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Erectile dysfunction (ED) arises as a result of a colli-
sion of circumstances among any of a number of fac-
tors (e.g., risk factors, causes, probable associations),
each with its own primary power to affect the outcome.
Furthermore, each of the components has its own tim-
ing as part of a complex effort of compensation and
adjustment that often obscures the individual details.
In the end, ED results from a failure of local tissues or
systemic supply and control structures. The power of
any individual “cause” to degrade erectile function is
an important but as-yet unquantified property. The
power of a small abnormality over a long or critical
period (e.g., organogenesis), or many small contribu-
tions, or multiple risk factors will certainly be greater
than the sum of the individual elements. Without a full
quantitation of pathways and their potential influence,
one can compare the importance of causative factors
only in limited ways. Not surprisingly, it is the pres-
ence of a multiplicity of unidentified or poorly under-
stood causative factors that accounts in large measure
for the current inability to cure and prevent ED. There
are two other important properties of a putatively caus-
ative factor for ED—reversibility and preventability—
and these are strongly influenced by the time of onset
and the duration of impact. Thus, a critical understand-
ing that comes from recognizing the importance of
the temporal associations of component factors is that
the causes of ED in an individual may be guessed at but
cannot be fully disclosed by an analysis of a “snap-
shot” of the disease taken at the time of diagnosis.
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Introduction

A consideration of the causes of erectile dysfunction

(ED) can be made from several vantage points. The articles

in this symposium issue provide detailed insight into the

issues of causality. Epidemiologic information builds a pic-

ture of factors relevant to and associated with ED. A study

of the biochemistry of erections provides a complex picture

of pathways that can potentially fail and contribute to ED.

A discussion of the physiology of erection will reveal mech-

anisms and structures that can develop faults leading to

ED. Endocrine pathways that modulate sexual function may

cause ED. Clinical, social, and psychosexual problems, some

of which could be revealed during evaluation of a patient,

may contribute to ED. Cardiovascular factors can clearly

create clinical consequences for erectile function when they

deviate from the appropriate normal range. Therefore, car-

diovascular disease and ED frequently coexist.

However, when looking for cause of a complex dysfunc-

tion (ED) in an integrated system (man) it will seldom be

singular. Even a healthy young man undergoing radical pro-

state surgery has age, subclinical vascular deterioration,

and the burden of anxiety about cancer and cancer surgery

to add to the physical injury of surgery, all of which are

potentially at least additive causes of ED. The range of pos-

sibilities represented by the catalog of psychophysiologic

mechanisms detailed in this symposium is huge. It is no

longer credible to assign as a causative categorization the

designations organic, psychogenic, or mixed (1). These

terms have defied precise definition while allowing the accu-

mulation of a necessary body of clinical and basic under-

standing. Although we currently have the potential for an

encyclopedic understanding of potential causative factors,

only a few of them will stand out as important since thera-

pies still largely treat the symptom (the soft penis) regard-

less of proximate cause (2). Put another way, although sil-

denafil is able to treat a significant number of patients,

it would be overly simplistic to describe pharmacologic

correction of the condition as cure of the cause. In fact,

treatment success provides a direct measure of the power/

capacity of the particular pathway cyclic guanosine 5'-

monophosphate in that regardless of the fault itself and up

to a point nonspecific amplification of a proerectile signal

can overcome the impact of many faults. In looking at causes

of ED, there is a need to observe that there is a limited ben-

efit at present from understanding them. Reversible causes

are, to be brutally realistic, ignored by patients just as they

are if lung cancer and heart disease, rather than ED, are the

potentially avoidable consequences. For example, “every-

one knows” that smoking is bad for erections, governments

warn about ED on cigarette packages, and yet documenta-
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tion of an unbroken thread of fact that links ED with smok-

ing is a surprising challenge (3).

There is a need to understand the different status of cause

and association. There is a need to recognize the many fac-

tors that contribute even in a small way to a decline in erec-

tile function. The evidence for contribution, association,

or causality for any one factor may be difficult to obtain

despite the intuitive appeal (Table 1). Many of the possible

contributory causes can be thought of as risk factors. Over-

all, the least judgmental way to express the “issues” rele-

vant to a loss of erections is as cofactors or comorbidities.

In fact, the “issues” can be shown to exist in the same host

as the ED and may in certain circumstances be causally

linked to the ED.

Mechanistic Basis for ED

In mechanistic terms, ED is the failure of penile tissues

to respond to an appropriate sexual signal. The classic

definition of ED (the consistent inability of a man to attain

and/or maintain a penile erection sufficient for sexual per-

formance [8]) has been parsed many times, and it is clear

that there is some homology with female sexual dysfunc-

tion, and a justifiable desire to emphasize parallels. The par-

ticulars of ED accentuate the neurovascular events resulting

in penile erection.

In the following, the concept of cause should be taken to

mean the general ability of a fault to degrade erections to

some extent. The pathway that can contain the fault has a

normal role in the complex of mechanisms that create an

erection. Each pathway has associated with it a gain, i.e.,

the overall capacity of a signal to induce a change. This

capacity to influence the outcome can also be viewed as the

power of a pathway to influence the final erectile outcome.

Furthermore, it is important to recognize that the loss of

function in any one pathway will inevitably result in com-

pensatory changes in other pathways and that the sum total

of the consequent changes resulting from the single origi-

nal fault may exceed the known power or gain of the origi-

nal pathway (e.g., a single partial obstruction of a renal artery

eventually causes a degree of hypertension that is way out

of proportion to the stenosis-induced increase in resistance

and the increased rennin [9]). Thus, any individual fault in

a pathway may have an influence on the usual stimulus-

response relationship of the penis. The fault may be partial

or total, and yet the influence that an individual fault may

have on the end point of erection may not be clinically

evident on its own. However, as with all complex physi-

ologic systems, subclinical faults in individual subsystems

may add to or synergize with other faults, resulting in a

clinical reduction in erectile function. For example, a small

amount of a �-adrenergic signal (a model for anxiety) that

produces no blood pressure (BP) change by itself plus a

small amount of endothelin (equivalent to the effects of

smoking, hypertension, or dyslipidemia) that also produces

no BP change by itself will when combined produce sub-

stantial increases in BP (10).

The power of any individual cause, therefore, to degrade

erectile function is an important but as-yet unquantified

property. The power of a small contribution over a long or

critical period (e.g., organogenesis), many small contribu-

tions, or multiple risk factors will certainly be greater than

the sum of the individual elements. Without a full quanti-

tation of pathways and their potential influence, research-

ers can compare the importance of causative factors only in

limited ways: usually researchers fall back on epidemio-

logic data and then can only compare factors that are cur-

rently clinically evident and measurable. It is the presence

of a multiplicity of unidentified or poorly understood caus-

ative factors that accounts in large measure for the current

inability to cure and prevent ED.

There are two other important properties of a putatively

causative factor for ED—reversibility and preventability—

and these are strongly influenced by the time of onset and

the duration of impact. Thus, a critical understanding that

comes from recognizing the importance of the temporal

associations of component factors is that the causes of ED

in an individual may be conjectured but cannot be fully

disclosed by an analysis of a “snapshot” of the disease taken

at the time of diagnosis. Take, e.g., the case of a man with

early onset of hypertension that lasts for 10 yr before it is

recognized and treated. Five years later the man may be

normotensive taking minimal or no medication and expe-

riencing moderate ED. The damage done by the hyperten-

sion is real at the level of the penis but clinically, as yet,

unapparent.

The causes of ED can be dichotomized into local and

systemic problems. Local problems are the anatomic, cellu-

lar, biochemical, proteomic, genomic, and other properties

Table 1

Links Among Possible Etiologic Factors and ED

1. Suspected (e.g., smoking [4])

2. Associated (e.g., inactivity [5])

3. Contributory cause (e.g., hypertension [6])

4. Cause (e.g., aortoiliac occlusion [7])
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of the penis itself (Tables 2 and 3). Systemic problems are

the supply and control factors that lie external to the penis

and on which aspects of penile function depend (Table 4).

The most common, and long-established, concept of cause

of ED places vascular disease in the penis as the critical

factor (11), and this has more recently become linked with

the probability of associated systemic cardiovascular dis-

ease (12). The importance of this view has been reinforced

by the dramatic ability of suitable phosphodiesterase inhib-

itors to improve erectile function (13). Of the systemic fac-

tors that have clearly been found to be causative for ED,

castration (14) and age (15) are the most established. Less

well defined but of great importance is failure of centrally

derived neural signals to overcome a natural or an enhanced

state of inhibition (16). The result is that the erectile stimu-

lus is insufficient to derive a maximum response from the

penile tissue (17). There is a much less concrete understand-

ing of the central nervous system (CNS) disease processes

that underlie this fundamental and common cause and cofac-

tor, despite its importance, and because of its complexity.

Conclusion

ED arises as a result of a collision of many factors, each

with its own primary power to affect the outcome, each

with its own timing, and each a part of a complex effort of

compensation and adjustment that obscures the details. ED

Table 2

Potential Causes of ED from Local Factors:

Penile Arteriolar Dilation, Penile Sinusoidal Dilation, and Penile Efferent Venous Occlusion

System affected Example Power Reversibility Preventability

Vascular smooth muscle (18) Age (19) High None None

Diabetes (20) High Limited Moderate

Obesity High High High

Endothelial cell (21,22) Smoking (23,24) High Limited (28) High

Diabetes (25) High Limited Moderate

Hypertension (26) Moderate High High

Dyslipidemia (27) Moderate Moderate High

Vascular lumen (29) Atherosclerosis (30) High Limited High

Hypertension (31) High Moderate High

Stromal cells (32) Age High None None

Diabetes High Limited Moderate

Peyronie disease (33) Moderate Limited Unknown

Intrapenile neural network (34) Diabetes Moderate Limited Moderate

Gap junctions (35) Diabetes Moderate Limited Moderate

Table 3

Potential Causes of ED from Cellular Factors:

Penile Arteriolar Dilation, Penile Sinusoidal Dilation, and Penile Efferent Venous Occlusiona

System affected Example Power Reversibility Preventability

Nitric oxide mechanisms (36,37) cGMP High High—inhibit T5 Moderate

phosphodiesterase (38)

Other vasodilator mechanisms (39) cAMP High High—PGE1 Moderate

Vasoconstrictor mechanisms (40) Adrenergic High Moderate–high Moderate

Endothelin (41) Moderate High Moderate

Angiotensin Moderate High Moderate

Metabolic Hypoxia High Duration dependent By cause

Hypogonadism High High High

O2-free radicals (42) Moderate Moderate Moderate

Ion channels Potassium Moderate Low Low

Calcium Moderate Low Low

aTherapeutic strategies that tie in to the systems identified may take the form of agonists, antagonists, genomics, proteomics, and so

on. For example, the manipulation of ion channels by gene transfection is another way to treat ED using a strategy based on ion channels.

CGMP, cyclic guanosine 5'-monophosphate; cAMP, cyclic adenosine monophosphate.
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results from a failure of local tissues or systemic supply and

control structures. As clinicians and scientists, we identify

multifactorial vascular dysfunction, associated with syste-

mic vascular disease, as a common cause of ED that is mostly

remediable by overwhelming one powerful pathway. We

acknowledge that the exact origins of the vascular dysfunc-

tion are both complex and largely unknowable. We can see

that there is an overriding role for the incoming signal to the

penis to modulate any therapy short of a prosthesis but, at

present, we have only a hazy understanding of the impor-

tant CNS changes that also substantially impact erectile

function.
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