

† Based on IIEF-5 scores: No ED = ≥ 22; ED = < 22; Severe ED = < 8 

* Adjusted for age and square of age (p < 0.001 for both in logistic  

 regression models)  
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Table 7.4. Cardiovascular risk (CV) factors & disease and odds 

ratios for erectile dysfunction (ED) 

                                                                                                                                              
CV risk factors n 

+
 OR * 

 
95% CI P 

No DM, HL or HT 
 

740 1.00   

DM only 
 

11 1.95 0.43 – 8.89 0.390 

HL only 
 

107 0.95 0.57 – 1.59 0.841 

HT only 
 

135 1.48 0.90 – 2.42 0.124 

DM & HL only 
 

12 3.81 0.92 – 15.8 0.066 

DM & HT only 
 

11 1.77 0.37 – 8.39 0.473 

HL & HT only 
 

73 1.17 0.64 – 2.14 0.610 

DM & HL & HT 
 

25 3.21 1.03 – 10.1 0.045 

 

DM = Diabetes mellitus; HL = Hyperlipidaemia; HT = Hypertension 

+ Number of participants with self-reported risk factor, known age and ED  

 status. 

* Adjusted for age and square of age  

 
 

The nexus between ED and cardiovascular disease 

ED has evolved from being regarded as a trivial and presumably 

psychological impediment with varying nuisance values to its 

current eminence as a marker and predictor of CV disease. 21-23   

 

The initial observation that ED was significantly associated with CV 

risk factors, such as hypertension, lipid abnormalities and diabetes 

mellitus, 8 has led to further epidemiological, clinical and scientific 

research on their inter-relationships. With the serendipitous advent 

of phosphodiesterase-5 inhibitors as orally effective 

pharmacotherapeutic options for ED, such research has gained 

momentum in recent years and contributed significantly to the 
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knowledge and understanding of the pathophysiology of ED, 

endothelial dysfunction and CV disease.  

 

ED and CV disease share similar pathophysiological determinants 

and are intricately linked through endothelial dysfunction. 20 The 

epidemiological data of the WAMHS further attest to the intimate 

nexus between ED and CV risk factors and disease. The relevance 

and importance of careful CV risk evaluation in men with ED cannot 

be over-emphasised. 24 

 

Compared with men without ED, much higher proportions of the 

participants with ED had CV risk factors and disease. The age-

adjusted odds of reporting ED were significantly increased among 

the WAMHS participants who had hypertension, ischaemic heart 

disease and stroke, and generically with CV disease. In peripheral 

arterial disease, although the age-adjusted odds of ED were not 

significant, the age-adjusted odds of severe ED were 2.62 times 

(95% CI 1.17, 5.85) higher. The association of significantly higher 

odds of severe ED (p=0.019) with peripheral arterial disease is 

consistent with the “artery-size” hypothesis, 25, 26 which postulates 

that atherogenesis is likely to be evident earlier in arteries of 

smaller calibre.  

 

Like CV disease, diabetes mellitus was a highly significant risk 

factor for ED, and ED among participants with diabetes mellitus 

tended to be more severe. Severe ED is associated with poor CV 

prognosis in men with diabetes mellitus without coronary 

insufficiency on exercise treadmill stress testing. 27 ED was even 

more prevalent among diabetic participants who also had 

hypertension and hyperlipidaemia.  
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Hyperlipidaemia per se was not a significant risk factor for ED in the 

WAMHS in spite of its well-documented association with endothelial 

dysfunction. 4 Elevated serum cholesterol and reduced high-

density-lipoprotein cholesterol levels are known to be associated 

with an increased risk of ED. However, in contrast with studies 

where hyperlipidaemia was diagnosed by laboratory blood testing 

at recruitment and found to be associated with increased risk of ED, 

11, 12 hyperlipidaemia in the WAMHS was self-reported. 

Furthermore, 54.2% (166/306) of the participants who had 

hyperlipidaemia were already receiving lipid-lowering medications, 

mainly statins. It is of interest that dyslipidaemia in a cohort of 

cardiology clinic outpatients, who would probably have also been 

treated for their lipid disorders, was likewise not significantly 

correlated with ED. 28 As normalising blood lipid profile and statin 

therapy are known to improve of endothelial function, 4 it would not 

be unreasonable to expect a lower risk of ED in men with 

hyperlipidaemia that has been treated. Indeed, the dissimilarity 

between the odds of ED in treated hyperlipidaemia and in newly-

diagnosed hyperlipidaemia may indicate that treating 

hyperlipidaemia ameliorates the risk of ED. This would plausibly 

explain, at least in part, the inconsistencies in the association 

between hyperlipidaemia and ED reported in various studies. 

Confirmation of the beneficial effect on ED or otherwise would 

require prospective studies of lipid-lowering therapy in which both 

serum lipid levels and erectile function are carefully monitored. As 

statins are known to improve endothelial dysfunction regardless of 

blood lipid profile, measurement of endothelial function or its 

surrogates could also be included. 29, 30 
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The WAMHS confirms the consistent finding reported in other 

studies that the prevalence and severity of ED increase with age. 2, 

8, 13, 31 It also shows that CV risk factors and disease become 

significantly more prevalent as age advances. In keeping with the 

observation that ED is mostly vasculogenic, 3, 4 compared with 

participants without ED, CV risk factors and disease are 

significantly more common among participants with ED and even 

more so among men with severe ED. These associations, however, 

are cross-sectional. As we do not have data concerning the time 

interval between the onset of ED and the diagnosis of significant 

CV events or recognition of biomedical risk factors, we were unable 

to assess the temporal relationship between ED and CV disease. 

 

As in other similar studies, response to the WAMHS was 

incomplete. Although this may have distorted the apparent 

prevalence of ED if participation in the study varied systematically 

with whether or not a man was affected, it is improbable that it 

could distort the relationship between ED and CV risk factors or 

disease. Since evidence of the links between ED and CV health 

has emerged only relatively recently, it is unlikely that participants 

with ED would be differentially more likely to report any CV 

problems. Possible inclusion of participants with psychogenic ED, 

on the other hand, would have reduced the apparent associations 

between ED and impaired CV health. In all probability, therefore, 

the ORs we computed have been conservative. 

 

Hence, there is clear evidence that adverse effects of age and CV 

risk factors and disease on erectile function compound each other. 

As projected in a review on ED as a burden of disease, 32 the 

socioeconomic implications are huge in countries with rapidly 

ageing population such as Australia, where the proportion of elderly 
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persons (aged 65 years and older) is likely to increase from 12% in 

1991 to 18% in 2021 and 26% in 2051. 33 The epidemiological and 

clinical implications are no less immense.  
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Chapter 8 

 

ED in ageing and elderly men  

(Related publication: Chew KK, Bremner A, Stuckey BGA, Earle C, Jamrozik K.  
Sex life after 65: How does erectile dysfunction affect elderly men? The Aging Male  
2009; 12:41-6.)  

 

Demographically referred to as „ageing‟ males, men aged 65 years 

and older have assumed centre stage with global population ageing 

and its immense epidemiological, socioeconomic and political 

implications. The number of persons age 65 years and older in 

Australia is projected to increase rapidly from 2.3 million in 1999 to 

4.0 million in 2021 and 6.5 million in 2051, 1 an increase from 12% 

to 18% and then 26% of total population over a span of about 50 

years.  

 

Epidemiological studies on erectile dysfunction (ED) in men 2, 3 

have consistently shown that its incidence, prevalence and severity 

increase with age. 2-6 However, there is a striking paucity of data on 

how ED affects the sex life of ageing (≥ 65 years) and elderly men 

(≥ 80 years).  

 

Our study on ED in general medical practices in Perth, WA 3 

showed that 52% of the male attendees aged 60-69 years at these 

practices had experienced ED and 21% severe ED. Among the 

participants aged 70-79 years and ≥ 80 years in that study, the 

prevalences of ED were 69% (severe ED 45%) and 76% (severe 

ED 52%), respectively. An Australian national study conducted by 

telephone interview, the Men in Australia Telephone Survey 

(MATeS), also found ED highly prevalent in ageing and elderly 

men, affecting 68% of men over 70 years of age. 6  
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Using the data of the population-based WAMHS, we examined the 

relationship between ED and sociodemographic and clinical factors 

in the participants aged 65-99 years, and the impact of ED on their 

sexual activity. 

 

Study population 

The 1,580 participants in the WAMHS, aged from 20.1 to 99.6 

years, were stratified into three age groups: younger than 65 (< 65) 

years, 65-99 (≥ 65) years and 80-99 (≥ 80) years. There were 927 

participants aged < 65 years, 587 aged ≥ 65 years, and 217 aged ≥ 

80 years. The ages of 66 participants were not known. 

 

The sociodemographic characteristics of the participants aged < 65 

years, ≥ 65 years and ≥ 80 years, expressed as a percentage of the 

total number of participants in the respective age groups, are 

shown in Table 8.1.  
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Table 8.I. Sociodemographic characteristics of participants  

 

Sociodemographic 

factors 

Age group (years) 

< 65                            
n = 927 

≥ 65                        
n = 587 

≥ 80                    
n = 217 

Marital status                                  
Married or had partner                              
Never been married                            
Separated or divorced                    
Widowers  

                
76.3            
12.6             
9.0               
0.3 

               
72.7             
2.2            
7.5           
16.0 

                 
62.2           
0.9              
5.1            
29.5 

Employment status                 
Employed (full- or part-time)               
Retired (Age)                                                  
Retired (Health reasons) 

                 
80.4             
5.8                
7.2 

                  
9.7            
83.1           
6.5 

                   
6.5          
88.0                  
5.1 

Whether sexually active                  
Sexually active                                       
Not sexually active 

                 
92.1             
6.8 

                 
32.4         
62.0 

                  
12.0           
79.7 

Sexual intercourse regularity                  
Regular                                      
Sometimes                                  
Occasional 

                
57.8                     
17.8            
16.5 

                     
10.7         
9.4           
12.3 

                  
2.8             
2.8           
6.5 

 
NB:  Figures expressed as % of respective study samples 

 

  

 

Findings  

The responses of participants aged ≥ 65 years and ≥ 80 years were 

summarised and compared with the responses of those aged < 65 

years. Almost all (96.5%) of the participants aged < 65 years 

responded to questions about their sexual activity and function, 

compared with 81.4% of those aged ≥ 65 years and 70.5% of those 

aged ≥ 80 years.  

 

Associations between ED and various morbidities were first 

examined using Pearson‟s Chi-square tests. We then constructed 

logistic regression models to derive odds ratios (ORs) and 95% 

confidence intervals (CIs).  
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 Prevalence of clinical correlates 

The clinical variables in the WAMHS included hypertension, 

ischaemic heart disease, peripheral arterial disease, stroke, 

hyperlipidaemia and diabetes mellitus. Hypertension, ischaemic 

heart disease, peripheral arterial disease and stroke were also 

examined together as „cardiovascular disease‟. Of the participants 

aged ≥ 65 years and ≥ 80 years, 61-81% provided at least some 

information on whether or not they had these other conditions, 

compared with 87-92% of those aged < 65 years.  

 

The prevalences of the co-morbid conditions among participants in 

the various age groups are shown in Table 8.2. Compared with 

younger participants, diabetes and all of the cardiovascular 

conditions were significantly more prevalent in those aged ≥ 65 

years and ≥ 80 years. 

 

Table 8.2. Prevalence (%) of clinical correlates in elderly men 

 

Clinical correlates 

Age group (years) 

< 65 

n = 927 

≥ 65 

n = 587 

≥ 80 

n = 217 

Cardiovascular disease
 
*  19.7 57.6 P<0.001 67.1 P<0.001 

Hypertension 16.5 38.8 P<0.001 41.0 P<0.001 

Ischaemic heart disease 4.6 27.4 P<0.001 33.6 P<0.001 

Peripheral arterial disease 0.6 9.5 P<0.001 12.0 P<0.001 

Stroke 1.3 7.5 P<0.001 9.7 P<0.001 

↑ Blood cholesterol 15.6 25.7 P<0.001 17.5 P=0.004 

Diabetes mellitus 3.3 13.1 P<0.001 11.1 P<0.001 

 

 
Cardiovascular disease * = any of hypertension, ischaemic heart disease,  
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  peripheral arterial disease and stroke 

 Erectile function  

(a) Prevalence of ED 

The prevalences of erectile dysfunction in the various age groups 

are shown in Table 8.3 and Figure 8.1. Compared with the 

participants who were aged < 65 years, erectile function decreased 

dramatically in those who were aged ≥ 65 years and ≥ 80 years. 

The severity of ED also increased with age.  

  

 

 

Table 8.3. Prevalence (%) of erectile dysfunction (ED) in various 

age groups 

 

 

Erectile Function 

 

IIEF-5 Score 

Prevalence (%) 

< 65 
n = 927  

≥ 65 
n = 587 

≥ 80 
n = 217 

No ED 22-25 73.7 14.1 2.3 

Any ED < 22 22.8 67.3 68.3 

Mild ED 17-21 12.1 10.4 3.7 

Mild to moderate ED 12-16 4.4 6.0 5.1 

Moderate ED 8-11 2.3 3.2 2.8 

Severe ED < 8 4.0 47.7 56.7 

Unknown IIEF-5 score  3.6 18.4 29.0 
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Figure 8.1 Prevalence (%) of erectile dysfunction (WAMHS) 
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(b) ED and sociodemographic factors 

Using participants aged < 65 years as the reference category, the 

odds ratio for ED for men aged ≥ 65 years was 15.4 (95% CI 11.6, 

20.4) and for ≥ 80 years 95.8 (95% CI 38.8, 237). The associations 

between erectile dysfunction and other sociodemographic factors in 

the various age groups are shown in Table 8.4.   

 

ED affected a greater proportion of ageing and elderly participants 

who had been separated or divorced, or who were widowers. 

Fewer participants who were still in paid employment experienced 

ED. 

 

Compared with partnered men aged < 65 years, the odds of ED 

were significantly higher in participants aged ≥ 65 years and aged ≥ 
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80 years who were married or had partners (OR 14.9; 95% CI 10.8, 

20.5 and OR 84.5; 95% CI 30.5, 234, respectively).  Similar trends 

were apparent among men who were separated or divorced (OR 

6.72; 95% CI 2.54, 17.8 and OR 11.0; 95% CI 1.33, 91.0 for men ≥ 

65 and men ≥ 85, respectively).   

 

The odds of ED were similarly significantly higher among 

participants aged ≥ 65   years and aged ≥ 80 years whether they 

were in employment (OR 6.68; 95% CI 3.57, 12.5 and OR 17.8; 

95% CI 3.74, 84.8, respectively), or were retirees on account of age 

(OR 7.04; 95% CI 3.79, 13.1 and OR 56.8; 95% CI 15.9, 203, 

respectively).   
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Table 8.4. Erectile dysfunction (ED), sociodemographic factors 

and clinical correlates in various age groups  

 

 

Sociodemographic 
factors 

& clinical correlates 

Age group (years) 

< 65  

n = 927  

≥ 65 

n = 587 

≥ 80 

n = 217 

ED * ED * OR
 †

 95% CI ED * OR 
†
 95% CI 

Marital Status 

Never been married 

Married/Had partner 

Separated/Divorced 

Widower 

 

27.4 

19.9 

43.4 

§ 

 

38.5 

66.3 

75.0 

73.4 

 

12.0 

14.9 

6.72 

- 

 

1.35, 107 

10.8, 20.5 

2.54, 17.8 

- 

 

§ 

64.4 

81.8 

78.1 

 

- 

84.5 

11.0 

- 

 

- 

30.5, 234 

1.33, 91.0 

- 

Employment Status 

Employed 

Retired (Age) 

Retired (Health) 

 

17.9 

40.7 

55.2 

 

47.4 

70.3 

63.2 

 

6.68 

7.04 

5.41 

 

3.57-12.5 

3.79-13.1 

1.47-19.9 

 

57.1 

70.2 

54.5 

 

17.8 

56.8 

¶ 

 

3.74-84.8 

15.9-203 

- 

Cardiovascular 
disease

 ‡
 

53.6 72.0 11.7 7.29-18.7 70.8 161 21.9-1178 

Hypertension 32.0 73.7 11.6 6.86-19.7 76.4 132 17.8-978 

Ischaemic heart 
disease 

48.8 73.3 8.03 3.52-18.3 76.7 ¶ - 

Peripheral arterial 
disease 

50.0 66.1 6.17 0.78-48.6 65.4 ¶ - 

Stroke 58.3 68.2 21.4 2.15-213 57.1 ¶ - 

↑ Blood cholesterol 32.4 67.5 6.44 3.78-11.0 78.9 ¶ - 

Diabetes mellitus 54.8 77.9 6.56 2.26-19.0 83.3 ¶ - 

 

 

ED * = Prevalence (%) of ED (IIEF-5 Scores < 22)  

OR 
†
 = Odds ratio with participants aged < 65 years as reference category  

Cardiovascular disease‡ = any of hypertension, ischaemic heart disease,  

 peripheral arterial disease and stroke 

§ = No participant with IIEF-5 scores of < 22 (ED)  

¶ = OR incalculable - No participant with IIEF-5 scores ≥ 22 (No ED)  
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(c) ED and clinical correlates 

The prevalences of ED among participants with hypertension, 

ischaemic heart disease, peripheral arterial disease and stroke, 

with these conditions grouped together as cardiovascular disease, 

and with diabetes mellitus are also shown in Table 8.4.  

 

Among the participants with cardiovascular disease, or with 

hypertension, ischaemic heart disease, stroke, hyperlipidaemia or 

diabetes mellitus specifically, the odds of ED were significantly 

higher in those aged ≥ 65 years compared with those aged < 65 

years.  For example, the odds ratio for ED among participants aged 

≥ 65 years who had cardiovascular disease was 11.7 (95% CI 7.29, 

18.7). Among those who had diabetes mellitus, the corresponding 

odds ratio was 6.56 (95% CI 2.26, 19.0).  

 

Among those aged ≥ 80 years with cardiovascular disease and 

hypertension, the odds ratios for ED were 161 (95% CI 21.9, 1178) 

and 132 (95% CI 17.8, 978), respectively.  All of the participants 

aged ≥ 80 years with ischaemic heart disease, peripheral arterial 

disease, stroke, hyperlipidaemia and diabetes mellitus reported ED. 

 

(d) ED and sexual activity 

Table 8.5 shows the proportions of participants with and without ED 

in the three age groups with regard to whether they were sexually 

active and whether they were having sexual intercourse regularly, 

sometimes or occasionally.  

 

Compared with younger participants, much higher proportions of 

participants aged ≥ 65 years and ≥ 80 who were sexually active 

had ED. ED was reported by about a quarter of the participants 

aged ≥ 65 years and a third of those aged ≥ 80 years who were 
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having sexual intercourse regularly.  Regardless of age group, ED 

was more prevalent among the participants who were no longer 

having regular sexual intercourse. 

 

 

 

Table 8.5. Erectile dysfunction (ED) and sexual activity  

 

 

 

Sexual activity  

Age group (years) 

 

< 65 
n = 927 

≥ 65 
n = 587  

≥ 80 
n = 217 

No ED ED No ED ED No ED ED 

Whether sexually active 

Sexually active 

Not sexually active 

 

78.9 

9.5 

 

19.4 

68.3 

 

42.1 

0.8 

 

52.6 

78.0 

 

15.4 

0.6 

 

65.4 

73.4 

Sexual intercourse regularity 

Regular 

Sometimes 

Occasional 

 

90.7 

73.3 

43.8 

 

8.0 

26.1 

52.3 

 

71.4 

29.1 

26.4 

 

23.8 

65.5 

68.1 

 

50.0 

16.7 

0 

 

33.3 

50.0 

85.7 

 

NB:  Figures expressed as % of respective study samples 
 

 

 

Table 8.6 summarises the erectile function of participants in the 

various age groups with different sexual intercourse regularity. Most 

men who reported having regular sexual intercourse did not have 

ED, while those who were having less frequent sexual intercourse 

had mostly mild or mild to moderate ED and those no longer having 

sexual intercourse severe ED. 
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Table 8.6. Sexual intercourse regularity and erectile dysfunction  

  (ED) 

 
 

Age group and                                     
sexual intercourse regularity 

 
No                  
ED 

ED 
 

Mild Mild to 
Moderate 

 

Moderate Severe 

< 65 years   N = 927 

Sexual intercourse regularity 
    Regular 
    Sometimes 
    Occasional 

No longer having sexual intercourse 

 

 
 

90.7 
73.3 
43.8 
12.2 

 
 

6.3 
20.0 
26.1 
8.2 

 
 

1.5 
3.6 
17.0 
2.0 

 
 

0.2 
1.8 
6.5 
6.1 

 
 

0 
0.6 
2.6 
57.1 

≥ 65 years   N = 587 

Sexual intercourse regularity 
    Regular 
    Sometimes 
    Occasional 

No longer having sexual intercourse 

 

 
 

71.4 
29.1 
26.4 
0.8 

 
 

22.2 
40.0 
26.4 
1.4 

 
 

1.6 
18.2 
23.6 
1.4 

 
 

0 
5.5 
9.7 
2.2 

 
 

0 
1.8 
8.3 
73.8 

≥ 80 years   N = 217 
Sexual intercourse regularity 
    Regular 
    Sometimes 
    Occasional 

No longer having sexual intercourse 

 

 
 

50.0 
16.7 

0 
0.6 

 

 
 

33.3 
0 

28.6 
1.2 

 
 

0 
33.3 
28.6 
2.3 

 
 

0 
0 

21.4 
1.2 

 
 

0 
16.7 
7.1 
68.8 

 

IIEF-5 scores: ≥ 22 = No ED; 17-21 = mild ED; 12-16 = mild to moderate  

 ED; 8-11 = Moderate ED; < 8 = severe ED 

 

 

 

Of the participants aged ≥ 65 years and aged ≥ 80 years who were 

sexually active and had ED, 19% and 18%, respectively, had ever 

sought treatment for ED.   
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Chapter 9 
 

ED and subsequent atherosclerotic CV events    
 

(Related publication: Chew KK, Finn J, Stuckey BGA, Gibson N, Sanfilippo F, 
Bremner A, Thompson PL, Hobbs M, Jamrozik K. Male erectile dysfunction as a 
predictor of subsequent atherosclerotic cardiovascular events: Findings from a 
linked-data study. J Sex Med 2010; 7:192-202.) 

 
 

As age advances, erectile function is adversely affected further by 

various age-related co-morbidities, particularly cardiovascular (CV) 

risk factors and disease, either independently or as clusters of inter-

related conditions. Men with CV risk factors, such as central 

obesity, diabetes mellitus, hypertension and hyper- or dys-

lipidaemia, clinical components of the metabolic syndrome, have a 

significantly higher risk of ED. 1-13 Indeed, the greater the number of 

these CV risk factors the higher the risk. 6 CV risk factors and 

disease are also significantly more prevalent in men with ED, 

especially those with severe ED. 14, 15 There has been the 

suggestion that ED could be a manifestation of generalised 

atherosclerotic CV disease. 16-19 

 

Despite the considerable interest in the nexus between ED and CV 

disease, however, there is little published information concerning 

the role of ED as a predictor for subsequent atherosclerotic CV 

events. We therefore investigated this role and assessed the risk of 

atherosclerotic CV events subsequent to ED by estimating the 

incidence of first-ever atherosclerotic CV events subsequent to the 

manifestation of ED in a retrospective linked-data study in WA.  

 
9.1 The linked-data study 
 

The study comprised three components: 
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9.1.1 The acquisition of a study cohort of men with ED in WA who 

did not have a history of atherosclerotic CV disease prior to 

the manifestation of ED 

9.1.2 The estimation of the incidence rates of atherosclerotic CV  

events subsequent to the manifestation of ED in the study 

cohort 

9.1.3 The comparison of these incidence rates for the same 

calendar period with those in a reference population 

representative of the WA general male population.  

 

9.1.1 Acquisition of the study cohort  

The acquisition of the study cohort was achieved through the 

Western Australian Data Linkage System (WADLS). 20, 21 

 

When first established through the Western Australian Linked Data 

Project, 21 the WADLS brought together several population-based 

administrative health datasets for the period 1980-1994, including 

the Western Australian Hospital Morbidity Data (WAHMD) and the 

Western Australian Death Data (WADD). These datasets have 

been regularly updated and research databases are continually 

added. The research infrastructure of the WADLS contains several 

linkage keys 22-24 and linkages are identified by probabilistic 

matching, using as principal matching fields: surname, given name, 

date of birth, sex, residential address and Medical Record Number 

(a personal identification number allotted to a Western Australian 

resident attending a public hospital in WA). 23 

 

For our study, a dataset was first acquired as illustrated in Figure 

9.1, linking the Keogh Institute for Medical Research Erectile 

Dysfunction Dataset (KIMREDD), the WAHMD and the WADD. The 

study cohort is a derivative of this linked dataset.  
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The KIMREDD comprises men who attended the Keogh Institute 

for Medical Research (KIMR) for ED over a 10-year period from 1 

January 1995 to 31 December 2004. As well as sociodemographic 

and other clinical details of the attendees, it contains self-reports 

and/or the referring doctors‟ summaries of existing atherosclerotic 

CV disease.  

 

The WAHMD contains data related to all public and private hospital 

admissions in WA since 1980 with up to 21 International 

Classification of Diseases (ICD-9-CM or ICD-10) 25 codes for 

discharge diagnoses and 11 codes for procedures. The WADD 

holds details of the date, cause(s) and place of all deaths registered 

in WA. 

 

Figure 9.1. The acquisition of the Western Australia Erectile  

Dysfunction Research Dataset (WAEDRD) through the 

Western Australia Data Linkage System (WADLS) 

 

1980 1990 1995 2000 2005 

WA Hospital Morbidity Data (WAHMD) 

KIMR ED Dataset (KIMREDD) 

 ED                          
(First manifested) Subsequent CV events 

Time to event                                           
(ED to first subsequent CV events) 

Censor date (31 December 2005) 

WA Death Data (WADD) 

Death (CV / non-CV causes) 

Linked Dataset:   
Western Australia ED 

Research Dataset 
(WAEDRD) 
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The study cohort of 1,660 men with ED was derived from the linked 

dataset, the Western Australia Erectile Dysfunction Research 

Dataset (WAEDRD), by excluding from the WAEDRD all men with 

any atherosclerotic CV disease over a 10-year look-back period 

from the dates of their first attendances at the KIMR. Manifestation 

of ED in the study refers to the time at which the affected man first 

became aware of ED as a problem regardless of when he attended 

the KIMR or sought treatment for ED. Atherosclerotic CV disease 

was identified by the use of the ICD-9-CM or ICD-10 25 diagnostic 

codes for ischaemic heart disease (410-414), cardiac arrest 

(427.5), cerebrovascular disease (431-434), peripheral vascular 

disease (440-443) or CV procedures codes for percutaneous 

transluminal coronary angioplasty (PTCA) (36.01-36.05), PTCA 

with stenting (36.06 and 36.07), and coronary artery bypass 

grafting (36.10-36.19).  

 

The age distributions of the average WA male population in 1995-

2004 and of the study cohort are shown in Table 9.1.  

 

For each of the 1,660 men with ED in the study cohort, there is one 

single chain of records showing the significant events in the 

continuum of the man‟s healthcare from 1980 to 2005, including 

details of any existing atherosclerotic CV disease. In the same 

single chain of records, details were also recorded of the man‟s 

hospital admissions for any CV event, procedure or diagnosis 

indicative of atherosclerotic CV disease, prior and/or subsequent to 

the manifestation of ED, or of his death, if applicable.  
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Table 9.1. Age distribution: WA male population and study cohort  

 

 
Age group                   

(years) 

 WA male population 1995-2004 
§
                    Study cohort                                            

n 
 

% 
 

 
n 
 

% 
 

< 20           273801 29.3  39 
 

2.3 

20 – 29      139469 14.9  152 
 

9.2 

30 – 39      145523 15.6  206 
 

12.4 

40 – 49      140355 15.0  467 
 

28.1 

50 – 59      107398 11.5  466 
 

28.1 

60 – 69      67640 7.2  268 
 

16.1 

70 – 79      42868 4.6  58 
 

3.5 

≥ 80           16680 1.8  4 
 

0.2 

Total 933734 100  1660 
 

100 

 

 
§ Average WA male population 1995-2004 = the estimated average of the 

WA male populations for calendar years from 1995 to 2004 26  

 

 

9.1.2 Incidence rates of atherosclerotic CV events subsequent to the  

manifestation of ED   

In order to estimate the incidence rates of atherosclerotic CV 

events subsequent to the manifestation of ED, we first ascertained 

the number of these events and calculated the age-specific rates. 

In the course of our examination, we also assessed the hazard of 

these events and calculated the time intervals from manifestations 

of ED in the study cohort to the first hospital admissions for 

atherosclerotic CV events or to death from CV causes.    

 

 Number of atherosclerotic CV events 

By the censor date of 31 December 2005, hospital admissions for 

atherosclerotic CV events on at least one occasion subsequent to 
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their manifestation of ED were recorded in the WAHMD for 293 

(17.7%) of the 1,660 men. The ages of the 293 men when first seen 

at the KIMR for ED ranged from 20 to 89 years (mean 54 years, 

median 55 years, standard deviation 11 years). The majority 

(75.1%) was married or had partners, 8.9% had never been 

married, 4.8% were separated or divorced and 3.4% were 

widowers.  

 

Of these 293 men who had hospital admissions for atherosclerotic 

CV events, 27 subsequently died from CV causes and registrations 

of their death were recorded in the WADD. There were a total of 

132 deaths, including 42 deaths (31.8 %) from CV causes, among 

the 1,660 men with ED in the study cohort. Of these 42 

registrations of death from CV causes, 15 did not have any record 

of hospital admissions for atherosclerotic CV disease. (Table 9.2) 

There were, therefore, altogether 308 men (18.6%) with 

atherosclerotic CV events subsequent to the manifestation of ED 

within the study cohort of 1,660 men.  

 

 Age-specific rates of atherosclerotic CV events 

We calculated the age-specific rates (ASRs) of atherosclerotic CV 

events for each age group in the study cohort of 1,660 men with 

ED. For the different periods of follow-up in the study cohort, rates 

in our study were calculated over the whole period of 1995-2004 

rather than for individual calendar years. ASRs were corrected with 

the total person-time of follow-up for each man as the denominator 

and were shown to increase with age (Table 9.3).  
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Table 9.2. Death from cardiovascular (CV) causes among men in 

study cohort  

 
 

Cause of          
death 

 

  Number of deaths in study cohort                                 

(n = 1660) 
 

%                                              
of all deaths 

 

Without 
records of 
hospital 

admission 

With 
records of 
hospital 

admission 
 

Total Cumulative 
Total 

%  
 

Cumulative 
% 

Coronary artery 
disease 
 

8 19 27  20.5  

Cardiac arrest 
 

4 2 6 33 4.5 25.0 

Peripheral 
arterial disease 
 

0 4 4 37 3.0 28.0 

Stroke 
 

3 2 5 42 3.8 31.8 

 

CV causes 
 

15 27 42 42 31.8  

Other causes  
 

61 29 90 132 68.2 100.0 

Total  
 

76 56 132  100.0  

 

Table 9.3. Atherosclerotic CV events in study cohort subsequent 

to erectile dysfunction (ED)  

 
 

Age group                  
(years) 

Hospital admissions for atherosclerotic CV events subsequent to ED 
and registrations of death from atherosclerotic CV causes 

                                                                                                                                             

n  
ASR

 
* Observed Expected 

< 20           0 0.03 0.0 

20 – 29      5 0.66 1.8 

30 – 39      20 2.70 7.6 

40 – 49      72 20.73 13.1 

50 – 59      106 47.17 22.0 

60 – 69      83 51.83 30.6 

70 – 79      18 17.79 31.5 

≥ 80           4 1.97 100.4 

Total 308 142.87 
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ASR * = Age-specific rate per 1000 person-years for men with ED based  

 on their total follow-up time   

 

 

 Hazard ratios for subsequent atherosclerotic CV event 

We examined the factors associated with the hazard or risk of 

atherosclerotic CV events subsequent to the manifestation of ED 

based on hospital admission and death registration data. Charlson 

Co-morbidity Index (CCI) and Socioeconomic Indexes for Areas 

(SEIFA) were used in the calculation of the hazard ratios (HRs) and 

95% confidence intervals (CIs).  

 

Multivariate Cox proportional hazard regression was used to 

examine the association of age at first manifestation of ED, CCI, 

SEIFA and cigarette smoking with atherosclerotic CV events 

subsequent to the manifestation of ED. For the calculation of HRs 

and 95% CIs, CCIs were categorised into CCI Category 0 (CCI = 

0), CCI Category 1 (CCI = 1-2) and CCI Category 2 (CCI  3). 

SEIFA were categorised in quartiles (SEIFA 1 to SEIFA 4), with the 

lowest quartile (SEIFA 1) indicating the greatest socioeconomic 

disadvantage.   

 

Charlson Co-morbidity Index  

From the diagnostic and procedural codes recorded for each 

patient in the WAHMD, we computed a co-morbidity index for the 

individual using the model developed by Charlson and associates 27 

and adapted to the Dartmouth-Manitoba algorithm, 28-30 which has 

been used extensively for risk adjustment in the analysis of 

vertically linked longitudinal data. 29 The weights assigned to 17 

diseases, including diabetes mellitus, with appropriately adjusted 

relative risks, were added to form a single ordinal score, the 
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Charlson Co-morbidity Index (CCI), 27 where a score of zero 

reflects no mention of a prior hospital admission for one of the 17 

conditions within five years of the first presentation to the KIMR for 

ED and the higher the score the greater the co-morbid burden. 

 

Socioeconomic Indexes for Areas 

The Socioeconomic Indexes for Areas (SEIFA) were derived from 

population census data by the ABS as a measure of socioeconomic 

status. 31 We used the SEIFA score to provide an estimate of 

socioeconomic disadvantage for each man in the study cohort 

based on the postcode of his residential address when he first 

attended the Keogh Institute for ED.  

 

SEIFA 1996 scores were used for records up to 1996 and SEIFA 

2001 scores for records from 1997 onwards, corresponding to the 

1996 and 2001 census years respectively. 

 

The hazard ratios (HRs) for atherosclerotic CV event subsequent to 

the manifestation of ED are shown in Table 9.4. Increased age at 

first manifestation of ED, greater co-morbid burden indicated by 

higher Charlson Co-morbidity Index (CCI) and current cigarette 

smoking were significantly associated with higher HRs suggesting 

an increased hazard or risk. The risk in men with the greatest 

socioeconomic disadvantage (SEIFA category 1) was almost 50% 

higher (HR=1.47; 95%CI 1.07, 2.01) than in men with the lowest 

socioeconomic disadvantage (SEIFA category 4).  
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Table 9.4. Atherosclerotic cardiovascular (CV) events subsequent  

  to erectile dysfunction (ED)  

 

Confounding variable HR 
†
 

 
95% CI 

‡
 

Age at first manifestation of ED 

    
1.07 1.06 - 1.08 

Charlson Co-morbidity Index (CCI) * 

    CCI Category 0 
    CCI Category 1 
    CCI Category 2 
 

 
1.00 
1.65 
3.22 

 
 

1.10 - 2.50 
1.51 - 6.89 

Socioeconomic Index For Area (SEIFA)  

    SEIFA 1 
    SEIFA 2 
    SEIFA 3 
    SEIFA 4 

 
1.47 
1.26 
1.29 
1.00 

 
1.07 - 2.01 
0.90 - 1.78 
0.92 - 1.82 

Cigarette smoking 

    Never smokers 
    Former smokers 
    Current smokers 

 
1.00 
1.16 
1.64 

 
 

0.87 - 1.54 
1.17 - 2.29 

 

 

* CCI = Charlson Co-morbidity Index 

Category 0 = CCI 0; Category 1 = CCI 1-2; Category 2 = CCI 3 and  

above. 

† HR = adjusted hazard ratio from a multivariate Cox proportional  

 regression model containing all the variables listed in the table  

‡ 95% CI = 95% confidence interval    

 

 

 Time-to-event intervals 

Time intervals from manifestations of ED in the study cohort to the 

first hospital admissions for atherosclerotic CV events or to death 

from CV causes were calculated using the Kaplan-Meier method. 

These were tabulated as univariate frequencies, with corresponding 

summary statistics.  

 

Table 9.5 shows that 76.0% of subsequent atherosclerotic CV 

events had occurred within 15 years of the manifestation of ED, 
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and 4.2% had occurred within 2 years. The median time interval 

was 11.9 years (mean 11.2 years, standard deviation 6.9 years).  

 

 

Table 9.5. Time interval between manifestation of erectile  

dysfunction (ED) and first atherosclerotic 

cardiovascular (CV) events subsequent to ED 

 

 
Time interval from 

manifestation of ED                           

(years) 

Atherosclerotic CV events                                                        
subsequent to manifestation of ED 

 

n Cumulative n 
 

Cumulative % 
 

≤ 2 
 

13 13 4.2 

2.1 - 5 
 

25 38 12.3 

5.1 - 10 
 

77 115 37.3 

10.1 - 15 
 

119 234 76.0 

15.1 - 20 
 

45 279 90.6 

> 20 
 

29 308 100.0 

 
 

Median     11.9                               

 

Mean    11.2                                 Standard deviation    6.9 

 

 

 Incidence rates for various age groups 

We calculated and standardised the incidence rates for each age 

group by decade.  

 

As described in section 9.1.3, rates were standardised by the 

indirect method to the estimated average male population in WA 

over the period 1995 to 2004 based on the Australian Bureau of 

Statistics (ABS) data for calendar years from 1995 to 2004. 26 The 

incidence rates for the various age groups in the study cohort were 

compared with those in the reference population.   
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The results are shown in Table 9.6. 

 

 

9.1.2 Comparison of incidence rates of subsequent atherosclerotic  

CV events in study cohort with those in a reference population  

We selected a linked population-based administrative health 

dataset as the reference population or comparator in our study for 

the statistical analyses of incidence rates. Details of this cohort are 

described in the latter part of this section.  

 

We had considered the conundrum and propriety of the control or 

reference group selection, which were discussed in a 

comprehensive review on study designs. 32 Although it was 

possible that the reference population we selected might include 

some men with unreported or undiagnosed ED, it was, all in all, a 

representative cohort of men from general population samples and 

in reality the population at risk, the actual goal of control group 

selection.  

 

As shown in Table 9.6, the reference population we selected was 

sizeable and there was considerable disparity in size between the 

reference population and our study cohort. We therefore, as alluded 

to in 9.1.2, standardised the incidence rates of atherosclerotic CV 

events to the average WA male population in 1995-2004 26 by the 

indirect method.  
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Table 9.6. Atherosclerotic cardiovascular (CV) events subsequent  

to erectile dysfunction (ED): Incidence rate ratios and 

standardised incidence rate ratio 

 

 
 

Age 
group                  
(years) 

Hospital admissions for atherosclerotic CV events subsequent to manifestation 
of ED and registrations of death from atherosclerotic CV causes 

 

Reference population* 

(n=933734) 

 Study cohort                                                                         
(n=1660)              

                                                                                                        

No. of events 

 
ASR

1
    

 
 

No. of events 
 

 
ASR

2
 

IRR
†
 95% CI

‡
 

Observed 
 

Expected 

< 20           139 
 

 0 0.03 0.0 0.0 0.0-90.4 

20 – 29      327 0.05  5 0.66 1.8 7.6 2.5-17.8 

30 – 39      1488 0.23  20 2.70 7.6 7.4 4.5-11.5 

40 – 49      5288 1.02  72 20.73 13.1 3.5 2.7-4.4 

50 – 59      10516 3.77  106 47.17 22.0 2.2 1.8-2.7 

60 – 69      12911 9.79  83 51.83 30.6 1.6 1.3-2.0 

70 – 79      13356 19.09  18 17.79 31.5 1.0 0.6-1.6 

≥ 80           8266 31.16  4 1.97 100.4 2.0 0.6-5.2 

Total 52291 49.56  308 142.87   
 

 

 Standardised Incidence Rate Ratio (SIRR)                                      2.2
 
         1.9-2.4

 

(Standardised to WA male population 1995-2004) 

 

* Reference population = Cohort of men in WA who had been admitted to  

hospital for atherosclerotic CV disease for the first time in 1995-

2004 (excluding cases that occurred during a fixed 15-year look-

back period from 1995-2004) or who had died from atherosclerotic 

CV disease  

ASR1 = Age-specific rate (per 1000 person-years) for the average WA  

 male population 1995-2004  

ASR2 = Age-specific rate (per 1000 person-years) for the study cohort of  

 men with ED based on their total follow-up time  

† IRR = Incidence rate ratio (ratio of ASR2 to ASR1) 

‡ 95% CI = 95% confidence interval for IRR 
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 Reference population  

The cohort of men from general WA population samples which we 

selected as the reference population for external comparison with 

our study cohort was a linked population-based administrative 

health dataset which had been extracted from the WADLS. This 

dataset contains for the period 1980 to 2004 a person-linked file of 

records for all males who had been admitted to hospitals in WA for 

atherosclerotic CV disease or had died from a CV cause. 33, 34  

 

First-ever hospital admissions for atherosclerotic CV disease as 

well as registrations of deaths from CV causes in the period 1995 to 

2004 were identified in the reference population using a fixed look-

back period of 15 years. The codes used for identifying 

atherosclerotic CV disease in the reference population were 

identical as those used in our study cohort.       

 

Incidence rates were calculated using the identified incident cases 

as numerator and the estimated average male population in WA 

over the period 1995 to 2004 as denominator. These incidence 

rates constituted the reference population rates to provide a 

comparison with the incidence rates within our study cohort of men 

with ED.  

 

 Risk of atherosclerotic CV events subsequent to ED 

We assessed the risk of atherosclerotic CV events subsequent to 

ED by comparing their incidence rates in the study cohort with 

those in the reference population. Incidence rates for the various 

age groups in the study cohort were compared with those in the 

reference population by the corresponding incidence rate ratios 

(IRRs).  
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The standardised incidence rate ratio (SIRR) was calculated by 

dividing the observed number of atherosclerotic CV events in the 

entire study cohort by the expected number of events.  

 

As shown in Table 9.6, there were 52,291 first-ever hospital 

admissions for atherosclerotic CV disease or registrations of death 

from CV causes in the reference population. Overall, the incidence 

of atherosclerotic CV events in the study cohort of men with ED 

was double the incidence in the reference population representative 

of the general male population in WA (SIRR= 2.2, 95% CI 1.9, 2.4).  

 

There were significantly increased incidence rate ratios in all age 

groups younger than 70 years, with a statistically highly significant 

downward trend, assessed by Poisson regression, with increase of 

age (p<0.0001) across these age groups. The seven-fold increase 

in the age groups younger than 40 years was particularly striking. 

 

 

9.2  Findings from the linked-data study  

Findings from the linked-data study are summarised in this section. 

In addition to providing supportive evidence to the notion that ED 

and atherosclerotic CV disease are part of generalized vascular 

endothelial disease, they show insight into the relevance and other 

aspects of these inter-relationships. Further details and implications 

of these findings are discussed in Chapter 10.  

 

Hospital admissions for atherosclerotic CV events were recorded in 

the WAHMD on at least one occasion subsequent to their 

manifestation of ED for 293 (17.7%) of the 1,660 men in the study 

cohort. There were 42 deaths (31.8 %) from CV causes among the 
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1,660 men with ED in the study cohort. Of the 42 registrations of 

death from CV causes, 27 were of men who had records of hospital 

admissions for atherosclerotic CV disease and 15 were of men 

without such records. There were, therefore, a total of 308 men 

(18.6%) with atherosclerotic CV events subsequent to the 

manifestation of ED in the study cohort of 1,660 men. 

 

Based on hospital admissions and death registrations, our linked 

data study shows that the incidence of atherosclerotic CV events 

subsequent to ED in the study cohort was twice that in the general 

male population (SIRR 2.2; 95% CI 1.9, 2.4). The finding was 

statistically significant at the 5% level in our assessment of the risk 

of subsequent atherosclerotic CV events at the severe end of the 

spectrum requiring management in hospital and eventuating in 

death.  

 

Incidence rate ratios for subsequent atherosclerotic CV events 

were significantly higher in all age groups younger than 70 years in 

the study cohort and particularly so in age groups younger than 40 

years. The downward trend with increasing age across these age 

groups, assessed by Poisson regression, was statistically 

significant (p<0.0001). 

 

Increased age at first manifestation of ED, greater co-morbid 

burden indicated by higher Charlson Co-morbidity Index (CCI 1 and 

2) and current cigarette smoking were significantly associated with 

higher HRs and increased hazard or risk. The risk in men with the 

greatest socioeconomic disadvantage (SEIFA category 1) was 

almost 50% higher (HR=1.47; 95%CI 1.07, 2.01) than in men with 

the lowest socioeconomic disadvantage (SEIFA category 4).  
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Of the subsequent first-ever atherosclerotic CV events, 76.0% 

occurred within 15 years of the manifestation of ED, 12.3% within 

five years and 4.2% within two years. The median time interval was 

11.9 years (mean 11.2 years, standard deviation 6.9 years). One-

third of death registrations from CV causes and 30% from coronary 

artery disease were of men without records of hospital admission 

for CV disease. 
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Chapter 10                                               
 

Discussion                                  

The overall discussion for the thesis is presented in this Chapter. 

 

The salient findings from our data analyses and interpretations of 

the WAMHS and of the linked dataset study are summarised with a 

discussion of their significance and/or implications. Certain salient 

findings confirm those reported from other studies. A number of 

findings are new and useful in clinical practice, and some are 

relevant to the planning and delivery of general and healthcare 

services and social support facilities. 

 

Limitations of the studies are deliberated and suggestions for future 

research are included in this Chapter. 

 

 

10.1 Salient findings and their significance / implications 

10.1.1 The epidemiology of ED 

Salient findings   

(a) ED is prevalent in WA and affects adult men of all ages 

Based on IIEF-5 scores, the overall prevalence of ED among the 

1580 participants was 40.3%, and 21.2% reported severe ED. 

Adjusted for age distribution of the male population in WA, 1 the 

estimated prevalences of any ED and of severe ED in adult 

Western Australian men were, respectively, 25.1% and 8.5%. The 

corresponding prevalences, standardised to WHO World Standard 

Population, 2 were 23.4% and 7.4%.  

 

Significance / implications 

Whereas most published studies on ED were conducted using a 

variety of investigative instruments on men aged between 40 and 
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70 years, the ages of participants in the WAMHS ranged from 20 to 

99 years. Our study has therefore provided overall and age-specific 

prevalences and various strata of severity of ED, for the entire age 

range of the adult male population in WA, based on responses to 

the IIEF-5, an internationally validated investigative instrument for 

ED. 

 

Standardising the prevalences to the WHO World Standard 

Population 2001, a non-varying external reference population, 

enhances the international intelligibility and comparability of these 

findings. 

  

As the age distributions of the adult male population of WA and of  

Australia are strikingly similar, 1, 3 these estimates are likely to be 

also applicable to Australia nation-wide. 

 

 (b) The prevalence and severity of ED increase with age 

The prevalence and severity of ED both increased significantly with 

age, especially after the age of 50 years. Albeit mostly mild, ED 

was more prevalent (15.7%) among participants in the 20-29 years 

age group than in the 30-39 (8.7%) and 40-49 years (12.9%) age 

groups. 

 

Significance / implications 

The WAMHS confirms yet again, as in the MMAS 4 and other 

epidemiological studies, that age is the predominant factor in ED 

over and above all other sociodemographic factors and that both 

the prevalence and the severity of ED increase with age.  

 

Considering that 75.3% of the 186 men who did not participate in 

the study and 84.4% of the 141 participants whose IIEF-5 scores 
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were unavailable were aged 60 years and older, the true 

prevalences of ED and of severe ED may have been higher than 

the observed figures of 25.1% and 8.5%.  

 

Australian demography is changing rapidly in keeping with global 

population ageing, and the proportion of persons aged 65 years 

and older has been projected to increase dramatically 5. As a highly 

prevalent and age-related condition, ED will no doubt pose huge 

clinical and socioeconomic challenges for providers of healthcare 

and social support services in the years ahead 

 

ED was also reported by younger males, with15.7% of those aged 

20-29 years affected. As in our previous study on ED in general 

medical practice in Perth, WA, 6 the 20-29 years age group was 

also found to have a higher prevalence of ED than the 30-39 years 

age group.  

 

Stresses related to early adulthood, budding relationships and new 

responsibilities associated with entering the work-force and 

commencing independent living are possible contributory factors, 

although in a case report on „honeymoon impotence‟ among men 

aged 20-28 years, 26% were found to have vasculogenic ED. 7 Few 

population-based studies had included men younger than 25 years 

of age. 8 It is of interest that in a study involving servicemen aged 

25-55 years the prevalence of ED, based on IIEF-5 scores, was 

also shown to be higher at 25% among younger men aged 25-28 

years compared to 19% and 22% among men aged 29-34 years 

and 35-40 years respectively. 9  

 

(c) Only a small proportion of men with ED seek treatment in spite  

of long durations of ED 
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Almost 75% of men who reported having ED had ED for more than 

two years and 12.2% for more than 10 years. ED was also more 

severe in participants with a longer duration of ED. However, only 

14% of men with ED had ever sought or received treatment.  

 

Significance / implications 

Our observation that participants reporting a longer duration of ED 

had more severe ED is consistent with similar findings in studies on 

treatment-seeking behaviour of men with ED. 10, 11 

 

The finding that a longer history of ED was associated with ED of 

greater severity provides a good rationale for encouraging men with 

ED to seek professional assistance early in order that therapeutic 

intervention may be initiated at its milder stages. The perfunctory 

treatment seeking behaviour suggests the need for educational 

programmes and awareness campaigns at various levels of the 

community as well as within the healthcare profession. 

 

10.1.2 Cigarette smoking and ED 

Salient findings   

(a) Cigarette smoking is a significant risk factor for ED  

independent of CV disease   

Our findings show statistically significant increases in the odds of 

ED among current smokers compared with never smokers even 

after adjustment for age and CV disease. The increased 

corresponding odds among ever and former smokers also imply a 

possible adverse effect of previous smoking on erectile function. 

While smoking increases the risk of ED in the absence of CV 

disease, smoking in the presence of symptomatic CV disease 

increases these odds still further. 
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Evidence from various studies strongly suggests that smoking is 

causally related to ED. We found that about 20% of ED was 

attributable to cigarette smoking, if smoking causes ED. 

 

Significance / implications 

Cigarette smoking is responsible for the greatest avoidable burden 

of disease in Australia and contributes significantly to deaths and 

drug-related hospitalisations. 12 Our data indicating that this is 

augmented by a measurable adverse impact on an important 

aspect of men‟s health and self-image can only reinforce 

recommendations that healthcare professionals inquire about and 

advise against smoking by their patients at every possible 

opportunity.   

 

(b) Adverse effects of smoking on erectile function may be 

persistent unless cessation of smoking occurs early    

Our data on ED in former smokers suggest that the risk of ED may 

persist after smoking ceases. The significantly increased odds of 

ED among those who had ceased smoking for 6 to 10 years and 

not among more recent quitters may be a reflection of an ongoing 

effect of smoking on erectile function, and the statistically non-

significant age-adjusted odds of ED more than 10 years after 

quitting smoking an indication of amelioration with time. 

 

The finding that increased risk of ED was only apparent in smokers 

aged 50 years and older also suggests that cessation of smoking 

before middle age may avoid a significant increase in the risk of 

ED. 

 

 

Significance / implications 

As stated in 10.1.2(a), cigarette smoking is responsible for the  
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greatest avoidable burden of disease in Australia and contributes 

significantly to death and drug-related hospitalisations. 12  The 

prospect that cessation of smoking prior to middle age may help to 

avoid or minimise the risk underscores the importance of both 

clinical and public health activities that will reduce the prevalence 

and incidence of smoking still further. 

 

10.1.3 Alcohol consumption and ED 

Salient findings   

(a) Alcohol consumption is associated with lower odds of ED 

The crude prevalence of ED among current drinkers was similar to 

that among never drinkers and higher among ex-drinkers. The age-

adjusted odds of ED, albeit not statistically significant at the 5% 

level, were lower among current drinkers.  

 

The age-adjusted odds of ED were lower among current drinkers 

who consumed alcohol within the Australian National Health and 

Medical Research Council (NHMRC) guidelines for low-risk drinking 

than the corresponding odds among men who less frequently or 

were heavier drinkers.  

 

Significance / implications 

Our findings suggest a modest negative association between 

alcohol consumption and ED.  

 

There is no justification or need for advising men with ED whose 

drinking habits are consistent with NHMRC guidelines for low-risk 

drinking 13 that they should cease or reduce their consumption of 

alcohol as part of the management strategy for ED. The finding 

provides rationale for appropriate counseling of men with ED who 
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may carry a sense of guilt about their past or current drinking if they 

drank within the guidelines for low-risk drinking. 

 

(b) The lower odds of ED with alcohol drinking benefit most a 

non-smoker without CV disease whose consumes alcohol 

within the guidelines for low-risk drinking  

Our data confirm that CV disease and cigarette smoking confound 

the association between alcohol consumption and ED. When 

adjusted for CV disease or for cigarette smoking, the age-adjusted 

odds of ED among all categories of alcohol drinkers were reduced 

by 25-30% in relative terms. Having adjusted for CV disease, 

further adjustment for cigarette smoking led to a further reduction of 

15% among current drinkers with consumption within the NHMRC 

guidelines for low-risk drinking. 

 

Significance / implications 

These findings suggest that, not only alcohol drinkers must not 

exceed the guidelines for low-risk drinking to benefit from the 

congenial effect in a possibly J-shaped association between alcohol 

consumption and ED, he should also refrain from cigarette smoking 

and endeavour to achieve good CV health. Alcohol consumption 

and cigarette smoking are two common lifestyle factors relevant to 

CV risk. The understanding and knowledge that they have 

divergent implications on erectile function enhance rational 

counselling and propriety in therapeutic decisions in clinical practice 

and educational programmes. 

 

10.1.4 CV Disease and ED  

Salient findings   

(a) Almost all the CV morbidities in the spectrum of CV disease 

are prevalent in men with ED  
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Compared with men without ED, a much higher proportion of the 

participants with ED had CV risk factors and disease. In men with 

severe ED, the prevalences of CV risk factors and disease were 

even much higher.  

 

CV risk factors and disease were significantly more prevalent as 

age advances. Given that age is also the most significant risk factor 

for ED, its compounding effects are striking. 

 

Significance / implications 

A presentation of ED is a window of opportunity to investigate for 

CV risk factors and to initiate CV risk prevention or minimisation 

strategies. The awareness of the association between CV disease 

and ED will alert the clinician to the opportunity for the best 

interests of his patients. A proactive approach is often needed for a 

discreet inquiry of the patients‟ sexual health, and such and similar 

evidence-based knowledge will provide the rationale for the 

proactive approach. 

 

(b) Men with CV risk factors and disease have significant and 

higher risk of ED  

Between half and two-thirds of the participants with CV risk factors 

or disease had IIEF-5 scores indicative of ED, and the ED was 

mostly severe. The age-adjusted odds of reporting ED were 

significantly increased among the WAMHS participants who had 

CV disease and specifically hypertension, ischaemic heart disease 

and stroke.  In peripheral arterial disease, although the age-

adjusted odds of ED were not significant, the age-adjusted odds of 

severe ED were 2.62 times (95% CI 1.17, 5.85) higher. 

 

Significance / implications 

As age advances, erectile function is adversely affected by various  
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age-related co-morbidities, particularly cardiovascular (CV) risk 

factors and disease, either independently or as clusters of inter-

related conditions.   Men with CV risk factors, such as central 

obesity, diabetes mellitus, hypertension and hyper- or dys-

lipidaemia, clinical components of the metabolic syndrome, have a 

significantly higher risk of ED. 14-25 Indeed, the greater the number 

of these CV risk factors the higher the risk. 19 

 

The association of significantly higher odds of severe ED (p=0.019) 

with peripheral arterial disease is consistent with the “artery-size” 

hypothesis, which postulates that atherogenesis is likely to be 

evident earlier in arteries of smaller calibre. 26 

 

Notwithstanding the caveat that our data on both ED and risk 

factors are based on self-reporting, the notion that CV risk factors 

and disease are associated with an increased risk of ED is well 

supported by the findings of the WAMHS. The epidemiological data 

further attest to the intimate nexus between ED and CV risk factors 

and disease. 

 

10.1.5 ED in ageing and elderly men 

Salient findings    

(a) ED affects a significant proportion of ageing and elderly men 

who are no longer gainfully employed but are in connubial 

relationship and sexually active 

Between 60% and 70% of ageing and elderly men in the WAMHS 

were married or had partners. Only 9.7% and 6.5% of men aged ≥ 

65 years and ≥ 80 years, respectively, were still gainfully employed.   

 

Of men aged ≥ 65 years and ≥ 80 years, 32.4% and 12.0% 

respectively were sexually active. Compared to 22.8% of the 
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younger men, 67.3% of men aged ≥ 65 years and 68.3% of those 

aged ≥ 80 years reported having ED. Whereas less than 20% of ED 

were severe ED among men aged < 65 years, more than 70% were 

severe ED in the older age groups. With men aged < 65 years as 

the reference category, the odds ratio of ED for men aged ≥ 65 

years was 15.4 (95% CI 11.6, 20.4) and for ≥ 80 years 95.8 (95% 

CI 38.8, 237). Less than 20% of older men with ED had ever sought 

treatment for ED.   

 

Significance / implications 

While these data confirm unequivocally the findings of our previous 

study in general medical practice that prevalence and severity of 

ED increase with age, 6 they also raise the issue of needs and 

affordability in terms of treatment of a highly prevalent condition 

such as ED for which there is currently no provision in the 

Australian healthcare system. 

 

The findings underscore the special needs of the ageing and the 

elderly, which beseech compassionate consideration and rational 

solution in the planning and delivery of healthcare and age-care 

services. They also point to the need for promoting among the 

ageing and elderly men greater awareness of the implications of 

ED and the availability of its treatment.   Appropriate affordable 

treatment should be made available for those requiring and desiring 

it as well as privacy facilities in institutional accommodation to help 

sustain their right to a sex life after 65. 

 

 

(b) Prevalent CV morbidities among ageing and elderly men 

compound the effects of age and escalate the risk of ED 
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Age has been shown to be the predominant risk factor for ED. At 

the same time, cardiovascular disease are prevalent among the 

ageing and elderly men, and their prevalences too increase 

significantly with age.  

 

Compared with younger men, all of the CV morbidities were 

significantly more prevalent in men aged ≥ 65 years and ≥ 80 years 

in our study. Odds of ED were dramatically and significantly higher 

in the older men with any morbidity in the spectrum of CV disease, 

being 11.7 (95% CI 7.29, 18.7) in men aged ≥ 65 years and 161 

(95% CI 21.9, 1178) in those aged ≥ 80 years. All of the men aged 

≥ 80 years with ischaemic heart disease, peripheral arterial 

disease, stroke, and hyperlipidaemia reported having ED. 

 

Significance / implications 

Given the high prevalences of ED and CV morbidities in the ageing 

and elderly men and the closeness of the inter-relationships, a 

complaint of ED should be viewed as a window of opportunity to 

assess the patient for CV risk factors and disease. The clinician 

needs to suspect, seek, investigate, diagnose and rigorously 

manage these morbidities and their risk factors early in order that 

the risk of ED and other adverse complications may be prevented 

or minimised. Along with this understanding and knowledge, it is 

also important to be proactive and ask men with any of these 

morbidities or risk factors if they have erectile difficulty, as safe and 

effective treatment for ED is available in most situations.  

 

10.1.6 ED as a predictor for atherosclerotic CV events 

Salient findings    

(a) ED is significantly associated with subsequent atherosclerotic 

CV events at the severe end of the spectrum  
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Based on hospital admissions and death registrations, our findings  

show that the incidence of atherosclerotic CV events subsequent to 

the initial manifestation of ED in our study cohort is twice that in the 

reference population representative of the general male population 

in WA (SIRR 2.2; 95% CI 1.9, 2.4).  

 

Significance / implications 

These findings are broadly consistent with those from a prospective 

population-based longitudinal study of ED and future coronary 

artery disease 27 in confirming a new dimension to the intimate 

nexus between ED and CV disease beyond the notion that these 

are just two common inter-related conditions. In contrast to the 

significantly higher rate of coronary artery disease in men with 

moderate to severe ED from model-based predictions, 19 our finding 

of significantly increased risk was based on events that had 

occurred as hospital admissions or death registrations.  

 

ED has evolved from being regarded as a trivial and presumably 

psychological impediment with varying nuisance values to its 

eminence now as a marker and predictor of CV disease. In 

fostering ED as a marker and predictor of subsequent 

atherosclerotic CV disease, a proposition promulgated in recent 

studies and reviews, 27-31 these findings add support to the concept 

that ED and atherosclerotic CV disease are manifestations of 

generalised vascular endothelial disease in different vascular beds.  

 

The raison d’être is therefore compelling for a paradigm shift in the  

perception and management of ED. The clinician should focus on 

CV risk prevention and minimisation when CV disease is still silent 

or asymptomatic, and men presenting with ED should undergo a 
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thorough assessment of their CV risk with view to appropriate 

management of modifiable factors contributing to that risk. 

 

(b) ED is associated in younger men with greater relative risk of 

subsequent atherosclerotic CV events but has decreased 

predictive value in the older men  

Incidence rate ratios for subsequent atherosclerotic CV events 

were significantly higher in all age groups younger than 70 years in 

the study cohort and particularly so in age groups younger than 40 

years. The downward trend with increasing age across these age 

groups was statistically highly significant (p<0.0001). 

 

Significance / implications 

If it were possible to exclude the influence of selection bias, these 

findings suggest a greater relative risk of atherosclerotic CV events 

in younger men with ED and decreased predictive value of ED for 

atherosclerotic CV event in the older persons. However, the fact 

that findings with strikingly similar implications were also reported 

from a prospective population-based longitudinal study 27 seems to 

validate the proposition of differential roles of ED as a predictor of 

atherosclerotic CV events with respect to age. 

 

(c) First-ever atherosclerotic CV events subsequent to ED 

generally occur after several years but may come without 

warning  

Of hospital admissions for first-ever subsequent atherosclerotic CV 

events, 4.2% occurred within two years, 12.3% within five years, 

37.3% within 10 years and 76.5% within 15 years of manifestation 

of ED. The median time interval was 11.9 years (mean 11.2 years, 

standard deviation 6.9 years).  
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Significance / implications 

While 12.3% of men in our study had their first-ever atherosclerotic 

CV events within five years of manifestation of ED, the American 

Prostate Cancer Prevention Trial reported 11%. 31 The striking 

similarity of the findings from these two studies, despite their 

different designs, suggests that ED probably precedes a 

subsequent atherosclerotic CV event by a much longer time interval 

than that reported from a study in which most men with ED who 

had angiographic evidence of coronary artery disease reported 

having had sexual symptoms for two to three years prior to anginal 

symptoms. 32, 33  

 

The time-to-event interval of several years between the 

manifestation of ED and a subsequent atherosclerotic CV event 

makes a beneficial outcome achievable if CV risk prevention or 

minimisation programmes are initiated early. 

 

Almost 50% of sudden cardiac deaths are known to occur in 

patients with silent coronary artery disease. 34 The finding that one-

third of deaths from CV causes and 30% of deaths from coronary 

artery disease were of men without records of hospital admission 

for CV disease raises the possibility that these CV events might 

have occurred without warning from existing undiagnosed 

atherosclerotic CV disease. 

 

 

 

10.2   Limitations of studies        

Limitations to the WAMHS and the linked data study are discussed 

in this section. 
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(1) The WAMHS 

A major limitation of the WAMHS lies with the difficulties inherent in  

a cross-sectional postal survey. It was not possible to make any 

follow-up enquiries to clarify responses or collect missing 

information. There were also constraints with regard to the size of 

the study questionnaire and the number and range of variables that 

could be included without jeopardising the level of participation or 

the quality of responses. 

The response of 41.9% (1770/4228) is comparable to the 44.7% 

and 47.6% achieved, respectively, for similar studies in the USA 

(n=5198) 35 and in Brazil (n=718). 36 

The modest participation rate (37.4%) may affect the internal 

validity of our findings. However, completed study questionnaires 

were returned by almost 90% of the responders and our analyses 

concerning the various areas of our inquiry were based on 

information provided by almost all or most of the 1,580 participants.  

Given the high frequency of ED, the use of odds ratios as the 

measure of effect may over-estimate strengths of association. 

In a cross-sectional study based on self-reports, it is not possible to  

assess the accuracy or the veracity of the information from the 

responses, or to investigate the temporal relationship between 

various variables or events. However, the fact that our observations 

are broadly consistent with validated published information and are 

in accord with the results of other contemporary surveys suggest 

that they had not been affected by differential non-response among 

the participants of the study. Under- or over-reporting appears 

unlikely, as to suggest this would infer equivalent under- or over-

reporting via different channels. 
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As in other similar studies, response to the WAMHS was 

incomplete. Although this may have distorted some of the 

information reported if participation in the study varied 

systematically with whether or not a man was affected, it is 

improbable that it could distort the relationship between ED and its 

associated socioeconomic factors and clinical correlates. Since 

evidence of the links between ED and these factors and correlates 

has emerged only relatively recently, it is unlikely that participants 

with ED would be more likely to report on any of these aspects 

differentially.  

 

Notwithstanding all these limitations, we were able to report from 

the WAMHS relevant information on ED and its various associated 

socioeconomic factors and clinical correlates, and demonstrate the 

relationships between them. In our view, our findings are 

conservative and reasonably representative.  

 

 

(2) The linked data study  

There were several imitations in our study involving the linked 

dataset. These, in our view, were well compensated by our being 

able to conduct, in a retrospective review, longitudinal analyses of 

data from three independent datasets linked through an extensively 

validated data linkage system. 

 

One of the limitations relates to our selection for our study cohort of 

all men with atherosclerotic CV disease over a 10-year look-back 

period from the dates of their first attendances at the KIMR for ED. 

We were conscious of the possibility that the KIMR records might 

show CV morbidity in some men in the study cohort who 
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subsequently developed atherosclerotic CV disease if the look-back 

period had been longer than 10 years. However, such men would 

be relatively young then and not so likely candidates for 

atherosclerotic CV disease. Moreover, in the absence of any known 

needs for medical attention over a 10-year period, any 

atherosclerotic CV disease, if reported, might have been either 

presumptive or mild. Even if present, the bias would be small. 

 

As the study cohort was derived from the database of the KIMR, 

which is the main but not the sole provider of diagnostic and 

therapeutic services for all the men with ED in WA, there might 

have been men in our study cohort who might have had ED but 

treated at a location other than the KIMR. It was not possible to 

exclude the influence of such selection bias or to estimate its level if 

it were present. However, any bias from this and other possible 

inclusions, if anything, would have either inflated the incidences of 

atherosclerotic CV disease among the controls or moderated those 

among men with ED, thus abating and not undermining the 

comparisons. 

 

Another limitation relates to the basis of our assessment of hazards 

of atherosclerotic CV events being hospital admissions and death 

registrations. Although it is possible that some men with ED in our 

study cohort might have had subsequent atherosclerotic CV 

disease which did not require treatment in hospital, such 

information was not available to us. However, even if it were, its 

inclusion would only inflate the standardised incidences. 

 

There was also limitation in the selection of an appropriate 

reference population or control group to provide the basis for 

comparative statistical analyses in order to assess the hazard or 
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risk, not just the incidence, of atherosclerotic CV disease 

subsequent to ED. The conundrum and propriety of control group 

selection have been discussed in a comprehensive review on study 

designs. 37 Investigators of the American Prostate Cancer 

Prevention Trial 31 were able to use a subset of men without ED for 

internal comparison, but the option was not available in our linked 

dataset comprising exclusively men with ED.  

 

In selecting as the reference population or control group the cohort 

of men in WA with atherosclerotic CV disease which were 

population-based linked administrative health data extracted from 

the WADLS, we were aware of the possibility that in it there might 

be men with unreported or undiagnosed ED. However, such a 

population sample does in reality represent the population at risk, 

the actual goal of control group selection. In any case, it would not 

have been possible to exclude unreported or undiagnosed ED from 

any randomly selected sample of men, whether directly from the 

general population or from another population-based dataset.  

 

As a limitation to our study, we have also considered the possibility 

that some men with ED in our study cohort might have had 

subsequent atherosclerotic CV events or disease for which 

treatment in hospital had not been needed. However, even if such 

information were available to us, its inclusion would only inflate the 

standardised incidence rate ratio.   

 

 

10.3   Suggestions for future research  

For international intelligibility and comparability, we have 

standardised our epidemiological data to a relatively non-varying 

external reference population such as the WHO World Standard 
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Population 2000-2005. Prevalences of ED in population-based 

studies should be similarly standardised. We recommend routine 

application of this approach in order that in future the findings from 

studies of similar design may be appropriately interpreted and 

meaningfully compared across populations with different age 

distributions. 

 

Where resources permit, prospective longitudinal studies of 

adequate power for appropriate statistical analyses should be 

considered. This is particularly relevant to studies with the 

objectives of exploring the temporal relationships between ED and 

the various associated cardiometabolic risk factors, such as central 

obesity and hyperlipidaemia, and lifestyle factors including cigarette 

smoking and alcohol consumption.  

 

Studies involving randomised blinded therapeutic interventions 

should also be undertaken to investigate the cause-effect 

relationships of conventional factors or co-morbid conditions which 

may contribute to ED. The use of angiotensin converting enzyme 

inhibitors and statins would be interesting propositions. Concurrent 

vascular functions tests or their surrogates to assess endothelial 

function will be informative and instructive. On a wider horizon, 

research on possible reverse causation is pertinent with respect to 

ED, depression and androgen deficiency. 

 

Men‟s Health or Andrology is a relatively new clinical discipline. 

Exploring on unchartered waters has its gamut of challenges. 

However, opportunities are ample, experiences can be exciting and 

outcomes of well-conducted research will be rewarding. 
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Chapter 11  

 

Conclusion                                               

The doctoral research presented in this thesis was successfully 

completed with the support and collaboration of the various co-

investigators and colleagues. From the WAMHS and the linked 

data study, four articles have been published and one article 

accepted for publication in reputable peer-reviewed international 

medical journals.  

 

The WAMHS has provided useful population-based epidemiological 

data on ED for WA over the entire adult age range. The role of 

cigarette smoking and that of alcohol consumption were shown to 

be divergent. While cigarette smoking is a significant independent 

risk factor, low-risk alcohol drinking is associated with lower odds of 

ED. There is evidence from the studies in support of the intimate 

nexus between ED and CV disease as manifestations of 

generalised endothelial disease in different vascular beds, and ED 

is a significant predictor for atherosclerotic CV events, which may 

occur without warning, in men who are asymptomatic. 

 

The salient findings and their implications or significance have been 

described and discussed in Chapter 10. These are relevant to the 

further and better understanding of ED as a prevalent men‟s health 

issue and empower not only rational clinical therapeutic decisions 

but also educational programmes and preventive strategies in 

public health. Furthermore, these findings would help understand 

the needs of specific population groups in the planning and delivery 

of effective healthcare and relevant social support services. 
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This thesis is submitted as an original contribution to scholarship in 

the hope that the contribution would be sufficiently substantial to 

merit the award of the degree of Doctor of Philosophy to Kew-Kim 

Chew, its Author.  
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A2.1.2 Erectile dysfunction: What is the fuss about?  
●    Endocrinology Forum, Sir Charles Gairdner Hospital, Perth, 
Western Australia, July 2006. 
●   Men‟s Health Week Rural Doctors‟ Seminar, Esperance, 
Western Australia, August 2006 
●   Men‟s Health Week Rural Doctors‟ Seminar, Kalgoorlie, 
Western Australia, August 2006 

A2.1.3 Is ED a predictor and marker of endothelial disease? 
Asia Pacific Society for Sexual Medicine/AGASSI Conference, 
Mumbai, India, December 2006. 

A2.1.4 The erectile dysfunction-endothelial dysfunction connection: 
Implications in cardiovascular disease 
2nd Great Wall International Andrology Forum, Nanjing, China, 
March 2007. 

A.2.1.5 The intimate nexus between sexual dysfunction and 
cardiovascular disease 
4th Congress of the Asia Pacific Society for the Study of the Aging 
Male, Bali, Indonesia, May 2007. 

A2.1.6 Erectile dysfunction: How does cigarette smoking affect risk? 
3rd Great Wall International Andrology Forum, Guilin, China, 
October 2008. 

 
The Abstracts for these presentations are included in the following pages. 
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A2.1.1 Prevalence & Clinical Correlates of Male Erectile Dysfunction: 
A population-based study in Western Australia 
 
The West Australian Men‟s Health Study was conducted by 
questionnaires posted to adult males in the general community 
randomly selected from the Western Australian Electoral Roll. 
(Ethics Approval 98-135) 

 
Of the 1591 men, aged 20-99 years, who participated in the Study, 
67% were married. 43% of the participants aged 60 years and older 
were still sexually active, compared to 94% of men younger than 60 
years. 

 
In their response to the Sexual Health Inventory (also known as the 
5-item International Index of Erectile Function or IIEF-5), 40.5% of 
the participants scored 21 or less, indicating erectile dysfunction 
(ED). IIEF-5 scores were 17-21 (mild ED) in 11.4%, 8-16 (moderate 
ED) in 7.8% and < 8 (severe ED) in 21.4%.  

 
The prevalence of ED (%) in various age groups was as follows: 

 
Age 
(Yrs) 

IIEF-5 Score 

21 or less 17-21 8-16 < 8 

20 - 29 15.7 10.2 2.4 3.1 

30 - 39 8.7 7.1 1.6 0 

40 - 49         13.3 7.6 4.4 1.3 

50 - 59 32.4 16.0 9.4 7.0 

60 - 69         52.9 22.9 12.6 17.4 

70 - 79 69.9 10.6 10.6 48.7 

80 & older 69.0 3.7 7.9 57.4 

 

The prevalence of ED among men residing in metropolitan Perth 
and outside metropolitan Perth, by postcodes, was 42.8% and 
38.6% respectively. The corresponding figures for severe ED were 
22.3% and 21.1%.   

 
Approximately 53% of the participants with diabetes mellitus and 
35-50% of those with cardio-vascular diseases (hypertension, 
ischaemic heart disease, peripheral vascular disease and stroke) 
reported severe ED. Severe ED was reported by 47% of men with 
enlarged prostate, and by 67% of those who had prostate cancer. 

 
Prevalence of severe ED was 11.2% among current smokers, 
30.5% among previous smokers, 24.7% among ever smokers, and 
15.0% among never smokers. It was noted that 55% of current 
smokers were under the age of 50 years, whereas 74% of previous 
smokers were above 50 years of age.  

 



 195 

55% of those with ED had experienced the problem for five or more 
years. However, only 22% had received any treatment for ED. 

 
These results confirm the findings of a previous study in Perth of 
1240 adult male attendees at general medical practices. ED is 
prevalent, under-diagnosed and under-treated. Its prevalence 
increases with age, and there are significant clinical correlates. 
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A2.1.2 Erectile dysfunction: What is the fuss about?  
 

Successful treatment outcomes with phosphodiesterase-5 inhibitors 
for erectile dysfunction (ED) have led to intense interest in the 
condition among healthcare professionals and in the community at 
large. Apart from the beneficial effects for the individual and his 
partner in terms of quality of life and enhancement of their 
relationship, there are also important reasons behind what the 
cynics would regard as the „fuss‟ generated. 
 
Consistent with reports from other similar studies, findings from the 
Western Australia Men‟s Health Study (WAMHS) show that ED is 
highly prevalent, age-related, grossly under-diagnosed and 
strikingly under-treated. In addition, we also confirm an intimate 
nexus between ED and cardiovascular (CV) disease. 
 
The WAMHS was conducted by postal questionnaire sent to male 
population samples, stratified by age groups and residential areas 
according to postcodes, randomly selected from the Western 
Australian (WA) Electoral Roll. Erectile function was assessed 
using the 5-item International Index of Erectile Function (IIEF-5). 

 
From the responses of the 1,580 participants, aged 20-99 years, 
adjusted to the age distribution of the WA male population, 25.1% 
of men reported having ED and 8.5% severe ED. The prevalence 
and severity of ED increase with age. Only 14.1% of men with ED 
had ever sought or received treatment for the affliction. 
 
Our data also confirmed that men with CV risk factors and disease 
incur statistically significant higher odds of ED and that cigarette 
smoking is a risk factor for ED independent of CV disease. Alcohol 
drinkers, with consumption within the guidelines of the Australian 
National Health and Medical Council for low-risk drinking, had 
decreased odds of ED.  
 
There was evidence too that ED is associated with increased risk of 
subsequent CV disease and has thus a predictive role in the day-
to-day management of patients presenting with ED. It is important 
that these patients be rigorously assessed for CV risk so that 
appropriate prevention or minimisation programme may be initiated. 
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A2.1.3 Is ED a predictor and marker of endothelial disease? 
 

Cardiovascular (CV) risk factors are commonly associated with 
erectile dysfunction (ED). 1-5 A significant proportion of men with ED 
have coronary artery disease with no cardiac symptoms, 6 and the 
severity of ED have been correlated with the number of occluded 
coronary vessels. 7 ED has been shown to be the most efficient 
predictor of silent myocardial ischaemia in men with type 2 
diabetes. 8 
 
Endothelial dysfunction, characterised by defective release of nitric 
oxide as well as other vasoactive factors from the vascular 
endothelium, is the pathophysiological basis of atherogenesis 
which results in cardiovascular disease. 9 Deficient endothelial nitric 
oxide synthase activity in endothelial dysfunction also leads to 
impaired ability to initiate penile erection and consequently ED. 
There is evidence that men with ED but without clinical 
cardiovascular disease have a defect in endothelium-dependent 
and endothelium-independent vasodilatation independent of other 
cardiovascular risk factors before overt systemic vascular disease 
becomes evident. 10 ED was shown to be the hazard for the 
subsequent development of cardiovascular disease. 11 
 

ED is hence a predictor and marker of cardiovascular disease and 
underlying endothelial dysfunction. The presentation of ED should 
be seized as an opportunity to investigate for cardiovascular risk 
and endothelial disease. 
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A2.1.4 The erectile dysfunction-endothelial dysfunction connection:  
Implications in cardiovascular disease  

 

Erectile dysfunction (ED) is the consistent or recurrent inability to 
achieve or maintain a penile erection sufficient for satisfactory 
sexual performance. 1, 2  
 
Penile erections from sexual stimulation are initiated by nitric oxide 
(NO) synthesized and released at the non-adrenergic non-
cholinergic parasympathic nerve endings. 3, 4 They are maintained 
by NO synthesized and released by the cavernosal vascular and 
sinusoidal endothelial cells. 3 The NO-mediated smooth muscle cell 
relaxation in the walls of the cavernosal arterioles and the 
trabeculae of the cavernosal sinuses forms the essence of the 
peripheral mechanism of penile erection. 3, 4  
 
ED is commonly associated with cardiovascular (CV) disease, 5 and 
men with CV risk factors such as obesity, diabetes mellitus, 
hypertension, and hyper- or dys-lipidaemia are at significantly 
higher risk for ED. 6, 7 Consistent with other published studies, the 
Western Australia Men‟s Health Study, a population-based cross-
sectional observational study conducted in Perth, Western 
Australia, showed that ED is significantly correlated with CV 
disease and diabetes mellitus. 
 
Endothelial dysfunction (EnD), on the other hand, comprises an 
altered function of the vascular endothelium with deficient synthesis 
and release of principally NO from the endothelial cells. 8, 9 It is 
similarly significantly associated with CV risk factors. The protective 
properties of NO are compromised in EnD, leading to 
atherogenesis and CV disease. 8  
 
Studies have shown impaired endothelium-dependent and 
endothelium-independent arterial vasodilatation in individuals with 
ED. 10 EnD of the coronary and peripheral circulation predicts CV 
events. 11 ED is not only prevalent in patients with coronary artery 
disease but is also closely correlated with the number of stenotic 
and calcified coronary arteries. 12-14 It is a risk-marker  5, 15 and an 
efficient predictor of CV disease when CV disease is still 
asymptomatic. 16, 17 Over a follow-up period of nine years, ED is an 
independent predictor of prospective CV events with a hazard ratio 
of 1.45. 18 
 
EnD is thus central to the development of vasculogenic ED and the 
pathogenesis of CV disease.  
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Lifestyle changes and medications have been shown to improve 
EnD in patients at risk of CV disease. Although primarily marketed 
for the treatment of ED, phosphodiesterase-5 (PDE5) inhibitors, 
through enhancing the bio-effectiveness of NO, have been shown 
to benefit patients with ischaemic heart disease, chronic cardiac 
failure and pulmonary hypertension. 19-21 Although statins have 
been implicated in the iatrogenesis of ED in spite of their known 
beneficial effects on endothelial function, combination of statin with 
PDE5 inhibition has been shown to improve erectile function. 22 
Other CV medications such as β-adrenergic blockers and 
angiotensin converting enzyme inhibitors, which improve EnD, 
need to be further tested for their effects on ED. 
 
Favourable treatment outcome for ED using PDE5 inhibitors has 
stimulated research on, and increased our knowledge and 
understanding of, the ED-EnD connection. These help enhance 
current management strategies for ED and CV disease and 
generate new strategies, and provide opportunities for CV risk 
prevention.  
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A2.1.5 The intimate nexus between sexual dysfunction and 
cardiovascular disease 

 
The physiology of the smooth muscle and the endothelial cells of 
the cavernosal vasculature are central to the peripheral mechanism 
of erectile function. Penile erections are the result of smooth 
muscle relaxation in the cavernosal vasculature initiated by nitric 
oxide synthesised and released at the endings of non-adrenergic 
non-cholinergic parasympathic nerves and maintained by nitric 
oxide from the endothelial cells of the cavernosal arterioles and 
sinuses.    
 
Men with erectile dysfunction (ED) have impaired endothelium-
dependent and endothelium-independent arterial vasodilatation. It 
is logical that deficient synthesis and release of nitric oxide from 
altered endothelial function, the hallmark of endothelial dysfunction, 
would lead to vasculogenic ED. 
 
ED is frequently associated with cardiovascular (CV) risk factors 
and disease such as ageing, smoking, hypertension, dyslipidaemia 
and diabetes. Men with CV risk factors are at significantly higher 
risk for ED, and the greater the number of such risk factors the 
higher the risk. ED is not only prevalent among patients with 
coronary artery disease but is also closely correlated with the 
number of stenotic and calcified coronary arteries.  It is an 
independent predictor of asymptomatic CV disease and of 
prospective CV events.  
 
Consistent with other published studies, the Western Australia 
Men‟s Health Study, a population-based cross-sectional 
observational study conducted in Perth, Western Australia, showed 
too that ED is significantly correlated with CV disease. 
 
Lifestyle changes such as healthy balanced diet, regular physical 
activity, and cessation of cigarette smoking improve endothelial 
dysfunction, and are also beneficial for ED and CV disease. 
Primarily marketed for the treatment of ED, phosphodiesterase-5 
(PDE5) inhibitors, through enhancing the bio-effectiveness of nitric 
oxide, have been shown to benefit patients with ischaemic heart 
disease, chronic cardiac failure and pulmonary hypertension. 
Although statins have been implicated in the iatrogenesis of ED in 
spite of their known beneficial effects on endothelial function, 
combination of statin with PDE5 inhibition has been shown to 
improve erectile function.  
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The implications of the intimate nexus between ED and CV disease 
are immense. Just as it is important to proactively inquire about 
possible ED in a patient with CV disease or risk factors, the unique 
opportunity must be seized to investigate for and identify incipient 
CV risk factors and disease in a patient presenting with ED. 
Understanding the ED-CV disease nexus helps enhance current 
management strategies for ED and CV disease and generate new 
strategies. It also provides opportunities for CV risk prevention and 
minimisation. 



 205 

A2.1.6 Erectile dysfunction: How does cigarette smoking affect risk? 
 

Cigarette smoking is a popular social habit, and addiction to 
nicotine is common. In Australia, for instance, although smoking 
rates have shown significant declining trends over the last fifty 
years, 18.6% of Australian males aged 14 years and older still 
reported smoking cigarettes daily in 2004. Smoking rates are much 
higher in many Asian and European countries. 1 

  
The serendipitous advent of phosphodiesterase-5 inhibitors as 
pharmacotherapeutic agents for erectile dysfunction (ED) has 
intensified research on the pathophysiology of ED. Impaired ability 
to initiate and maintain penile erection has been shown to result 
from decreased cavernosal vasodilatation due to deficient 
synthesis, release and activity of endothelial and neuronal nitric 
oxide. ED is thus a manifestation of generalized endothelial 
disease. 2, 3 
 
Endothelial dysfunction is also the hallmark of atherogenesis and 
the pathophysiological basis of cardiovascular (CV) disease. At the 
same time, CV risk factors such as obesity, diabetes mellitus, 
hypertension and dyslipidaemia have been shown to attract 
significantly increased risk of ED. 4-17 The intimate relationship 
between ED and CVD through the common denominator of 
endothelial dysfunction has hence amplified the role of ED as a 
marker and predictor of CVD. 18-10 

 

As cigarette smoking compromises endothelial function and 
increase the risk of CV disease, it is conceivable that it would also 
affect erectile function. Indeed, there is good evidence in cigarette 
smokers of impaired endothelium-mediated cavernosal smooth 
muscle relaxation from diminished nitric oxide synthase activity and 
increased reactive oxygen species generation, and of augmented 
cavernosal smooth muscle contraction from superoxide-anion-
mediated degradation of nitric oxide. 21-22  
 
We examined the data from the Western Australia Men‟s Health 
Study (WAMHS), a population-based cross-sectional survey by 
postal questionnaire, to evaluate the association between cigarette 
smoking and ED. The findings confirm statistically significant 
increases in the odds of ED among current smokers and the role of 
cigarette smoking as a risk factor for ED. We also demonstrated 
that the relationship between cigarette smoking and ED is 
independent of CV disease. 23 
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Compared with life-long non-smokers, the age-adjusted odds of ED 
were 1.66 (95% CI 1.11, 2.50) times higher among current smokers 
and 1.57 (95% CI 1.02, 2.42) higher when adjusted also for CV 
disease. Furthermore, the increased risk of ED was only apparent 
in smokers aged >50 years. Smoking was thus shown to increase 
the risk of ED even in the absence of CV disease, and to continue 
smoking in the presence of symptomatic CV disease is to increase 
this risk still further. There is overall a strong case that smoking is 
causally related to ED and that, being so, about 20% of ED in the 
WAMHS were attributable to cigarette smoking.  
 
Of interest too are the data from the WAMHS indicating increased 
risk of ED among former smokers and implying a possible adverse 
effect of previous smoking on erectile function. Whereas the age-
adjusted odds of ED among former smokers who had ceased 
smoking for five or more than five years (OR 1.22; 95% CI 0.67, 
2.22) or for more than 10 years (OR 1.32; 95% CI 0.92, 1.89) were 
not significantly different from those among life-long non-smokers, 
the odds were significantly higher when the duration of smoking 
cessation was 6-10 years (OR 2.26; 95% CI 1.09, 4.70). Patterns of 
ED in former smokers suggest that there may be a latent interval 
between active smoking and symptomatic ED, involving a process 
initially triggered by smoking, and possible amelioration of risk with 
time among quitters. Another study at the Keogh Institute reported 
similarly that a history of smoking among men who had not smoked 
for five years had increased risk of ED in the absence of known CV 
disease. 24  
  

The significance of such findings is underlined by the suggestion 
that adverse effects of smoking on erectile function may be 
persistent or even permanent unless a man who smokes gives up 
early in adult life. Cessation of smoking prior to middle age may 
therefore help avoid or minimise the risk of ED. All these highlight 
the importance of both clinical and public health activities that will 
reduce the prevalence and incidence of smoking still further, 
particularly in the setting of cigarette smoking being responsible for 
a considerable avoidable burden of disease and contributing 
significantly to deaths and drug-related hospitalisations.  
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