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Erectile Dysfunction and
Cardiovascular Disease: A
Review

Abstract

Erectile dysfunction (ED) is defined as the inability to achieve or
maintain a penile erection for satisfactory sexual performance and it
is estimated that >300 million men will suffer from this condition in 2025.
ED is recognized as a harbinger of cardiovascular disease. Endothelial
dysfunction and macrovascular atherosclerotic disease together
represent the probable pathophysiological link between vasculogenic
ED, coronary artery disease (CAD) and peripheral vascular disease
(PAD), and research in these common areas in recent years has led to
the emergence of a compelling body of evidence to support erectile
dysfunction as the sentinel clinical event. The bidirectional relationship
between low testosterone and components of metabolic syndrome
(MeftS) supports the conclusion that normal sex hormone production is
an integral component for both metabolic and sexual health for the
development of subsequent cardiac events and an improvement in
overall health.

Recent findings suggest that hormonal and cardiovascular
investigations in men with erectile dysfunction even without any
obvious cardiovascular disease (CVD), may ultimately lead to early
identification and treatment of cardiovascular risk factors and
a reduction in the later development of cardiac events and an
improvement in overall health. Such investigation might include
assessment of serum testosterone, fasting glucose, HgbAlc, C reactive
protein and lipid levels as well as selective non-invasive testing.
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Despite its early description and documentation in 1948, erectile
dysfunction (ED) has only been recognized as an organic failure of
the normal neurovascular function of the penis within the past 2 to
3 decades [1]. Defined as the inability to achieve or maintain a penile
erection for satisfactory sexual performance, ED affects >50% of men
aged 40 to 70 years and 70% of men aged 70 years or older [2,3].
Moreover, the prevalence increases with age and is expected to further
rise, potentially affecting over 300 million men worldwide by the year
2025 [4]. Organic, vasculogenic ED can result from aberrations in
arterial and venous flow, endothelial and cavernosal smooth muscle
function, and tunica albuginea compliance. The most common form
of vascular ED results from penile arterial insufficiency, which will
serve as the main focus for this review. Atherosclerotic occlusion or
narrowing of the common iliac arteries, internal iliac arteries, and the
internal pudendal arteries and their downstream branches may cause
ED. Chronic arteriolar insufficiency leads to diminished neuronal
and endothelial nitrous oxide (NO), and therefore causes impaired
cavernosal smooth muscle relaxation resulting in ED.

That ED and cardiovascular disease share many risk factors for
atherosclerosis is well established and in many patients, particularly
those with early onset ED, sexual dysfunction is a predictor of
subsequent cardiovascular disease. While it is clear that endothelial
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dysfunction is central to this relationship, the artery hypothesis
theory proposed by Montorsi et al. in 2005 provides a compelling
macrovascular model in support of the concept that ED may be the first
manifestation of a single clinical disease spectrum that will ultimately
progress to include coronary artery disease (CAD) and peripheral
artery disease (PAD) at a later stage [5]. Furthermore, low testosterone
or hypogonadism has been associated with erectile dysfunction,
metabolic syndrome (MetS), and cardiovascular morbidity, as well as
arterial stiffness, a major atherogenic risk factor [6,7].

In this review, we will discuss the evidence for the ED-
cardiovascular disease link and the clinical implications of cardio
metabolic risk reduction.

The Relationship between Erectile Dysfunction and
Cardiovascular Disease

The Massachusetts Male Aging Study established the association
between ED and CAD, demonstrating a 39% probability of complete
ED in men with heart disease and subsequent studies have shown
rates of ED in patients with CAD as high as 75% [2,8,9].

Atherosclerosis and Macrovascular Disease

That ED and CAD are distinct manifestations of the same
disease process and are tied by macrovascular atherosclerosis and
endothelial dysfunction is a concept which has gained increasing
acceptance amongst urologists and cardiologists and is evidenced
by common independent predictors and a clear association between
both disorders. Several important observations have validated this
hypothesis: Not only do patients with ED have high rates of both
macrovascular atherosclerosis and hyperlipidemia, but in patients
with ED, the presence of CAD is correlated with obstructive
atherosclerotic lesions between the aortic bifurcation and the distal
internal pudendal artery (IPA) [10,11].

Support for this association comes from the demonstration
that ED precedes the development of symptomatic CAD typically
by 2-5 years [12-14]. In 2003, Montorsi et al. showed that of 300
consecutive patients presenting with acute coronary syndromes,
71% had symptoms of sexual dysfunction prior to the onset of CAD
symptoms. ED preceded the onset of CAD by 38 months in this study.

Citation: Walker CN, Meller SM, Stilp E, Mena-Hurtado C. Erectile Dysfunction and Cardiovascular Disease: A Review. J Androl Gynaecol. 2013;1(2): 10.



Citation: Walker CN, Meller SM, Stilp E, Mena-Hurtado C. Erectile Dysfunction and Cardiovascular Disease: A Review. J Androl Gynaecol. 2013;1(2): 10.

A similar relationship has been shown in patients with asymptomatic
diabetes [9,15]. In the Prostate Cancer Prevention Trial, 9,457 men
randomized to the placebo arm of the study aged 55 and older were
evaluated for the association between both incident and prevalent
ED and subsequent development of cardiovascular events. The study
found a hazard ratio of 1.25 for subsequent cardiovascular events
in men with incident ED and a hazard ratio of 1.45 (p < 0.001) for
subsequent cardiovascular events in men with either incident or
prevalent ED. Incident ED represented a risk for CVD that was of the
same magnitude as family history of myocardial infarction, cigarette
smoking, and hyperlipidemia [16].

In a retrospective cohort of 1660 patients with ED from the
Western Australia Erectile Dysfunction Research Dataset, Chew et
al. demonstrated a twofold increased risk of incident CV events with
76% of patients having an atherosclerotic event between 10 and 15
years subsequent to the onset of ED. The strength of the association
between ED and CVD was greatest in men under 40 and between
ages 40-49, where a 7.5 and a 3.5 fold increased risk of an incident
CV event, respectively, was found for men with ED. Likewise, in a
meta-analysis of 7 cohort studies involving 45,558 patients, Guo et
al. found an adjusted RR of 1.47 for CVD events and 1.41 for MI in
men with ED.

Further, the severity of ED is associated with the extent of
angiographically proven CAD [17]. Multiple studies have correlated
ED severity based on ITEF score with angiographic burden of coronary
artery plaque [18,19]. In a case control study of 224 men referred for
elective angiography, Riedner et al. found a 2.3 fold increased risk
of angiographically confirmed CAD in men under age 60 with ED.
Severity of ED correlated linearly with the number of coronary vessels
involved [20]. It has also been shown that the duration of preceding
sexual dysfunction is related to the severity of CAD at presentation
[12].

Montorsi et al. has presented a model for the macrovascular
association between ED and CAD that presents a plausible explanation
for why ED precedes CAD and other symptomatic vascular
disease [5]. The artery size hypothesis asserts that if atherosclerosis
progresses at relatively the same pace throughout all major arterial
beds, symptoms indicative of disease in smaller arterial branches will
manifest first as larger vessels can better tolerate the same extent of
plaque buildup (Figure 1). The diameter of the cavernosal artery is
1-2mm while that of the proximal left anterior descending artery is
3-4 mm. The smaller luminal diameter of the cavernosal artery would
therefore be expected to experience compromise in flow as a result
of comparable atherosclerotic plaque burden sooner than coronary
and other larger arteries. The low prevalence of occult CAD in ED,
the high prevalence of ED in patients with CAD, and the typical
appearance of ED symptoms before those of CAD provide support
for the artery size hypothesis [8,9,12,13,21].

Cardiometabolic Risk and ED

Further evidence for the link between ED and CVD comes from
the fact that the conditions share common risk factors including
hyperlipidemia, smoking, obesity, and diabetes [22]. Risk factors
for CAD have been shown to be present in 92% of patients with
ED [22]. In one study of 440 men with ED, 64% were smokers, 30%
had diabetes, and 34% had hyperlipidemia. Further, the number
and severity of arterial risk factors is associated with the extent of
sexual dysfunction [13]. The National Health and Nutrition Survey
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Figure 1: The Artery Size Hypothesis (Montorsi P et al. Is There a Link
between Erectile Dysfunction and Coronary Artery Disease? EAU Update
Series 2 (2004) 43-48).

(NHANES) demonstrated a prevalence of 77.5% of ED in men over
75 years of age and DM, obesity, smoking, and hypertension were
shown to be independently associated with ED with an OR of 2.69,
1.60, 1.74, and 1.56 respectively [23]. These findings were supported
by a prospective study of 132 men with ED, which utilized duplex
ultrasound after papaverine injection to assess penile vascular
dysfunction in relation to smoking, diabetes, and hypertension. The
proportion of abnormal penile vascular findings was associated with
the number of cardiometabolic risk factors [24].

Metabolic Syndrome

ED and MetS are closely linked. In an analysis of 253 men from
the Massachusetts Male Aging Study, ED at baseline predicted
subsequent MetS in men with a BMI under 25 with a RR of 2.09
[25]. Heidler and colleagues subsequently demonstrated in a cross-
sectional analysis of a cohort of 2371 men, that the metabolic
syndrome and increased waist-to-hip ratio were independently
associated with ED as defined by a decrease in the IIEF-5. Men over
50 with MetS were found to have a 48% increased risk of severe ED
[26]. Esposito et al. demonstrated a two-fold increased prevalence of
ED (26% vs 13%) in men with MetS as compared to age and weight
matched controls without MetS. Prevalence of ED also increased as
the number of components of MetS increased [27].

Hyperlipidemia
ED is also associated with hyperlipidemia, independent of CAD.
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A large prospective study of 3,250 men found that each 1 mmol/L
increase in total cholesterol and each 1 mmol/L decrease in high-
density lipoprotein were associated with a 1.32-fold and 2.6-fold
greater risk of ED, respectively. In men without CAD, circulating
soluble oxidized low-density lipoprotein (LDL) receptor levels were
also associated with ED in this study [28,29].

Diabetes Mellitus

The relationship between ED and CVD in men with DM is also
well established. In a study of 2,306 diabetic men without clinical
evidence of CAD, 27% had ED. After four years of follow-up, ED was
a significant independent predictor of CAD with a HR of 1.58 after
adjustment for age, duration of disease, and other covariates [15].
The prevalence of ED is also independently associated with age and
duration of DM [30]. In a study of 291 diabetic men with prevalent
ED and angiographically proven “silent” CAD, ED was found to be a
powerful predictor of subsequent major adverse cardiac events with a
hazard ratio of 2.1 [31].

The occurrence of ED in DM is mediated by insulin resistance,
which leads to endothelial dysfunction and atherosclerosis
[25,32,33]. This has been demonstrated in epidemiological studies
and further supported by animal studies demonstrating that insulin
administration relieves diabetes-associated ED in rats and increases
mean intracavernous pressure following electrostimulation of the
cavernous nerves, a surrogate for erectile function [34]. In a rat
model, insulin resistance has been associated with lower levels of
vascular endothelial growth factor and its receptors, as well as a pro-
apoptotic state in the penile tissue. Also, in a prospective, randomized
clinical trial of thirty men without diabetes, the addition of metformin
to sildenafil resulted in improved erectile function, suggesting that
insulin regulation is involved in the pathogenesis of vasculogenic ED
even in the absence of overt diabetes mellitus [35].

Endothelial Dysfunction

It has been proposed that atherosclerosis causes ED not
simply through macrovascular reduction of arterial inflow below
an acceptable threshold, but also as a result of inflammation and
structural damage to penile cavernosal endothelium and smooth
muscle.

Endothelial dysfunction occurs both as a result of impaired NO
release and failure of endothelial-dependent vasodilation of vascular
smooth muscle. The production of NO by endothelial NO synthase
(eNos) in response to shear stress is central to the maintenance of
penile erection after initiation by neuronal NO from cavernosal
NANC nerve terminals. After release, NO activates guanylate cyclase
in the cavernosal smooth muscle cells, increasing the conversion
of guanosine triphosphate into cyclic guanosine monophosphate
(cGMP). Through a protein kinase cascade, cGMP leads to activation
of Ca** and K* sensitive channels resulting in hyperpolarization,
intracellular calcium sequestration, cavernosal smooth muscle
relaxation, arteriolar vasodilation, and erection (Figure 2) [36].
Phosphodiesterase type 5 (PDE-5) mediates return to flaccidity via
hydrolysis of cGMP [37].

Early impairment of endothelial dependent vasodilation has been
shown in both vasculogenic ED and CAD. Without bioavailable NO,
the vascular smooth muscle fails to relax and impedes vasodilation,
necessary for erectile function. Kaiser et al. evaluated flow mediated
vasodilation of the brachial artery in men with vasculogenic ED, as
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Figure 2: Molecular Physiology of cavernosal smooth muscle relaxation
(Albersen M, Shindel AW, Mwamukonda KB, Lue TF: The future is today:
emerging drugs for the treatment of erectile dysfunction. Expert Opin Emerg
Drugs 2010;15: 467-480).

confirmed by penile Doppler, compared to age matched controls
without ED. Men with ED had significantly impaired brachial artery
vasodilation comparable to that seen in men with hyperlipidemia
and early atherosclerotic disease. Treatment with PDE-5 inhibitors
led to improvement in ED suggesting that the impairment in
vasodilation involves the NO-cGMP system. Responsiveness to
sublingual nitroglycerin was also reduced suggesting that the
defect directly involves smooth muscle. That the impairment of
vasodilation was shown to be both endothelium dependent and
independent in this study is consistent with both a defect in eNOS
bioavailability and intrinsic dysfunction of the smooth muscle. The
authors concluded that in addition to the artery size hypothesis, a
very plausible explanation for the manifestation of ED before other
forms of vascular disease is the dependence of the penile vasculature
on NO for vasodilation to a degree much greater than is seen in other
vascular beds [38].

In patients with CAD and PAD, common cardiovascular risk
factors create a pro-inflammatory, highly oxidative stressful state
that stimulates free radical formation and atherogenesis leading
to impaired NO release in such vascular beds. Similarly, obesity,
diabetes, and MetS represent chronic inflammatory states and have
been shown to damage the vascular endothelium and impair NO
release in men with ED [39-41]. Men with obesity have been found
to have impairment in multiple indices of endothelial function and
significantly elevated levels of C-reactive protein [42]. In other studies
recombinant C- reactive protein has been shown to downregulate
endothelial NO and to promote endothelial apoptosis [43]. In a study
of overweight patients with ED and without clinical evidence of DM,
peripheral vascular disease, or CAD, circulating levels of endothelial
progenitor cells (EPC) were reduced as compared to matched
controls without ED, the extent of which correlated with severity of
ED. Reduced levels of EPC, shown to be an independent predictor
of cardiovascular disease, were also shown to independently predict
ED in multivariate analysis [44]. Free radical formation, in addition
to reducing bioavailability of NO, also potentiates atherosclerosis
through direct damage to the endothelium. NO inhibits platelet
aggregation and adhesion and smooth muscle proliferation. Thus
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reduced bioavailability of NO is associated with vasoconstriction,
platelet adhesion, and smooth muscle cell proliferation, which further
the atherosclerotic burden of the penile vasculature [45].

Further evidence for the role of endothelial dysfunction in ED
comes from studies in diabetic men with ED and in animal models. A
comparative study on corpus cavernosal and penile resistance arterial
tissue from diabetic and non-diabetic men with ED demonstrated
that the functional deficiency of NO found in men with ED is
exacerbated in diabetes, which correlates with impaired endothelium-
dependent relaxation in these patients [46]. Platelet aggregation and
blood pressure response to L-arginine administration, surrogates for
endothelial function, are believed to be mediated by NO, and have
been shown to be lower in diabetic men with ED compared to diabetic
patients without ED [47]. In addition, patients with ED have higher
levels of asymmetric dimethylarginine, a known inhibitor of eNOS
[48]. Insulin-like growth factor binding protein, which regulates
the availability of insulin-like growth factor (IGF-1), is increased in
hyperglycemic rats. Treatment with IGF-1 results in improvement
in rat intracavernosal pressure and expression of endothelial NO-
synthase [49-51]. Further evidence for the role of insulin resistance
on endothelial NO production comes from the observation in obese
rats that metformin administration induces eNos expression in penile
tissue, via activated protein kinase [52].

Independent of NO regulation, there is evidence for the role
of endothelin-1 in endothelial dysfunction in diabetes. Insulin
stimulates production of endothelin-1, a potent vasoconstrictor,
and NO in vascular endothelium. In non-diabetic individuals the
vasodilatory effects of NO predominate; however, in insulin resistant
states this does not occur. Accordingly, preservation of endothelin in
the face of impaired nitric oxide production has been demonstrated
in insulin resistant states [33].

Testosterone Deficiency, Metabolic Syndrome, and ED

The relationship between testosterone deficiency and the MetS
is significant and bidirectional [53]. Testosterone deficiency has
been shown to be independently associated with the MetS as well as
individual components of the syndrome. The two processes are tied
by a number of shared pathophysiologic pathways including insulin
resistance, hyperglycemia, dyslipidemia, visceral fat accumulation,
inflammation, and endothelial dysfunction (Figure 3). Evidence
for this comes from studies demonstrating that low levels of total
testosterone in patients with ED have been associated with higher
BMI, waist circumference, MetS, and insulin resistance, and
treatment with testosterone can reduce central adiposity and insulin
resistance [6,54,55]. In a prospective study of 1709 men, Kupelian et
al. showed that low levels of total testosterone sex hormone binding
globulin and symptomatic androgen deficiency were predictive of
developing MetS with a RR of 1.41, 1.65, and 2.51 respectively [25].
The reciprocal nature of the relationship between the MetS and
low testosterone is supported by a study of aging adults with low
testosterone the results of which suggest a causative role for MetS in
the development of hypogonadism [56]. Components of the MetS may
directly promote hypogonadism through a number of mechanisms
including decreased production of testosterone by Leydig cells, which
is mediated by increased leptin levels in obesity. Visceral obesity
and diabetes are both pro-inflammatory states and the production
of a number of inflammatory cytokines have been shown to directly
inhibit testosterone production, specifically TNF-a [57]. Central
obesity leads to increased aromatase activity resulting in conversion
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Figure 3: Relationship between hypogonadism and components of
the metabolic syndrome (Traish AM, Saad F, Guay A. The dark side of
testosterone deficiency: Il. Type 2 diabetes and insulin resistance. J Androl
2009; 30:23-32).

of testosterone to increased levels of estradiol (E2), which suppresses
LH release through hypothalamic negative feedback resulting in a
functional state of hypogonadotropic hypogonadism [58].

The role that testosterone deficiency plays in the evolution of
both ED and CAD remains complex and controversial and while a
full investigation of this subject is beyond the scope of this review,
the topic is worthy of further discussion. It is generally well accepted
that libido, frequency of sexual activity, and spontaneous (morning,
nocturnal) erections are all testosterone dependent. Support for this
comes from studies on hypogonadal men treated with testosterone
replacement therapy [59]. Testosterone exerts its effects on erectile
function in a number of ways. Centrally, testosterone acts directly
on supraspinal centers of sexual function in the preoptic area and
paraventricular nucleus of the hypothalamus, where it stimulates
the production and release of erectogenic neurotransmitters, such
a dopamine and oxytocin. Peripherally, testosterone is required
for the normal function of sacral spinal neurons involved in
reflexogenic erections and it regulates parasympathetic nerves in
corpus cavernosum. Animal studies have shown that testosterone
regulates the production of both endothelial and neuronal nitric
oxide synthases and androgen suppression has been shown to cause
significant reduction in both NOS activity and that of cGMP in the
corpus cavernosum [60,61].

Testosterone is also directly required for maintenance of the
integrity of both the endothelium and the smooth muscle. Low
testosterone is associated with impaired flow mediated vasodilation,
a surrogate for endothelial dysfunction [62]. In animal models of
castration, atrophy and fibrosis of corporal cavernosal tissue is
found to be in part due to the reduction of trabecular smooth muscle
content and an increase in components of extracellular matrix [61].
Androgen withdrawal also leads to apoptosis of corporal cavernosal
smooth muscle [63]. Animal models and human studies have shown
that PDE5 expression is also regulated by testosterone [64,65]. In
hypogonadal men with ED that is refractory to PDE5 inhibitors,
supplementation with testosterone have been shown to improve
erectile function and increase penile arterial flow as indicated by
increased cavernosal peak systolic velocities [66,67]. Further evidence
for the role of testosterone in the maintenance of normal erectile
physiology comes from animal studies showing relaxation of corporal
smooth muscle after treatment with testosterone [63].
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Clinically, low levels of total and bioavailable testosterone have
been associated with erectile dysfunction [68]. Low testosterone is
associated with both hypoactive desire and erectile dysfunction in
a dose dependent fashion such that impairment of sexual function
is seen when testosterone levels drop below the lower limit of the
normal adult range [69]. Corona and colleagues found in their study
of 1647 men that low testosterone levels were associated with the
severity of ED and the magnitude of penile blood flow [70].

However, reports of the prevalence of hypogonadism in men
with ED are variable in the literature and depend in part on the
threshold of testosterone used, whether total testosterone (TT),
free testosterone (FT) or bioavailable testosterone (BT) are used to
determine prevalence as well as whether or not determinations of
testosterone are repeated. Assessment of total testosterone in men
with ED reveals a prevalence of hypogonadism between 5-15%
with rates of 20-40% being found when determinations of free
and bioavailable testosterone are used [71-73]. Threshold levels of
testosterone for impairment of sexual function are highly variable
between individuals. Consequently there is no standardized lower
limit of testosterone, however several definitions have been proposed.
The lower limit of normal for total testosterone accepted by the FDA
is 300 ng/dL while the recommendation from a 2007 position paper
by the Endocrine Society is a testosterone level of <200 ng/ml (6.9
nM) [74]. For practical purposes the determination of hypogonadism
depends on both the determination of testosterone below a threshold
level and the presence of symptoms, including reduced sexual drive,
impotence, infertility, fatigue, depression or irritability, decreased
bone density, loss of lean muscle mass, anemia, and increased body
fat.

Both the production and bioavailability of testosterone are
reduced with aging at a rate of 0.5%-2% per year [75-78].

ED, Low Testosterone, and Cardiovascular Mortality

Given the extent of the association between low testosterone,
MetS, endothelial dysfunction, ED, and CVD, it is not surprising
that both low testosterone and ED are independent predictors of
increased cardiovascular mortality [70]. The relationship between
ED and mortality has been demonstrated in a number of studies.
Vlachopoulos et al. in their meta-analysis of 14 cohort studies found
a RR of 1.19 and 1.23 for cardiovascular and all cause mortality
respectively in men with ED [79]. In their meta-analysis of 7 cohort
studies of Guo et al. also found that men with ED were at increased
risk for all cause mortality with a RR of 1.23 though only two studies
reported information on all cause mortality [80]. In a case control
study of 291 diabetic men with angiographically confirmed silent
CAD, ED significantly predicted an increased risk for major cardiac
event defined as CAD Death, sudden death, nonfatal myocardial
infarction, death due to congestive heart failure, unstable angina,
need for repeat revascularization, stroke or TIA, and symptomatic
peripheral artery disease with a hazard ratio of 2.1 [31].

Likewise, the association between low serum testosterone
and mortality has been demonstrated in a number of studies. In a
retrospective cohort by Shores et al. of 858 male veterans compared
all cause mortality rates between men with normal low or equivocal
testosterone levels. This study found that even after adjustment
for age, medical comorbidity, BMI, glucocorticoid and opiate
treatment, race and other covariates men with low testosterone

had significantly greater mortality risk with a hazard ratio of 1.88
when compared to men with equivocal and normal testosterone
[81]. Though compelling, the study was limited by its retrospective
methodology. Further support for this association comes from a
prospective population based prospective study of 794 men which
found that men with low testosterone were 40% (HR 1.40) more
likely to die over an average follow-up period of 11.8 years than men
with normal testosterone. In a separate cause specific analysis low
testosterone predicted cardiovascular disease with a hazard ration
of 1.38 [82]. Not surprisingly in this study low testosterone was
associated with central obesity, HTN, insulin resistance, and lipid
profile. In a meta-analysis of 70 studies, Corona et al. evaluated the
relationship between hypogonadism and cardiovascular mortality
finding that baseline testosterone levels were lower among patients
with incident overall and CV mortality. In this study low testosterone
was associated with higher estradiol levels, which also correlated
with increased risk of CVD and CV mortality [70]. Likewise, in
a prospective population based study of 1954 men, low serum
testosterone predicted increased all-cause mortality and death from
cardiovascular disease after adjustment for covariates with a hazard
ratio of 2.32 and 2.56 respectively, which was independent of age,
smoking habit, alcohol intake, waist circumference, and physical
activity [83]. While these data collectively are not sufficient to
establish the causality of hypogonadism in the etiology of CVD they
do confirm that a significant association exists. That low testosterone
is simply a surrogate for poor overall health or that CV disease causes
hypogonadism remain possible explanations. Corona et al. have
suggested that hypogonadism could occur as a consequence of CVD
and may be an adaptive mechanism hypothesizing that turning off
testosterone dependent functions could gave a protective effect in
CVD [70].

The close association between low testosterone and elements of
the MetS and CVD, suggests that testosterone replacement therapy in
hypogonadal men with ED at risk for CVD would provide a means for
cardio metabolic risk reduction. Several studies have demonstrated
the beneficial effects of TRT on traditional CV risk factors. In a meta-
analysis of hypogonadal men, TRT led to an improvement in sexual
function and lipid profile as well as reduction in fat mass [84]. In
other studies TRT in diabetic patients has been associated with an
improvement in insulin resistance [85]. Reductions in total and LDL
cholesterol, waist circumference, and triglycerides and improvement
in HDL and fasting glucose have been observed in men with MetS
and DM on TRT [54,86]. Few studies have assessed hypogonadal men
for the potential beneficial effects of TRT on CVD; however, Corona
et al. demonstrated an improvement in exercise tolerance and time
to Imm ST segment depression in hypogonadal men receiving TRT
[70]. Current literature lacks evidence supporting the reduction of
cardiovascular disease with testosterone replacement.

The Role of Risk Modification

A Selective phosphodiesterase type 5 (PDE-5) inhibitors
(sildenafil, vardenafil, and tadalafil) enhance NO-mediated relaxation
of the corpus cavernosum via increased intracavernosal cGMP levels,
resulting in erection initiation and maintenance [9]. Given their ease
of use and excellent safety profile, PDE-5 inhibitors are recommended
as first line drug therapy; however, these drugs demonstrate lower
response rates in older men. The reasons for this age discrepancy
include an age-associated decrease in endogenous NO production,
which is further diminished by other comorbidities [87]. Of the
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30-40% of patients who do not initially respond, counseling and
daily low-dose administration may be helpful, and in men with
low testosterone, testosterone replacement therapy has been shown
to improve response to PDE-5 inhibitor therapy by increasing the
bioavailable NO in the cavernous smooth muscle tissue [88].

Furthermore, any condition that disturbs the integrity of the
NO-cGMP pathway will diminish the efficacy of PDE-5 inhibitors,
which depend on the presence of endogenous NO. Such conditions
are the same as those that contribute to CAD and PAD, specifically
diabetes, endothelial dysfunction, MetS, and hypercholesterolemia,
and may explain why up to 50% of men have a suboptimal response
to pharmacological therapy [8,11].

If endothelial dysfunction is the link between ED and CAD then
the modification of shared risk factors for endothelial function either
through pharmacologic or lifestyle interventions would represent
an effective strategy to reduce cardiovascular risk and improve
sexual function. Indeed both pharmacologic therapy and lifestyle
modification have been demonstrated to have beneficial outcomes
which have occurred in parallel to improvements in surrogates for
endothelial function.

As discussed above, PDE-5 inhibition is the mainstay of
pharmacologic therapy for men with ED. Although, men with diabetes
and other metabolic derangements demonstrate a decreased response
to PDE-5 inhibitors, a meta analysis of 14 randomized controlled
trials found a 63% improvement in erectile function in diabetic
men taking sildenafil compared to 19% of those taking placebo.
Men with ischemic heart disease in this study had a 42% response
to sildenafil compared to 14% of those in the placebo group [89]. It
has been proposed that the beneficial effect of PDE-5 inhibitors on
NO production and endothelial function in men with ED may reduce
cardiovascular risk in this population. In a randomized placebo
controlled study of 32 men with ED and increased cardiovascular
risk treated with chronic Tadalafil, Rosano et al. demonstrated an
improvement in endothelial function as evidenced by improvement
in brachial artery flow mediated vasodilation [90].

In a study of 291 diabetic patients with erectile dysfunction, PDE5
inhibitor and statin use were associated with decreased risk of major
adverse cardiac events with a hazard ratio of 0.3 and 0.2 respectively
[32]. While no difference in erectile function was associated with statin
use in this study, the effect of statins on erectile dysfunction remains
unclear. In another study, the addition of 40 mg of atorvastatin to
sildenafil in men with ED refractory to PDE 5 inhibitors led to a
significant improvement in SHIM score compared to placebo [91].
The administration of statins in combination with a diet low in fat
and cholesterol has also been shown to significantly improve erectile
function [92,93].

The beneficial effect of sildenafil as a treatment for pulmonary
hypertension is well established and has spurred interest in identifying
similar benefit for other related vascular diseases [94]. There is
evidence from animal studies that PDE5 inhbitors have a protective
effect in cardiac ischemia-reperfusion injury [95]. Sildenafil has been
shown to lower systemic blood pressure and it has been hypothesized
that PDES5 inhibitors may help improve ventricular function in CHF
by enhancing flow mediated vasodilation [96,97]. In another study
sildenafil treatment led to dilation of epicardial coronary arteries
and inhibited platelet activation in patients with CAD [98]. PDE-5
inhibitors are thought to exert their cardio protective effects in part

by upregulating eNOS and increasing NO in cardiac myocytes [99].

Anumberofstudieshaveassessed the effect oflifestyle modification
on sexual function and cardiovascular risk. A meta-analysis of 740
patients from 6 clinical trials in 4 countries found that cardiac risk
factor treatment (i.e. lifestyle modifications and pharmacotherapy)
was associated with significant improvements in IIEF-5 scores and
sexual function [100]. In a randomized controlled trial of obese
men with erectile dysfunction randomized to receive either an
intervention of detailed instruction and counseling on dietary intake,
weight reduction, and exercise or general information about healthy
eating and exercise, men randomized to the intervention group
demonstrated a 31% improvement in erectile dysfunction [101].
In addition men in the intervention group experienced significant
decreases in traditional cardiovascular risk factors including weight,
BMI, waist to hip ratio, glucose, insulin, total cholesterol and
triglycerides and a significant increase in high density lipoprotein. In
an analysis of 1709 men representing a subset of men between the age
of 40 and 70 years of age in the MMAS Derby et al. demonstrated that
the lowest risk of ED was observed in men who were sedentary at the
outset of the study and increased their exercise level over the course of
the 8.8 year study follow-up [102]. Interestingly this study also found
that neither weight loss nor cessation of smoking were associated
with decreased risk of ED. This inverse relationship between baseline
level of exercise and ED has also been demonstrated in a number of
large cross-sectional population studies [103,104].

Similarly, physical exercise is inversely related to the incidence
of cardiovascular disease both in men and in women. Exercise likely
reduces cardiovascular risk by increasing coronary blood flow leading
to an increase in shear stress, which in turn promotes an increase in
endothelial NO production [105]. Accordingly, increases in NO due
to exercise have been demonstrated both in dogs and in humans
[106]. It follows that in men with ED improvements in endothelial
function as a result of exercise will similarly lead to improvement in
erectile function.

The role that dietary habits have in the etiology of cardiovascular
disease is well established as are the potential benefits of dietary
modification in reducing the burden of CVD [107]. It is therefore
logical that diet represents a potentially modifiable risk factor for
both ED and CV health, which share the same pathophysiology of
endothelial dysfunction and atherosclerosis. A number of studies have
demonstrated the association between adherence to Mediterranean
Diet and reduction in risk of overall and cardiovascular mortality
[108,109]. Similarly, a Mediterranean diet or diets rich in fruits,
nuts, vegetables, and fish and low in red meat have been shown to be
associated with lower rates of ED [110,111].

Guidelines for Management of the Patient with ED
and No Evidence of Cardiovascular Disease

The accumulation of evidence supporting ED as a predictor of
CAD indicates that ED and hypogonadism should serve as potential
warning signs of future cardiovascular disease [32]. As proposed by
Miner et al., a “window of curability” may exist in which treatment
may stop the progression of cardiovascular disease and potentially
ED, especially in men <60 years old, where the cardiovascular risk
portended by ED appears to be especially high [53,112].

The Princeton III consensus, an expert panel convened in 2010
to specifically address the relationship between sexual function and
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cardiovascular health, endorses the use of Framingham Risk Score
(FRS) as well as the American College of Cardiology Foundation/
American Heart Association (ACCF/AHA) guidelines for the
assessment of CV risk in men presenting with ED [113]. However the
panel also concluded that ED alone is a marker for increased risk of
CV disease, independent of the FRS [114,115].

The Princeton IIT panel recommended that risk assessment for
men with ED with and without CVD should include 1) a thorough
history emphasizing identification of comorbid conditions, family
history, lifestyle factors 2) physical examination with attention to
waist circumference, BMI, peripheral pulses, and cardiac auscultation
3) assessment of ED severity and duration 4) resting EKG, 5) fasting
plasma glucose 6) serum creatinine and albumin to creatinine ratio
and 7) Total testosterone and 8) plasma lipid levels [ 113].

The panel recommends that all men with ED> 30 years of age
undergo non-invasive evaluation, specifically exercise stress testing as
well as CT for coronary artery calcium scoring, carotid intima media
thickness, pulse wave velocity, ankle brachial index, and brachial
artery flow-mediated dilation. Use of non-traditional investigations
for CV risk should be considered and may include: c-reactive protein,
hemoglobin Alc, and urinary albumin excretion. Lipoprotein-
associated phospholipase A2 levelsmay be useful in delineating risk
of subclinical CVD in intermediate risk patients [114,116].

Conclusion

The link between vasculogenic ED and CVD is well supported by
the literature and very likely indicates that the disease processes are
distinct manifestations of the same atherosclerotic process. ED may
be the first overt manifestation of potentially serious cardiovascular
disease. Because vasculogenic ED typically presents earlier than CVD,
clinicians should recognize the condition as an early warning sign of
future cardiovascular pathology particularly in diabetic men.

As recommended in the Princeton ITI guidelines, all patients with
presumed vasculogenic ED warrant assessment of cardiovascular risk
factors, screening for occult cardiovascular disease, and aggressive
modification of atherosclerotic risk factors, especially those with a
suboptimal response to PDE-5 inhibition. A reasonable approach to
risk modification in this population would be one aimed at reducing
inflammation and promoting endothelial health. This will necessitate
not only pharmacological interventions aimed at controlling CV risk
factors like hyperlipidemia and hypertension but also incorporation
of lifestyle interventions focusing on smoking cessation, exercise,
weight loss, and the adoption of diets low in red meat and rich in
fruits, vegetables, fish, and nuts. all men presenting with ED should
undergo baseline testosterone assessment. Testosterone replacement
therapy should be considered for symptomatic patient with low
testosterone and may improve cardiovascular risk factors in patients
with MetS. As we look toward the future given the inevitability of
associated cardiovascular risk factor in men with ED, the management
of ED will increasingly require a multidisciplinary approach in which
communication and collaboration between urologists, primary care
and family practioners, cardiologists, endocrinologists, and health
psychologists will be paramount.
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