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E
rectile dysfunction (ED) con-
fronts many men as they age. Its 
causes can be both organic and 

psychogenic.1 ED has been associated 
with medical conditions (eg, diabetes), 
certain lifestyle factors, many medical 
treatments (eg, surgery for prostate 
cancer and some antidepressant medi-
cations), and is increasingly recognised 
as an early marker of cardiovascular 
disease.2-4 Hence, it is important to 
establish risk factors for ED as men 
age because the prevalence of differ-
ent health behaviours and pre-existing 
conditions are likely to change with 
age. Men participating in the 45 and 
Up Study — a population-based cohort 
study of people aged 45 and over, resi-
dent in New South Wales5 — provided 
an excellent source for a population-
wide description of ED. We hypoth-
esised that the association between 
lifestyle risk factors and ED may vary 
according to age.

Methods

Participants in the 45 and Up Study 
were randomly sampled from the 
Medicare enrolment database, with 
twofold oversampling of men aged 80 
years and over and of regional resi-
dents. All residents in remote areas 
were invited to participate. The partici-
pation rate was about 18%. The 45 and 
Up Study sample has excellent hetero-
geneity and is reasonably representa-
tive of the NSW population; the study’s 
response rate is comparable to that of 
similar studies internationally and in 
Australia; and the study ranks among 
the most representative large-scale 
cohort studies in the world.6 In our 
study, we used self-reported, cross-
sectional data from the baseline ques-
tionnaires of male 45 and Up Study 
participants (completed between 10 
January 2006 and 17 February 2010). 
Our study was approved by the ethics 
committees of the University of NSW 
and Cancer Council NSW.

Outcome measures

ED was identi� ed by the question: 
“How often are you able to get and 

keep an erection that is � rm enough for 
satisfactory sexual activity?”, with the 
following possible responses: “always” 
(no ED), “usually” (minimal ED), 
“sometimes” (moderate ED), “never” 
(complete ED), or “I would rather not 
answer the question”.7,8 Men were then 
grouped into either “no/minimal ED” 
or “moderate/complete ED”.

Men who selected “I would rather 
not answer the question” and those 
who had missing ED data were 
excluded from the main analysis.

We measured pertinent sociodemo-
graphic characteristics (listed in Box 
1), selected lifestyle risk factors (listed 
in the footnote to Box 2) and all self-
reported (yes/no) chronic diseases (Box 
3). Physical limitation was measured by 
the Medical Outcomes Study Physical 
Functioning scale (MOS-PF).10 A score 
of 100 on this scale indicates no phys-
ical limitation.

Statistical analyses

The study sample was strati� ed accord-
ing to self-report of prostate cancer 
diagnoses or other diseases (Box 3). 
We calculated the age-related preva-
lence of moderate/complete ED among 

(i) men who reported prostate cancer, 
diabetes, or a disease other than diabe-
tes; and (ii) men without those diseases 
(“healthy men”) but with or without 
lifestyle risk factors (currently smok-
ing, body mass index [BMI] > 25 kg/m², 
consuming > 30 alcoholic drinks per 
week, being sedentary). Using uncon-
ditional logistic regression, we esti-
mated the odds ratio (OR) and 95% CI 
of having moderate/complete ED for 
men in each of these groups compared 
with healthy men without risk fac-
tors, adjusting for sociodemographic 
characteristics.

For subsequent analyses we 
excluded men who reported ever hav-
ing had prostate cancer because pros-
tate cancer treatments are known to 
increase the likelihood of ED. Among 
men without prostate cancer, we cal-
culated the OR and 95% CI of hav-
ing moderate/complete ED (compared 
with those with no/minimal ED) by: (i) 
each sociodemographic covariate in a 
single model that included age in sin-
gle years; (ii) each of the 14 diseases 
listed in Box 3; and (iii) each lifestyle 
factor in 10-year age strata (adjusting 
for sociodemographic characteristics). 
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We examined variation in the relation 
of ED to each lifestyle factor according 
to age using appropriate interaction 
terms. We also examined the number 
of years since quitting smoking for past 
smokers and the number of cigarettes 
smoked daily for current smokers, by 
replacing the smoking status variable 
with a “years since quitting” variable, 
or a “number of cigarettes” variable.

In an additional analysis, we 

restricted sampling to men with no 

physical limitation (ie, those who 

scored 100 on the MOS-PF) to estimate 

the association between physical activ-

ity and ED among men without physi-

cal limitations to account for men who 

were unable to exercise due to illness.

We used SAS version 9.2 (SAS 

Institute) for analysis, and logistic 

regression models included a “miss-

ing/unknown” level for each covariate. 

The signi� cance level was two-sided 

and set at P < 0.05.

Results

Of the 123 779 men who completed 

baseline questionnaires for the 45 and 

Up Study between January 2006 and 

February 2010, 11 037 (8.92%) selected 

“I would rather not answer the [ED] 

question” and a further 4265 (3.44%) 

had missing ED data and were thus 

excluded. This left 108 477 men in our 

analysis. The men who were excluded 

were signi� cantly older, less likely to 

be university educated and had lower 

incomes than included men.

The absolute prevalence of moder-
ate/complete ED was highest in men 
reporting previous prostate cancer 
and lowest in healthy men without 
risk factors (Box 2). Compared with 
healthy men without risk factors, the 
ORs for moderate/complete ED were 
9.24 (95% CI, 8.50–10.05) for men 
who had prostate cancer, 4.08 (95% 
CI, 3.83–4.34) for diabetes, 1.96 (95% 
CI, 1.87–2.06) for other diseases com-
bined and 1.26 (95% CI, 1.20–1.33) for 
healthy men with risk factors. Overall, 
85.07% of men with prior prostate can-
cer reported moderate/complete ED. 
The 6803 men with prior prostate can-
cer comprised 6.33% of the study sam-
ple. These men were excluded from 
further analyses.

Of the remaining 101 674 men with 
no prior prostate cancer, 39 965 (39.31%; 
95% CI, 39.01%–39.61%) reported no 
ED, 25 557 (25.14%; 95% CI, 24.87%–
25.40%) had mild ED, 19 102 (18.79%; 
95% CI, 18.55%–19.03%) had moder-
ate ED and 17 050 (16.77%; 95% CI, 
16.54%–17.00%) had complete ED. 
Moderate/complete ED was associ-
ated with lower socioeconomic status 
and with being single (Box 1). The odds 
of moderate/complete ED increased by 
11.30% by each year of age (OR, 1.11; 
95% CI, 1.11–1.12; adjusted for soci-
odemographic characteristics).

The proportions of men with 
moderate/complete ED, as well as 
the adjusted OR of moderate/com-
plete ED, varied signi� cantly across 
10-year age strata (Box 4). Speci� cally, 
ED increased with increasing BMI for 
all age groups except men aged � 75 
years (P(interaction) = 0.001). Increasing 
levels of physical activity were asso-
ciated with decreasing odds of ED. 
This was the case for each age group 
(the statistical interaction between 
physical activity and age was not 
signi� cant (P = 0.06)). The apparent 
protective effect of physical activity 
on ED remained when the sample 
was restricted to men who reported 
no physical limitation (33 500 men; 
32.95%; data not shown).

Overall, current smokers were more 
likely to report moderate/complete ED 
than those who had never smoked 
and the odds of moderate/complete 
ED for men who smoked 20 or more 
cigarettes per day (OR, 1.86; 95% CI, 
1.69–2.06) were greater than for those 
who smoked fewer than 20 cigarettes 
per day (OR, 1.48; 95% CI, 1.37–1.59) 

1  Odds ratios and 95% CIs of moderate/complete erectile dysfunction (ED) among 101 674 men* in the 
45 and Up Study, by sociodemographic characteristics

Characteristic No. of men
% with moderate/

complete ED
Odds ratio†

(95% CI)

Place of residence‡

Major city 46 223 36.41% 1.00

Inner regional area 35 404 35.11% 0.88 (0.85–0.91)

Outer regional area 17 985 34.46% 0.84 (0.80–0.88)

Remote or very remote area 1 980 33.84% 0.92 (0.82–1.03)

Highest qualifi cation

University degree or higher 26 770 25.68% 1.00

Higher school or leaving certificate, trade, 
apprenticeship, certificate, diploma

48 844 34.82% 1.15 (1.10–1.19)

School or intermediate certificate 14 897 43.10% 1.32 (1.25–1.39)

No qualifications 9 684 52.22% 1.56 (1.47–1.66)

Pretax annual household income

$50 000 or more 44 539 19.62% 1.00

$20 000–$49 999 27 017 42.80% 1.39 (1.33–1.45)

0–$19 999 17 387 60.42% 1.85 (1.75–1.95)

Prefer not to answer 10 551 38.08% 1.18 (1.11–1.24)

Health insurance status

Private 66 178 30.86% 1.00

No concession card or health insurance 15 894 28.12% 1.02 (0.98–1.07)

Health care concession card 15 607 55.81% 1.27 (1.21–1.33)

Department of Veterans’ Affairs card 2 216 77.53% 2.10 (1.86–2.37)

Married or de facto

Yes 82 735 33.88% 1.00

No 18 034 43.12% 1.10 (1.06–1.15)

* Missing values not shown. † Adjusted for all other sociodemographic characteristics shown in the table including 

age in single years; all differences by sociodemographic characteristics significant at P < 0.0001. ‡ Classified by the 

Accessibility/Remoteness Index of Australia (ARIA+).9  

2  Prevalence of moderate/complete erectile dysfunction 
(ED) among men in the 45 and Up Study according to age, 
self-reported disease status and lifestyle risk factors*
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(P < 0.001). Past smokers had higher 
odds of moderate/complete ED than 
those who had never smoked over-
all (OR, 1.26; 95% CI, 1.22–1.31). The 
relationship between cigarette smok-
ing and ED was modi� ed by age 
(P(interaction) < 0.0001).

Age modified the association 
between ED and alcohol consumption 
(P(interaction) < 0.001). In the 45–54-
years age group, the odds of mod-
erate/complete ED were slightly but 
signi� cantly reduced among men who 
reported having 6–10 through to 21–25 
drinks in the past week, with the OR 
for men who drank more than 30 alco-
holic drinks being close to one. For all 
other age groups, the odds of moder-
ate/complete ED were slightly elevated 
among men who had consumed more 
than 30 drinks in the past week.

Among the diseases measured, the 
highest odds of moderate/complete 
ED were for diabetes and treatment 
for depression or anxiety in the past 
month (Box 3). All diseases were sig-
ni� cantly associated with ED, except 
high blood cholesterol level (which was 
associated with ED after adjustment 
for sociodemographic characteristics, 
but not after adjustment for all other 
diseases).

Discussion

Our study shows that the odds of ED 
increased by 11% with each year from 
age 45, which is very similar to � nd-
ings internationally.12 ED can be a 
complication of many diseases, partly 
because of the underlying vasculo-
genic mechanisms of ED and shared 
risk factors such as obesity,12 but also 
because of treatments for prostate 
cancer, including surgery, radiation, 
or hormone therapy.13 Indeed, men 
who reported a history of prostate 
cancer had the highest levels of ED in 
this cohort. Of the other self-reported 
diseases examined, men with diabe-
tes had the highest odds of ED, even 
after taking into account the effects 
of other diseases. Men who reported 
treatment for depression or anxiety in 
the past month also had a high risk of 
ED, which may be due to the deleteri-
ous effect of some antidepressants on 
erectile function.14

To account for the in� uence of life-
style risk factors alone on ED, we 
showed that, among men who did 

not report any diseases, those who 
reported one or many lifestyle risk 
factors for ED (ie, smoking, consum-
ing more than 30 alcoholic drinks/
week, being sedentary, and/or a BMI 
� 25kg/m2) had a 26% higher odds of 
ED than men without those risk fac-
tors. When we analysed the effects of 
each of the lifestyle risk factors sepa-
rately across 10-year age strata, associ-
ations with ED were signi� cant for all 
groups except men aged over 75 years. 
The prevalence of moderate/complete 
ED in men aged over 75 was very high 
(82%), so variations by lifestyle factors 
were minimal in this group, although 
physical activity was associated with 
decreased odds of ED in these men. 
Because capacity for physical activity 
may be an indicator of general good 
health, we reanalysed the data on a 
subset of men with no physical limit -
ations, and the association of physical 

activity and ED remained. Although 
potential bias in our study cannot be 
excluded entirely, intervention stud-
ies have shown that physical activity 
improves both erectile and endothelial 
function.15 While most intervention 
studies have involved middle-aged 
men, there is evidence that progres-
sive resistance training improves phys-
ical functioning in older people, so it 
may be that continued physical activ-
ity from younger ages has a mitigating 
effect on ED along with other health 
bene� ts.16

BMI and ED had a signi� cant, pos-
itive relationship in our study consist-
ent with the pathophysiological link 
between obesity and ED.17 This asso-
ciation was signi� cant for every age 
group, except men aged 75 and over, 
a group in which the number of men 
with a BMI over 35 kg/m2 was small, 
leading to low statistical power.

3  Odds ratios and 95% CIs of moderate/complete erectile dysfunction (ED) among 101 674 men* in the 
45 and Up Study, by self-reported disease

Self-report of disease Response
No. of
men

% with 
moderate/

complete ED
Odds ratio†

(95% CI)
Odds ratio‡

(95% CI)

Told by a doctor that you have:

Diabetes Never 91 043 32.42% 1.00 1.00

Ever 10 631 62.46% 2.66 (2.54–2.79) 2.39 (2.27–2.51)

Parkinson disease Never 101 052 35.34% 1.00 1.00

Ever 622 70.01% 1.94 (1.59–2.36) 1.68 (1.38–2.05)

Heart disease Never 86 096 31.03% 1.00 1.00

Ever 15 578 60.58% 1.74 (1.67–1.82) 1.54 (1.48–1.61)

Stroke Never 98 296 34.37% 1.00 1.00

Ever 3 378 70.01% 1.96 (1.80–2.14) 1.52 (1.39–1.66)

Cancer (not prostate) Never 89 961 33.71% 1.00 1.00

Ever 11 713 49.74% 1.22 (1.16–1.28) 1.17 (1.12–1.23)

Treated in the last month for:

Depression and/or anxiety No 95 283 34.67% 1.00 1.00

Yes 6 391 48.83% 2.36 (2.22–2.51) 2.07 (1.94–2.20)

Blood clotting problems No 99 691 34.94% 1.00 1.00

Yes 1 983 66.77% 2.07 (1.86–2.31) 1.48 (1.32–1.66)

Osteoporosis or low bone 
density

No 99 679 34.96% 1.00 1.00

Yes 1 995 65.61% 1.68 (1.51–1.87) 1.42 (1.27–1.59)

High blood pressure No 77 327 31.28% 1.00 1.00

Yes 24 347 49.13% 1.53 (1.48–1.59) 1.29 (1.24–1.34)

Cancer (not prostate) No 99 477 35.09% 1.00 1.00

Yes 2 197 56.76% 1.40 (1.26–1.54) 1.23 (1.11–1.37)

Arthritis No 96 593 34.40% 1.00 1.00

Yes 5 081 57.63% 1.43 (1.34–1.53) 1.20 (1.12–1.29)

Thyroid problems No 100 105 35.28% 1.00 1.00

Yes 1 569 52.96% 1.46 (1.29–1.64) 1.17 (1.04–1.33)

Asthma No 97 903 35.14% 1.00 1.00

Yes 3 771 46.25% 1.36 (1.26–1.47) 1.15 (1.06–1.25)

High blood cholesterol level No 85 073 33.60% 1.00 1.00

Yes 16 601 45.59% 1.42 (1.36–1.47) 1.01 (0.97–1.06)§

* Men without a history of prostate cancer. † Adjusted for age and sociodemographic characteristics. ‡ Adjusted for 

age, sociodemographic characteristics and all other diseases. All odds ratios significant at P < 0.01 unless indicated. 

§ P = 0.65. 
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Like many previous studies,18 we 
showed a positive association between 
smoking and ED, with heavier smok-
ers having higher odds of ED. Former 
smokers who had quit more than 25 
years previously had the same odds of 
ED as men who had never smoked, and 
those who quit in the past 5 years had 
similar odds to current smokers. These 
data add to the literature on the health 
risks of smoking, and reinforce the idea 
that the threat of ED and perceived 
sexual inadequacy among younger 
men could be a powerful tool to moti-
vate them to quit smoking.19 Research 
on reversal of ED is limited, but one 
study has shown that improvements in 
erectile function after quitting smok-
ing become increasingly limited with 
advancing age and severity of ED.20

Most previous cross-sectional 
studies of ED have shown a J-shaped 
association with alcohol intake, with 
moderate consumption conferring pro-
tection and higher levels having no 
bene� t.21 In our study, it was only for 
men aged 45–54 years that this protec-
tive effect between alcohol and ED was 
apparent, and we found that the heav-
iest drinkers had a slightly increased 
odds of ED at older ages. However, 

prospective studies have found that 
alcohol consumption has no effect on 
the risk of ED.22,23

This report provides a comprehen-
sive picture of how the prevalence of 
ED and its risk factors differ across 
men of different ages and is by far 
the largest analysis of ED to date. It 
is in keeping with and expands on 
previous Australian studies of self-
reported ED and lifestyle factors, such 
as the nationally representative Men in 
Australia Telephone Survey.24

The limitations of our study include: 
(i) our inability to ascribe cause and 
effect to � ndings from cross-sectional 
data; (ii) the lack of information on use 
of medications to treat ED (although, 
because users may have been misclas-
si� ed as having no ED, this bias would 
tend to lead to conservative estimates 
of association); (iii) the possibility that 
the prevalence of ED we report here 
may not be generalisable to the NSW 
population since the participation rate 
was low (18%); (iv) history of disease 
was derived from self-report and thus 
recall bias cannot be ruled out; and (v) 
non-responders were older and had 
lower socioeconomic status, which are 
both associated with ED, and this may 

have led to conservative estimates of 
association.

Since the National Institutes of 
Health consensus conference on ED 
20 years ago7 and the Massachusetts 
Male Aging Study, which was the � rst 
study of this kind,8 there has been 
much research on possible causes of 
and cures for ED. However, patients’ 
knowledge about risk factors for ED 
is generally poor.25 Furthermore, the 
availability of medications to treat ED 
may have increased awareness of the 
condition or treatment-seeking behav-
iour and, with that, increasing vulnera-
bility to unproven, costly interventions 
outside of the health system. Given 
that ED may be an early symptom of 
disease and not just a quality-of-life 
issue means that health profession-
als have a crucial role in opening a 
dialogue about ED with men as they 
age.26 This report also con� rms the 
importance of a number of risk fac-
tors for ED that are potentially modi-
� able, and that may be associated with 
other longer lasting health bene� ts.
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4  Odds ratios and 95% CIs of moderate/complete erectile dysfunction (ED) in the 45 and Up Study by self-reported lifestyle risk factors* and age 
(adjusted for sociodemographic and all other lifestyle risk factors)

Odds ratio (95% CI)

45-54 
years

55-64 
years

65-74 
years

75 + 
years

All 
ages

  n (% with ED) n (% with ED) n (% with ED) n (% with ED) OR (95% CI)
 Body mass index† (kg/m2)        
 18.5  (underweight) 166 (20%) 177 (36%) 113 (56%) 216 (87%) 1.45 (1.20–1.77)
 18.5 to < 25 (normal; ref) 7 783 (9%) 8 626 (21%) 6 163 (43%) 6 171 (80%)  1
 25 to < 30 (overweight) 13 204 (9%) 15 651 (23%) 10 519 (49%) 6 099 (82%) 1.18 (1.13–1.22)
 30 to < 35 (obese I) 4 911 (14%) 6 152 (32%) 3 607 (58%) 1 520 (86%) 1.61 (1.53–1.69)
 35 to < 40 (obese II) 1 166 (19%) 1 386 (42%) 748 (68%) 215 (87%) 2.25 (2.06–2.44)
 � 40 (obese III) 405 (30%) 389 (51%) 216 (75%) 53 (87%) 3.24 (2.81–3.74)
 Physical activity‡ sessions in past week     
 0 (ref) 1 414 (22%) 1 763 (40%) 1 283 (68%) 1 676 (91%)  1
 1–5 6 002 (14%) 6 605 (31%) 3813 (57%) 2 964 (87%) 0.77 (0.72–0.83)
 6–10 7 956 (10%) 9 586 (26%) 6 853 (51%) 4 706 (82%) 0.61 (0.57–0.66)
 11–15 5 407 (10%) 6 515 (22%) 4 637 (46%) 2 873 (78%) 0.52 (0.48–0.55)
 16–20 3117 (8%) 3 619 (21%) 2313 (43%) 1 143 (76%) 0.47 (0.43–0.50)
 > 20 5 206 (9%) 6 123 (21%) 3 910 (45%) 2 190 (76%) 0.47 (0.43–0.50)
 Smoking status     
 Never (ref) 15 987 (9%) 16 669 (22%) 10 028 (46%) 6 778 (80%)  1
 Past 9 591 (11%) 1 4471 (29%) 11 495 (54%) 8 261 (84%) 1.26 (1.22–1.31)
 Current 3 365 (18%) 2 880 (34%) 1 183 (55%) 408 (79%) 1.55 (1.46–1.65)
 Cigarettes/day (current smokers)     
 < 20 2 300 (16%) 1 703 (32%) 752 (57%) 292 (81%) 1.48 (1.37–1.59)
 � 20 933 (24%) 999 (41%) 343 (57%) 57 (75%) 1.86 (1.69–2.06)
 Years since quit (past smokers)     
 < 5 1 738 (16%) 1 660 (36%) 730 (61%) 195 (84%) 1.64 (1.51–1.77)
 6–15 2 641 (12%) 2 933 (34%) 1 957 (58%) 720 (86%) 1.46 (1.37–1.54)
 > 15 5 085 (10%) 9 681 (26%) 8 678 (52%) 7 211 (83%) 1.17 (1.13–1.21)
 Alcoholic drinks/week     
 0 5 785 (15%) 6 532 (31%) 5171 (54%) 4 402 (83%) 1.17 (1.11–1.22)
 1–5 (ref) 7 136 (10%) 7 713 (25%) 4 617 (49%) 3 268 (82%)  1
 6–10 6 334 (9%) 7 421 (22%) 4 822 (47%) 3 390 (81%) 0.94 (0.90–0.98)
 11–15 3 236 (9%) 3 967 (22%) 2 802 (48%) 1 832 (81%) 0.95 (0.90–1.00)
 16–20 2 385 (8%) 2 913 (24%) 1 773 (49%) 782 (80%) 0.98 (0.91–1.04)
 21–25 1 221 (9%) 1 659 (24%) 1 149 (50%) 625 (82%) 0.98 (0.90–1.06)
 26–30 1 184 (10%) 1 669 (27%) 1 065 (51%) 490 (84%) 1.04 (0.96–1.13)
 > 30 1 524 (14%) 1 978 (34%) 1 090 (58%) 365 (84%) 1.28 (1.19–1.38)

0.2 21 1 1 1 10.2 2 0.2  2 0.2 2 0.2 2

* Missing values for each risk factor not shown. † Body mass index as specified by the World Health Organization. ‡ Physical activity as defined in the Active Australia 

Survey.11 
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