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Keypoints

e The prevalence of erectile dysfunction (ED) in men with diabetes
increases with age and is about 35-50% overall.

e Penile erection occurs as a result of engorgement of the erectile tissue
following vascular smooth muscle relaxation in the corpus cavernosum
mediated by nitric oxide (NO), which is derived from both parasympa-
thetic nerve terminals and the vascular endothelium.

e ED in diabetes is largely brought about by failure of NO-mediated
smooth muscle relaxation secondary to endothelial dysfunction and
autonomic neuropathy.

e ED is an early indicator of endothelial dysfunction and a marker of
increased cardiovascular risk.

o Phosphodiesterase 5 inhibitors are first-line treatment and act by
inhibiting the breakdown of cyclic guanosine monophosphate, the
second messenger in the NO pathway, and hence enhance erections
under conditions of sexual stimulation.

e Other options are intracavernosal injection of prostaglandin E
(alprostadil), transurethral alprostadil, vacuum therapy and surgical
insertion of penile prostheses.

e In women with diabetes, sexual dysfunction is less common and usually
undeclared, but there is an increased risk of vaginal dryness and
arousal disorder.

e Contraception and family planning are especially important in women
with diabetes. Although there is little consensus amongst diabetes
professionals about the preferred method of contraception for women
with diabetes, it appears that most currently available methods of
contraception are suitable.

¢ Hormone replacement therapy (HRT) can be considered for treating
menopausal symptoms in women with diabetes on a short-term basis,
but HRT is not justified in asymptomatic women.

Male erectile dysfunction

The advent of effective oral treatments has changed the manage-
ment of erectile dysfunction (ED) in diabetes considerably.
Diabetologists and general practitioners can now offer treatments
that are easy to use and generally effective. This change, however,
has been a long time coming. As recently as 1993, ED was regarded
as the most neglected complication of diabetes [1]. Since then,
there has been a transformation in attitudes to the subject, in
which diabetes professionals have led the way. Previously, ED was
generally believed to be psychogenic in origin, even when associ-
ated with diabetes, and hence the management was considered to
be the preserve of psychosexual counselors. We now accept that
ED is a complications of diabetes that can and should be managed
by diabetes professionals.

Physiology of erectile function

Tumescence is a vascular process under the control of the auto-
nomic nervous system. The erectile tissue of the corpus caverno-
sum behaves as a sponge, and erection occurs when it becomes
engorged with blood. As shown in Figure 45.1, dilatation of the
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arterioles and vasculature of the corpus cavernosum leads to
compression of the outflow venules against the rigid tunica
albuginea [2,3]. Thus, smooth muscle relaxation is the key phe-
nomenon in this process, as it leads to increased arterial inflow
and reduced venous outflow [4]. The process is under the control
of parasympathetic fibres, which were previously known as non-
adrenergic non-cholinergic neurones, as the neurotransmitter
was unknown; but it is now clear that nitric oxide (NO) is the
agent largely responsible for smooth muscle relaxation in the
corpus cavernosum. It is produced both in the parasympathetic
nerve terminals and is generated by NO synthase in the vascular
endothelium. Within the smooth muscle cell of the corpus cav-
ernosum, NO stimulates guanylate cyclase, leading to increased
production of the second messenger, cyclic guanosine mono-
phosphate (cGMP), which induces smooth muscle relaxation,
probably by opening up calcium channels (Figure 45.2) [5,6].

There is some evidence that neuronally derived NO is impor-
tant in initiation, whereas NO from the endothelium is respon-
sible for maintenance of the erection [7].

Pathophysiology of erectile dysfunction in diabetes

In men with diabetes there is evidence that ED is caused by failure
of NO-induced smooth muscle relaxation caused by both auto-
nomic neuropathy and endothelial dysfunction [7,8]. Many men
with diabetes report that in the early stages they do not have a
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Figure 45.1 Diagrammatic representation of the corpus cavernosum. During tumescence, dilatation of the helicine and cavernosal arteries produces expansion of the
cavernosal space and compression of the outflow venules against the rigid tunica albuginea.
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Figure 45.2 Pathophysiology of erectile function in diabetes. Diagrammatic
representation of the pathways leading to the relaxation of a corpus cavernosal
smooth muscle cell. In diabetes, there are defects in nitric oxide-mediated
smooth-muscle relaxation from neuropathy of the non-adrenergic non-cholinergic
(NANC) fibers (a) and endothelial dysfunction (b). ACh, acetylcholine; cGMP,
cyclic guanosine monophosphate; GTP, guanosine triphosphate; NO, nitric oxide;
PDE 5, phosphodiesterase type 5.

problem initially achieving an erection but that they cannot
maintain it. This would suggest that in these individuals failure
of endothelium-derived NO occurs before significant autonomic
neuropathy.
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More recently, other potential abnormalities have been
described which may contribute to the development of ED in
diabetes. Endothelium-derived hyperpolarizing factor (EDHF)
has a role in endothelium-dependent relaxation of human penile
arteries [9] and this is significantly impaired in penile resistance
arteries in men with diabetes [10]. Impaired EDHF responses
might therefore contribute to the endothelial dysfunction of dia-
betic erectile tissue.

A further body of evidence suggests increased oxygen-free
radical levels in diabetes may reduce the vasodilator effect of NO.
In particular, the formation of products of non-enzymatic glyco-
sylation to produce advanced glycosylation end-products (AGEs)
generates reactive oxygen species which impairs NO bioactivity
[11]. In animal models, inhibition of AGE formation improves
endothelium-dependent relaxation and restores erectile function
in diabetic rats [12,13].

Other pathophysiologic changes known to occur in diabetes
have been postulated to contribute to ED. Non-enzymatic glyca-
tion of proteins has been reported to impair endothelium-
dependent relaxation of aorta in rats [13,14].

Other factors, not limited to diabetes, may also contribute to
the development of ED in men with diabetes. Structural changes
associated with large vessel disease are commonly associated with
ED in diabetes; however, this is usually associated with functional
changes of widespread endothelial dysfunction in diabetes and it
is difficult to separate the relative importance of the two factors.

Other factors contributing to erectile dysfunction

in diabetes

In addition to endothelial dysfunction and autonomic neuropa-
thy, ED is associated with other conditions common in diabetes,
such as hypertension and large-vessel disease [15]. Furthermore,
men with diabetes are more likely to be taking medications that
can impair erectile function (Table 45.1). Antihypertensive agents



Table 45.1 Medications associated with erectile dysfunction.
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Table 45.2 Conditions associated with erectile dysfunction.

Antihypertensives

Thiazide diuretics

Beta-blockers

Calcium-channel blockers
Angiotensin-converting enzyme (ACE) inhibitors
Central sympatholytics (methyldopa, clonidine)

Antidepressants

Tricyclics

Monoamine oxidase inhibitors

(NB: selective serotonin re-uptake inhibitors can cause ejaculatory problems)

Major tranquillizers
Phenothiazines
Haloperidol

Hormones

Luteinizing hormone-releasing hormone (goserelin, buserelin)
Estrogens (diethylstilbestrol/stilbestrol)

Anti-androgens (cyproterone)

Miscellaneous

5-alpha reductase inhibitors (finasteride)
Statins (simvastatin, atorvastatin, pravastatin)
Cimetidine

Digoxin

Metoclopramide

Allopurinol

Ketoconazole

Non-steroidal anti-inflammatory agents
Fibrates

Drugs of “abuse”/“social” drugs
Alcohol

Tobacco

Marijuana

Amfetamines

Anabolic steroids

Barbiturates

Opiates

are commonly reported to be associated with ED, although much
of the evidence is anecdotal; beta-blockers and thiazide diuretics
are the most commonly reported culprits [16], alpha-blockers
perhaps have the lesser risk [17]. Finally, it should be remem-
bered that there are many other potential causes of ED unrelated
to diabetes, from which men with diabetes are not immune
(Table 45.2).

Clinical aspects of erectile dysfunction in diabetes

ED becomes more common with age. In a population-based
study in Massachusetts, USA, the prevalence of complete erectile
failure was reported to be 5% in men in their forties and 15% in
those over 70 years [15]. The prevalence in diabetic men is sig-
nificantly higher and also increases with age. In a survey of men
attending a hospital diabetic clinic in the UK, the prevalence of
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Figure 45.3 The prevalence of erectile dysfunction by age of men attending a
hospital diabetic clinic [1].
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Figure 45.4 The prevalence of erectile dysfunction by duration of diabetes in a
population-based study [19].

ED increased from 13% amongst 30-year-olds to 61% amongst
men aged over 60 years (Figure 45.3) [1]; overall, the prevalence
was 38%. The prevalence of ED in diabetes in a general practice
population was reported to be even higher, at 55% [18]. These
data would suggest that ED is the most common clinically appar-
ent complication of diabetes in men.

The presence of other medical conditions increases the risk of
ED. A population-based survey of 600 men in Brazil, Italy, Japan
and Malaysia in 2000 examined the prevalence of ED and its
relationship to other diseases and lifestyles. The prevalence of ED
among men with diabetes rose from 25% at age 40—44 years to
70% at age 65—70 years [19]. Cardiovascular disease increased the
risk of ED. The prevalence was 31.7% in men with diabetes only,
40% in men with diabetes and heart disease and 46.5% in those
with diabetes and hypertension. The prevalence also increased
with duration of diabetes (Figure 45.4). Men with diabetes who
smoked and reported below average levels of physical activity had
a fourfold increase in the prevalence of ED.

Erectile dysfunction as a risk factor for

cardiovascular disease

There is convincing evidence of an association of between ED and
cardiovascular disease [20-22]. This may be because they share
common risk factors. Increased waist measurement and reduced
physical activity, both important risk factors for ischemic heart
disease, considerably increase the risk of ED [23-25]. The risk of
ED is also increased in men with hyperlipidemia [26].

Recent studies have suggested that the association between ED
and cardiovascular disease may be brought about by more than
shared risk factors and may arise because they are both manifesta-
tions of endothelial dysfunction. There has been considerable
interest in recent years in the role of the vascular endothelium in
the pathogenesis and progression of atherosclerosis [27]. It is
clear that the endothelium has important and complex endocrine
and paracrine functions, and one of its most important products
is NO (previously known as endothelium-derived relaxing
factor). NO possesses potent antiatherogenic properties, inhibits
platelet aggregation and regulates vascular tone [28]. As described
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above, NO derived from both nerve terminals and the vascular
endothelium has a central role in the physiology of erection.
Therefore, there are theoretical grounds to believe that the ED
might be an early marker of endothelial dysfunction and hence
an important risk factor for cardiovascular disease. There is now
good evidence that ED is an early marker of endothelial dysfunc-
tion [29]. Thus, the association between ED and increased cardio-
vascular risk may be a case of shared common soil, in particular
endothelial dysfunction and microvascular disease. In practical
terms this means cardiovascular risk should be assessed in any
man with ED whether diabetic or not. A man with type 2 diabetes
(T2DM) and ED has approximately double the risk of developing
coronary heart disease than a similar man without ED [22].

Smoking and alcohol consumption

Smoking greatly increases the risk of developing ED. A follow-up
of the Massachusetts Male Aging Study reported that cigarette
smoking almost doubled the risk of developing ED after about 7
years [15]. A similar finding was reported by the large Health
Professionals’ Follow-up Study [24].

In contrast to tobacco, it is well established that moderate
alcohol consumption reduces the risk of a cardiovascular event.
It is interesting that drinking alcohol in moderation also appears
to reduce the risk of becoming impotent [23].

Quality of life issues

That ED can significantly worsen a man’s quality of life is not in
doubt. Unfortunately, there are few good data to show objectively
the impact ED can have on quality of life measures, and even
fewer to show the impact of treating ED. A survey by the
Impotence Association found symptoms of lowered self-esteem
and depression in 62% of men; 40% expressed concern with
either new or established relationships, and 21% blamed it for the
break-up of a relationship [30]. In another series in general prac-
tice, it was reported that 45% of men with diabetes stated that
they thought about their ED all or most of the time, 23% felt that
it severely affected their quality of life and 10% felt it severely
affected their relationship with their partner [18].

Assessment and investigation of erectile

dysfunction in diabetes

Clinical assessment

In most cases, an impotent man will have taken a long time to
pluck up the courage to discuss his problem with a doctor and
will undoubtedly be anxious. Almost invariably, however, once
the subject has been broached, men with ED and their partners
do not usually have any difficulty discussing the problem. A
description of the nature of the ED should be obtained, not least
to ensure that the patient is complaining of ED and not another
related problem, such as premature ejaculation. The key features
in the history of ED are listed in Table 45.3. Ideally, the man’s
partner should be present, but most men attend the consultation
alone. If the partner is present, talking to her without the patient
present can reveal interesting and useful insights into the problem.



Table 45.3 Key features in the clinical history of erectile dysfunction in
diabetes.

Onset usually gradual and progressive

Earliest feature often inability to sustain erection long enough for
satisfactory intercourse

Erectile failure may be intermittent initially

Sudden onset often thought to indicate a psychogenic cause (but little
evidence to support this)

Preservation of spontaneous and early morning erections does not
necessarily indicate a psychogenic cause

Loss of libido consistent with hypogonadism, but not a reliable symptom.
Impotent men often understate their sex drive for a variety of reasons

Table 45.4 Key physical signs to note on examination of the patient with
erectile dysfunction.

Any features of hypogonadism
Manual dexterity — may preclude physical treatment (e.g. intracavernosal
injection)
Protuberant abdomen
External genitalia:
Presence of phimosis
Testicular volume

General physical examination may give clues as to the etiology
of ED and the choice of treatment. The key features of the physi-
cal examination are listed in Table 45.4.

Investigation of erectile dysfunction in diabetes

The suggested investigations of ED in diabetes are listed in Table
45.5. It is now widely accepted that it is not helpful to try to
determine whether or not ED is psychogenic in origin, particu-
larly when managing a man with diabetes and ED. Few investiga-
tions are needed, but it is worth excluding other treatable causes
of ED: in practical terms, hypogonadism is the only treatable one.
There is probably no significant relationship between diabetes
and hypogonadism, and therefore gonadal function should only
be assessed in men with diabetes and ED if it is considered worth-
while looking for a coincidental problem causing hypogonadism.
Some men presenting with ED will not have attended any form
of clinic for many years, so the consultation provides an oppor-
tunity to address other health issues. For the reasons given above,
consideration should be given to assessing the patient’s cardio-
vascular status. The consultation also provides an opportunity to
address the management of the patient’s diabetes.

General advice

Most men with diabetes and their partners seeking treatment for
impotence are middle-aged, have been married for many years
and require only simple common-sense advice. Specialist psycho-
sexual counseling is not needed for most couples: several series
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Table 45.5 Investigation of erectile dysfunction in diabetes.

Serum testosterone if libido reduced or hypogonadism suspected (ideally
taken at 9am)
Serum prolactin and luteinizing hormone if serum testosterone subnormal
Assessment of cardiovascular status if clinically indicated:
Electrocardiography (ECG)
Serum lipids
Glycosylated hemoglobin, serum electrolytes if clinically indicated

have reported that diabetologists can offer an effective service for
the treatment of ED without the support of psychosexual coun-
selors [31-34]. Itis important that the cause of the ED is explained,
as many patients will blame themselves. They should be advised
that if they wish to resume sexual relations they will require long-
term treatment, as spontaneous return of erectile function in
diabetes occurs only rarely [35].

Treating ED in an attempt to save a failing relationship is rarely
successful and may make the situation worse. The assistance of a
suitably qualified psychosexual counselor should be considered
in this situation. Referral to a counselor should also be considered
if there is any suggestion of severe anxiety, loss of attraction
between partners, fear of intimacy or marked performance
anxiety. Any other medical problems should be addressed.
Improving poor metabolic control may help general well-being,
but poor control should not be used as a reason to refuse or delay
treatment. Patients who smoke should be advised to stop for
reasons of general health, although there is no good evidence that
stopping smoking will improve erectile function in a man with
diabetes and ED.

Many men with diabetes will be taking medication known to
cause ED. Experience has shown that changing the treatment in
an attempt to improve sexual function rarely works and may
cause delays and frustration for the patient. It is therefore not
advisable unless there is a strong temporal relationship between
starting treatment and the onset of ED.

Treatment options

The advent of effective oral therapies has transformed the man-
agement of ED. These should be offered as first-line therapy to
men with diabetes and ED, and the other treatment options
should be reserved for those in whom oral therapy is contraindi-
cated or ineffective.

Oral agents

Phosphodiesterase 5 inhibitors

Phosphodiesterase type 5 (PDE 5) is an enzyme found in smooth
muscle, platelets and the corpus cavernosum. The mechanism of
action of PDE 5 inhibitors is shown in Figure 45.2. During tumes-
cence, there is an increase in the intracellular concentrations of
NO, which produces smooth muscle relaxation via the second
messenger cGMP. This is broken down in turn by PDE 5. Hence,
PDE 5 inhibitors can enhance erections under conditions of
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sexual stimulation. There are currently three PDE 5 inhibitors
licensed for the treatment of ED: sildenafil (Viagra), tadalafil
(Cialis) and vardenafil (Levitra).

Clinical trial data. Sildenafil was the first PDE 5 inhibitor. Early
small trials showed it was a highly effective treatment for ED in
men with and without diabetes [36,37]. The first large study was
published in 1998. A total of 532 men with ED of mixed etiology
were studied. In the group given sildenafil, 69% of all attempts at
intercourse were successful, compared with 22% in those given
placebo [38]. Other studies in men with ED of mixed etiology
have shown success rates of 65-77% [39,40]. Studies of sildenafil
in other patient groups have reported success rates of approxi-
mately 70% in hypertension [41], 76% in spinal cord injury [42],
63% in spina bifida [43] and 40% following radical prostatectomy
[44].

In men with diabetes, the success rates for sildenafil have been
reported to be 56-59% in the treatment of ED [37,45]. A study
in elderly men reported success rates of 69% overall and 50% in
subjects with diabetes [46]. Most of these studies of sildenafil have
been short-term. A trial examining the long-term efficacy of
sildenafil in men with ED from a variety of causes reported that
only 52% continued to use it after 2 years [47]. This figure may
seem surprisingly low, but it is certainly considerably higher than
for any other type of ED treatment.

Other PDE 5 inhibitors

Sildenafil was soon followed by tadalafil (Cialis) [48-50] and
vardenafil (Levitra) [51,52]. All three appear to be similar in
efficacy and safety but there are differences in duration of action
and adverse effect profiles as described below.

Adverse effects. The most common adverse effects related to PDE
5 inhibitors are headache, dyspepsia and flushing. Headache and
flushing might be expected, as they are vasodilators. The dyspep-
sia is usually mild and may be caused by relaxation of the cardiac
sphincter of the stomach.

Abnormal vision is experienced by about 6% of men taking
sildenafil; this may be because the drug has some activity against
PDE 6, which is a retinal enzyme. Of more concern are the reports
of non-arteritic anterior ischemic optic neuropathy (NAION).
This is a rare syndrome characterized by sudden, sometimes uni-
lateral, often reversible, visual loss. Since 2002 there have been
case reports of this condition occurring in association with the
use of PDE 5 inhibitors, particularly sildenafil [53,54]. NAION is
rare but potentially serious as it can, exceptionally, lead to blind-
ness. It would appear it is more common in men with increased
cardiovascular risk [55]. The manufacturers of sildenafil esti-
mated the incidence of NAION in 13 000 men receiving sildenafil
from pooled safety data from clinical trials and observational
studies to be 2.8 cases per 100000 patient-years of sildenafil expo-
sure [56]. The authors reported this to be similar to estimates
reported in general US population samples (2.52 and 11.8 cases
per 100000 men aged over 50 years). It is therefore unknown if
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Table 45.6 Adverse effects of phosphodiesterase 5 (PDE 5) inhibitors (%).
The prevalence quoted for each adverse effect is for the top dose used in
each study.

Sildenafil Tadalafil Vardenafil
[59,60] [59,61,62] [63,64]
Headache 8.1-9.3 8.0-21 5-11
Flushing 7.4-8.1 3.0-9.0 5.4-10
Back pain 2.5 4.6-9.0 0
Dyspepsia 2.7-3.0 4.1-17 2.3
Nasal congestion 2.7-4.1 2.0-5 10
Dizziness 2.5 1.6
Diarrhea 2.5 0.8
Abnormal vision 1.4 0
Muscle cramps 4.1 3-7

PDE 5 inhibitor use increases the risk of NAION but in any case
itis a very rare condition and should not discourage the appropri-
ate use of these agents.

The adverse events from the key trials of PDE 5 inhibitors in
men with diabetes are given in Table 45.6. In all the studies, the
discontinuation rate from adverse effects has been very low.

Reasons for PDE 5 inhibitor non-responsiveness. The mechanism
of action of sildenafil would suggest that it would be ineffective
without the presence of sufficient bioavailable NO in the penile
vasculature. Thus, either significant autonomic neuropathy or
endothelial dysfunction would be expected to reduce the efficacy
of a PDE 5 inhibitor. Slightly surprisingly, two small studies
have reported no differences in the presence of autonomic or
endothelial function between sildenafil “responders” and “non-
responders” [29,57]. It has been reported that failure to respond
to sildenafil is more likely in men with long-standing and severe
ED [58]; however, no single factor precludes a successful outcome,
and in practical terms it is worth trying sildenafil in all men with
ED unless there is a contraindication.

Cardiovascular safety of PDE 5 inhibitors. The launch of sildenafil,
the first PDE 5 inhibitor, was soon followed by case reports of
cardiovascular events and deaths associated with its use. By con-
trast, there is now good evidence that PDE 5 inhibitors are not
associated with increased cardiovascular risk [65,66]. A question-
naire survey of over 5000 sildenafil users reported that adverse
cardiovascular events were no more frequent than expected for a
comparable population [67]. A retrospective analysis of 36 clini-
cal trials of tadalafil involving over 14000 men reported no
increase in cardiovascular adverse events [68]. Indeed, there is
accumulating evidence that PDE 5 inhibitors reduce blood pres-
sure slightly and improve endothelial function [66,69].
Restoring sexual function, however, is not completely without
risk. Sexual activity, like any form of physical activity, can pre-
cipitate cardiovascular events in those at risk. A large case—control



study reported the risk of a cardiovascular event in the 2 hours
after intercourse was increased by 2.5 fold in healthy subjects and
by 3 fold if there was a history of previous myocardial infarction
[70]. Although the absolute risk remains very small, the issue of
cardiovascular safety must be addressed in all men before treating
ED. Jackson et al. [65] have suggested a classification scheme for
assessing cardiovascular risk in men undergoing treatment for
ED, those with the highest risk should be referred for specialist
cardiac evaluation while the lowest risk group could be managed
in primary care.

Drug interactions with PDE 5 inhibitors. PDE 5 inhibitors can be
used safely in patients taking a wide range of other drugs but there
are several potential important interactions. They are contraindi-
cated in the presence of any nitrate therapy (including nicorandil)
as the combination can cause profound hypotension. A patient
taking nitrates seeking treatment for ED can be offered alterna-
tives to PDE 5 inhibitors or the nitrates can be stopped or changed
to an alternative therapy. Nitrates are a symptomatic treatment
with no prognostic implications and so this is possible in most
cases but should be done in consultation with a cardiologist in all
but the most straightforward cases.

Nitrate therapy should not be given within 24 hours of taking
sildenafil or vardenafil and at least 48 hours of taking tadalafil. If
angina develops during or after sexual activity following the use
of a PDE 5 inhibitor, the patient should be advised to discontinue
any sexual activity and stand up as this reduces the work of the
heart by reducing venous return.

PDE 5 inhibitors should be used with caution in patients who
take alpha-blockers because the combination may lead to symp-
tomatic hypotension in some patients. Patients should be stable
on alpha-blocker therapy before initiating sildenafil which should
be initiated at the lowest dose [66].

Comparison of PDE 5 inhibitors. The three currently available
PDE 5 inhibitors, sildenafil, vardenafil and tadalafil, are all similar
in efficacy and safety. Their side effect profiles differ slightly but
the most notable difference is the longer half-life of tadalafil.
Thus, a single dose of tadalafil offers the potential to restore
erectile function to normal for 2 days and thereby remove the
need for medication to be taken each time prior to sexual activity.
The choice between this form of treatment and on-demand
dosing is largely a matter of patient choice. Patient preference
studies of agents with differing dosing instructions are difficult to
perform in a blinded fashion. Several have been reported and
have generally shown a preference for tadalafil over sildenafil
[59,71-74].

How to use PDE 5 inhibitors. These agents should be taken orally
about 1 hour before sexual activity. This period can be shortened
if taken on an empty stomach. After the 1-hour period, there is
a “window of opportunity” when sexual activity can take place.
For sildenafil and vardenafil this is at least 4 hours but may be
over 8 hours [75]. For tadalafil the window of opportunity may
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last 48 hours. Men with diabetes usually require the maximum
recommended dose. Patients should be warned that the drug only
works in conjunction with sexual stimulation.

Management of PDE 5 inhibitor non-responsiveness. A large pro-
portion of men with diabetes and ED will not respond to PDE 5
inhibitors and there are many potential reasons for this. PDE 5
inhibitors require a degree of NO tone to be effective, therefore
severe endothelial dysfunction of autonomic neuropathy might
be expected to reduce their efficacy; however, one study reported
that neither autonomic neuropathy nor endothelial dysfunction
predicted sildenafil responsiveness. The only significant factor
that predicted the response to treatment was the initial degree
of ED [29]. In practical terms, no single factor should preclude
a trial of PDE 5 inhibitor therapy in a man without a
contraindication.

Much has been written on the best approach for dealing with
men who do not respond to a PDE 5 inhibitor but, unfortunately,
mostly based on limited evidence. It has been suggested that if
appropriate advice is given and sufficient attempts at intercourse
made, many men previously labeled as non-responders can be
treated successfully with PDE 5 inhibitors. One study reported
that intercourse success rates reached a plateau after eight
attempts so men with ED should try at least eight times with a
PDES5 inhibitor at the maximum recommended dose before being
considered a non-responder [76].

Hypogonadism should always be considered in dealing with
men with ED who do not respond. Hypogonadism caused by
confirmed pituitary or testicular disease usually responds well to
treatment. The management of the borderline hypogonadism of
the aging male is more controversial but there is some evidence
that testosterone replacement in this situation can improve ED
as a sole treatment [77] and enhance the response to PDE 5
inhibitors [78-80].

Other oral therapies
Apomorphine
Apomorphine has been in use for many years. It is a centrally
acting D1/D2 dopamine agonist that acts on the paraventricular
nucleus of the thalamus early in the cascade that leads to erection.
Among its several properties, it is a potent inducer of nausea, and
this has previously limited its use as a therapeutic agent. A sublin-
gual formulation is licensed in Europe as a treatment of ED. This
preparation has no first-pass metabolism, and it rapidly produces
therapeutic blood levels. Studies of the sublingual preparation
have suggested that it is effective in inducing erections in about
50% of attempts and has acceptable levels of adverse effects [81].
To date, there have been no published trials of apomorphine in
men with diabetes and it is not widely used in diabetic practice.
Various oral agents have been tried as treatments for ED in the
past, including trazodone, yohimbine and phentolamine. The
data on all of them are limited and none has stood the test of
time. Testosterone should only be used to treat ED secondary to
confirmed hypogonadism.
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Figure 45.5 Alprostadil self-injection pen device.

Table 45.7 Instructions to medical staff for treating prolonged erections
caused by prostaglandin E1.

Do not delay treatment beyond 6 hours

Using aseptic technique, aspirate 20-25mL blood from the corpus
cavernosum (19 or 21 gauge butterfly needle)

Repeat the above on the opposite side of the penis if detumescence does
not occur

If still unsuccessful, inject 0.5-1.0mL of a 300-ug/mL solution of
phenylephrine every 5-10 minutes (maximum dosage 5mL) into the
corpus cavernosum. If necessary, this may be followed by further
aspiration of blood through the same needle. Extreme caution is
necessary in those patients taking monoamine oxidase inhibitors, as a
hypertensive crisis may result. Use carefully in those with coronary heart
disease, uncontrolled hypertension or cerebral ischemia. Monitor pulse
rate and blood pressure throughout

If the above are unsuccessful, refer for urgent surgical treatment, such as
a shunt procedure

Intracavernosal injection therapy

The technique of intracavernosal self-injection was first described
in 1982 by Brindley [82], using phentolamine, although the
French urologist, Virag [83], who used papaverine, was first to
publish. Papaverine was more effective than phentolamine, but
was an unlicensed treatment; it was superseded by alprostadil
(prostaglandin E), which was licensed for the treatment of ED in
1996.

Alprostadil is supplied in a self-injection pen device, which is
easy to use, and supplied with excellent instructions (Figure 45.5).
In spite of this, most studies show that self-injection therapy has
a disappointingly high long-term discontinuation rate [84-86].
Self-injection treatment carries a small risk of priapism (a sus-
tained unwanted erection). Although an infrequent complica-
tion, priapism is an important one, as it must be treated within
6 hours by aspirating blood from the corpus cavernosum. Patients
undertaking self-injection must be warned of this potential
problem and given instructions on what to do should it occur
(Table 45.7).
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Figure 45.6 A typical vacuum device with constriction rings.

Local adverse reactions, such as penile pain, are relatively
common with self-injection therapy. Prolonged papaverine use
may lead to fibrosis in the penis, but this has only rarely been
reported with alprostadil [87].

More recently the combination of vasoactive intestinal
polypeptide and phentolamine has been licensed for use under
the name of Invicorp. It appears to be a potentially useful treat-
ment for ED [88,89].

Transurethral alprostadil (MUSE)

Many men find injection therapy unacceptable because it requires
injecting the penis. Transurethral administration of the vasoac-
tive agent would appear largely to overcome this problem. The
principle is simple. A slender applicator is inserted into the
urethra to deposit a pellet containing alprostadil in polyethylene
glycol. This gradually dissolves, allowing the prostaglandin to
diffuse into the corpus cavernosum. In a placebo-controlled
study of 1511 men with ED of mixed etiology, it was reported
that 65% were able to have intercourse using this system [90].
The results in the 240 men with diabetes in the study were similar
[91]. The most common side effect was penile pain, which
occurred in 10.8% of applications. Hypotension was reported by
3.3% of the men receiving alprostadil. Priapism and penile fibro-
sis were not reported. A more recent study reported that most
men found transurethral alprostadil less acceptable and effica-
cious than intracavernosal injection [92], and the long-term
usage has been disappointing [93].

Vacuum therapy

Vacuum devices became widely available in the 1970s. They
consist of a translucent tube, which is placed over the penis, and
an attached vacuum pump (Figure 45.6). The air is pumped out
of the tube, and the negative pressure draws blood into the erec-
tile tissue, producing tumescence. A constriction band (which has
previously been placed over the base of the tube) is then slipped
off to remain firmly around the base of the penis so as to maintain
the erection, and the tube is then removed. The devices require
a little practice and some dexterity, but most couples are able to



use them satisfactorily. Trials of vacuum therapy have reported
success rates of approximately 70% in men with and without
diabetes, suggesting it is an effective treatment, provided couples
are prepared to use them [94-97].

Vacuum devices are safe and effective treatments, and inexpen-
sive to use after an initial outlay (in the UK) of about £100-250.
The side effects are discomfort from the constriction band, failure
to ejaculate and a cold penis (reported by the female partner).
Many couples find the use of vacuum devices unacceptable, and
since the introduction of newer treatments their use has declined;
however, they still have a role in men who do not respond or who
cannot use other treatments.

Surgery

In spite of recent advances in the management of ED, some men
will not be able to use the available treatment options. There will
therefore always be a limited role for surgery.

The surgical options available are:

1 The insertion of penile prostheses;

2 Corrective surgery for associated Peyronie disease or post-
injection corporal fibrosis;

3 Venous and arterial surgery.

Discussion of vascular and corrective surgery of the penis is
best left to a specialist urology textbook, but a general practitioner
or diabetes physician needs to know which patients might benefit
by referral for insertion of a penile prosthesis. This form of
surgery is best reserved for men in whom conventional treat-
ments have failed and who are keen to resume full sexual
activity.

Counseling of the patient, and whenever possible his partner,
is extremely important, particularly about the choice of prosthe-
sis. The patient’s or couple’s wishes are very important factors in
device selection, as is the cost of the prosthesis. In the UK, many
hospital trusts will only pay for the malleable prostheses and not
for the insertion of the considerably more expensive inflatable
ones.

Patients must be warned regarding postoperative pain or dis-
comfort and the potential for reoperation. Patients will need to
restrict physical activity and refrain from intercourse for between
4 and 6 weeks after the operation. They should be warned about
the possible complications of infection, erosion and prosthesis
failure, and that these problems usually require device removal.
It is also very important that the patient and his partner are aware
that the erection produced by a prosthesis is different from a
normal erection, depending very much on the type of prosthesis
chosen. It is useful to show patients examples of the prostheses
(Figure 45.7) and to describe how they are inserted and the mech-
anism of action.

There is uncertainty as to whether men with diabetes are at
higher risk of infection than men without diabetes after insertion
of a penile prosthesis, but there is a consensus that, should infec-
tion occur, it is more serious [98]. Good preoperative control of
diabetes is important to minimize the risk. Most published series
of well-selected groups of men who have undergone penile pros-
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Figure 45.7 Examples of penile prostheses.

thesis insertion have reported acceptable results, with good levels
of patient satisfaction [99].

Organization of the management of ED

Traditionally, ED has been managed in a dedicated ED clinic,
often run by a urologist. The advent of effective oral therapies has
made the management much simpler, so that ED in diabetes can
usually be managed by any physician or general practitioner. A
physician considering treating ED will have to decide whether to
run a separate ED clinic or to see the patients in a routine diabetic
clinic. Such a decision will depend on local resources and circum-
stances but it is certainly possible to manage ED in a diabetic
clinic. If this is to be done, it is advisable to have patient informa-
tion literature on ED available. There are several excellent pam-
phlets produced by pharmaceutical companies and national
diabetes organizations such as Diabetes UK. It is often wise to let
the patient take away the literature to read and to consider the
matter, with treatment being started at a subsequent visit.

Managing ED in primary care

There are considerable advantages for the treatment of ED in
general practice. A general practitioner is more likely to know and
understand a patient’s particular circumstances. Men with ED
may be less intimidated in seeking help from their family practi-
tioner than from a hospital specialist or sexual therapist. Little
specialized equipment is required, so there is no reason why
interested general practitioners should not effectively treat the
majority of men presenting with ED.

As with many disorders encountered in primary care, the
general practitioner may choose to manage the problem in a
standard consultation with the patient. Others may choose to
refer their patients to a fellow partner or colleague with a particu-
lar interest in ED or to their practice nurse, who may have
received appropriate training in the assessment of patients with
ED.

When a man presents with ED, his general practitioner has an
opportunity to consider other health issues and screen for under-
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lying causes. ED is often associated with conditions that benefit
from early detection such as diabetes, hypertension and hyperli-
pidemia. It is therefore important to consider general health
issues and to address lifestyle factors.

The specialist erectile dysfunction service

Although most men with ED will be managed in primary care,
there is still a role for a specialist ED service. It is likely that these
clinics will mainly treat men who have failed to respond to oral
therapies and that they will maintain expertise in the use of other
treatments, such as intracavernosal injection therapy and vacuum
devices, referring patients when necessary to urologic surgeons
for penile prosthesis insertion.

Conclusions on male sexual dysfunction

NO-mediated relaxation of the smooth muscle of the corpus
cavernosum is the key phenomenon leading to penile erection.
In diabetes, there is impairment of NO production by autonomic
nerve terminals (caused by autonomic neuropathy) and by
endothelial cells (caused by endothelial cell dysfunction).
Sildenafil and other PDE inhibitors work by inhibiting the break-
down of cGMBP, the second messenger in the NO pathway, and
hence enhance erections under conditions of sexual stimulation.
These agents are safe and effective treatments and can be used to
treat ED in a diabetic clinic or in general practice.

Female sexual dysfunction

Male sexual dysfunction has been described as the most neglected
complication of diabetes. However, there has been considerably
more interest in, and research into, the sexual dysfunction of men
as compared to women. There may be good reasons for this. In
physiologic terms, the female equivalent of male ED is reduced
vasocongestion of the vulva and vagina, leading to impaired
arousal and reduced vaginal lubrication. Failure to achieve an
erection makes sexual intercourse impossible, but reduced vaginal
lubrication is easily overcome with simple treatments such as
lubricating creams and may not even be considered to be abnor-
mal by a postmenopausal woman.

In a review published in 1998, Enzlin et al. [100] undertook an
analysis of 15 studies carried out in the area of female sexuality
in diabetes since 1971. They reported that the prevalence of
impaired sexual arousal and inadequate lubrication was between
14% and 45% in women with diabetes, which was significantly
higher than in controls without diabetes [100]. In contrast, there
was little evidence of an increased risk of dyspareunia or prob-
lems with orgasm in women with diabetes. Thus, it would appear
that women with diabetes admit to specific sexual dysfunctions
when they are asked, but it is the universal experience of diabe-
tologists that women with diabetes rarely complain of sexual
problems. That a problem is not often volunteered by patients
does not mean it is not significant or worthy of research.
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More recent studies in women with type 1 diabetes (T1IDM)
have shown similar findings. Enzlin et al. [101] reported that 27%
of diabetic women had sexual dysfunction compared to 14% in
controls but only reduced lubrication was significantly different
between the groups. The same group found that in women with
T1DM sexual dysfunction was more closely related to psychologic
rather than somatic factors [102].

If vaginal lubrication is the female equivalent of tumescence,
then vaginal dryness and impaired arousal may be related to
failure of NO-mediated smooth muscle relaxation secondary to
endothelial dysfunction and autonomic neuropathy. There has
been very little research into the pathophysiology of sexual dys-
function in women, but several studies have reported, a little
surprisingly, that there does not appear to be a strong relationship
between neuropathy and female sexual dysfunction [103-106].
Anecdotally, women with severe autonomic neuropathy can have
an excellent sex life, unlike men, so it is likely there are differences
between men and women in the way the autonomic nervous
system controls genital responses [107]. Little work has been
carried out on the effect of other medical conditions or treat-
ments on sexual function in women.

Drug therapy and female sexual dysfunction

The mechanism of action of PDE 5 inhibitors would suggest they
might improve arousal and vaginal lubrication; however, trials of
sildenafil for this purpose in non-diabetic women have shown
conflicting results. In a small cross-over study of 53 premenopau-
sal women, it was reported that sildenafil significantly improved
the frequency of intercourse and enjoyment compared with
placebo [108]. In contrast, a much larger study of 583 women
with female sexual arousal disorder reported no difference
between the sildenafil or placebo-treated groups [109]. One of
the few studies published to date on the effect of sildenafil on
sexual dysfunction in women with diabetes reported that the
treated group had improved arousal and sexual enjoyment as well
as clitoral blood flow compared with controls [110].

Many women attending a diabetic clinic will be over 50
years of age and some will have problems associated with
the menopause, including vaginal dryness and dyspareunia. It
can be difficult to distinguish the effects of the menopause
from those of diabetes, but in practical terms the treatment is the
same. Topical estrogen or simple lubricant gels are usually
effective. Managing loss of libido in women with diabetes is more
complex and beyond the scope of this chapter. It is much more
likely to be caused by psychosocial and relationship issues rather
than somatic problems.

Genitourinary infections in women with diabetes

Vaginal candidiasis is a common finding in women with diabetes,
particularly if the blood glucose control is poor and probably
because yeasts thrive in a glucose-rich environment. Severe infec-
tion can be very irritating and painful and can interfere with
sexual intercourse. Infections usually respond to conventional
antifungal creams and pessaries; resistant cases usually respond



to a single oral dose of fluconazole. To reduce the chances of
reinfection, attempts should be made to improve diabetic control.
The male partner may also need treatment for candidiasis for the
same reason.

Other genital infections also occur in women with diabetes, but
probably no more frequently than in the general population.
These cases should be referred to the appropriate genitourinary
service.

Conclusions on female sexual dysfunction

There are differences in the ways in which men and women
respond to sexual dysfunction. Traditionally, the view has been
expressed that men focus on physiologic function, while the
quality of the relationship is more important to women. Such
generalizations are now considered a little dangerous, but there
is no doubt that in women, psychologic factors are more
important than the minor degrees of sexual dysfunction that
occur in diabetes. When asked, women with diabetes admit to an
increased prevalence of vaginal dryness and impaired arousal,
but these are not common problems in the day-to-day manage-
ment of diabetes. The treatment for these problems is the same
for women either with or without diabetes. Other associated
problems, such as vaginal candidiasis or estrogen deficiency,
should be addressed. If there are relationship problems, referral
to a counselor should be considered. The role of PDE 5 inhibitors
remains uncertain in female sexual dysfunction, and further
research is needed in this area.

Contraception

Contraception and family planning are especially important in
women with diabetes. Poor glycemic control during the first tri-
mester of pregnancy is associated with an increased risk of fetal
morbidity and mortality [111-113]. It is therefore essential that
women with diabetes are advised to plan their pregnancies and
achieve strict control of their diabetes prior to conception (see
Chapter 53).

Method of contraception

There is little consensus amongst diabetes professionals about the
preferred method of contraception for women with diabetes.
Neither the American Diabetes Association nor Diabetes UK has
published recent guidance on the subject. Surveys of doctors in
the UK [114] and Germany [115] have reported considerable
variation among physicians for their recommended method of
contraception for diabetic women. Most currently available
methods of contraception are suitable for women with diabetes;
however, certain factors should be taken into consideration
before choosing any particular method.

Contraindications to pregnancy
As medical and obstetric care has improved, the list of contrain-
dications to pregnancy in women with diabetes has shrunk (see
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Chapter 53). If pregnancy is contraindicated, sterilization should
be considered.

The oral contraceptive pill

In a survey of 938 women with T1DM undertaken in primary care
in the UK, the oral contraceptive pill (OCP) was reported to be the
most widely used method of contraception [114]. The combined
OCP was used by 17%, and the progesterone-only pill (POP) by
8.6%; however, a more recent survey in general practice in the UK
reported women with diabetes were significantly less likely to be
prescribed the combined OCP than women without diabetes
[116]. In contrast, progesterone-only and depot hormonal con-
traceptives were relatively more popular in women with diabetes.
It seems there is a slight reluctance to prescribe the combined OCP
in women with diabetes. The reasons for this are not clear and
there are good reasons for using OCP. It is simple to use and, most
importantly, very reliable. If properly used, it has the lowest failure
rate for any contraceptive method, apart from sterilization [117].
Nevertheless, there have always been concerns about the safety of
hormonal contraception in women with diabetes. Both the com-
bined OCP and the POP carry an increased risk of thromboem-
bolic disease and, in theory, can adversely affect glucose
metabolism. These concerns are largely unfounded. A systematic
review for the Cochrane database reported steroid contraceptive
had limited effects of carbohydrate tolerance but strong state-
ments could not be made because of the limited quality of trials
[118]. Although a large definitive study examining the effects on
cardiovascular morbidity and mortality in women with diabetes
has not been performed, several smaller studies have suggested
that OCPs with lower doses of estrogen have no greater effect on
markers of cardiovascular risk in women with diabetes than
women without diabetes [119,120]. Furthermore, there is no evi-
dence that OCPs increase the risk of microvascular complications
[121] or worsen metabolic control in women with T1IDM [119].

Few studies, if any, have examined the safety of OCPs in
T2DM. Two studies have reported that low-dose OCPs have no
effect on glucose tolerance or plasma lipids in women with previ-
ous gestational diabetes [122,123].

On the available evidence, low-dose (<30ug estradiol) com-
bined OCPs can be safely used in women with TIDM or T2DM.
Any woman taking the OCP should be reviewed regularly for
assessment of blood pressure and serum lipids. Women with
diabetes can also use the POP. It is not associated with adverse
changes in serum lipids or clotting factors and is well tolerated;
however, it is associated with menstrual irregularities, particularly
intermenstrual bleeding.

Long-acting depot progestin preparations are also effective in
women with diabetes. Several small studies have reported that
progestins, particularly depot medroxyprogesterone acetate, can
worsen carbohydrate tolerance in normal women [124-126], but
there is no evidence they have a clinically significant effect on
metabolic control in existing diabetes. Depot levonorgestrel
(Norplant) appears to have minimal effect on carbohydrate
tolerance [125].
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Intrauterine contraceptive device

The intrauterine contraceptive device (IUD) is a safe and effective
form of contraception in women with diabetes. Early concerns
about the risk of pelvic inflammatory disease (PID) in diabetes
were largely unfounded; studies have suggested no increased risk
of PID in women with TIDM [127] or T2DM [128]. Similarly,
early suggestions of an increased failure rate for IUDs in women
with diabetes have not been borne out [127].

Barrier methods

Since the advent of AIDS, the condom has been widely advocated
to reduce the risk of transmission of sexually transmitted diseases.
It has a higher failure rate than OCPs and IUDs and for this
reason is not recommended if pregnancy is contraindicated. For
high-risk individuals, many genitourinary clinics recommend a
combination of the OCP and condom to minimize the risk of
pregnancy and sexually transmitted diseases — a technique known
as “double-Dutch.”

Emergency contraception

Three methods of emergency contraception are licensed in the
UK and are available in many other countries: progestogen-only
and combined estrogen—progesterone pills, and the copper IUD.
The hormonal preparations can be taken up to 72 hours after
unprotected intercourse, but are most effective if taken within 24
hours [129]. Nausea was reported in 23% and vomiting in about
6% of the women who used the progesterone-only regimen.
Women with T1IDM should be warned of these potential side
effects. Little work on the use of these agents in women with
diabetes has been published, but they may have a role in the
prevention of unplanned pregnancies occurring at a time of poor
metabolic control.

Conclusions on contraception

All women with diabetes of reproductive age should receive good
contraceptive advice, as unplanned pregnancies occurring while
glycemic control is poor carry an increased risk of morbidity and
fetal abnormalities. Most forms of contraception are safe and
effective in women with diabetes, but the OCP remains the most
popular as it is very reliable and well tolerated.

Hormone replacement therapy

Attitudes to hormone replacement therapy (HRT) have changed
considerably since the start of the new millennium. HRT is well
established as an effective treatment for menopausal symptoms
and as a treatment for osteoporosis. Until recently there was
considerable interest from diabetologists in the potential role of
HRT in reducing cardiovascular risk. A survey of general practi-
tioners and hospital doctors in the UK as recently as 2001 sug-
gested the majority would advise HRT for women with diabetes
as prophylaxis for cardiovascular disease [130]. This belief was
based upon a series of cross-sectional studies and effective mar-
keting by drug companies. Since then the results of a large rand-
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omized controlled trials of combined HRT have been published
and the results were surprising and interesting. Hulley et al. [131]
reported that combined HRT did not reduce cardiovascular out-
comes in women with established coronary heart disease. The
Women’s Health Initiative (WHI) study enrolled over 160000
healthy women and reported in 2002. It was stopped early because
of an increase in the risk of breast cancer [132]. Furthermore,
there was an significant increase of stroke, coronary heart disease
and pulmonary embolus in the group given HRT compared with
the control group. There was a reduction in the risk of colorectal
cancer and hip fracture. The study also reported an increase in
the risk of dementia in the group given HRT [133]. Interestingly,
women who took HRT in the WHI had a lower risk of developing
diabetes.

Not surprisingly, the WHI study has generated considerable
debate and has had a significant impact on practice. Many new
guidelines on HRT have been produced, but few in diabetes. A
detailed discussion of the benefits of HRT is beyond the scope of
this book. The current views of the risks and benefits of HRT are
listed in Table 45.8. In brief, in women with diabetes, HRT should
be considered for short-term relief of menopausal symptoms,
such as hot flushes, but is not indicated for cardiovascular risk
reduction.

HRT and glucose tolerance

There is reasonable evidence that HRT does not worsen glucose
tolerance in women either with or without diabetes and may
produce a slight amelioration. In women without diabetes,

Table 45.8 Risks and benefits of hormone replacement therapy (HRT).

Main benefits of HRT

HRT produces:

o Relief of hot flushes

o Relief of urogenital symptoms

e Reduction of risk of osteoporotic fractures
o Reduction of risk of colorectal cancer

Main risks of HRT

HRT increases the risk of:

e Thromboembolic disease

o Stroke

e Breast cancer (combined HRT)

e Endometrial cancer (estrogen-only HRT)
e Ovarian cancer (estrogen-only HRT)

No change in risk

e \Weight gain, headache

e Migraine

e Breast cancer (estrogen-only HRT)

e Colorectal cancer (estrogen-only HRT)

Insufficient evidence

There is incomplete evidence but HRT may worsen:
e Coronary artery disease

® Dementia




estradiol [134] and low-dose conjugated estrogens [135] are
associated with an improvement and no effect on insulin
sensitivity, while higher doses of conjugated estrogens and
alkylated estrogens may cause deterioration of glucose tolerance
[134,136-138].

In postmenopausal women with diabetes, estradiol has been
reported to improve the fasting blood glucose concentration and
glycosylated hemoglobin percentage [139]. A larger prospective
study of over 15000 women with T2DM also reported HRT pro-
duced an improvement in HbA, levels [140]. A recent small
randomized trial reported HRT reduced serum fructosamine
levels by 5% [141]. Any potential benefit to glucose tolerance is
limited to oral HRT preparations: transdermal estradiol does not
appear to have any effect on glucose tolerance [142,143].

HRT and lipids

There is now evidence that the effect of HRT on lipid profiles,
such as glucose tolerance, is at worst neutral and may be slightly
beneficial. In women without diabetes, estrogens reduce total and
low density lipoprotein (LDL) cholesterol and increase high
density lipoprotein (HDL) cholesterol and triglyceride levels
[131,143]. Progestins can reduce triglyceride levels and when
given in combination can prevent the estrogen-induced increase.
Transdermal estrogen preparations have a beneficial effect on
plasma lipids, reducing LDL cholesterol and triglycerides and
increasing HDL cholesterol [144].

The effect of HRT on lipid profiles in women with diabetes has
been reported to be largely favorable in several studies. In a small
randomized cross-over study of overweight women with T2DM,
conjugated estrogen therapy reduced central obesity, HbA,. and
total cholesterol, and improved physical functioning [145]. In a
largert study, 61 postmenopausal women received combined
HRT in a randomized cross-over design. HRT reduced total and
LDL cholesterol, but there was no change in serum HDL or trig-
lyceride levels [141].

HRT and blood pressure

HRT can be prescribed to hypertensive postmenopausal women
under careful supervision. One of the few studies of HRT and
blood pressure in diabetes suggested that it can be prescribed
without any adverse effect on ambulatory blood pressure meas-
urements in hypertensive and normotensive women [146].

HRT and osteoporosis

There is limited evidence to suggest women with TIDM have
reduced bone mineral density at the time of diagnosis [147].
Although women with T2DM might be expected to be protected
from osteoporosis because of their increased tendency to obesity,
they would appear to be at increased risk of hip fracture (see
Chapter 48). A very large prospective cohort study of postmeno-
pausal women in Iowa reported that women with diabetes had a
1.7-fold higher risk of hip fracture than women without diabetes
[148]. Thus, the benefits of HRT in reducing the risk of oste-
oporotic fractures would appear to be at least as great in women
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with diabetes as women without diabetes. Although HRT can
be considered in all postmenopausal women with diabetes and
osteoporosis, there are several alternatives including bis-
phosphonates, raloxifen and strontium which do not have the
risks of HRT.

Conclusions on HRT

HRT is an established treatment for the symptoms of the meno-
pause. It is also effective in preventing osteoporosis. It has no
adverse effects on glycemic control or lipid profiles. The benefits
of HRT do not justify the risks in asymptomatic women and it is
not indicated for cardiovascular risk reduction. It can be consid-
ered for treating menopausal symptoms in women with diabetes
on a short-term basis.

References

—_

Price DE, O’Malley BP, Roshan M, James M, Hearnshaw JR. Why
are impotent diabetic men not being treated? Pract Diabetes 1991;
8:10-11.

2 Newman HEF Northup JD. Mechanism of human penile erection:
an overview. Urology 1981; 17:399-408.

3 Aboseif SR, Lue TE. Hemodynamics of penile erection. Urol Clin
North Am 1988; 15:1-7.

4 Krane RJ, Goldstein I, Saenz de Tejada. I. Impotence. N Engl ] Med
1989; 321:1648-1659.

5 Bush PA, Aronson WJ, Buga GM, Rajfer ], Ignarro LJ. Nitric oxide
is a potent relaxant of human and rabbit corpus cavernosum. J Urol
1992; 147:1650-1655.

6 Rajfer J, Aronson WJ, Bush PA, Dorey FJ, Ignarro LJ. Nitric oxide
as a mediator of relaxation of the corpus cavernosum in response to
nonadrenergic, noncholinergic neurotransmission. N Engl J Med
1992; 326:90-94.

7 Saenz de Tejada, I, Angulo J, Cellek S, Gonzalez-Cadavid N, Heaton
J, Pickard R, et al. Physiology of erectile function. J Sex Med 2004;
1:254-265.

8 Saenz de Tejada I, Goldstein I, Azadzoi K, Krane RJ], Cohen RA.
Impaired neurogenic and endothelium-mediated relaxation of
penile smooth muscle from diabetic men with impotence. N Engl J
Med 1989; 320:1025-1030.

9 Angulo J, Cuevas P, Fernandez A, Gabancho S, Videla S, Saenz de
Tejada 1. Calcium dobesilate potentiates endothelium-derived
hyperpolarizing factor-mediated relaxation of human penile resist-
ance arteries. Br ] Pharmacol 2003; 139:854—862.

10 Angulo ], Cuevas P, Fernandez A, Gabancho S, Allona A, Martin-
Morales A, et al. Diabetes impairs endothelium-dependent relaxa-
tion of human penile vascular tissues mediated by NO and EDHFE.
Biochem Biophys Res Commun 2003; 312:1202-1208.

11 Mullarkey CJ, Edelstein D, Brownlee M. Free radical generation by
early glycation products: a mechanism for accelerated atherogenesis
in diabetes. Biochem Biophys Res Commun 1990; 173:932-939.

12 Seftel AD, Vaziri ND, Ni Z, Razmjouei K, Fogarty J, Hampel N,
et al. Advanced glycation end products in human penis: elevation in
diabetic tissue, site of deposition, and possible effect through iNOS
or eNOS. Urology 1997; 50:1016-1026.

13 Cartledge JJ, Eardley I, Morrison JE. Advanced glycation end-

products are responsible for the impairment of corpus cavernosal

755



Part 9 Other Complications of Diabetes

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

756

smooth muscle relaxation seen in diabetes. BJU Int 2001; 87:
402-407.

Angulo J, Sanchez-Ferrer CE Peiro C, Marin ], Rodriguez-Manas L.
Impairment of endothelium-dependent relaxation by increasing
percentages of glycosylated human hemoglobin: possible mecha-
nisms involved. Hypertension 1996; 28:583-592.

Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ, McKinlay
JB. Impotence and its medical and psychosocial correlates: results of
the Massachusetts Male Aging Study. J Urol 1994; 151:54-61.
Hogan MJ, Wallin JD, Baer RM. Antihypertensive therapy and male
sexual dysfunction. Psychosomatics 1980; 21:234-237.

Kochar MS, Zeller JR, Itskovitz HD. Prazosin in hypertension with
and without methyldopa. Clin Pharmacol Ther 1979; 25:143-148.
Hackett GI. Impotence: the most neglected complication of diabetes.
Diabetes Res 1995; 28:75-83.

Nicolosi A, Glasser DB, Moreira ED, Villa M. Prevalence of erectile
dysfunction and associated factors among men without concomi-
tant diseases: a population study. Int ] Impot Res 2003;
15:253-257.

Sullivan ME, Thompson CS, Dashwood MR, Khan MA, Jeremy JY,
Morgan RJ, et al. Nitric oxide and penile erection: is erectile dysfunc-
tion another manifestation of vascular disease? Cardiovasc Res 1999;
43:658—665.

Gazzaruso C, Solerte SB, Pujia A, Coppola A, Vezzoli M, Salvucci F,
et al. Erectile dysfunction as a predictor of cardiovascular events and
death in diabetic patients with angiographically proven asympto-
matic coronary artery disease: a potential protective role for statins
and 5-phosphodiesterase inhibitors. J Am Coll Cardiol 2008;
51:2040-2044.

Ma RC, So WY, Yang X, Yu LW, Kong AP, Ko GT, et al. Erectile
dysfunction predicts coronary heart disease in type 2 diabetes. ] Am
Coll Cardiol 2008; 51:2045-2050.

Bacon CG, Mittleman MA, Kawachi I, Giovannucci E, Glasser DB,
Rimm EB. A prospective study of risk factors for erectile dysfunc-
tion. J Urol 2006; 176:217-221.

Bacon CG, Mittleman MA, Kawachi I, Giovannucci E, Glasser DB,
Rimm EB. Sexual function in men older than 50 years of age: results
from the health professionals follow-up study. Ann Intern Med 2003;
139:161-168.

Bacon CG, Hu FB, Giovannucci E, Glasser DB, Mittleman MA,
Rimm EB. Association of type and duration of diabetes with erectile
dysfunction in a large cohort of men. Diabetes Care 2002;
25:1458-1463.

Schachter M. Erectile dysfunction and lipid disorders. Curr Med Res
Opin 2000; 16(Suppl 1):9-12.

Ross R. The pathogenesis of atherosclerosis: a perspective for the
1990s. Nature 1993; 362:801-809.

Vane JR, Anggard EE, Botting RM. Regulatory functions of the
vascular endothelium. N Engl ] Med 1990; 323:27-36.

Pegge NC, Twomey AM, Vaughton K, Gravenor MB, Ramsey MW,
Price DE. The role of endothelial dysfunction in the pathophysiol-
ogy of erectile dysfunction in diabetes and in determining response
to treatment. Diabet Med 2006; 23:873-878.

Craig A. One in Ten. London: Impotence Association, 1997.
Alexander WD. The diabetes physician and an assessment and treat-
ment programme for male erectile impotence. Diabet Med 1990;
7:540-543.

Bodansky HJ. Treatment of male erectile dysfunction using the
active vacuum assist device. Diabet Med 1994; 11:410-412.

33

34

35

36

37

38

39

40

41

42

43

44

45

Price DE, Cooksey G, Jehu D, Bentley S, Hearnshaw JR, Osborn DE.
The management of impotence in diabetic men by vacuum tumes-
cence therapy. Diabet Med 1991; 8:964-967.

Ryder RE, Close CF, Moriarty KT, Moore KT, Hardisty CA.
Impotence in diabetes: aetiology, implications for treatment and
preferred vacuum device. Diabet Med 1992; 9:893-898.

McCulloch DK, Young RJ, Prescott RJ, Campbell IW, Clarke BE.
The natural history of impotence in diabetic men. Diabetologia 1984;
26:437-440.

Boolell M, Gepi-Attee S, Gingell JC, Allen MJ. Sildenafil, a novel
effective oral therapy for male erectile dysfunction. Br J Urol 1996;
78:257-261.

Price DE, Gingell JC, Gepi-Attee S, Wareham K, Yates P, Boolell M.
Sildenafil: study of a novel oral treatment for erectile dysfunction in
diabetic men. Diabet Med 1998; 15:821-825.

Goldstein I, Lue TE Padma-Nathan H, Rosen RC, Steers WD,
Wicker PA. Oral sildenafil in the treatment of erectile dysfunction.
Sildenafil Study Group [see comments]. N Engl ] Med 1998;
338:1397-1404.

Marks LS, Duda C, Dorey FJ, Macairan ML, Santos PB. Treatment
of erectile dysfunction with sildenafil. Urology 1999; 53:19-24.
Padma-Nathan H, Steers WD, Wicker PA; Sildenafil Study Group.
Efficacy and safety of oral sildenafil in the treatment of erectile
dysfunction: a double-blind, placebo-controlled study of 329
patients. Int J Clin Pract 1998; 52:375-379.

Price D; Sildenafil Study Group. Sildenafil citrate (Viagra) efficacy
in the treatment of erectile dysfunction in patients with common
concomitant conditions. Int J Clin Pract Suppl 1999; 102:21—
23.

Giuliano F, Hultling C, el Masry WS, Luchner E, Stien R, Maytom
MG, et al. Sildenafil citrate (VIAGRA): a novel oral treatment for
erectile dysfunction caused by traumatic spinal cord injury. Int J Clin
Pract Suppl 1999; 102:24-26.

Palmer JS, Kaplan WE, Firlit CE. Erectile dysfunction in patients
with spina bifida is a treatable condition. J Urol 2000; 164:
958-961.

Lowentritt BH, Scardino PT, Miles BJ, Orejuela FJ, Schatte EC,
Slawin KM, et al. Sildenafil citrate after radical retropubic prostate-
ctomy. J Urol 1999; 162:1614-1617.

Rendell MS, Rajfer J, Wicker PA, Smith MD; Sildenafil Diabetes
Study Group. Sildenafil for treatment of erectile dysfunction in men
with diabetes: a randomized controlled trial. JAMA 1999; 281:421—
426.

46 Wagner G, Montorsi F, Auerbach S, Collins M. Sildenafil citrate

47

48

49

(Viagra) improves erectile function in elderly patients with erectile
dysfunction: a subgroup analysis. ] Gerontol A Biol Sci Med Sci 2001;
56:M113-M119.

El-Galley R, Rutland H, Talic R, Keane T, Clark H. Long-term
efficacy of sildenafil and tachyphylaxis effect. | Urol 2001;
166:927-931.

Fonseca V, Seftel A, Denne J, Fredlund P. Impact of diabetes mellitus
on the severity of erectile dysfunction and response to treatment:
analysis of data from tadalafil clinical trials. Diabetologia 2004;
47:1914-1923.

Sharlip ID, Shumaker BP, Hakim LS, Goldfischer E, Natanegara F,
Wong DG. Tadalafil is efficacious and well tolerated in the treatment
of erectile dysfunction (ED) in men over 65 years of age: results from
Multiple Observations in Men with ED in National Tadalafil Study
in the United States. J Sex Med 2008; 5:716—725.



50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Hatzichristou D, Gambla M, Rubio-Aurioles E, Buvat J, Brock GB,
Spera G, et al. Efficacy of tadalafil once daily in men with diabetes
mellitus and erectile dysfunction. Diabet Med 2008; 25:138—
146.

Eardley I, Lee JC, Guay AT. Global experiences with vardenafil in
men with erectile dysfunction and underlying conditions. Int ] Clin
Pract 2008; 62:1594—1603.

Ziegler D, Merfort F, van AH, Yassin A, Reblin T, Neureither M.
Efficacy and safety of flexible-dose vardenafil in men with type 1
diabetes and erectile dysfunction. J Sex Med 2006; 3:883—
891.

Pomeranz HD, Bhavsar AR. Nonarteritic ischemic optic neuropathy
developing soon after use of sildenafil (Viagra): a report of seven
new cases. ] Neuroophthalmol 2005; 25:9-13.

Pomeranz HD, Smith KH, Hart WM Jr, Egan RA. Sildenafil-
associated nonarteritic anterior optic
Ophthalmology 2002; 109:584-587.

McGwin G Jr, Vaphiades MS, Hall TA, Owsley C. Non-arteritic
anterior ischaemic optic neuropathy and the treatment of erectile
dysfunction. Br ] Ophthalmol 2006; 90:154—-157.

Gorkin L, Hvidsten K, Sobel RE, Siegel R. Sildenafil citrate use and
the incidence of nonarteritic anterior ischemic optic neuropathy. Int
J Clin Pract 2006; 60:500-503.

Ryder RE, Kitchen MM, Dewsbury JA, Howells MG, Ryan PG, Jones
SL, et al. Do vascular, neuropathic, hormonal or psychogenic factors
identify non-response to Viagra in diabetic impotence? Diabet Med
2001; 18(Suppl 2):108.

Jarow JP, Burnett AL, Geringer AM. Clinical efficacy of sildenafil
citrate based on etiology and response to prior treatment. J Urol
1999; 162:722-725.

Eardley I, Mirone V, Montorsi F, Ralph D, Kell P, Warner MR,
et al. An open-label, multicentre, randomized, crossover study com-
paring sildenafil citrate and tadalafil for treating erectile dysfunction
in men naive to phosphodiesterase 5 inhibitor therapy. BJU Int 2005;
96:1323-1332.

DeBusk RE, Pepine CJ, Glasser DB, Shpilsky A, DeRiesthal H,
Sweeney M. Efficacy and safety of sildenafil citrate in men with
erectile dysfunction and stable coronary artery disease. Am | Cardiol
2004; 93:147-153.

Carson CC, Rajfer ], Eardley I, Carrier S, Denne JS, Walker D], et al.
The efficacy and safety of tadalafil: an update. BJU Int 2004;
93:1276-1281.

Brock GB, McMahon CG, Chen KK, Costigan T, Shen W, Watkins
V, et al. Efficacy and safety of tadalafil for the treatment of erectile
dysfunction: results of integrated analyses. J Urol 2002; 168:
1332-1336.

Goldstein I, Young JM, Fischer ], Bangerter K, Segerson T, Taylor

ischemic neuropathy.

T. Vardenafil, a new phosphodiesterase type 5 inhibitor, in the treat-
ment of erectile dysfunction in men with diabetes: a multicenter
double-blind placebo-controlled fixed-dose study. Diabetes Care
2003; 26:777-783.

Valiquette L, Young JM, Moncada I, Porst H, Vezina JG, Stancil BN,
et al. Sustained efficacy and safety of vardenafil for treatment of
erectile dysfunction: a randomized, double-blind, placebo-control-
led study. Mayo Clin Proc 2005; 80:1291-1297.

Jackson G, Betteridge J, Dean J, Eardley I, Hall R, Holdright D, et al.
A systematic approach to erectile dysfunction in the cardiovascular
patient: a Consensus Statement — update 2002. Int J Clin Pract 2002;
56:663—-671.

Sexual Function in Men and Women with Diabetes Chapter 45

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

Jackson G, Montorsi P, Cheitlin MD. Cardiovascular safety of
sildenafil citrate (Viagra): an updated perspective. Urology 20065
68(Suppl):47-60.

Shakir SA, Wilton LV, Boshier A, Layton D, Heeley E. Cardiovascular
events in users of sildenafil: results from first phase of prescription
event monitoring in England. Br Med J 2001; 322:651-652.

Kloner RA, Jackson G, Hutter AM, Mittleman MA, Chan M, Warner
MR, et al. Cardiovascular safety update of tadalafil: retrospective
analysis of data from placebo-controlled and open-label clinical
trials of tadalafil with as needed, three times-per-week or once-a-day
dosing. Am J Cardiol 2006; 97:1778-1784.

Rosano GM, Aversa A, Vitale C, Fabbri A, Fini M, Spera G. Chronic
treatment with tadalafil improves endothelial function in men with
increased cardiovascular risk. Eur Urol 2005; 47:214-220.

Muller JE, Mittleman A, Maclure M, Sherwood JB, Tofler GH.
Triggering myocardial infarction by sexual activity: low absolute risk
and prevention by regular physical exertion. Determinants of
Myocardial Infarction Onset Study Investigators [see comments].
JAMA 1996; 275:1405-1409.

Dean J, Hackett GI, Gentile V, Pirozzi-Farina F, Rosen RC, Zhao Y,
et al. Psychosocial outcomes and drug attributes affecting
treatment choice in men receiving sildenafil citrate and tadalafil
for the treatment of erectile dysfunction: results of a multicenter,
randomized, open-label, crossover study. ] Sex Med 2006; 3:
650—-661.

Govier F, Potempa AJ, Kaufman J, Denne ], Kovalenko P, Ahuja S.
A multicenter, randomized, double-blind, crossover study of patient
preference for tadalafil 20mg or sildenafil citrate 50mg during
initiation of treatment for erectile dysfunction. Clin Ther 2003;
25:2709-2723.

Stroberg P, Murphy A, Costigan T. Switching patients with erectile
dysfunction from sildenafil citrate to tadalafil: results of a European
multicenter, open-label study of patient preference. Clin Ther 2003;
25:2724-2737.

von Keitz A, Rajfer J, Segal S, Murphy A, Denne ], Costigan T, et al.
A multicenter, randomized, double-blind, crossover study to evalu-
ate patient preference between tadalafil and sildenafil. Eur Urol 2004;
45:499-507.

McCullough AR, Steidle CP, Klee B, Tseng LJ. Randomized, double-
blind, crossover trial of sildenafil in men with mild to moderate
erectile dysfunction: efficacy at 8 and 12 hours postdose. Urology
2008; 71:686—692.

McCullough AR, Barada JH, Fawzy A, Guay AT, Hatzichristou D.
Achieving treatment optimization with sildenafil citrate (Viagra) in
patients dysfunction. Urology 2002; 60(Suppl
2):28-38.

Kalinchenko SY, Kozlov GI, Gontcharov NP, Katsiya GV. Oral tes-
tosterone undecanoate reverses erectile dysfunction associated with
diabetes mellitus in patients failing on sildenafil citrate therapy
alone. Aging Male 2003; 6:94-99.

Mulhall JP. Treatment of erectile dysfunction in a hypogonadal
male. Rev Urol 2004; 6(Suppl 6):538-S40.

Greco EA, Spera G, Aversa A. Combining testosterone and PDE5

with erectile

inhibitors in erectile dysfunction: basic rationale and clinical evi-
dences. Eur Urol 2006; 50:940-947.

Shamloul R, Ghanem H, Fahmy I, El-Meleigy A, Ashoor S, Elnashaar
A, et al. Testosterone therapy can enhance erectile function response
to sildenafil in patients with PADAM: a pilot study. J Sex Med 2005;
2:559-564.

757



Part 9 Other Complications of Diabetes

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

758

Dula E, Bukofzer S, Perdok R, George M. Double-blind, crossover
comparison of 3mg apomorphine SL with placebo and with 4mg
apomorphine SL in male erectile dysfunction. Eur Urol 2001;
39:558-553.

Brindley GS. Cavernosal alpha-blockade: a new technique for
investigating and treating erectile impotence. Br ] Psychiatry 1983;
143:332-337.

Virag R. Intracavernous injection of papaverine for erectile failure.
Lancet 1982; 2:938.

Armstrong DK, Convery AG, Dinsmore WW. Reasons for patient
drop-out from an intracavernous auto-injection programme for
erectile dysfunction. Br J Urol 1994; 74:99-101.

Flynn RJ, Williams G. Long-term follow-up of patients with erectile
dysfunction commenced on self injection with intracavernosal
papaverine with or without phentolamine. Br ] Urol 1996;
78:628-631.

Pagliarulo A, Ludovico GM, Cirillo-Marucco E, Corvasce A,
Pagliarulo G. Compliance to long-term vasoactive intracavernous
therapy. Int ] Impot Res 1996; 8:63—64.

Padma-Nathan H, Goldstein I, Krane RJ. Treatment of prolonged
or priapistic erections following intracavernosal papaverine therapy.
Semin Urol 1986; 4:236-238.

Kiely EA, Bloom SR, Williams G. Penile response to intracavernosal
vasoactive intestinal polypeptide alone and in combination with
other vasoactive agents. Br ] Urol 1989; 64:191-194.

Gerstenberg TC, Metz P, Ottesen B, Fahrenkrug J. Intracavernous
self-injection with vasoactive intestinal polypeptide and phen-
tolamine in the management of erectile failure. J Urol 1992;
147:1277-1279.

Padma-Nathan H, Hellstrom W], Kaiser FE, Labasky RF, Lue TF,
Nolten WE, et al.; Medicated Urethral System for Erection (MUSE)
Study Group. Treatment of men with erectile dysfunction with
transurethral alprostadil. N Engl ] Med 1997; 336:1-7.

Nolten WE, Billington CJ, Chiu KC. Treatment of erectile dysfunc-
tion (impotence) with a novel transurethral drug delivery system:
results from a multicenter placeb-controlled trial [Abstract]. 10th
International Congress of Endocrinology, 1996.

Shabsigh R, Padma-Nathan H, Gittleman M, McMurray J, Kaufman
J, Goldstein I. Intracavernous alprostadil alfadex is more efficacious,
better tolerated, and preferred over intraurethral alprostadil plus
optional actis: a comparative, randomized, crossover, multicenter
study. Urology 2000; 55:109-113.

Fulgham PF, Cochran JS, Denman JL, Feagins BA, Gross MB,
Kadesky KT, et al. Disappointing initial results with transurethral
alprostadil for erectile dysfunction in a urology practice setting.
J Urol 1998; 160:2041-2046.

Baltaci S, Aydos K, Kosar A, Anafarta K. Treating erectile dysfunc-
tion with a vacuum tumescence device: a retrospective analysis of
acceptance and satisfaction. Br J Urol 1995; 76:757-760.

Korenman SG, Viosca SP. Use of a vacuum tumescence device in
the management of impotence in men with a history of penile
implant or severe pelvic disease. ] Am Geriatr Soc 1992; 40:61-64.
Sidi AA, Becher EF, Zhang G, Lewis JH. Patient acceptance of and
satisfaction with an external negative pressure device for impotence.
J Urol 1990; 144:1154—-1156.

Vrijhof HJ, Delaere KP. Vacuum constriction devices in erectile
dysfunction: acceptance and effectiveness in patients with impo-
tence of organic or mixed aetiology. Br | Urol 1994; 74:102-105.
Kabalin JN, Kessler R. Infectious complications of penile prosthesis
surgery. J Urol 1988; 139:953-955.

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

Garber BB. Inflatable penile prosthesis: results of 150 cases. Br ] Urol
1996; 78:933-935.

Enzlin P, Mathieu C, Vanderschueren D, Demyttenaere K. Diabetes
mellitus and female sexuality: a review of 25 years’ research. Diabet
Med 1998; 15:809-815.

Enzlin P, Mathieu C, Van Den BA, Bosteels J, Vanderschueren D,
Demyttenaere K. Sexual dysfunction in women with type 1 diabetes:
a controlled study. Diabetes Care 2002; 25:672—677.

Enzlin P, Mathieu C, Van Den BA, Vanderschueren D, Demyttenaere
K. Prevalence and predictors of sexual dysfunction in patients with
type 1 diabetes. Diabetes Care 2003; 26:409—414.

Ellenberg M. Diabetes and female sexuality. Women Health 1984;
9:75-79.

Ellenberg M. Sexual aspects of the female diabetic. Mt Sinai ] Med
1977; 44:495-500.

Jensen SB. Diabetic sexual dysfunction: a comparative study of 160
insulin treated diabetic men and women and an age-matched
control group. Arch Sex Behav 1981; 10:493-504.

Tyrer G, Steel JM, Ewing DJ, Bancroft J, Warner P, Clarke BE. Sexual
responsiveness in diabetic women. Diabetologia 1983; 24:166-171.
Steel JM. Diabetes and female sexuality. Diabet Med 1998;
15:807-808.

Caruso S, Intelisano G, Lupo L, Agnello C. Premenopausal women
affected by sexual arousal disorder treated with sildenafil: a
double-blind, cross-over, placebo-controlled study. BJOG 2001;
108:623-628.

Basson R, McInnes R, Smith MD, Hodgson G, Koppiker N. Efficacy
and safety of sildenafil citrate in women with sexual dysfunction
associated with female sexual arousal disorder. ] Womens Health
Gend Based Med 2002; 11:367-377.

Caruso S, Rugolo S, Agnello C, Intelisano G, Di ML, Cianci A.
Sildenafil improves sexual functioning in premenopausal women
with type 1 diabetes who are affected by sexual arousal disorder: a
double-blind, crossover, placebo-controlled pilot study. Fertil Steril
2006; 85:1496-1501.

Peck RW, Price DE, Lang GD, MacVicar J, Hearnshaw JR.
Birthweight of babies born to mothers with type 1 diabetes: is it
related to blood glucose control in the first trimester? Diabet Med
1991; 8:258-262.

Steel JM, Johnstone FD, Smith AF, Duncan LJ. Five years’ experience
of a “prepregnancy” clinic for insulin-dependent diabetics. Br Med
] (Clin Res Ed) 1982; 285:353-356.

Steel JM, Parboosingh J, Cole RA, Duncan LJ. Prepregnancy coun-
seling: a logical prelude to the management of the pregnant diabetic
woman. Diabetes Care 1980; 3:371-373.

Lawrenson RA, Leydon GM, Williams TJ, Newson RB, Feher MD.
Patterns of contraception in UK women with type 1 diabetes mel-
litus: a GP database study. Diabet Med 1999; 16:395-399.
Manolopoulos K, Lang U, Schmitt S, Kirschbaum M, Kapellen T,
Kiess W. Which contraceptive methods are recommended for young
women with type 1 diabetes mellitus? A survey among practitioners
in Germany [in German|. Zentralbl Gynakol 1998; 120:540-544.
Shawe ], Lawrenson R. Hormonal contraception in women with
diabetes mellitus: special considerations. Treat Endocrinol 2003;
2:321-330.

117 Vessey M, Lawless M, Yeates D. Efficacy of different contraceptive

118

methods. Lancet 1982; 1:841-842.

Lopez LM, Grimes DA, Schulz KE Steroidal contraceptives: effect
on carbohydrate metabolism in women without diabetes mellitus.
Cochrane Database Syst Rev 2007; 2:CD006133.



119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

Petersen KR, Skouby SO, Vedel P, Haaber AB. Hormonal contracep-
tion in women with IDDM: influence on glycometabolic control and
lipoprotein metabolism. Diabetes Care 1995; 18:800—806.

Petersen KR, Skouby SO, Sidelmann ], Molsted-Pedersen L,
Jespersen J. Effects of contraceptive steroids on cardiovascular risk
factors in women with insulin-dependent diabetes mellitus. Am |
Obstet Gynecol 1994; 171:400-405.

Garg SK, Chase HP, Marshall G, Hoops SL, Holmes DL, Jackson
WE. Oral contraceptives and renal and retinal complications in
young women with insulin-dependent diabetes mellitus. JAMA
1994; 271:1099-1102.

Kjos SL, Shoupe D, Douyan S, Friedman RL, Bernstein GS, Mestman
JH, et al. Effect of low-dose oral contraceptives on carbohydrate and
lipid metabolism in women with recent gestational diabetes: results
of a controlled, randomized, prospective study. Am J Obstet Gynecol
1990; 163:1822-1827.

Petersen KR, Skouby SO, Jespersen J. Contraception guidance in
women with pre-existing disturbances in carbohydrate metabolism.
Eur J Contracept Reprod Health Care 1996; 1:53-59.

Konje JC, Otolorin EO, Ladipo OA. The effect of continuous sub-
dermal levonorgestrel (Norplant) on carbohydrate metabolism. Am
J Obstet Gynecol 1992; 166:15-19.

Diab KM, Zaki MM. Contraception in diabetic women: comparative
metabolic study of Norplant, depot medroxyprogesterone acetate,
low dose oral contraceptive pill and CuT380A. J Obstet Gynaecol Res
20005 26:17-26.

Harvengt C. Effect of oral contraceptive use on the incidence of
impaired glucose tolerance and diabetes mellitus. Diabet Metab
1992; 18:71-77.

Kimmerle R, Weiss R, Berger M, Kurz KH. Effectiveness, safety, and
acceptability of a copper intrauterine device (CU Safe 300) in type
1 diabetic women. Diabetes Care 1993; 16:1227-1230.

Kjos SL, Ballagh SA, La CM, Xiang A, Mishell DR Jr. The copper
T380A intrauterine device in women with type II diabetes mellitus.
Obstet Gynecol 1994; 84:1006—1009.

Task Force on Postovulatory Methods of Fertility Regulation.
Randomised controlled trial of levonorgestrel versus the Yuzpe
regimen of combined oral contraceptives for emergency contracep-
tion. Lancet 1998; 352:428-433.

Palin SL, Kumar S, Sturdee DW, Barnett AH. Hormone replacement
therapy for postmenopausal women with diabetes. Diabetes Obes
Metab 2001; 3:187-193.

Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs B, et al.;
Heart and Estrogen/progestin Replacement Study (HERS) Research
Group. Randomized trial of estrogen plus progestin for secondary
prevention of coronary heart disease in postmenopausal women.
JAMA 1998; 280:605—613.

Writing Group for the Women’s Health Initiative Investigators.
Risks and benefits of estrogen plus progestin in healthy postmeno-
pausal women: principal results from the Women’s Health Initiative
randomized controlled trial. JAMA 2002; 288:321-333.

Shumaker SA, Legault C, Rapp SR, Thal L, Wallace RB, Ockene JK,
et al; Women’s Health Initiative Memory Study. Estrogen plus pro-
gestin and the incidence of dementia and mild cognitive impairment
in postmenopausal women: a randomized controlled trial. JAMA
2003; 289:2651-2662.

Larsson-Cohn U, Wallentin L. Metabolic and hormonal effects of
post-menopausal oestrogen replacement treatment. I. Glucose,

Sexual Function in Men and Women with Diabetes Chapter 45

135

136

137

138

139

140

14

—_

142

143

144

145

146

147

148

insulin and human growth hormone levels during oral glucose toler-
ance tests. Acta Endocrinol (Copenh) 1977; 86:583-596.

Lobo RA, Pickar JH, Wild RA, Walsh B, Hirvonen E; Menopause
Study Group. Metabolic impact of adding medroxyprogesterone
acetate to conjugated estrogen therapy in postmenopausal women.
Obstet Gynecol 1994; 84:987-995.

Postmenopausal Estrogen/Progestin Interventions (PEPI) Trial. The
Writing Group for the PEPI Trial. Effects of estrogen or estrogen/
progestin regimens on heart disease risk factors in postmenopausal
women. JAMA 1995; 273:199-208.

Thom M, Chakravarti S, Oram DH, Studd JW. Effect of hormone
replacement therapy on glucose tolerance in postmenopausal
women. Br ] Obstet Gynaecol 1977; 84:776-783.

Ajabor LN, Tsai CC, Vela P, Yen SS. Effect of exogenous estrogen
on carbohydrate metabolism in postmenopausal women. Am |
Obstet Gynecol 1972; 113:383-387.

Andersson B, Mattsson LA, Hahn L, Marin P, Lapidus L, Holm G,
et al. Estrogen replacement therapy decreases hyperandrogenicity
and improves glucose homeostasis and plasma lipids in postmeno-
pausal women with noninsulin-dependent diabetes mellitus. J Clin
Endocrinol Metab 1997; 82:638—643.

Ferrara A, Karter AJ, Ackerson LM, Liu JY, Selby JV. Hormone
replacement therapy is associated with better glycemic control in
women with type 2 diabetes: Northern California Kaiser Permanente
Diabetes Registry. Diabetes Care 2001; 24:1144—1150.

Manning PJ, Allum A, Jones S, Sutherland WH, Williams SM. The
effect of hormone replacement therapy on cardiovascular risk
factors in type 2 diabetes: a randomized controlled trial. Arch Intern
Med 2001; 161:1772-1776.

Andersson B, Mattsson LA. The effect of transdermal estrogen
replacement therapy on hyperandrogenicity and glucose homeosta-
sis in postmenopausal women with NIDDM. Acta Obstet Gynecol
Scand 1999; 78:260-261.

Walsh BW, Schiff I, Rosner B, Greenberg L, Ravnikar V, Sacks FM.
Effects of postmenopausal estrogen replacement on the concentra-
tions and metabolism of plasma lipoproteins. N Engl ] Med 1991;
325:1196-1204.

Lobo RA. Clinical review 27: effects of hormonal replacement on
lipids and lipoproteins in postmenopausal women. J Clin Endocrinol
Metab 1991; 73:925-930.

Samaras K, Hayward CS, Sullivan D, Kelly RP, Campbell LV. Effects
of postmenopausal hormone replacement therapy on central
abdominal fat, glycemic control, lipid metabolism, and vascular
factors in type 2 diabetes: a prospective study. Diabetes Care 1999;
22:1401-1407.

Hayward CS, Samaras K, Campbell L, Kelly RP. Effect of combina-
tion hormone replacement therapy on ambulatory blood pressure
and arterial stiffness in diabetic postmenopausal women. Am ]
Hypertens 2001; 14:699-703.

Lopez-Ibarra PJ, Pastor MM, Escobar-Jimenez F, Pardo MD,
Gonzalez AG, Luna JD, et al. Bone mineral density at time of clinical
diagnosis of adult-onset type 1 diabetes mellitus. Endocr Pract 2001;
7:346-351.

Nicodemus KK, Folsom AR. Type 1 and type 2 diabetes and incident
hip fractures in postmenopausal women. Diabetes Care 2001;
24:1192-1197.

759



