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We interviewed a population sample of 2412 men aged 40–70 y in Brazil, Italy, Japan and Malaysia
about medical history, lifestyle habits and sexual behavior. Men were classified as having moderate
or complete erectile dysfunction (ED) if they reported to be sometimes or never able to achieve and
maintain an erection satisfactory for sexual intercourse, respectively. There were 1335 men with no
diagnosis of cardiovascular or prostate diseases, diabetes, ulcer or depression, nor taking
hormones. The prevalence of ED was 16.1%. ED was associated with age (the risk increased 8%
per y), moderate (odds ratio (OR)¼ 2.2) or severe (OR¼ 4.9) lower urinary tract symptoms and
smoking (OR¼ 2.3 for 430 cigarettes/day). It was inversely associated with physical activity
(OR¼ 0.5) and higher educational levels. Between the ages of 40 and 70 y, almost one in six ‘healthy’
men is affected by ED. Further research should look at preclinical disease stages and genetic factors.
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Erectile dysfunction (ED) is a common problem in
adult and elderly men.1–4 All the clinical or
epidemiological studies carried out to date have
tried to identify causal factors or predictors of ED: in
addition to aging, cardiovascular diseases,5 dia-
betes,6 prostate disease,7 depression8 and a number
of treatments9 (particularly with hormones, and
antihypertensive and antiulcer drugs) have been
associated with increased risk, but ED also affects
men without any clinically apparent disease.

We conducted a crossnational survey on the
prevalence of ED in population samples, and its
association with concomitant medical, psychologi-
cal and behavioral conditions.10 In this paper, we
examine the prevalence of ED among men unaf-
fected by the diseases known to be associated with
ED.

Materials and methods

The ‘Cross National Study on the Epidemiology of
Erectile Dysfunction and Its Correlates’ was carried
out in Brazil, Italy, Japan and Malaysia; its methods
have been described in detail elsewhere (Nicolosi
et al.10). Briefly, in each country, different cities
were identified as target populations, a random
sample of 2700 households were contacted, and
approximately 600 men aged 40–70 y were inter-
viewed. The interviews were based on a standar-
dized questionnaire, which was the same for each
country. The questionnaire, which was designed on
the basis of the results of two focus group meetings
held in each country, was aimed at gathering data
about the subjects’ demographic and social status,
medical history, lifestyle habits and sexual behavior.
The interviews were conducted between October
1997 and June 1998.

All of the subjects were asked whether they had
ever been diagnosed as having heart disease,
hypertension, diabetes, any prostate disease (or
surgery), depression or gastric or duodenal ulcer,
or were currently taking medications for any of these
diseases. In addition, the presence of depressive
symptoms was assessed using a shortened version of
the Center for Epidemiologic Studies rating scale
for measuring depressive mood in the communityAccepted 05 February 2003
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(CES-D).11 Lower urinary tract symptoms (LUTS)
were assessed using the International Prostate
Symptoms Score (IPSS) and classified as absent or
mild (IPSSr7), moderate (8–19) or severe (20–35).12

The degree of physical activity was classified as ‘less
than average’, ‘average’ or ‘more than average’
depending on the answers concerning the amount
and frequency of physical activity at work and
during leisure time. The definition of smokers
included the smoking of cigarettes, cigars or a pipe,
and men were classified as former or current
smokers. Tobacco use was analyzed on the basis of
the number of tobacco units (cigarettes, cigars,
pipes) consumed per day. The definition of alcohol
drinkers included all of the men who reported
drinking wine, beer or spirits. The number of
alcoholic drinks per week was calculated on the
basis of the reported number of drinks of beer, wine
or spirit, weighted by the alcoholic content
(beer� 0.4+wine+spirits� 2.5). The body mass
index (BMI) was calculated as weight (kg)/height
(m)2: quartiles were used in the analysis. The men
with no diagnosis of cardiovascular or prostate
diseases, diabetes, ulcer or depression, and who
were not taking hormones, were classified as
healthy.

Definition of ED

Based on the US National Institutes of Health and
American Urological Association criteria,13 ED is
defined as ‘the persistent inability to achieve and/or
maintain an erection sufficient for sexual activity’.
All of our subjects were invited to choose one of four
possible answers to the question ‘How would you
describe yourself?’: ‘always, usually, sometimes or
never able to get and keep an erection good enough
for sexual intercourse’. The subjects answering
‘always’ were classified as normal, and those
answering ‘usually’, ‘sometimes’ or ‘never’ were
classified as having ‘mild’, ‘moderate’ or ‘complete’

ED, respectively. In the analyses in which we
dichotomized ED, the ‘always’ and ‘usually’ cate-
gories were used to indicate subjects without ED,
and the ‘sometimes’ and ‘never’ categories to
indicate subjects with ED.

Statistical analysis

The prevalence of ED was calculated by dividing the
number of cases by the corresponding population.
We estimated the strength of the associations
between ED and possible risk factors using crude
and age-standardized odds ratios (OR) and their
95% confidence intervals (CI); a logistic regression
analysis was used to estimate the associations
between ED and other variables, while adjusting
for the simultaneous effect of all of the variables in
the model.14

Results

Of the 2513 subjects interviewed, 2412 answered the
ED question and gave their medical history: 200
(8.3%) reported heart disease, 540 (22.3%) hyper-
tension, 223 (9.2%) diabetes, 183 (7.6%) prostate
diseases or surgery, 164 (6.8%) depression, 295
(12.2%) gastric or duodenal ulcer and 29 (1.2%)
hormonal treatment. A total of 1077 men reported
one or more diagnoses of concomitant conditions;
the remaining 1335 men were classified as healthy.

The crude prevalence of moderate or complete ED
among the healthy men (16.1%) was about half that
of the diseased men (31.5%) (Table 1). (The
prevalence of ED standardized to the 2001 US male
population aged 40–69 y was 18.1%.) Both healthy
and diseased men presented a similar age trend, as
indicated by the comparability of the age-specific
ORs. The age-adjusted OR of ED in the diseased vs
the healthy men was 1.64 (95% CI: 1.33–2.03).

Table 1 Prevalence of moderate or complete ED among diseased and healthy men by age group and risk of ED (OR)

Diseased men Healthy men

Age group (y) ED % with ED No ED OR (95% CI) ED % with ED No ED OR (95% CI)

40–44 21 12.6 146 1 32 7.8 380 1
45–49 26 15.4 143 1.26 (0.68–2.35) 34 10.2 299 1.35 (0.81–2.24)
50–54 35 19.0 149 1.63 (0.91–2.94) 40 17.5 189 2.51 (1.53–4.13)
55–59 67 36.0 119 3.91 (2.27–6.76) 36 22.2 126 3.39 (2.02–5.69)
60–64 82 43.9 105 5.43 (3.16–9.33) 30 28.6 75 4.75 (2.72–8.28)
65–70 108 58.7 76 9.88 (5.74–17.01) 43 45.7 51 10.01 (5.82–17.23)
Total 339 31.5 738 215 16.1 1120

Age-adjusted OR for ED diseased/healthy men=1.64 (95% CI: 1.33–2.03).
ED=erectile dysfunction; OR=odds ratio; CI=confidence intervals of the OR.
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Turning to the results for the group of healthy
men, Figure 1 demarcates the men by age group and
level of ED (mild, moderate or complete), corre-
sponding to the answers given to the original
question asked in the interview. Almost 40% of
the men complained of occasional insufficiencies in

erectile function (mild ED); this proportion was
quite stable across all age groups. Moderate ED was
present in 17% of the men aged 50–54 y, and
involved approximately one-third of the population
aged between 60 and 70 y. The prevalence of
complete ED became relevant after the age of 55 y.

A number of factors were associated with ED at
univariate analysis (Table 2). An increasing degree
of physical activity was inversely associated, with a
65% reduction in prevalence among the individuals
with more than average physical activity. The BMI
(population mean 24.3, range 12.8–64.5) showed a
similar linear relationship with ED: individuals in
the fourth quartile had a 43% reduction in the
prevalence of ED in comparison with those in the
first quartile. The association between ED and
smoking was clear from the increase in the OR from
nonsmokers to former smokers and current smokers,
and was confirmed within the category of current
smokers by the fact that the increase in the OR was
dependent on the amount of tobacco consumed. The
slight association between alcohol use and ED was
not statistically significant. If anything, the lower
OR for men who drank an average of between one
and seven drinks per week might suggest a bene-
ficial effect for moderate drinking.

Figure 1 Prevalence of mild, moderate and complete ED by age
group among men without concomitant diseases.

Table 2 Factors associated with ED among healthy men (univariate analysis)

Men without ED Men with ED Proportion with ED (%) OR 95% CI

Physical activity
Less than average 73 34 31.8 1
Average 226 48 17.5 0.46 0.27–0.76
More than average 821 133 13.9 0.35 0.22–0.54
BMI
First quartile 268 69 21.1 1
Second quartile 275 52 16.3 0.73 0.49–1.09
Third quartile 287 51 14.1 0.69 0.46–1.03
Fourth quartile 288 42 11.7 0.57 0.37–0.86
Smoking status
Never 362 56 13.4 1
Former smoker 275 48 14.9 1.13 0.74–1.71
Current smoker 468 107 18.6 1.48 1.04–2.10
Tobacco units per day (cigarettes, cigars, pipe)
None 642 107 14.3 1
1–30 429 88 17.0 1.23 0.91–1.67
>30 44 19 30.2 2.59 1.46–4.61
Weekly alcohol drinks
None 503 98 16.3 1
1–7 294 51 14.8 0.89 0.62–1.29
8–21 191 38 16.6 1.02 0.68–1.54
>21 130 28 17.7 1.11 0.70–1.75
LUTS
Absent or minor 1010 159 13.6 1
Moderate 74 25 25.3 2.15 1.32–3.48
Severe 9 6 40.0 4.23 1.49–12.06
Education
High school not completed 514 126 19.7 1
High school completed 448 73 14.0 0.66 0.49–0.91
Degree 154 16 9.4 0.42 0.24–0.73
Depressive symptoms 180 54 23.1 2.11 1.48–3.02

ED=erectile dysfunction; OR=odds ratio; CI=confidence interval; LUTS=lower urinary tract symptoms.
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The OR for ED in men with a high depression
score was double that of those who had no or few
symptoms of depression.

Although all of the men with a diagnosis of
prostate disease were excluded from the analysis,
7.6% of the interviewees reported moderate and
1.1% severe LUTS. The risk for ED was, respec-
tively, 2.15 and 4.2 in comparison with men with no
or minor LUTS.

Educational level inversely correlated with the
prevalence of ED.

When we used a multivariate model to estimate
the associations between ED and the possible risk
factors, older age, the presence of LUTS, the degree
of physical activity, current smoking and educa-
tional level were all statistically significant predic-
tors (Table 3). In particular, the risk increased almost
10% per y of age (between the ages of 40 and 70 y),
and LUTS, physical activity, tobacco consumption
and educational level all had a linear relationship
with ED that was dependent on the severity or
intensity of the exposure.

Discussion

This study, based on a random crossnational
population sample, focuses on the prevalence of
ED and its risk factors among men not diagnosed
with concomitant diseases that usually predict it.
Age, LUTS, smoking, physical activity and educa-
tion were all associated with ED.

All the studies conducted so far have found that
increasing age correlates with an increasing overall
prevalence of ED and increasing severity, after
controlling for all other correlates.1–4 Our results
show that increasing age acts almost independently
of the presence of diseases, as shown by the
similarity of the age-specific ORs separately calcu-
lated for the diseased and healthy men. However, ED
cannot be defined as a necessary consequence of
aging, because 54% of the healthy and 41% of the
diseased men in the oldest age group did not
complain of moderate or severe dysfunction.

The presence of at least one of the considered
diseases was associated with a 64% increased risk of
moderate or severe ED, after adjusting by age.
However, this should be viewed as a conservative
estimate. We identified healthy men by excluding
those who reported a diagnosis of, or a treatment for,
at least one of the diseases most frequently asso-
ciated with ED, and this definition suffers from two
major limitations. The first is the lack of other
diseasesFsuch as chronic respiratory or neurologic
disease and cancerFwhich are important causes of
disability and can potentially influence the onset of
ED (also indirectly) by reducing physical activity
levels. The second limitation relates to the fact that
some diseases, such as diabetes, hypertension and
benign prostatic hyperplasia (BPH), are often un-
diagnosed in a considerable proportion of appar-
ently healthy men. In this respect, the inverse
association between education and ED may reflect
the fact that men with a lower educational (and,
consequently, socioeconomic) level have reduced
access to medical services and may therefore
include a subgroup with higher prevalence of
undiagnosed disease. As an example of this possible
bias, we found that approximately 70% of the men
with moderate or severe LUTS in the ‘healthy’
population belonged to the lowest educational level
(high school not completed).

The presence and severity of LUTS (as measured
by IPSS scores) were the strongest predictors of ED
in healthy men. It is possible that some of the men
with severe LUTS had undiagnosed BPH, since the
correlation between the IPSS, the BPH Impact Index
and sexual dysfunction is known.15 An association
between LUTS and sexual function was found in a
French community study involving 2011 men aged
between 50 and 80 y,16 and then replicated in a
United Kingdom study of 423 men sampled from a
community and 1271 urology clinic outpatients.17

Current smoking was associated with ED in our
population of healthy men, and the risk was
dependent on the amount of tobacco consumption.
The Massachusetts Male Aging Study prevalence
study1 did not find any association between ED and
smoking, but smoking was associated with an
increased risk of ED in the prospective part of the
study.18 Cigarette smoking was also found to be an
independent risk factor for ED in a cross-sectional

Table 3 Factors associated with ED among healthy men (multi-
variate analysis)

Factor OR Lower 95% CI Higher 95% CI

Agea (y) 1.08 1.06 1.11
LUTS
Absent or minor 1
Moderate 2.19 1.24 3.87
Severe 4.91 1.44 16.73
Physical activity
Below average 1
Average 0.54 0.30 0.98
More than average 0.48 0.29 0.82
Education
High school not

completed
1

High school
completed

0.66 0.45 0.97

Degree 0.41 0.22 0.77
Current smoking
None 1
1–30 1.26 0.88 1.80
>30 2.31 1.19 4.49

aRisk (OR) per y between the ages of 40 and 70 y.
OR=odds ratio; CI=confidence interval; LUTS=lower urinary tract
symptoms.
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study of 4462 US Army Vietnam-era veterans aged
31–49 y,19 and in the Health Professionals Follow-up
Study.20

Both moderately active and active men had a
lower prevalence of ED in our study and in the
Health Professionals Follow-up Study.21 It has been
shown that physical activity has a beneficial effect
on men’s sexual behavior and, in the MMAS
prospective study, a decreased risk of ED was
observed in men who remained active or initiated
physical activity.18

Some of the factors we studied did not show any
association with ED, and others were associated
with ED at univariate but not at multivariate
analyses. Alcohol consumption did not correlate
with ED in our study. The Health Professionals
Follow-up Study found that moderate drinkers (one
or two drinks per day) had a lower prevalence of ED
than either nondrinkers or heavy drinkers.21 How-
ever, the MMAS1 found a slightly high prevalence of
ED with alcohol consumption. Men with diagnosed
depression were excluded from our healthy popula-
tion, so we could only study the association between
ED and depressive symptoms: although an associa-
tion was present at univariate analysis, it lost its
statistical significance at multivariate analysis when
controlling for other factors. The same thing hap-
pened in the case of the association between ED and
the BMI.

Conclusions

Clinically apparent disease explains only a portion
of the ED prevalence in the population. Between the
ages of 40 and 70 y, almost one in six healthy men is
affected by moderate or complete ED. The preva-
lence of ED increases with age, but is not a necessary
consequence. Although aging, diseases and lifestyle
habits all play a role in the etiology of ED, further
research is needed to understand this disorder
better, possibly by looking at preclinical disease
stages and genetic factors.
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