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Background: Erectile dysfunction (ED) is a common public health issue with a significant impact on quality of
life. The associations between ED and several risk factors have been reported previously. The continuously
increasing incidence of these factors is contributing to the increasing prevalence of ED.

Aim: To assess ED prevalence and severity in a representative sample of 45-year-old German men and to analyze
the association with risk factors (lifestyle risk factors/comorbidities).

Methods: Data were collected within the German Male Sex-Study. Randomly selected 45-year-old men were
invited. A total of 10,135 Caucasian, heterosexual, sexually active men were included in this analysis. The self-
reported prevalence of ED was assessed using the Erectile Function domain of the International Index of Erectile
Function. Risk factors for ED were ascertained using self-report questionnaires. An anamnesis interview and a
short physical examination were performed.

Main Outcome Measure: ED prevalence and severity were evaluated in a cross-sectional design. The associ-
ations of ED with comorbidities (eg, depression, diabetes, hypertension, lower urinary tract symptoms) and
lifestyle factors (ie, smoking, obesity, central obesity, physical inactivity, and poor self-perceived health-status)
were analyzed by logistic regression.

Results: The overall prevalence of ED was 25.2% (severe, 3.1%; moderate, 9.2%; mild to moderate, 4.2%; mild,
8.7%). Among the men with ED, 48.8% had moderate or severe symptoms. ED prevalence increased with the
number of risk factors, to as high as 68.7% in men with 5e8 risk factors. In multiple logistic regression with
backward elimination, the strongest associations with ED were found for depression (odds ratio [OR] ¼ 1.87), poor
self-perceived health status (OR ¼ 1.72), lower urinary tract symptoms (OR ¼ 1.68), and diabetes (OR ¼ 1.38).

Conclusion: One out of 4 men already had symptoms of ED at age 45. Almost one-half of the men with ED had
moderate to severe symptoms. ED was strongly associated with each analyzed risk factor, and the prevalence and
severity of ED increased with an increasing number of risk factors. Hallanzy J, Kron M, Goethe VE, et al.
Erectile Dysfunction in 45-Year-Old Heterosexual German Men and Associated Lifestyle Risk Factors and
Comorbidities: Results From the German Male Sex Study. Sex Med 2019;7:26e34.
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INTRODUCTION

Erectile dysfunction (ED) is defined as the inability to
achieve or maintain an erection sufficient for satisfactory sexual
performance.1 Frequently discussed epidemiologic studies on
ED, such as the Massachusetts Male Aging Study, evaluated
the prevalence of ED using a self-administered sexual activity
questionnaire.2 That study reported an overall ED prevalence
of 52% in men aged 40e70 years. In 40-year-old men, the
prevalence of moderate and complete ED was 17% and 5%,
respectively. In a multinational analysis, the prevalence of self-
reported ED was 15% in men aged 40e49.3 In the 1998
Cologne Male Survey investigating the prevalence of ED in a
sample of German men aged 30e80 years, 9.5% of the men
aged 40-49 reported symptoms of ED.4 Comparing reported
ED prevalences is difficult, owing to differences in method-
ology among studies, such as varying age ranges and divergent
assessment of ED.5

Currently, the most common measure for standardized
self-assessment of ED is the International Index of Erectile
Function (IIEF), which has been validated in 32 languages.6,7

The 6-item short form, the Erectile Function domain (IIEF-
EF), has been implemented in many clinical trials, including the
latest German epidemiologic study that evaluated ED prevalence
more than a decade ago.8 In that study, comprising 441 men
aged 40e49 years, the prevalence of ED was 19.5%. The higher
prevalence in that study could be related to a higher number of
patients with comorbidities.

Comorbidities are known risk factors for ED, and much
research has focused on elderly men and cohorts of men with
certain disorders, such as diabetes and cardiac disease.9e11 A
strong association between ED and comorbidities can be found
in younger men as well, however. In an online survey of Middle
Eastern men aged 40e49, the prevalence of ED analyzed with
the IIEF was 45.6% and was strongly associated with various risk
factors, including hypertension, diabetes, and depression.12 The
steady increase in risky lifestyle behaviors, such as a fat diets,
physical inactivity, or obesity, and comorbidities that negatively
affect the cardiovascular system is a current issue, and thus the
prevalence of ED is expected to increase as well. There has been a
statistically significant increase in the prevalence of obesity in
white American men aged 40e59 years, with rates increasing
from 28.5% in 1999e2000.13,14 In Germany, the prevalence of
obesity in men aged 25e69 years increased from 18.9% in
1990e1992 to 23.3% in 2008e2011.15 Similarly, the preva-
lence of diabetes in men aged 18e79 years increased from 4.7%
in 1997 to 7.0% in 2008e2011.16

The aims of the present analysis were to evaluate the current
prevalence and severity of ED in sexually active German men
using the IIEF-EF, as well as to analyze the associations between
ED and various risk factors, categorized into lifestyle risk factors
and comorbidities.
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MATERIALS AND METHODS

Data were collected within the German Male Sex-Study (GMS-
Study), an accompanying project of the ongoing PROBASE trial.
This German prostate cancer screening trial, initiated in April
2014, has been described in detail previously.17 The GMS-Study
assesses information on male sexuality by surveying a community-
based random sample of 45-year-old men.18 Aspects of sexual
activity, sexual function, and self-concept are examined in cross-
sectional and longitudinal designs.19 An anamnesis interview is
conducted by a study physician, and anthropometric data are
acquired. In addition, all men complete self-report questionnaires
eliciting information on sexuality and lifestyle factors. All men
participating at the PROBASE trial who completed information
on sexual identity (heterosexuality/homosexuality/bisexuality)
were included in the GMS-Study. Ethical approval for the study
was provided by an internal Ethics Committee, and written
informed consent was obtained from each participant.
Inclusion Criteria
Caucasian heterosexual men with no history of previous pelvic

surgery who had been sexually active in the past 4 weeks were
included. The current analysis was limited to men recruited
during the first 2 years of the study.
Erectile Function
Erectile function was evaluated using the IIEF-EF.20 The

severity of ED was classified as mild (IIEF-EF score 22e25),
mild to moderate (IIEF-EF score 17e21), moderate (IIEF-EF
score 11e16), or severe (IIEF-EF score 6e10). The presence of
ED was defined as an IIEF-EF score �25.
Lifestyle Risk Factors
To classify obesity and central obesity, height, weight and

waist circumference were measured by a study physician. Ac-
cording to World Health Organization guidelines, obesity and
central obesity were defined as a body mass index (BMI) � 30
kg/m2 and a waist circumference � 102 cm.21 Smoking habits
(regular smoker vs non- or ex-smoker) and physical activity (� 1
day a week vs � 2 days a week for a minimum of 30 minutes,
including mild exercise like walking or gardening) were ascer-
tained using self-report questionnaires.

Self-perceived health status was assessed with the first question
from the 12-item Short Form survey (SF12) with responses on a
5-point Likert scale. The responses were dichotomized into poor
(poor/fair) vs good (good/very good/excellent).22
Comorbidities
The presence of 3 comorbidities—hypertension, diabetes,

depression—was ascertained during anamnesis by the study
physicians. Lower urinary tract symptoms (LUTS) were assessed



Table 1. Distribution of lifestyle risk factors and comorbidities

Parameter % n

Lifestyle risk factors
Smoking regularly
Yes 18.6 1,864
No 81.4 8,143

Physical activity
� 1 time/wk 19.2 1,927
� 2 time/wk 80.8 8,121

Obesity
BMI � 30 kg/m2 17.8 1,799
BMI < 30 kg/m2 82.2 8,298

Central obesity
WC � 102 cm 29.2 2,908
WC < 102 cm 70.8 7,048

Self-perceived health status
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using the International Prostate Symptom Score (IPSS) and were
dichotomized as IPSS > 7 (moderate to severe symptoms) vs
IPSS � 7 (no or mild symptoms).23

Statistics
The data were analyzed using descriptive statistics, calculating

counts and percentages for categorical variables. The prevalence
of ED was estimated overall and in a subgroup of “healthy” men,
defined as men who did not smoke regularly; had a waist
circumference < 95 cm; were physically active � 4 times per
week (see Lifestyle Risk Factors), were without hypertension,
diabetes, or depression; and had an IPSS of 0. The impact of
comorbidities and lifestyle risk factors on ED was analyzed by
simple and multiple logistic regression with backward elimina-
tion (selection level 5%). Odds ratios (ORs) with 95%
confidence interval (CIs) and P values were calculated.
Poor (fair/poor) 5.0 492
Good (good/very good/excellent) 95.0 9,457

Comorbidities
Hypertension
Yes 13.0 1,315
No 87.0 8,820

Diabetes
Yes 2.0 200
No 98.0 9,935

LUTS
IPSS > 7 10.3 1,012
IPSS � 7 89.7 8,804

Depression
Yes 2.7 276
No 97.3 9,859

BMI ¼ body mass index; IPSS ¼ International Prostate Symptom Score;
LUTS ¼ lower urinary tract symptoms; WC waist circumference.
RESULTS

A total of 12,646 men were recruited in the first 2 years of the
GMS-Study. The final study group consisted of 10,135 men
(80.1%) after the exclusion of non-Caucasian men (n ¼ 292),
non-heterosexual men (n ¼ 605), men with previous pelvic
surgery (n ¼ 55), men with incomplete data on erectile function
(n ¼ 1,242), and men with no sexual activity (n ¼ 317). An
overview of the sociodemographic characteristics of the study
population has been published previously.18 Self-reported life-
style risk factors and comorbidities were recorded (Table 1).

The overall prevalence of erectile dysfunction was 25.2%
(n ¼ 2,565), including 8.7% with mild ED, 4.2% with mild to
moderate ED, 9.2% with moderate ED, and 3.1% with severe
ED (Figure 1A). Among the men with ED, 48.8% had moderate
to severe symptoms. Only 2.1% of cohort (n ¼ 216) met the
criteria for healthy men; the prevalence of ED in these men was
14.4% (Figure 1B).

ED prevalence and degree of severity were higher in men with
lifestyle risk factors and/or comorbidities. In the men with ED,
the highest rates of moderate and severe ED were seen in men
with depression (61.0%), poor self-reported health status
(52.7%), and diabetes (50.6%) (Figure 2).

On simple logistic regression, each lifestyle risk factor and each
comorbidity was associated with the presence of ED (Table 2).
The highest crude ORs were achieved for depression
(OR ¼ 2.44), self-perceived health status (OR ¼ 2.29), diabetes
(OR ¼ 1.96), and LUTS (OR ¼ 1.84).

In multiple logistic regression with backward elimination, all
risk factors except BMI were identified as an important risk
factor for ED (Table 2). In this analysis, depression still had the
highest impact on ED prevalence (OR ¼ 1.87), followed by self-
perceived health status (OR ¼ 1.72), LUTS (OR ¼ 1.68), and
diabetes (OR ¼ 1.38).

The prevalence of ED increased with the more lifestyle risk
factors present, with the highest prevalence of 40.9%
(Figure 3A). In this subanalysis for multiple lifestyle risk factors,
only waist circumference was included (and not BMI), to avoid
overestimating the influence of obesity. Important to note is that
regardless of number of lifestyle risk factors, among the men with
ED, the proportion of moderate and severe ED was approxi-
mately 50%.

Likewise, ED prevalence steadily increased with the number of
comorbidities, up to 64.3% in men with 3 or 4 comorbidities
(Figure 3B). Among these men, the prevalence of moderate and
severe ED was as high as 38.1% (resulting in a proportion of
59%). When examining the simultaneous impact of all risk
factors, including both lifestyle risk factors and comorbidities, the
prevalence of ED was 68.7% in the group with 5e8 risk factors
(Figure 3C).
DISCUSSION

In this study, roughly 1 in 4 (25.2%) sexually active 45-year-old
Germanmen reported being affected by ED. Almost one-half of the
menwith ED (48.8%) suffered frommoderate to severe symptoms.
Sex Med 2019;7:26e34
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Figure 1. Prevalence of ED with distribution of degrees of severity. A, Overall ED prevalence in the 45-year-old men. B, ED prevalence in a
subgroup of “healthy” men (nonsmoker, waist circumference < 94 cm, physical activity >4 time per week, no hypertension/diabetes/
depression, IPSS ¼ 0). ED ¼ erectile dysfunction; IPSS ¼ International Prostate Symptom Score.
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In 2 large German studies on ED conducted more than a
decade ago, ED prevalence (IIEF-EF <25) was 17%e19.5% in
the 40- to 49-year age group.8,24 Furthermore, previous epide-
miologic investigations reported lower prevalences of severe ED
than found in our analysis (0.5% and 2.1% vs 3.1%).8,25

The Berlin Male Study found that prevalence rates including
only sexually active men might underestimate the actual preva-
lence of ED, given that sexual inactivity may result from low
confidence in achieving and/or maintaining an erection.24

Because we excluded sexually inactive men from our analysis,
the true ED prevalence in 45-year-old German men might be
even higher than 25.2%. The high prevalence of severe ED in
our study may reflect the increasing prevalence of risk factors
with an impact on ED.

The prevalence of lifestyle risk factors and comorbidities in 45-
year-old men was higher than expected; for example, > 10% of
men had LUTS with an IPSS > 7, and almost 30% of the men
had central obesity, defined as a waist circumference > 102 cm.

In our analysis, significant associations between ED and all
analyzed risk factors, both lifestyle risk factors and comorbidities,
were observed. All 5 lifestyle risk factors showed higher odds for
an association with ED (P � .001 for all). The highest odds were
found for poor self-perceived health status, central obesity,
obesity, and physical inactivity. Besides the self-perceived health
status, the association of all assessed lifestyle risk factors with ED
has been reported in previous studies, because these are vascular
risk factors that lead to endothelial dysfunction and increased
inflammation.26e28

The subjective perception of one’s health status is not an
objectifiable risk factor per se, but our data suggest that overall
sense of well-being is associated with erectile function. In our
analysis, only 5% of men reported a poor self-perceived health
status. In these men, ED was more prevalent (42.5% vs 24.46%
Sex Med 2019;7:26e34
in men with a good self-perceived health status) and more severe
(22.0% vs 11.9% with moderate or severe symptoms).

Obesity has been associated with an increased risk of devel-
oping ED. In another study, the relative risk of ED was nearly
twice as high (RR 1.9) in obese men compared with men with
normal BMI.29 In our sample, symptoms of ED were present in
32.1% of obese men (vs 24.1% of men with a BMI <30 kg/m2),
and in 30.3% of men with central obesity (vs 23.2% in men with
a waist circumference < 102 cm). Other studies have shown that
the prevalence of ED increased from 32.1% to 74.5% with
increasing waist circumference.30 In our cohort, almost 20% of
the men were physically inactive (defined as mild exercise once
per week or less), and the prevalence of ED was 30.3% in these
men compared with 24.0% in men who were physically active
twice or more weekly. A significant independent association
between ED and a self-reported lack of physical activity has been
observed in a US study as well; adjusted by age, the prevalence of
ED increased from 28.0% to 45.8% with declining physical
activity.31 An association between smoking and ED is contro-
versial, with some studies showing a significant association.32,33

In our analysis, we found a minor association between smok-
ing and ED (OR ¼ 1.2). We assume that smoking will gain
importance as the vessel damage manifests in aging men.

All 4 analyzed comorbidities—hypertension, diabetes, LUTS,
and depression—were associated with higher odds for ED. The
most significantly associated comorbidity was depression. The
prevalence of ED in men with depression was 44.6%, compared
with 24.8% in those without depression. Previous studies have
shown a significant association of depression with ED.34 A sig-
nificant increase in the incidence of depressive symptoms has
been reported in men with ED (OR ¼ 4.34).35 In a study among
middle-aged men in northern Finland, depression was associated
with a 66% higher risk for ED.36 Nonetheless, conclusions on
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Figure 2. Degree of severity of ED depending on lifestyle risk factors and comorbidities. ED ¼ erectile dysfunction; BMI ¼ body mass
index; WC ¼ waist circumference; LUTS ¼ lower urinary tract symptoms; IPSS ¼ International Prostate Symptom Score.
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the causal relationship between ED and depression cannot be
drawn, given the possibility that ED can be either the symptom
or the cause of depression. In addition, sexual dysfunction is a
common adverse effect of antidepressant treatment.37

The reported prevalence of ED in men with diabetes ranges
from 35% to 90% as analyzed in cohorts with a wide age range,
with most studies reporting on patients with a mean age of
54e66.38 In our analysis, the prevalence of ED in 45-year-old
Table 2. Logistic regression for the prevalence of ED in men assessi

Parameter

Separate

OR

Lifestyle risk factors
Smoking regularly (yes vs no) 1.20
Physical activity (� 1/wk vs � 2/wk) 1.38
Obesity (BMI � 30 kg/m2 vs BMI < 30 kg/m2) 1.42
Central obesity (WC � 102 cm vs WC < 102 cm) 1.44
Self-perceived health status (poor vs good) 2.29

Comorbidities
Hypertension (yes vs no) 1.51
Diabetes (yes vs no) 1.96
LUTS (IPSS > 7 vs IPSS � 7) 1.84
Depression (yes vs no) 2.44

BMI ¼ body mass index; CI ¼ confidence interval; ED ¼ erectile dysfunction; I
symptoms; OR ¼ odds ratio; WC ¼ waist circumference.
men with diabetes was 39.5%. The etiology of ED in diabetes is
considered multifactorial, including vasculopathy, neuropathy,
hypogonadism, and local factors such as fibrosis.38 Likewise,
LUTS and ED share the same pathophysiological mechanisms:
alteration of the nitric oxideecyclic guanosine monophosphate
(cGMP) pathway, enhancement of RhoAeRho-kinase contrac-
tile signaling, autonomic adrenergic hyperactivity, and pelvic
atherosclerosis.39 In the Cologne Male Survey, a statistically
ng the impact of lifestyle risk factors and comorbidities

logistic regression

Multiple logistic regression after
backward elimination (selection
level 5%)

95% CI P value OR 95% CI P value

1.08e1.35 .001 1.15 1.02e1.29 .024
1.23e1.54 <.001 1.23 1.13e1.42 <.001
1.27e1.59 <.001 - - -
1.31e1.59 <.001 1.31 1.18e1.45 <.001
1.90e2.75 <.001 1.72 1.41e2.10 <.001

1.33e1.71 <.001 1.22 1.06e1.40 .005
1.47e2.61 <.001 1.38 1.01e1.89 .043
1.60e2.11 <.001 1.68 1.46e1.94 <.001
1.92e3.11 <.001 1.87 1.44e2.43 <.001

PSS ¼ International Prostate Symptom Score; LUTS ¼ lower urinary tract

Sex Med 2019;7:26e34
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significant association between LUTS and ED was identified for
the first time. The prevalence of LUTS was 72.2% in men with
ED vs 37.7% in those without ED (OR ¼ 2.11).40 In our
sample, we confirmed the impact of LUTS on ED, with an ED
prevalence of 38.6% in men with LUTS vs 23.9% in those
without LUTS.
Sex Med 2019;7:26e34
Hypertension and most of the assessed lifestyle risk factors,
including smoking, physical inactivity, and obesity, can induce
arteriosclerotic changes and vascular obstruction.41 The patho-
physiological link between ED and diseases affecting the
cardiovascular system is attributed to endothelial dysfunction and
veno-occlusive dysfunction due to limited blood flow.11 In our
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sample, the OR for ED in men with hypertension was 1.51.
Previous research has identified ED as a marker for subclinical
systemic vascular disease and has suggested that ED may serve as
a sentinel for future cardiac events, such as apoplexy or
myocardial infarction 3e5 years later.11,42 The threshold for
symptoms due to arteriosclerotic involvement in vessels differs
based on the extent of the reduction in lumen artery size;
therefore, arteriosclerotic plaques will clinically manifest earlier in
penile arteries than in coronary arteries.43 This is why ED should
be viewed as a warning signal for future vascular events. As in our
investigation, 25.2% of 45-year old sexually active men reported
on symptoms of ED, a screening for ED should be recom-
mended in even younger men. Herewith it would be possible to
select a group of men with ED that would benefit from pre-
vention of cardiac events due to early medical treatment and
lifestyle modifications.

In the present analysis, multiple logistic regression identified 8
of 9 assessed risk factors as significantly associated with ED. Only
BMI was eliminated. Likewise, several studies have shown that
waist circumference is more significant than BMI in evaluating
obesity-related health risks.44,45

We also analyzed the combination of all acquired risk factors
except for BMI. We found that the presence of multiple
comorbidities was associated with an increased ED prevalence of
64.3%, and that when including all 8 risk factors (lifestyle risk
factors and comorbidities), the prevalence increased to 68.7%.
The prevalence of multiple comorbidities had the strongest
impact on the severity of ED; in affected men, almost 60% of
those with ED had moderate or severe symptoms. The coexis-
tence of several risk factors has been described previously46,47;
however, to our knowledge, the present study is the first to show
the cumulative impact of lifestyle risk factors and comorbidities
on ED prevalence and severity in 45-year-old men. Owing to the
low numbers of subjects with 5e8 risk factors (n ¼ 64) and
subjects with 3-4 comorbidities, our data must be interpreted
with caution. Nevertheless, the data clearly show an increase in
risk with an increasing number of risk factors.

Several studies have indicated that a healthy lifestyle, like
physical activity, can prevent ED or induce an improvement of
existing ED.48,49 To estimate this preventive effect, we assessed
ED prevalence in a subgroup of “healthy” men who were
physically very active and had a healthy lifestyle without any
assessed comorbidities; only 2.1% of the men met these criteria.
Still, 14.4% of these healthy men had symptoms of ED. This
rather high risk of ED in even healthy men suggests the presence
of even more risk factors for ED. Clearly, early adoption of a
healthy lifestyle is one approach to reduce the burden of ED.50

The strengths of our analysis are that we provide reliable data
on current ED prevalence in a large community-based, randomly
selected cohort of same-aged men. Furthermore, all men were
surveyed by physicians onsite, and ED was assessed using the
IIEF-EF as a validated assessment tool, allowing for comparison
of results. Limitations of our analysis include that use of the
IIEF-EF restricted our sample to only heterosexual and sexually
active men. Moreover, some known risk factors, such as dysli-
pidemia and hypogonadism (verified via blood analysis), could
not be ascertained in our study cohort comprising more than
10,000 participants. Moreover, the cohort of the GMS-Study as
part of a screening trial might be oversampling more health-
conscious men; previous studies have identified a “healthy user
effect,” with healthier men more likely to use preventive health
services such as screening.51 Consequently, our prevalences of
obesity (17.8%), central obesity (29.2%), physical inactivity
(19.2%), and smoking (18.6%) might be even higher in the
general German population.
CONCLUSION

In our sample of 45-year-old German men, 1 in 4 already
exhibited symptoms of ED. Almost one-half of the men with ED
reported moderate or severe symptoms. Focusing on risk factors
for ED, an increasing prevalence was observed, and all factors
except BMI were identified as important risk factors for ED, with
the strongest associations for depression, poor self-perceived
health status, lower urinary tract symptoms, and diabetes. In
addition, there was a direct association between increasing ED
prevalence and increasing number of lifestyle risk factors and/or
comorbidities. Thus, we conclude that it is important to identify
modifiable risk factors in men with ED, and that in men with
known risk factors, screening for ED is recommended for early
vascular system evaluation. General practitioners may proactively
ask about erectile complaints even in men as young as 45, with
inquiries about ED integrated into routine examinations.
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