ORIGINAL ARTICLE

Diabetes and male sexual function

Khaleeq Rehman MBBS MS, Evette Beshay MD PhD, Serge Carrier MD FRCSC

K Rehman, E Beshay, S Carrier. Diabetes and male sexual
function. J Sex Reprod Med 2001;1(1):29-33.

Diabetes mellitus (DM) is the most common cause of erectile
dysfunction (ED). Up to 28% of men complaining of ED have
DM as the primary causative factor. DM should be considered
in all patients presenting with ED. Known diabetic men
should be encouraged to have excellent control of their DM to
avoid not only the chronic complications of DM but also its
acute effects, especially the effect of hyperglycemia on erectile
function. The physiological impact of diabetes on sexual
function in men is reviewed.
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Diabéte et fonctionnement sexuel chez les
hommes

RESUME : Le diabete sucré (DS) est la cause la plus fréquente de
dysérection; il en est le principal facteur étiologique jusque dans
28 % des cas. Le DS devrait étre envisagé chez tous les patients
qui consultent pour de la dysérection. Il faudrait inciter les
hommes diabétiques a maitriser parfaitement leur glycémie
pour éviter non seulement les complications chroniques du DS
mais aussi ses effets immédiats, notamment I'effet de 'hypergly-
cémie sur le fonctionnement érectile. Il sera question, dans le
présent article, des répercussions physiologiques du diabéte sur
le fonctionnement sexuel chez les hommes.

exuality is an important aspect in the lives of most indi-
Sviduals and couples. Normal sexual function involves,
however, the interaction and coordination of multiple com-
ponents, including psychological, physiological, social, reli-
gious and emotional factors. Chronic medical conditions,
such as diabetes, may have an impact on many of these com-
ponents, not only physiologically, but also psychologically.
Over two million Canadians are afflicted with diabetes, the
majority (90%) with type 2 diabetes, which is the most com-
mon form of adult diabetes. The prevalence of diabetes
increases with age. The number of people with diabetes is
expected to grow substantially as the population ages.
Diabetes has a detrimental effect on sexual function. The
present article briefly reviews the physiological impact of
diabetes on sexual function in men.

Diabetic erectile dysfunction

Diabetes mellitus (DM) is the most common cause of
erectile dysfunction (ED) (1). Up to 28% of men who com-
plain of ED have DM as the primary causative factor (2).

ED is usually progressive in these patients, with more than
50% of diabetic men affected after 10 years of DM (3).
However, ED can occasionally be the first presenting
symptom of a new onset of DM. The appropriate treatment
of DM often produces a return of erectile function.
Treatment with an oral hypoglycemic medication or
insulin does not influence the subsequent development of
ED.

ED is often associated with microangiopathy; thus, the
presence of retinopathy is usually a good predictor of ED (4-6).
Age, duration of DM and the presence of other diabetic com-
plications correlates more with its future development.
Between the ages of 40 to 70 years, the prevalence of ED is
52% for the general population, whereas in age-matched dia-
betics, it is as high as 75% (7). For men younger than 40 years
of age, the prevalence of ED is 7.8%, but for men older than
40 years of age, it increases to 63% for type 1 diabetics and
71.1% for type 2 diabetics (8). The use of alcohol or antihy-
pertensive medication appears to increase the risk of ED in
this population.
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The pathophysiology of ED in diabetes is not well under-
stood (9). Associated neuropathy or vasculopathy (microan-
giopathy and generalized vascular disease) is considered to
be the most important factors in the pathophysiology of
DM-induced ED (10).

Recently, attention has been increasingly directed toward
understanding the role of vascular endothelium and its con-
trol of penile cavernous smooth muscle tone (11). The two
corpus cavernosum, which are the erectile bodies of the
penis, consist of multiple lacunar spaces surrounded by cav-
ernous smooth muscle. These lacunar spaces are lined by the
endothelium. During sexual activity, neurotransmitters
(nitric oxide [NO] being the most important) are released
from either the penile nerve ending or the endothelium that
triggers a relaxation of both cavernosal arteries and smooth
muscle. This increases penile blood flow, causes dilation of
the lacunar space and, eventually, an erection. In DM, it has
been shown that endothelium-dependent smooth muscle
relaxation is impaired, although the exact mechanism is not
known (12,13). Endothelial dysfunction (the small ed) then
leads to erectile dysfunction (the big ED) through smooth
muscle dysfunction in the microvascular tree of the penis.

Acute hyperglycemia alone may induce endothelial dys-
function and also decrease the velocity of nerve conduction
in rodents (14,15). Chronic hyperglycemia is associated with
the loss of myelinated and unmyelinated fibres and attenu-
ated nerve fibre regeneration. Diffuse abnormalities of the
peripheral nerve vasculature (vasa nervosum) are well doc-
umented in diabetics (16-20). In the late stages of diabetes,
there may be complete vascular occlusion with atherosclero-
sis, thickening of capillary basement membrane, dilation
and microaneurysms of capillaries as well as endothelial
hyperplasia, and desquamation and degeneration of peri-
cytes (21-25). These lesions induce a microangiopathy that
leads to endoneurial hypoxia and demyelination. The
lesions decrease the blood flow to the vaso nervosum and,
thus, lead to nerve ischemia (26). A peripheral neuropathy
then develops, which initially affects small unmyelinated
fibres. Around 61.2% of diabetics who present with impo-
tence show evidence of neuropathy (27).

In erectile tissue, there is atrophy of the smooth muscle
cells and lipid deposition in the corpus cavernosum (24).
Urogenital nerves also show morphological alterations,
nerve conduction is impaired and neurotransmitter levels
are altered (28-32). Vasoactive intestinal polypeptide
immunoreactivity, and acetylcholine synthesis and release
have been shown to be reduced in nerves from diabetic
patients (33,34). In the penis, smooth muscle shows
impaired neurogenic and endothelium-dependent relax-
ation (35,36). The dorsal nerve of the penis is involved in
erectile response. In diabetics, the conduction velocity of the
dorsal nerve is significantly slower than that in normal
males and can be demonstrated with the bulbocavernous
reflex (37). Unfortunately, differences in bulbocavernous
reflex latency are not useful for differentiating diabetics
from nondiabetics (38,39). Autonomic nerve testing is found
to be abnormal in 63% of patients with diabetic ED (40).
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Although autonomic nerve testing is found to be abnormal
in up to 63% of patients with diabetic ED, some studies have
shown no difference from control values.

NO has been identified as the principal neurotransmitter
causing the relaxation of penile cavernous smooth muscle.
This smooth muscle relaxation increases arterial blood flow
and produces an erection. It has been shown in diabetic rats
that NO synthase, the enzyme that catalyses the production
of NO in cavernosal tissue, decreased even with insulin
treatment (41). The ED in these diabetic rats did not
improve, suggesting that permanent nerve injury to the
nonadrenergic, noncholinergic nerves may contribute to
abnormal response.

Oxidative stress has recently been implicated in the
pathogenesis of diabetic complications. The deleterious
effects of high glucose concentrations on cultured Schwann
or endothelial cells appear to be related, in part, to rates of
glucose auto-oxidation to advanced glycosylation end prod-
ucts (42). In the course of glucose auto-oxidation, hydrogen
peroxide is generated from molecular oxygen via the dismu-
tation of superoxide anion, thus exerting an additional
oxidative stress. The interaction of advanced glycosylation
end products with sulfhydryl-containing proteins, altered
prostanoid production, and ischemia/reperfusion are fur-
ther important sources of reactive oxygen species (ROS) in
diabetic tissues (43). Interestingly, insulin itself may, under
certain circumstances, activate a membrane-bound hydro-
gen peroxide generating system that could theoretically
exacerbate oxidative stress in susceptible tissues (44). This
oxidative stress, in turn, may conceivably exhaust local
antioxidant defenses and thereby promote lipid peroxida-
tion of cellular membranes, cytoskeletal damage and ulti-
mately cellular degeneration. Furthermore, mitochondrial
DNA mutations have been reported in diabetic tissues (45),
suggesting oxidative stress-related mitochondrial damage.
Attention has also been recently focused on the role of
ROS in vascular dysfunction in diabetes, particularly
regarding the reaction of NO with superoxide anion to
form peroxynitrate, a very potent ROS (46).

The clinical affect of DM on penile blood flow has been
well documented. Patients with insulin-dependent diabetes
and associated coronary artery disease have significantly
more severe disease related to the cavernosal artery than
noninsulin-dependent diabetic patients (47). Benvenuti et al
(48) proposed that, in diabetic ED, vascular obstruction is a
more important factor than nerve damage. The main com-
plication of diabetes is atherosclerosis. Increased activation
of protein kinase C, overexpression of endothelin and
angiotensin II, increased synthesis of diacylglycerol, oxida-
tive stress and increased production of plasminogen activa-
tor inhibitors are considered to promote vascular pathology
in diabetic patients with ED (11).

DM is often associated with other ED risk factors such as
hypertension, dyslipidemia and smoking. In patients with
these additional factors, the incidence of ED increases. Also,
up to 30% of diabetic men will have psychogenic factors that
further compound their diagnosis (3).
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The relative importance of these cofactors varies among
individuals. ED, when caused by DM, tends to be more
severe than with other etiologies.

The clinical assessment and management of diabetic men
with ED are similar to those used for other causes of ED. It
must not be forgetten, however, that ED may be the present-
ing symptom of undiagnosed diabetes. Furthermore, poorly
controlled DM exacerbates ED, and the primary goal of
treatment is to avoid hyperglycemia.

In diabetic ED, oral therapy is the best first line treatment.
Currently, the only effective oral treatment is sildenafil, pro-
vided that there are no specific contraindications. In a large
double-blind placebo study of 268 diabetic men with ED,
erections were improved in 57% of patients who received
sildenafil compared with 10% of men who received placebo.
Sexual intercourse was successful in 48% of men receiving
sildenafil compared with 12% of men who were given a
placebo (49).

If oral therapy is not effective, a number of other options
are available such as a vacuum erection device (VED), an
intraurethral prostin, an intracavernosal injection (ICI) of an
vasoactive substance or penile implantation. Individual
patient preferences often determine the next step.

ICI provides satisfactory sexual activity in 72.5% of
patients with DM ED. The optimal dose is usually higher than
that for the general population with ICI. Fifty-five per cent of
patients require more than 20 ug of prostaglandin E,. The
dropout rate is high, however, and complaints of penile pain
are reported in 61% of patients; however, it is tolerated by
most patients (50). Although less efficacious than ICI, an
intraurethral prostin can be a good alternative for patients
who do not wish more invasive therapies.

VEDs have been found to be effective in up to 75% of dia-
betic men (51). In many patients with diabetic impotence, a
significant vascular component exists that renders ICI inef-
fective. In a male study of ICI failures, when a VED was used
in 10 patients, five patients were able to have satisfactory
sexual intercourse with this device (52).

When all other treatments are ineffective or unacceptable
to a patient, penile prosthesis remains the final treatment of
choice (53). It is invasive, expensive and produces irre-
versible damage to the penile architecture, but under opti-
mal conditions, it can be an excellent treatment option.
Presently, the risk of infection has been reduced and recent
studies show a lower incidence of infection in diabetic
patients (54).

Diabetes and fertility

Lower pregnancy rates have been associated with diabetes
and raise the issue of the basic fertility potential in diabetic
men. Variations of semen quality have been reported in dia-
betic men (55,56). Semen analysis may reveal decreased
sperm motility and density, abnormal morphology and gen-
erally increased seminal plasma abnormalities. In addition,
diabetic men may have decreased serum testosterone due to
impaired Leydig cell function (57). Insulin can cross the
blood-testis barrier, but its level in seminal plasma has not
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been shown to correlate significantly with semen parameters
(58). Abnormal sperm morphology in diabetic men is associ-
ated with an increased level of certain amino acids in the
ejaculate (59) and may contribute to reduced fertilization
rates. However, the mechanisms of altered spermatogenesis
in diabetic men are poorly understood.

Diabetes ejaculatory dysfunction

The ejaculation reflex is initiated by cerebral erotic input and
by sensory stimulation of the penis. The sensory afferent
nerves are the dorsal nerves of the penis. Ejaculation is pri-
marily a sympathetic event. The efferent neural pathways
arise from spinal levels T10 to L2 and travel through the
sympathetic chain ganglia, the hypogastric plexus anterior
to the aorta and the pelvis to the prostate, vas deferens and
seminal vesicle (60). Ejaculatory dysfunction can be caused
by medication such as selective serotonin reuptake
inhibitors, surgery such as transurethal resection of the
prostate or chronic medical disorders. Diabetes is one of the
nonsurgical causes of ejaculatory dysfunction. Diabetic neu-
ropathy affects the peripheral sympathetic nerve supply to
the bladder neck, thereby interfering with its closure and
resulting in ejaculation abnormalities (61).

Impairment of the sympathetic system results in retro-
grade ejaculation, that is, the escape of the seminal fluid
from the posterior urethra back to the bladder. The diagno-
sis is made from the patient’s medical history (absence of
intermittent emission of semen, orgasm without visible ejac-
ulate) and confirmed by finding sperm in postcoital speci-
men of urine. The presence of more than 10 to 15 sperm per
high power field confirms the presence of retrograde ejacu-
lation. More extensive neuropathy may render diabetic men
incapable of seminal emission (anejaculation) caused by dis-
ruption of the sympathetic nerve supply to the vas deferens.

Sympathomimetic agents may be useful in the treatment
of retrograde ejaculation. They act to stimulate the contrac-
tion of the bladder neck, prostate, seminal vesicles and vasa
deferentia. Imipramine hydrochloride (75 mg bid), a tricyclic
antidepressant that blocks norepinephrine reuptake at nerve
terminal and potentiates peripheral adrenergic activity, may
be the best agent to treat retrograde ejaculation in diabetic
patients (62,63). Alpha-adrenergic sympathomimetic med-
ications such as pseudoephedrine (60 mg four times daily),
ephedrine or phenylpropanolamine enhance antegrade ejac-
ulation (62-64). Alpha-adrenergic agents may aid in restor-
ing closure of the bladder neck.

If medical therapy fails, sperm can be retrieved from post-
coital urine samples and used for insemination (65). Poor
results with these methods may be related to the acidic and
hyperosmotic condition of the urine, and the effect on sperm
function. Results can be improved by altering the composi-
tion of the urine. A common method involves consumption
of sodium bicarbonate before ejaculation to alkalize the
urine (66,67). In addition to the use of sodium bicarbonate,
some physicians suggest monitoring and adjusting urine
osmolarity to better mimic physiological conditions. Also,
instructing the patient to void postejaculation urine in
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buffered media to decrease the detrimental effects of urine
was found to be helpful (66,68).

In the case of anejaculation, penile vibratory or elec-
troejaculation using an electrical probe can be successful and
has been applied to the diabetic patient (69). Epididymal or
testicular sperm aspiration and intracytoplasmic sperm
injection can be applied when all else fails.

SUMMARY

DM should be considered in all men presenting with
ED. Fasting blood sugar levels are usually sufficient to
screen most men. Known diabetics should be encouraged
to have excellent control of their DM to avoid not only the
chronic complications of DM, but also acute effects, espe-
cially, those of hyperglycemia on erectile activity.
Prevention is a key factor with DM. Patients should avoid
any factors that can increase the risk of ED. Smoking is
probably the most detrimental cofactor of diabetes that
increases atherosclerosis. Dyslipidemia, hypertension and
obesity are also cofactors that must be controlled to
decrease the incidence of not only ED, but also heart dis-
ease. In the future, it may be possible that antioxidants will
be recommended for diabetic patients to prevent chronic
complications. Research is still required to prevent long
term complications because they can occur even in well
controlled diabetic patients.
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