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ABSTRACT

An association between erectile dysfunction and cardiovascular disease has long been recognized, and studies
suggest that erectile dysfunction is an independent marker of cardiovascular disease risk. Therefore, assess-
ment and management of erectile dysfunction may help identify and reduce the risk of future cardiovascular
events, particularly in younger men. The initial erectile dysfunction evaluation should distinguish between
predominantly vasculogenic erectile dysfunction and erectile dysfunction of other etiologies. For men
believed to have predominantly vasculogenic erectile dysfunction, we recommend that initial cardiovascular
risk stratification be based on the Framingham Risk Score. Management of men with erectile dysfunction
who are at low risk for cardiovascular disease should focus on risk-factor control; men at high risk, including
those with cardiovascular symptoms, should be referred to a cardiologist. Intermediate-risk men should un-
dergo noninvasive evaluation for subclinical atherosclerosis. A growing body of evidence supports the use of
emerging prognostic markers to further understand cardiovascular risk in men with erectile dysfunction, but
few markers have been prospectively evaluated in this population. In conclusion, we support cardiovascular
risk stratification and risk-factor management in all men with vasculogenic erectile dysfunction.
� 2014 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2014) 127, 174-182
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Cardiovascular disease is a leading cause of death in men.
Erectile dysfunction is a common problem in men as they
age and may help drive them to seek medical attention in
the absence of other cardiovascular symptoms. The link
between erectile dysfunction and cardiovascular disease is
well established; however, this relationship has been pre-
CLINICAL SIGNIFICANCE

� The prognostic value of erectile
dysfunction for cardiovascular events is
considerably greater in younger men.

� For men believed to have predominantly
vasculogenic erectile dysfunction, initial
cardiovascular risk stratification should
be based on the Framingham Risk Score.

� Management of low-risk men with erec-
tile dysfunction should focus on risk-
factor control; men at high risk should
be referred to a cardiologist.

� Intermediate-risk men should undergo
noninvasive evaluation for subclinical
atherosclerosis.
viously characterized primarily by
shared risk factors.1-3 An emerging
paradigm indicates that erectile
dysfunction is, in fact, an inde-
pendent marker of cardiovascular
disease risk.4-8 Thus, the presence
of erectile dysfunction may pro-
vide the opportunity for cardio-
vascular disease risk mitigation
in men with otherwise unrecog-
nized cardiovascular disease. This
article discusses the evaluation
and management of cardiovascular
risk in men with erectile dysfunc-
tion but no known cardiovascular
disease in a primary care setting. It
considers the fundamental ques-
tion: do all men with presumed
vasculogenic erectile dysfunction
need a cardiovascular workup?
THE ERECTILE DYSFUNCTION/CARDIOVASCULAR
DISEASE NEXUS
A number of risk factors are shared by erectile dysfunction
and cardiovascular disease, including age,9 sedentary life-
style, obesity, smoking, hypercholesterolemia, metabolic
syndrome,10 insulin resistance,11 hypertension,12,13 and dia-
betes.12 The common pathophysiologic bases for erectile
dysfunction and cardiovascular disease are believed to
include endothelial dysfunction,14 inflammation,15 and low
testosterone.14,16 Furthermore, numerous studies in men with
clinically evident cardiovascular disease have established
erectile dysfunction as an independent risk marker for car-
diovascular disease4-8,17 and shown that erectile dysfunction
frequently precedes coronary artery disease,18-21 peripheral
arterial disease,22 and stroke.19 Erectile dysfunction symp-
toms appear approximately 2 to 5 years before the onset of
cardiovascular symptoms,18,23-25 and more severe erectile
dysfunction has been correlated with greater atherosclerotic
burden,21 extent of coronary artery disease,18,26 and risk of
coronary artery disease,19,20 peripheral artery disease,22 and
major cardiovascular events.27

Compared with traditional cardiovascular disease risk
factors (eg, family history of myocardial infarction, smok-
ing, hyperlipidemia), incident erectile dysfunction has
demonstrated similar or greater predictive value for cardio-
vascular events.28,29 Although addition of erectile dysfunc-
tion to the Framingham Risk Score resulted in only a slight
improvement for predicting cardiovascular events in a group
of men 40 to 70 years of age,4 other studies demonstrated
considerably greater prognostic value of erectile dysfunction
in younger men.30-32 Findings from the Olmstead County
Study30 showed that erectile dysfunction was far more
predictive of coronary artery disease in men aged 40-49
years versus older men, whereas another retrospective
study31 showed that the predictive value for atherosclerotic
cardiovascular events strength-
ened with younger age at erectile
dysfunction development. Indeed,
the incidence of atherosclerotic
cardiovascular events in men
<40 years of age with erectile
dysfunction was >7 times the
incidence in a reference group
representative of the general male
population. Most recently, Ried-
ner et al32 performed a case-
control study involving 242 men
(mean age, 58 years) referred for
elective coronary angiography.
Nearly half had significant coro-
nary artery disease (stenosis of
50% or greater in �1 of the
major epicardial vessels or their
branches); the remaining men had
no significant coronary artery dis-
ease. Men <60 years of age with
coronary artery disease were
significantly more likely to have erectile dysfunction than
those without coronary artery disease. However, coronary
artery disease was not associated with increased likelihood
of erectile dysfunction in men aged �60 years. A statistical
model controlling for the effects of cardiovascular risk
factors, testosterone, and C-reactive protein showed that the
probability of coronary artery disease was 2.3 times higher
in men <60 years of age with erectile dysfunction versus
those without erectile dysfunction. There was no association
between erectile dysfunction and probability of coronary
artery disease in men �60 years of age. Thus, current evi-
dence suggests that erectile dysfunction is an early marker
of generalized cardiovascular disease and supports cardio-
vascular workup in younger men with vasculogenic erectile
dysfunction. We believe that the addition of erectile
dysfunction to the Framingham Risk Score would improve
risk prediction in younger men (aged 30-60 years), but
additional studies are needed to make this determination.
DISTINGUISHING PREDOMINANTLY ORGANIC
FROM PREDOMINANTLY PSYCHOGENIC ERECTILE
DYSFUNCTION
Cases of erectile dysfunction may be classified as predom-
inantly psychogenic in nature, predominantly organic, or
mixed. Although many cases are mixed, identification of
predominant etiology helps guide management of both
cardiovascular and sexual health. Because vasculogenic
erectile dysfunction is a harbinger of cardiovascular disease,
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it is important to distinguish between men with predomi-
nantly vasculogenic erectile dysfunction and those with
predominantly psychogenic erectile dysfunction or non-
vasculogenic organic erectile dysfunction. Men with overtly
vasculogenic erectile dysfunction will benefit from the most
rigorous cardiovascular evaluation, and those with clearly
psychogenic erectile dysfunction may require significant
psychosexual intervention.

Psychogenic erectile dysfunction tends to be acute,
situational, and of varying disease course. It is associated
with rigid noncoital erections, a long history of psycho-
sexual problems, partner problems from onset, and primary
anxiety or fear (Table 1).33 The underpinnings of predom-
inantly psychogenic erectile dysfunction are multifactorial,
and possible causes may include psychiatric disorders,34-37

misconceptions about normal sexual functioning,38 or
interpersonal problems with the sexual partner.39 Psycho-
genic causes of erectile dysfunction, such as depression, also
may increase cardiovascular risk and should be identified
and treated.38,40,41

The most common organic etiologies of erectile
dysfunction are vasculogenic, hormonal, and neurogenic.
Organic erectile dysfunction has a gradual onset, a constant
disease course, and is associated with poor noncoital erec-
tions (Table 1).33 The most common organic etiology of
erectile dysfunction is vasculogenic. Reduced inflow may be
due to atherosclerotic blockage or factors affecting endo-
thelial function that prevent adequate vasodilation during
sexual stimulation (eg, increased serum inflammatory
markers, reduced testosterone). Increased outflow is
commonly due to venous leak.33,42,43 Furthermore, strong
evidence supports a correlation between erectile dysfunction
and various metabolic and vascular disorders. Indeed, age,
visceral adiposity, and metabolic syndrome and its compo-
nents, all risk factors for cardiovascular disease, also in-
crease the risk for erectile dysfunction.44,45 Thus, evidence
of these disorders in men with erectile dysfunction suggests
a vasculogenic etiology.

Several approaches may be used to distinguish predom-
inantly organic from predominantly psychogenic erectile
dysfunction. Initially, a review of the patient’s medical
history may reveal the presence or absence of the organic or
psychogenic risk factors mentioned earlier. Furthermore,
Table 1 Differential Characteristics of Psychogenic vs Organic Erectil

Characteristic Predominantly Psychogenic Ere

Onset Acute
Circumstances Situational
Course Intermittent
Noncoital erection Rigid
Nocturnal/early morning erections Normal
Psychosexual problems Long history
Partner problems At onset
Anxiety/fear Primary

Adapted from: Persu C, Cauni V, Gutue S, et al. Diagnosis and treatment of e
every erectile dysfunction patient should be questioned
about the frequency and rigidity of nocturnal or early
morning erections. In the absence of other risk factors, the
presence of regular nocturnal or early morning erections is
suggestive of normal vascular functioning, thereby indi-
cating a psychogenic etiology.46 It should be noted that
reduced frequency or rigidity of morning erections may be
due to reductions in morning rapid eye movement sleep
observed in older individuals.47,48 In cases that are difficult
to distinguish, the treating physician may refer the patient to
a urologist or sexual medicine practitioner with specialized
training in erectile dysfunction evaluation.

RECOMMENDATIONS FOR EVALUATION AND
MANAGEMENT OF CARDIOVASCULAR RISK IN
MEN WITH ERECTILE DYSFUNCTION BUT NO
KNOWN CARDIOVASCULAR DISEASE
Because erectile dysfunction is a well-established, inde-
pendent marker for cardiovascular disease risk,4-8 all men
should be questioned about their sexual history and func-
tioning as part of the initial assessment of cardiovascular
disease risk. For all men with erectile dysfunction, particu-
larly those with vasculogenic erectile dysfunction, we
recommend that initial risk stratification be based on the
Framingham Risk Score, which estimates the 10-year risk
for myocardial infarction or coronary death. The Framing-
ham Risk Score incorporates age, sex, total and high-density
lipoprotein cholesterol, smoking, systolic blood pressure,
and use of antihypertensive medications.49 Initial risk
stratification based on the Framingham Risk Score is rec-
ommended by the 2010 American College of Cardiology
Foundation/American Heart Association Guideline for
Assessment of Cardiovascular Risk in Asymptomatic
Adults50 and Princeton III Consensus.51 Symptomatic men
are presumed to have cardiovascular disease and are there-
fore at high risk for cardiovascular disease events. The
following may be used to identify men whose cardiovas-
cular risk may exceed that estimated by the Framingham
Risk Score: a thorough history, physical examination
(including measures of visceral adiposity), assessment of
erectile dysfunction severity and duration, evaluation of
fasting plasma glucose, resting electrocardiogram, serum
e Dysfunction33,47,48

ctile Dysfunction Predominantly Organic Erectile Dysfunction

Gradual
Global
Constant
Poor
Inconsistent
Secondary to erectile dysfunction
Secondary to erectile dysfunction
Secondary to erectile dysfunction

rectile dysfunction—a practical update. J Med Life. 2009;2(4):394-400.33
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creatinine (estimated glomerular filtration rate) and albu-
min:creatinine ratio, and presence or absence of the meta-
bolic syndrome.51 Given the evidence that treatment of
obstructive sleep apnea can improve erectile function,52,53

along with observational studies suggesting that treatment
of obstructive sleep apnea may improve cardiovascular
outcomes,54,55 the physician also should consider evaluating
patients with erectile dysfunction for sleep apnea. Based on
results of the aforementioned assessments, the physician
may encourage lifestyle changes (eg, diet, exercise, smoking
cessation), which are likely to reduce cardiovascular risk
and improve erectile function.56,57 Interventions to control
specific cardiovascular risk factors (eg, hypertension, dia-
betes, hyperlipidemia, obstructive sleep apnea) also may
be appropriate. Men who appear to be at high risk for car-
diovascular events should be referred to a cardiologist.
We suggest that intermediate-risk men with vasculogenic
erectile dysfunction and no overt cardiovascular disease
undergo further noninvasive evaluation of cardiovascular
risk using exercise stress testing, carotid intima-media
thickness, ankle-brachial index, or coronary artery calcium
scoring (Figure). Neither the most appropriate order of
testing nor the prognostic superiority of one test over
Figure Evaluation and management of cardi
erectile dysfunction but no known cardiovascular
physician. Symptomatic men are presumed to ha
at high risk for cardiovascular disease events.
(including measures of visceral adiposity), asses
duration, and evaluation of fasting plasma g
creatinine (estimated glomerular filtration rate) an
absence of the metabolic syndrome and obstru
characterize cardiovascular risk. *Based on the F
appropriate alternate method for initial cardiova
another has been established. Tests should be selected
based on clinical judgment, availability, and cost.
Exercise Stress Testing
The 2010 American College of Cardiology Foundation/
American Heart Association guidelines recommend exercise
stress testing and carotid intima-media thickness for
noninvasive evaluation of subclinical cardiovascular disease
in intermediate-risk patients.50 Although exercise stress
testing does not detect non-flow-limiting lesions, it detects
silent, inducible ischemia, thus providing further under-
standing of cardiovascular disease risk. Data suggest that
this tool may be particularly helpful in identifying silent
coronary artery disease in men with erectile dysfunction and
diabetes.59
Carotid Intima-Media Thickness
Although the value of carotid intima-media thickness has
not been evaluated in men with erectile dysfunction,
American College of Cardiology Foundation/American
Heart Association50 and, more emphatically, the Society for
ovascular risk in men with vasculogenic
disease recommended for the primary care
ve cardiovascular disease and are therefore
A thorough history, physical examination
sment of erectile dysfunction severity and
lucose, resting electrocardiogram, serum
d albumin:creatinine ratio, and presence or
ctive sleep apnea may be used to further
ramingham Risk Score.49 SCORE58 is an
scular risk stratification.
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Heart Attack Prevention and Eradication Task Force60 assert
that it is reasonable to perform carotid intima-media thick-
ness assessment during evaluation of patients at intermedi-
ate risk. Studies published since these guidelines were
developed support the value of this methodology in car-
diovascular risk assessment. In an evaluation of 441
asymptomatic subjects <65 years of age (mean age, 50 � 8
years) with no history of coronary artery disease or diabetes,
Eleid et al61 reported that 38% of the 336 subjects deemed
low risk based on the Framingham Risk Score had high-risk
carotid ultrasound findings (ie, carotid intima-media thick-
ness �75th percentile adjusted for age, sex, and race or
presence of plaque). Similarly, Naqvi et al62 found that 50%
of 136 asymptomatic subjects (mean age, 57 � 11 years)
with no history of vascular events and a Framingham Risk
Score <10% had carotid intima-media thickness �75th
percentile. However, Den Ruijter et al63 performed a meta-
analysis of 14 studies (mean patient age, 58 years [range,
35-75 years]) that showed little improvement in 10-year risk
prediction of first-time myocardial infarction or stroke when
common carotid intima-media thickness measurements
were added to the Framingham Risk Score. The incorpora-
tion of carotid intima-media thickness into cardiovascular
risk assessment is further complicated by the fact that
thresholds for abnormal carotid intima-media thickness
must be adjusted for age, sex, and race.64
Ankle-Brachial Index
Cardiovascular disease has been identified in men with
established erectile dysfunction by using various measures
of general atherosclerotic burden, which also are consid-
ered surrogate markers of cardiovascular disease. For
example, ankle-brachial index, the ratio of blood pressure
in the dorsalis pedis artery to that in the brachial artery,
is widely used to detect peripheral artery disease. The
American College of Cardiology Foundation/American
Heart Association considers measurement of ankle-brachial
index to be reasonable for cardiovascular risk assessment in
asymptomatic adults at intermediate risk.50 In a study
evaluating the relationship between erectile dysfunction
and peripheral artery disease, Polonsky et al22 showed that
ankle-brachial index successfully identified peripheral ar-
tery disease in men with erectile dysfunction and suggested
that men with erectile dysfunction undergo ankle-brachial
index examination. American College of Cardiology
Foundation/American Heart Association guidelines50 state
that ankle-brachial index <0.9 indicates the presence of
peripheral artery disease.
Coronary Artery Calcium Scoring
Coronary artery calcium scoring is another measure that has
been validated prospectively as a predictor of cardiovascular
disease65 and for which the literature provides limited sup-
port in the erectile dysfunction population. Similar to
ankle-brachial index and carotid intima-media thickness,
the American College of Cardiology Foundation/American
Heart Association considers coronary artery calcium
scoring reasonable for cardiovascular risk assessment in
intermediate-risk adults.50 Jackson and Padley66 performed
maximal treadmill exercise stress testing and coronary artery
calcium scoring in 20 men aged 39-69 years with erectile
dysfunction and no cardiac symptoms; coronary artery cal-
cium scores were >50 in 11 men, all of whom had angio-
graphic coronary artery disease on coronary computed
tomography and 9 of whom had normal exercise stress tests.
This study suggests that erectile dysfunction is a predictor of
subclinical, non-flow-limiting coronary artery disease not
detectable by exercise stress tests, and that methods such as
coronary artery calcium scoring and coronary computed
tomography angiography may help detect coronary artery
disease in patients with normal exercise stress tests. More
recently, in a comparison of the ability of 6 risk markers
(coronary artery calcium scoring, carotid intima-media
thickness, ankle-brachial index, brachial flow-mediated
dilation, high-sensitivity C-reactive protein, and family
history of coronary heart disease) to improve prediction of
incident coronary heart disease/cardiovascular disease in
patients at intermediate risk (Framingham 10-year risk,
>5%-<20%) enrolled in the Multi-Ethnic Study of
Atherosclerosis, coronary artery calcium scoring provided
superior improvements in risk estimation versus the other
risk markers.67 Noninvasive cardiovascular evaluation may
include other emerging prognostic markers, which are dis-
cussed in the next section.
ROLE OF ADDITIONAL EMERGING PROGNOSTIC
MARKERS IN PREDICTING CARDIOVASCULAR
RISK IN MEN WITH ERECTILE DYSFUNCTION
Although we recommend exercise stress testing, carotid
intima-media thickness, ankle-brachial index, or coronary
artery calcium scoring for noninvasive evaluation of sub-
clinical cardiovascular disease in intermediate-risk patients,
additional emerging prognostic markers may provide
meaningful information pertinent to cardiovascular risk in
some patients. Table 2 summarizes evidence supporting
these markers for assessment of cardiovascular risk in men
with erectile dysfunction, along with their relative costs
and availabilities. Although most of these markers have
not undergone rigorous-enough study to achieve guideline
endorsement, prognostic markers represent a rapidly
growing area of clinical research.

Vlachopoulos et al68 investigated arterial prognostic
markers in patients with erectile dysfunction. The study
employed carotid-femoral pulse-wave velocity, a measure
of aortic stiffness, and carotid intima-media thickness.
Both indices were increased significantly in men with
erectile dysfunction versus without, suggesting an increased
cardiovascular risk in men with erectile dysfunction. The
European Society of Cardiology/European Society of Hy-
pertension guidelines recommend pulse-wave velocity for
the evaluation of the hypertensive patient.69 Recent data



Table 2 Summary of Evidence Supporting Emerging Prognostic Markers of Cardiovascular Disease in Men with Erectile Dysfunction

Biomarkers

Level of Evidence*:
Association with
Cardiovascular Disease
Prevalence in
Erectile Dysfunction

Level of Evidence*:
Cardiovascular Disease
Prognostic Value in
Erectile Dysfunction Availability Cost

Carotid intima-media thickness85 2b No evidence Somewhat limited Medium
Coronary artery calcium scoring66,86 2b No evidence Limited High
Ankle-brachial index22 2b No evidence High Low
Testosterone72,73 No evidence 2c High Low
Aortic stiffness (ie, pulse-wave velocity)70 No evidence 2c Somewhat limited Medium
Albuminuria7 No evidence 2c High Low

2b ¼ exploratory cohort study with good reference standards; 2c ¼ outcomes research.
*Centre for Evidence-Based Medicine. Oxford Centre for Evidence-Based Medicine—levels of evidence (March 2009). University of Oxford. Available at:

http://www.cebm.net/index.aspx?o¼1025.
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show an independent predictive ability of pulse-wave ve-
locity for future cardiovascular events, specifically in erec-
tile dysfunction patients.70

Prognostic markers that can be evaluated from routine
blood sampling are particularly useful, and several candi-
dates have been evaluated in men with erectile dysfunction.
Total testosterone is a relatively low-cost option, and a meta-
analysis of 7 population-based studies concluded that there
was a (borderline-significant) 25% increased risk in cardio-
vascular disease mortality associated with a 2.18-standard
deviation decrease in serum testosterone. The authors
highlighted significant between-study heterogeneity and
concluded that low testosterone is likely to be a marker of
poor general health.71 Among patients with erectile
dysfunction, Corona et al72 reported that total testosterone
levels <8 nmol/L (230 ng/dL) were associated with a sig-
nificant increase in fatal major adverse cardiovascular events
versus those with levels �8 nmol/L. This finding was sup-
ported by a recent analysis of data from the European Male
Aging Study showing that total testosterone <8 nmol/L and
sexual symptoms were independently and additively asso-
ciated with increased all-cause and cardiovascular disease
mortality in men between 40 and 79 years of age.73 Although
an observational cohort study of male US veterans with low
total testosterone levels (�250 ng/dL) showed that testos-
terone treatment was associated with decreased mortality
compared with no testosterone treatment,74 it cannot be
concluded that testosterone treatment reduced mortality.75 In
agreement with the British Society of Sexual Medicine,76

Third International Consultation on Sexual Medicine,77

and Princeton III Consensus,51 we recommend that total
testosterone levels be measured as a potential cause of
erectile dysfunction, particularly in those for whom phos-
phodiesterase type 5 inhibitors have failed. Although there
are no generally accepted lower limits of normal total
testosterone, there is general agreement that total testos-
terone >350 ng/dL (12 nmol/L) does not usually require
substitution and, based on data from young hypogonadal
men, those with total testosterone <230 ng/dL (8 nmol/L)
usually benefit from testosterone treatment. A 3- to 6-month
trial of testosterone therapy should be considered for
symptomatic patients with total testosterone between 230
and 350 ng/dL (8-12 nmol/L).78 Testosterone replacement
improves sexual desire79 and may improve erectile func-
tion80 and quality of life,81 but requires monitoring.

Albuminuria is another option that has been tested in
diabetic men with erectile dysfunction. In a cohort study of
2306 diabetic men without clinically evident cardiovascular
disease, including 616 men with erectile dysfunction, a mean
urinary albumin:creatinine ratio �25 mg/mmol was associ-
ated with a significantly increased risk for new cardiovas-
cular events.82 Another study evaluating men with type 2
diabetes and silent coronary artery disease found that those
with erectile dysfunction and microalbuminuria (ie, albumin
excretion rates 30-299 mg/d) showed a significantly higher
risk for major adverse cardiovascular events compared with
normoalbuminuric men with erectile dysfunction.7

High-sensitivity C-reactive protein is a potential marker
of incident or future cardiovascular disease that has not been
tested in erectile dysfunction-specific populations. However,
high-sensitivity C-reactive protein has been endorsed by the
Centers for Disease Control and Prevention and the Amer-
ican Heart Association as an adjunct to global risk predic-
tion.83 The American College of Cardiology Foundation/
American Heart Association guidelines50 state that mea-
surement of high-sensitivity C-reactive protein may be
reasonable in asymptomatic, intermediate-risk men �50
years of age. Results of the JUPITER84 study suggest that
measurement of high-sensitivity C-reactive protein may be
useful in the selection of patients for statin therapy.

Although data supporting the use of these emerging
markers to predict cardiovascular disease outcomes in men
with erectile dysfunction are limited, evidence supporting
the utility of these markers in other populations is expected
to extend to erectile dysfunction populations.50
CONCLUSION
Vasculogenic erectile dysfunction should be regarded as a
harbinger of silent or future cardiovascular disease. Thus,

http://www.cebm.net/index.aspx?o=1025
http://www.cebm.net/index.aspx?o=1025
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strategies that aid in the identification and characterization
of erectile dysfunction also may be clinically useful for
assessing and managing cardiovascular risk. The first step is
to establish reasonable certainty of predominantly organic
etiology. In men with organic erectile dysfunction believed
to be vasculogenic in etiology, cardiovascular risk should be
further evaluated through assessment of traditional risk
factors and noninvasive methods to detect subclinical car-
diovascular disease. Emerging prognostic markers may be
used to further characterize risk for cardiovascular events in
men with erectile dysfunction, but few have been evaluated
in this population. In conclusion, we strongly support car-
diovascular risk stratification and risk factor management in
all men with vasculogenic erectile dysfunction.
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